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50% TraT2A 7K 73 BURL 7 A7 il K L1 30571 s 2t

ZFEW R OBAH X% X K
CHAMIL R IR 2285 TR AT R 0 R I TR 2 730070)

HE: ARSK 11471\& Trichoderma atroviride T2 B ¥k & B % & & 32 B4 TraT2A 0948 & B F 5
TR E BT kA E B A AL B 7 )G, R R H R R ) & 50% TraT2A /K 4ok ), aF 33
AT # AR Fm ‘«%'Ti?l"ﬁ\; F B 3E 3G AL GH R AR iZ R A 69 A B AN, AR BT, ARG
50% TraT2A 7K # 47 Bt (22 46) 4 50.00% TraT2A .2.00% + =%z 3k k25 85 4h . 8. 00% fkéx
ﬁég\o.w% B Tk &I B 4.50% FRER 4% . 1.00% FL 3R B2 34.00% Mok & e £k 1366 5, A
R TR E 4 48.60% , SN A & & B AR BUK , B 7 5 4.43% , Kb 4 2. 10% A R
BE 1) A 57.13 s, & iF & 83.04%), 48 (75 pm i2 7% ) A 100.00%, 45 B (100 wm 47 23X 5 55 ) A
95.00% ,pH %4 7.90, i%ﬁ\izui/? 250 mL X oK B 12.25 mL, 2 # ke A ) 3% F) SRR
B RIGHFH LR R T, AR 2 R 5 A 4 3.60%F22.00%, 33 X2 B RRATEMNIFE, &
50% TraT2A 7K 5 #Ck 7] IR B 4 %) A 40,20 mg/mL B, 7 & % i Botrytis cinerea #3474 & R 5 &
FREIR O FRAR LB R D, 28 4 61.79% F= 65.77% ; % 3% 54 7] 0.50 mg/mL JFC F= 0.20 mg/mL

a‘s‘vﬁlé%ﬂvfﬂ kb3'7«m/\ﬂj‘i AR B, AR K T4.20%, 363 H 12.82% ., %A 50% TraT2A 7K

/\ﬁh A, Bz A B R R AT R R A — AR R AR B R R R 3 0 i - R AR
i ﬁﬁ’f%";\ﬁﬁi‘””xif" FiZ ) F é’] -?‘«‘fm%%/f’}?)ﬂ@)«imj_o
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Development and synergist screening of 50% TraT2A water-dispersible granules

Li Jiaming Liang Qiaolan” Wei Liexin Jiang Yuling Wu Qiong
(Biocontrol Engineering Laboratory of Crop Diseases and Pests of Gansu Province, College of Plant Protection,

Gansu Agricultural University, Lanzhou 730070, Gansu Province, China)

Abstract: In order to improve the stability of the protein extract TraT2A from the fermentation broth of
Trichoderma atroviride T2 strain and its activity in inducing disease resistance, the 50% TraT2A water-
dispersible granules was prepared through extrusion granulation, auxiliary agent screening and formula
optimization, and its qualitative criteria and activity as the effective constituent were evaluated. The syn-
ergistic agent was screened to develop a compound synergist for this preparation. The results showed
that the optimized 50% TraT2A water-dispersible granules, prepared by the formula (mass fraction) of
50.00% TraT2A, 2.00% sodium dodecyl benzene sulfonate (SDBS), 8.00% 5040 (polycarboxylate),
0.50% polyvinylpyrrolidone (PVP), 4.50% ammonium sulfate, 1.00% ascorbic acid and 34.00% cal-
cined kaolin, had an effective component mass fraction of 48.60% with white granular solid appearance,
a particle breaking rate of 4.43%, a moisture content of 2.10%, a disintegrating time of 57.13 s and a
suspension rate of 83.04%. The fineness (including 75 um wet-screened) of the granules was 100.00%;
the particle size (including 100 um standard test sieve) was 95.00% and the pH was 7.90. The foaming
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test result was 12.25 mL in 250 mL test tube. After thermal storage and cold storage, these parameters
and the appearance of the preparations were not significantly changed. The decomposition rate of the ef-
fective component was 3.60% during the thermal storage and 2.00% during the cold storage. All quality
criteria met the national quality control standards. The inhibition activity and the inductive resistance
against Botrytis cinerea was the highest at the concentration of 40 mg/mL and 20 mg/mL, up to 61.79%
and 65.77%, respectively. When the synergists JEC (0.5 mg/mL) and Jiexiaoli (0.2 mg/mL) were mixed
at the volume ratio of 3:7, the synergistic effect was the best; the induction of B. cinerea disease resis-
tance reached 74.20% and the synergistic effect was 12.82%. All results indicated that the quality of the
50% TraT2A water-dispersible granules was satisfactory with an effective inhibition activity against B.
cinerea at a high concentration, a relatively high induction of disease resistance at a low concentration
and an obvious synergistic effect of the synergistic agent on disease resistance induction.

Key words: TraT2A; water-dispersible granule; Botrytis cinerea; inhibition activity; induced resistance

effect; synergism

H Keen et al. (1972) 4& HH AT ) S 28 750550 (1) 4%
SE VB HACA IR E 2B T BA Z R g5 i
PO (EREE3C,2007) . S8 E AR BRI ) e
WU R E L LR 20 /R s, X
BRI B AR E B, JLT AN S0 5 7 AT
IS RS20, A5 AR 24 A Jre ()8R, o AR )i
T G e AR = H T E N A58 B #R S GRR AR 2T
45,2003 XK 5655 ,2013) . HBFSELR I, AP AR
PARREICH 2 AR | & PRV 2R 11 B2 U Y RE 6175 A
Y A due AR SRR AR RIS AT 4R S A AR
S AR OC A e M (2R 2R AE, 2003 TR 45
2011; Baiyee et al., 2019) ; W ¥R 2k K % Trichoderma
atroviride T2 TR K WEREE I HE HUY) TraT2A REAS 75
TN B XK A A YUY SRS ALY S PR
P AH O 114 [ 00 T 40 2R TN 2 B2 fi 24 it (phenylalnine
ammonialyase, PAL) . £ [ % 1k i (polyphenol oxi-
dase, PPO) . i S (L ¥ il (peroxidase, POD) | #8 & 4L
Yy AL T (superoxide dismutase, SOD) F 574 , 34 i
MR ER T AN R i, TRk
JBF MG 5T A AR 2R (B2 X 22 45, 20165 20175 3 58 45
2016) . {H2 TraT2A 50 /E HRYFFS00 B,
R T d, FARSAE T RooE M4 2, Jo ik AE H ) B 42
Tt (235 2246 ,2017) o R, % TraT2A #4711 57
AR RS I AR P B e L T () el 3R i) Bk

YR ZGFHON MR BRI B 2 Hrh LA
PR3 700 AN K R i O, H AT & B PR 6% S
il - RS AR ) (X D45, 2015) 3% S AL 5E
K (SR BI %5, 2017) F10.5% F 1k 22 57K 5
(BXARZL,2017) 4 (HSE AT R SR 2R K, HERR 2%
JEE AR, A AN T 5, 27 %o N 2 fidt B 3 ol — 2 5% i)

(42552 ,2006) ; K P AEAEE R K, A 80855
22 IR0 IO 25 5 A5 AN VR 1 G T g W 72 i, L YAk e
AN Gy B F R (22T M8, 2007 ) 5 7K 43 FOkE 71—
T fn 7K J 8 T A A I 2 50 B PR VR AR AR 1 7
B 2RFAAE L, BAA TR R A RN
(FI3K590%) AfFH 78 8 T iz di AR A SR e (V2
FH,2009) , T2 AR A AR RE I 43 HGR
Fhahn R 2 (5K [ 2, 2009) , Heg g 4 T AR
I S5 B it FH 2% A0 D A RO o e AT S .
Hh R W R R A5 A 5 T 7 T
DABEARFR I K 7, AR 25 U8 45 BRI L KK AH
Z A BB 3% B EE BB ) 5 A 00 T DU BR0s 2R
TR R b 1 A R TR B R A 2 KRR BRI 53
BRI SIRGE 5 T 42 750 R o fie 5500 D0 5 4 750 0 B
KK v i s e R 2 LR G (52 H O, 2016) o A2
Bl 2 18] 23 40 5. 52 W (Surgan et al., 2010) , i 5 %
FH B R B0 0 e nT AT MR BT, DLESSIRIR P fb 45
B9 22 6] B4 3], DA A 2 v o o R A R e A il
BT CH 4, 2016) ; R 24t 5 2 A R
TS5 SAEY) A B sy 2 58 5200, A 8085 T
RRESE SR , B 4AR , 38 1 fiff P AL
FIAT LA A 25 TEAE ) 3R T B Ve G T, 5
AR TERE R N VE FBLT , B2 A vt 4 2)
RO B SR AR 2R (B2 55, 2006) .

F¥ & TraT2 A 55050 il 7 WF 58 X 1 B A 4
F WD R BRI Y A EE S L, Bl TraT2A
il ST ] B B4 OISR o PRI, A DA TR
LR AEE T2 W R R B 132U TraT2A AR
Iy, GBI R AR R B XF 50% TraT2A K530k 7
AATHEBC T Bl AT 0 8 | 00 5 32 ) 590 1 O A
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1.1

P T K S TraT2A : JK 85 & Botrytis cinerea Hi
R AL R A A R A7 27 B AR 24 92 36 28 DR AF T 4
it S R TraT2A i IR SR A ES T2 B bR R R
LRk AT AT BEEGE EZ T (SephadexG-
100 BERE) 3145

AR« 22N 44EAREK, AR M 3~5 om,
H 22 L BT DS Rl P B R AR R A A
Bt O ZF R A TS . B ERCA TR G L
AHAZ 14 em 5 12 em (8 FRER D, B AFTE 5 B
R M AR, E TR 25°C A X
35% .12 hG/RE SR I N ARG & UK 60 d
A G4l it

BE SR B - H S 55 ) 4 BE I IR (potato dextrose
agar, PDA)}i 773 : B2 200 g Hi %505 20 g B AR
318 g, Z& 1R /KAME 2 1 000 mL,

AR K R < A b R B A MY
P A 4RI, IR DL R AL TR BR v 5 3 Rt
T30 b e B R 2 £ (sodium dodecyl benzene
sulfonate, SDBS) | 1+ ¢ JE i 12 £ (sodium dodecyl
sulfate, SDS )t KA T HLAE b7 Tl A FRA R A= ™,
FERRTEBEE AR (7 i A0S 3402201000) Hi 44 2% 37
A PR R AR 5 5 R oy 0N v T BE 28 R Ah K
JoT 2R B RS h RIS A2 T A PR W A7
MV H 3 X 25 1 iR £ (sodium methylene bis-naphtha-
lene sulfonate, NNO) . & & — % (polyethylene gly-
col,PEG) MR ER (5040) th I AR R AL TRHE A
FRAFIAE ™ s BEE B-PRMIRG 2R SR e i (poly-
vinylpyrrolidone, PVP) JE#; R H JL 4T 4 K 4 (car-
boxyl methyl cellulose, CMC-Na) 5 FpZE£5 7, JR & |
AR TR TE R IR B S AL B S R AR
KHETDCEAG AL T T 3 25N HT R I
2 A L o Al , R E A Tl A R A A

BARGN)  JFC EZ ST R 100% KIK C8-14 il
M SR A CIATE , TR T 23R 99% B AL B3R —
SEHRENER R A AILEE 2855 R 76% Sk
R TP AR E B 23% A LR AN HILRY)
1RG5 Y), ODEP 283K 99% 58 B3R 48 £ I ik
BERRTR , LR R AL TRMECAT BRI 3 NSOR] £ 2R
53R 99% AR FEUE =ik U, 15 s R ARG FR

TSI

A% B % 4% - YK-90 7 R 15 R ML . QLS-30 K it
K WAL, ) e A A PR T — L 2 A PR W
BPH-9082 {H il 35 5= 46 , I ifg —fH Bl 2= U5 A PR A
A PQX B 2 Bl g N TSR , T I AR p AN
AR
1.2 FHik
1.2.1  50% TraT2A 7K 5-#k 7 B ) i i

ARG : Z55 22 R4 (2008) Jr ik, I B A i
4100 g # 50% TraT2A 7K 53 5K 7 AL 75 : TraT2A
50 g WBIE I SDS 5 g A UM AR BT R iR ES 5 g, o
FILAM AR+ R e+ ke I AR R AR
PREME 100 g HHF IR LA 2 AN R) 26
£ R R DA R s R B I A R
PR . T T [E] 2 8 i 58 4 K i I s
[] , e e, AR AT R R, B A AR T A /N T
G120 s B6EE 5 [CTw > BhBORARAE , BB R
AR P R 2 MR s W B PR R N 28R e I B g
oo W2 5F 2 et DR LW RS RT3 5 A e i B R R AR SR AR
K FP R B 5 4 A i T D B T e e B 2R 11
HRASEPERR AT SRS FRIE R /N T55 T 90 5 SR EEE T
RFHE 288 R A R AR A T2 5 T, o R ERK J f
TR BB, DI B 2 AR () R )N

TV 1) 5 43 TR 0 2 - 7 b A AR i 4 1 Al
L AL 5 g BEAC K . SDBS . SDS Ay Tk At 75
AR ), AE LT BRI R &R , DU S e E 4
PRANE B 2 100 g, Bra5 ey 24 G 2 R R S
O =) | IS ICTIRTA % 7wl b i o N = e s T2 N A 51D
BIRAR, DB S AN RIS, 38 BT R e
mn 48 TR T R L BT AR KR A RO A e AR
a TS RIS B A 433, BRI R0
SRR R SR A S A AR E A R T T
70%. TENEE ) S BRI e 1 He il [, S8 Bk
PMNNO . T I ZEME R B . PEG . 5040 A Jit 2 il i
0 e i R I8 1 B A A HIGRI AN IS o I3 751 R 43
V) D L A3 % ) 700 08 s ) B Ak 7 8 AT AR K Ml
O A5 T 790 R 3 BRI B 5o 10 g, B8 el
F1:4.2:3.1:1.3:2 451, A B 450 5 Dl
ZAREN E 100 g, % L1 A5 20 A5 1 o ] B2 A2 %8,
8 F AR LB 5 R 700 AN o R e B AR LU R A,
HL2L0.5.10.15.20 g #E s in, in A& 4150 5 01
DU AR ZRAARHN E 100 g, X HEAS 2L AR st 1] K B 77
RO ERAE BT AR

Bl 500 5 0 AR 0 1 < E DAL Bl 0 0 1 S
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R T, TraT2A A1 808530 50 g, M3 71 K 43
BRI b 3 T A5 B A9 B FH s, i i 70 Sk bR
25 o, BEEFINIARLE S g, USRI %M E A0 100 g,
LA B-PAWIHE . PVP JE K . CMC-Na 1 R 2 45 77
R , DA =S40 AT HEE R BRI e SN
KRR R 25, T BN R AL 150 1 il 6 mT
PERA W T A48 4 T SR A0 A 3 e 5 ey e,
FE A S A i s 1) ARG LR TR, 43T LU A i o
Rt T p | R3S i o 1Y A i) % 1= B | 2
TRIB J5 R EE , A AR S 2R R T4 T 90%, fili i
AR T 550 T 2 i 5 P Sk FoF TR 8 A 7R i i
TR L 58 4 A T B8], B A A /N2
90 s, o fifp Fof (V) B0 0, o fp 208 SR B 5 T o L B
TR IR T 28 5 52 A58 50 0 VA O 24 h S IATTT
TETE DL, DU R B /IN | TR o 38 B | 43 1O
U o HEEL I IGC;, JURLAE B 1GR9 A s (1]
FEA T o it 5500 ) 48 ), UK AR 9K 5 i, AEL s i
IR ik T 3UAAR B A —E M RE 4 M il
TR R 5 AR R S o 10 g X HPC LG 1:9
127105, 1:3 1 V73, i AR R [m) L, e
BAE IR L 2 08 iR vt B 0.5, 10,
15.20 g HEATHRE , B e dd L) T i) s 25t o
1.2.2 50% TraT2A K5k 7] 4 & 2 Bt 7 AL
50% TraT2A 7K 53 BRI il 2 S o 2t A vl
SE F 1.2.1 1050 T 15 50% TraT2A 7K 3 B0k 3 i
a2 it it 9 BT I G I B N 2 = 4 N
PRI 50 g TraT2A WSS 35 g #iAR Mg b i +
W I, PN 2 g iR R SDBS .8 g 435 5040
0.5 g il R IR &L -2 SR BRHILIE IR A M 1
it 44 pm FRAET . K 4.5 g Fi4EF PVP AT 50 mL
K B IR A AR IR S e
A REHL BT R (FE R, 2017) o 4 1 4 1
K SRS T BOR T 100 pm FRAER H 195
R ASORL S o TR BI A R v A TR R T f b
E 43 5] 2 B GB/T1600—2001 . GB/T1601—1993
GB/T5451—2001 . GB/T14825—2006 . GB/T16150—
1995 [E ZhRAED 2 , 10 5 45 R B S ASHEUCRE 5 B~ F
PIA A5 K5 & pH R IR ] BT R DL KA
JE (75 pm i B0 8 1 R K T45 T 98%) o il & 4r i
50% TraT2A 7K 43 HORL 7] BT 15 b 1 2 B8 505 1
GB/T28137—2011 HEATI 7 , I 2 25 5 B 5 Ak ik
FE I 25 SR 4 ME A TraT2A it 6 70 0 (+
2.50%) AN CBURL R/ INEI AT ) BURLRE R 23R (FEPR
Je W FLANAT AR B R A A i o o B B 1Y)

e, A /N T4 T 10%) k&8 (N T 5T
5%) AR (NFAEF 90 s) BRI R(KRFET
70%) A (75 pm 56 1B i R K T4 T 98%) |
K2 CREAE 100 pm GRG0 1 AR i A il S i e
BIRKFA5EF 90%) (Ff Ao (B L AE 250 mL
B T R B S K = /N T AR T 20 mL) LpH
(6~9) , LA K25 5442 CHIT AT 0£2°CH I 14 d I B FR
FEE BRI RN I 3 2 N T AT 5%

Be 7 AL « 45 TR0 50% TraT2A 7K 3 Hiok: )
I 2 b R [ R AR fE GB/T28137—2011 B3R, AR 4fE
) 700 52 s Jo 2 A o DN i 235 SR e AT AR R
[RTHSF, A 7 8 g o 350 P R ke B P T S P , 9 20
B AR S AME IR T fRs e M, BINKE 50% TraT2A 7K
A3 HORE R AE 58506 R 43501 B ST b 310,30, 60 min
S, U 0 0 380853 B0 A 35 XY O3 iR A B
BN AR 1% 3R MR AE b S8 MRS 3, LA
PRI E S BRR H H AR e P
1.2.3  50% TraT2A 7K 5#k 7 & ] 2

BRI RIS PRI - SR FH DA 22 A A 3k (A
ME45,2011) M 7E 50% TraT2A 7K 53 HCRL 7 X K 55 7
ARG . TE T 25 IR KB 0 3 d, FHFT
FLESE IS I ZATHUEAS N S mm I E DR
F 1 000 mL % PDA 1557 5, FRHL 50% TraT2A 7K 53
FCRiF 0.25.0.50.1.00.2.00 g, fF 80 A 5 23 A
TSl & Lf 1) RS ¥R 1 2 45°C /247 ) PDA H5 5%
Ferb B4 F 50 mL T SR G T B 2 44K
PREFRILA 6 e BE R 510,20 .40 mg/mL 5 24
PDA 555t B HAR 5 mm 1Y K5 B RIS T8
24 PDA A e, AL 1 3k, FH A 590 o B A 20 43
TraT2A LLAM B 2H 43l V0 L Mk 32 55 24 PDA P
B, FF LA A BB DU K B 7K ) PDA 85 3%
BRI BB 4R, T 25°C IR A
PF R 3 dJa R 23 ORI i Vg A%, T
TR, P R= O] BB 78 ELAR - A BB 75 B4R )/
(X BRI 7% EA2-5)%x100%

% NPT D < R 2R v
50% TraT2A 7K OB FIE S 22 N B A PR 5 9W 1Y
BOR (5245 ,2016) o FRELS50% TraT2A 7K 53 HURLF
0.5.1.2.4 g/ A ZE 100 mL KE /K, 451
JE4'5.10.,20 .40 mg/mL [FG R, 43 M5 55 22 0 7
G (BDRAS 7t ), Wit 2 0 1 259 A SR
Rk, BRSNS B 1 RE, LA K K R s
FIXT IR SR/ 245 Bh RS BUsCR 2, 5 A
LT ALIE 3 d S5 TR I R A Rl BRI IRUK B2 VR A &
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TR 2 JC 2575 5% BR , RE TR 48 & 58, 6 AR N
5 mm [ < 25 TR BRI ST R 7 BN AR R A
L S o = U 7 L B e R Y S ) e
BRAHALER S BRANT , BIARA0 B S R A, K Ab FRAN T
B TR 25°C HIXHRE 35% 12 h 6/m5 38 82 4
FEEFR 6 dJE , THA A A BRA T B AR O, T
WG AR BB/ IUBCR o WG AR ER - 092 : Toh
B 1 i BETET AR 7 #E A TR 5% LA T 539
9 BXE TR AR o 2 I TR Y 69%0~10% 5 5 9% < 9 B4t 1T AR
7 AN TRTFR Y 119%~20% 57 9% <55 BE 181 AR (5 R A -
THT AR R 219%~50% 5 9 2% - 5 BRE 11 A (5 3 A 0 1T AR
509% Lk b o g Ee=1 A 5 A S 4 1009% 5
AR BU= X (B G BT GO )/ (PR A
B B e OBUED) <1005 B BT RCR = O BR X9 1 4R
50— A P 155 8 80 /0 I DX 1 45 50 100% .
1.2.4  50% TraT2 A Ky-Hka A 3205 if 1L R IG 20 2
FHFRERE ACK BERGR TEC PR T A FHA HLEE A%
SR\ ODEP # #: 7 He Ji2 43 5| i B 14.0.5.,0.3.,0.25
0.2.0.5 mg/mL ¥ ¥ , 45 B 100 mL 1 A 550 b B
Bt RGN 3 SN 50% TraT2A 7K 2Bk
DIBRIERE 7K A 39 (i 42 T 751 v A i sk ) 2 ok P 5 G
& H BT e BE A TR, {8 509% TraT2A il 51 ik B
1.2.3 S AP IRCRXT R EE , 45 100 mLAE K
SEFAH; S8 1.23 Py A B E A 400, B4

ARBR S 4L, FEFL VRR, 43 ) AR it bR RS 7K 2 1 X
HE A AN FR 75 SO TR AR A 84, T 2
B NAFPORCR TR 1.2.3 , 88 8%= (RIS 20 )5
il 70 BRI — 500 2R R A BSR4 35 B A
RO X 1009 , I 0758 H BG4 2 Pt 3] G/
e 2015 K05 K&, 2016) K407 H 1% 2 Fhf ik
KR P DA 1:9.3:7.5:5.7:3.9: 1 Iy [E.
(Bl A R A i), 2 B 3 T e A, LA i
T VR RSE AR o J 1 ) 70 ST A BT SR kot R O i
AR B RGRIEC T
1.3 BB

RIS KK T SPSS 21.0 A FHEA TS840 47, i
FH Duncan BT 2 6 227530017 22 5 0 8 PEARG5G:

2 HER55H

2.1 50% TraT2A 7K 43> BRI Bh 3 5 1%
2.1.1 HARGFLLER

AN (R AR R AT AR R s i, L e g
- T SR S /IS AR MR R B2 - VYR A [R] A
K, }233.39 s, il S URLAE K F X A 5 19T A
FHEER, Fy b, EL TR R0 28 7K v e o i 5 JBe b =
WA 30 3 B[] 42 %, M 38.09 s, B VR R LN
68.57% , i KW BRFHEAER, Gy ok, L 0 R A
K G i AT A ARG A BAER (1) o

R1 HEIFESER

Table 1 The results of carrier screening

LN THMRITE (s) IR (%) EIETREIN
Carrier Wetting time  Suspension percentage Granule characteristics

fEdE L 22.37+1.36 d 47.86+0.66 ¢ BHEE/IN UERERL R/ IN , 5 A
Diatomite Low viscosity, difficult to granulate, low adsorption, easy to collapse
it £ 233.39+2.01 a 58.08+0.88 b BHREPP AR, Dhsib, W IR PEARA X i it
Bentonite Medium viscosity, easy to granulate, high adsorption, difficult to collapse
JBebE e 38.09+1.73 ¢ 68.57+0.75 a BERER, Dy b, W BHPAERR, 2  f
Calcined kaolin High viscosity, easy to granulate, high adsorption, easy to collapse
LITEYES S 43.61£1.93 b 35.21+0.82 d BRIE, Ghseb, W RRFAE R , XA i
Attapulgite High viscosity, easy to granulate, great adsorption, difficult to collapse

FPEHE VbR 2E o IRV EE 5 AN [ 7 51375 28 Duncan OB % 22 K B0 7E P<0.05 7KV 22 573 i % . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.1.2 BIEAN L5 5N ik LR

3PP IEIE A SDS  PEACKY (DSBS 1Y 11 ) ] 44
Tol 25,000 37.91.37.07.38.39 s, H:A SDBS
R IR R B i, M 75.56% , 5 OB R ) A B TR R
e T NS 1 vt o €12 N Y 785 AR A i R P
R HGR H, 5040 (43I ] 4 T PEG FINNO 2
6], 827.07 s, LBV fe i , i85 77.55%, B 3

T PEG FINNO FJR= 7R, R IE £ 5040 24 43 H0R
(£2).

111 57 SDBS 5 43 #55 5040 L 51 K FH 3 1) i
BELE I R, % SDBS FT (& Hu 34 K, il 751 A i 7
i (] AR AL TC R A , 1A VR SR N, S Hfi] Ry 1:4
i 1) Y B[] R VR R B 5K B A A KOF 4 il ok
26.18 s F1180.16%, K L1157 SDBS 5 43 Hi5 5040
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MR 1:4. 24 SDBS 45 5040 [ LAl A 1:4, 3

FE 51 0.5.10,15.20 gt HIFI AR R BE 2 FhBIF AR ki, SUs N 10 gfedd , it

FHE SRR 0, B RN e (R a5 B R 25 26.92 s Fl180.04% (% 3) .
F2GREFSHEFIBEER

Table 2 The results of wetting and dispersant agent screening

55 1710 g I, ERE I ] 5 B F AR AL AT, iR

TR i S HIGR i i
Wetting agent screening Dispersant screening
T TR (s)  BIER (%) I3 HIGH) TR (s) 2P (%)
Wetting Wetting Suspension Dispersant Wetting Suspension
agent time percentage agent time percentage
Qe S 37.9142.38a  73.40+£0.68b | T 2SR RR N 28.80+2.61 ¢ 65.99+0.84 ¢
Sodium dodecylsulfate Sodium methylene naphthalene
sulfonate
VA 37.0742.15a  73.58£0.63b | T ILZERER 4N 25.79£2.43d  54.40+0.55d
Laundry detergent Sodium But
T TSR RR A 38.39£2.47a  75.56+0.71a |RL M 37.00+1.86a  53.97+0.65d
Sodium dodecyl benzene Polyethylene glycol
sulfonate REMER(5040) 27.07£2.79 ¢ 77.55+0.69 a
Polycarboxylate (5040)
AR R BRRES 31.69+1.80b  75.92+0.82 b
Calcium lignosulphonate

PR N VI B bR 22 o IR 5 AN ] 7 B3R 28 Duncan FCHT & ) 25 1K 50 7F P<0.05 K V- 25 53 8 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

%3 IR SDBS F1 4 #07 5040 UL b K A 2 iFiE 45 R
Table 4 The results of ratio and dosage screening of wetting agent SDBS and dispersant agent 5040

Jic i 6 (SDBS : 5040) SDBS 15040 75 1:4 LA 1 iy i 2
Ratio screening (SDBS:5040) Total dosage screening of SDBS and 5040 under the ratio of 1:4
(=4 TR E] (s) BIER (%) S () TR E] (s) BIEHE (%)
Ratio Wetting time Suspension percentage Total dosage Wetting time Suspension percentage
1:4 26.18+1.54 d 80.16+0.68 a 0 94.45+2.13 a 53.23+0.71 ¢
2:3 31.69+1.68 b 77.05+0.63 b 5 40.85£1.85b 76.84+0.62 b
1:1 38.12+2.15 a 75.73£0.88 ¢ 10 26.92+1.84 ¢ 80.04+0.88 a
3:2 29.41+£2.03 ¢ 72.05+0.59 d 15 26.11+2.11 ¢ 81.31+0.61 a
4:1 28.83+1.74 ¢ 69.71£0.74 ¢ 20 24.53+1.79d 81.95+0.85 a

PR B E 2 o RO B IS AS [R) P RE F2 78 28 Duncan FGHT 8 M 222/ B0 7E P<0.05 /K E-22 57 8 % . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.1.3  ZEZ N B A A ih ik 45 R

Fl A 25 2 A A ot R 0K A LA R At i
B 24 W EDTREE L, 2436 PR R Bk A iRt 4
7 B R A, UL B NS 9 i B (R R L
128.69 s, 5 H& i g A H e A R HL 25 57 W 3%
2L PVP R4 o i B K, DU R 12, H
AR BT, A R R, R 139.79 s, M LT
ERESRIMERER H2ER B (F4),

Xof i figt R AL R e B R 45590 PVP LU ) K P R Y
i e 2t S AR B, 214 5 A 0 L e i P e 4 R sl e

JEE R 0 R T AR A AN T A At o 1) 44 2 L AR A6 1A
i, S R R B S B4R PVP LR 1: 9 R, it
LR TR NN 5795 I = W N AN (B TN
63.75 s, SH B4 Z 0] 22 5 03, Wi AERC H He
1] s Bl 12 EG B T 2 o B 0B P 0 3 K i foge i [
LSRN TR A R A UKL A R TR o B AR AL
R, YRR S o i RURIAR K, TR 1
PR S ) SR, K 5700 s, AL T HE A 22 5 1
& E AR E NS g(KS5),
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Table 4 The results of binder and disintegrator screening

FiR A 70 PURIRERE A a] UURE BhE WURIRERE  FIfdRIta] DU EE
Disintegrating ~ Granule  Disintegration  Sedimentation Binding Granule Disintegration Sedimentation
agent hardness time (s) velocity agent hardness time (s) velocity
JRE BN 133.03+2.13 d e i BoR 158.03£1.66d %18
Urea Small Quicker Gelatin Harder Slow
=Hes 4 145.72+1.81 ¢ i BIRRHG g 173.15%1.95 ¢ Loy
Alchlor Medium Quick Beta-cyclodextrin Moderately Slow
hard

AL PERE RS BN 148.65+1.84 b g R LM e R K 139.7942.21 ¢ 2

Soluble starch Small Slow Polyvinylpyrrolidone Hardest Slower

TR B BR 128.69+2.07 ¢ g b Ak 181.36+1.84b 12

Ammonium Big Slow Starch Moderately Slower

sulfate hard

AL B 152.2142.18 a wig RIPBELTAER K 378.60+2.26a 18

Sodium chloride Small Slow Carboxyl methyl Hardest Slower
cellulose

PR I B bR 22 o IR 5 AN IR 7 BE 2R 7R 28 Duncan FCHT & R 25 1K 30 7F P<0.05 7K V- 22 573 . 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

RS FEF PVP A EEREFIRERRAV L B R A ETF LS R

Table 5 The results of ratio and dosage screening of binder agent PVP and disintegration agent ammonium sulfate

s o PVP FIBRRELAE 1:9 Lbo) F B9 e FH e i
B EL S (VP B ) ARG E 129 U I £ hE i 2
. . . Total dosage screening of PVP and ammonium sulfate
Ratio screening (PVP:ammonium sulfate) .
under the ratio of 1:9
O e i g afcdin o] TURE R SNAELs L R i AR ] DUk
Ratio Granule Disintegration Sedimentation Total Granule  Disintegration Sedimentation
hardness time (s) velocity dosage (g) hardness time (s) velocity
1:1 K Hardest ~ 139.79+1.57 a 2 Slower 0 /)N Small  86.57£1.94 a 1% Slow
1:3 K Hardest 112.88+1.63 b %2 Slower 1 /N Small  76.71£2.03 b 1% Slow
1:5 K Hardest ~ 108.16+1.65 ¢ B2 Slow 5 K Bigger  57.11+1.83 ¢ % Slower
1:7 BK Harder  76.31+1.82d B4 Slow 10 BK Big 63.75+1.22.d % Slower
1:9 BK Harder  63.75+1.63 ¢ % Slower 20 K Bigger  69.16+1.65 ¢ % Slower

F T R I B AR R 2E o [RIPNER S AN R B3R 28 Duncan [CHT 8 W 22756 B0 78 P<0.05 /K F-25 5% 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.2 50% TraT2A 7K 53> BUBRL 7§l #& K B 77 4L
2.2.1 50%TraT2A Ko#AF 247k

FR A5 Bl 751 0 16 45 SR 41175 50% TraT2A 7K 43 HOk:
F, 28 5 AU T 8 Jo a2 T s v 0 45 SR R

2.2.2  50% TraT2A K47 Be 77 AL

509% TraT2A 7K 73 HORL ) 25 1 o1 0t ks o 0 5 235
IR I TR AR G A%, B IR e 1
K47, Joms A B i e OREPE G4 (1 min /5

WY, i 00 RA8 o3 B i 5 RCh 48.60% , A ULH 42,
TIURE AR [ 14, S0 8 0 365 4.43%, K 3 & &
2.10%, FRfiitIa] ok 57.13 s, DA BE 457 5 B IR 54
FTHRTE, 4 83.04% , 41 4 100.00% , K1 4 95.00%,
pH 4 7.90, 47 AR WM 2 H 250 mL 48 rhifliR
FEE N 12.25 mL, G 3IE R A e R sE R 5 |, 1 51
BRI SR INT5.00%, 435K 3.60% F12.00%,
H VIR e PEmG & TN AR 7 . 50% TraT2A 7K
Sy ORI TR R s B o

WK /NT 20 mL) , TTRF SIS 957 ; TraT2 A 7£ pH
AT 5.00~10.00 Z B B FHFRE , HXFERAMEA TR
5E L T 50% TraT2A 7K 53 HORE 3 8150 (9 FR 1 pH 40
6.00~9.00 Z [f] , %} TraT2A [ Fa & M TCH i 5 121 571)
T2 AME T RS 10 min J5 HA SO 0 i R KT
50.00%, N 1% BRI FRAE Ry 58 F P47 5] Bsf H:
TR M R RAR &, HZ 2 HMNE ST 60 min f5 HA R
IO RE/INT 5.00%. AR 50% TraT2A K/ HK
KL (55050 24 50.00% TraT2A ,2.00%
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SDBS. 8.00% 5040, 0.50% PVP. 4.50% #i MR % .
1.00% LI MR . 34.00% 1Eebe it +
2.3 50% TraT2A 7k 580k 57 B9iE 1

24 50% TraT2A /K AHHCRIFI AR B R 5.10.20.,
40 mg/mL B X} JK B B 1 40 ] 2853 518 19.69%
33.02% .42.95% F161.79%, L 50% TraT2A /K43 Hck:
FIHBR TraT2A LAAME BRI BV R Xt B 2 BRAE X
i Ve BE TR AT RO 43 TraT2A X I 25 B 1) S w4 1) 2

390 11.60% . 14.12% . 19.65% . 28.60% , H 4% Y i
Qb PR ] Y25 5 0 2 M 50% TraT2A 7K 430K 71 &
A UK A TraT2A X K 85 PG S B 410 ] 5 22 Bl
7 A B () T T SR AN (R 6) o M4IFRIR N
20 mg/mL % A A 2l 5T KB B TSR e
KB 65.77%, .3 = T HE IR EZEL I (F6), H
RN [ AR R E R SR N EL AR
(K1),

6 50% TraT2A K BRI F I EE M R FSHUmEENE

Table 6 Determination of the inhibition activity and disease resistance-inducing activity of 50% TraT2A water dispersible granule

X TR A 5 BSPURTE
Inhibition activity to Botrytis cinerea Induces disease resistance activity
R ] FAALEL  ARURS TraT2A —
Concentration % 1% Bk A IR BAIIHE s uion of
(mg/mL)  Colony diameter ~ Colony diameter  Inhibition rate of  Inhibition rate JATHIR _nduchion
. . Disease index  disease resistance
tr.e_ated by treat§d by active ingredient (%) (%)
auxiliary (cm)  preparation (cm) TraT2A (%)
40 2.90+0.21d 2.07+0.16 d 28.60+1.27 a 61.79£1.32 a 32.35£0.42 ¢ 58.71+0.14 b
20 4.28+0.17 ¢ 3.68+0.22 ¢ 19.65£1.68 b 42.95+1.53 b 26.81+0.71d 65.77+0.21 a
10 5.03+0.18 b 4.324+0.16 b 14.12+0.96 ¢ 33.02+1.05 ¢ 49.32+0.58 b 37.05+£0.33 ¢
5 5.86£0.13 a 5.18+0.15a 11.60+2.01 d 19.69+0.92 d 60.18+£0.47 a 23.19+0.15d
CK 6.45 6.45 - - 78.35 -

FPEHE VB briE 2% o RV B 5 AN [R] 7 BE 375 28 Duncan OB % 22 K B0 7E P<0.05 K- 22 573 i % . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

40 mg/mL

20 mg/mL

10 mg/mL

y

. 5 mg/mL Xt CK

B 1 50% TraT2A K BRI FIN B SRR BRI ERESHRENE

Fig. 1 Determination of the disease resistance-inducing activity of 50%TraT2A water dispersible granule to lily grey mould

2.4 50% TraT2A 7K 53 BURL I G 305 i 18 R ¥E 3

S5 AR SO FEHE AR R X B A PR EE A
IEHURSCR AR 22 57, i A AL P TRCR & AT
49.19% R T IFHUSCR R 25, (UM 0.94% , Hog 3
BGRIRIAIURCRA T 4 Z 8] 3630575 50% TraT2A
K A3 IOk & T P L TRC 5 28 R00F R B 550 K, 4%
BIH4.71% 5 5.44% , B35 = FHE RGN o fx 2 F
SO LR TR HL 952 B, & B0 24 JFC 5 A R50R a4
TEWR I IR TR L 307 S BE It 13 -S40 K B9 R4t
BRI, 0 74.20% 343800 12.82%, i 1/ T HE
SBC LI A, R B O AGR B (R 7)o

3 g

TREEACER T2 BRIMR 2 TR AE (4R LY TraT2A H

AP AR TR X E B K ER I A PTAL
AN 55.89% (G145 2445 ,2017) , 3G/ TraT2A 1)
R o, 35 IS PO T 1, T X LA T ] SR A
il o TR HRAE (2019) 2R FHWLE S oK TR 4% K 55 T2
BT TraT2A Hl8 1L T 20% FEHTRIZKGR %6
R FRRE B a4% , 10598 (100 mg/mL) 75
PO B RN T 61.21%. KAHORL A BR T R UEHEAT
(S8R Rk AT 3 212 | e G A I - 79 i el
(i) P14 R 5 ) B LR T R v A I R SR TR R
(Z2IRALAE R B, 20105 Liu et al., 2017) , A5 L)
TraT2A R EZ N4, 80 B R i e B Ak, R
B b 4153 T 50% TraT2A KA HORF) , H
Bt 75 M 50.00% TraT2A.2.00% SDBS . 8.00% 5040,
0.50% PVP .4.50% iR %% . 1.00% HLIN ML IR .34.00%
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JBede ve 0 - (J5a £ 73850 5 il 591 Jo £ 208 00 7 447 31 [
F U P TIARE ; 4R B2 R 20 mg/mL B, X 5
BPUIK B PR 5 65.77% , 5 20% TraT2A
WEPL K FAR L HAFPT R K 58 e e M I 42
[T 7% 1€ VA | B 1A I e SR A ST o R % AT
T RE DL KA W8 45 4 i R 7 7 (Heinrich et al., 2002;

£ T55%,2006) . 22 LA (2016) 71 50% W5 P T 7K
Ay ORI & B 7= WAL 5E 47 T Rk R T
20 AR AR IR I R P W 1 o A P 2 s A R )
TraT2A ()53 BB WOAR 5, 2R F i b AR RS A
il 0 40 B R M A A A RIS 38 3k G T AT U8y
IR .

R7T AEEFEBFI R EEBFIXF 50% TraT2A 7K 43 BURLFIE SHfm A R E R
Table 7 The screening results of simple synergistic agents and compound synergistic agents for induction of
disease resistance of 50% TraT2A WDG

ARG P& 15

Synergistic agent screening

JFC : ZRAUFI 52 e HeA51 i 152

JFC:Jiexiaoli proportion screening

WERGAFHHUCR (%)

WA H+50% TraT2A WDG

. . . VEHTRCR (%) B8 (%) PEUSCR (%) 1958 (%)
=<k Induction of disease . . . .. He il . L.

. . Induction of disease resistance Synergistic . Induction of ~ Synergistic

Single dose resistance of . . .
svnereistic agent of synergistic agents+50% effect disease resistance  effect
YICTBISHe a8 TraT2A WDG

R Jiexiaoli 4.64£0.21 b 69.35+0.11 a 544 a 1:9 70.09+0.14 b 6.57b
A HLEE Organosilicone 9.19+0.24 a 66.72+0.29 be 1.44 bc 3.7 74.20+0.31 a 12.82 a
ODEP 2274017 ¢ 67.51£0.24 b 2.65b 5:5 68.36+0.28 ¢ 39%c
JFC 1.71£0.32 d 68.87+0.33 a 471 a 7:3 68.22+0.15 ¢ 373 ¢
PRT Fast penetrant T 0.94+0.16 ¢ 66.64+0.14 be 1.32 be 9:1 68.85+0.27 ¢ 4.68 ¢
CK 0.00 65.77 0.00c CK 65.77 0.00d

TR bR 2E o RIFVEAE 5 AN IR] 7 BE 3R 28 Duncan R MR 25 1K 30 7E P<0.05 7K F- 25 573 8 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

H HiT 3 LA R A DARCAE 5 8 1 ok 322
Sy AR e e B ™= A 6% S0 - 55 2 (A R
PEAFA(BTZE R ), He 1 000 £ PR 0T M 05 7597 114
BIiiG SR IA 65.44% (14555 ,2016) MY HL R
PGS 8 TR 2300 TS VR R B i i5 e bl K 85
I BB DR X 71.30% (2211, 2005) , WA Y18 A
4 2 Messenger (3% et ZABURE ] ) X 22 Fhog e 3
(55 VAR 3K 50%~80% , 3 P2 30 35 10%~209% (fif
IEHEAF,2002) 5 0 T A2 G AR B 7wl L A2 Pl 4
BRI R E HUR L) KA RGN AR H 7
2GR SY A R (BB 445, 2009 ; il S5
2009) , (FSEAEAE YA IR IS BOR 32 = i ik
AR Z ZRGEFE . AT 0 30 A 398 355050 2o 6 B
24 0.5 mg/mL JFC.0.2 mg/mL ZS 5 F| F A FH L 3:7
TRATIMAZR 50% TraT2A 7K 43 ek 51 v Jm Bk . 25
XTEHAPURFEIRTEIIRCRIE 74.20% , 35550 12.82%
DAL, 32 i 50 FE AR 9 o o € B s vp LA 5 O I
BV ST FIHES I M, 5T 285 Sk TraT2A e
WU AT K B HIEROAE PRt 5%

) PR AT B P AE 2 D)
6, TR S AP TR PR R s 3R 253 R R AR AR

RS, (R A K IR S e R & i, i &
Ve i (JE AR 44,2005 ; I %30, 2014 ; Oliveira et
al.,2016) . WHFEIEAE(2018) A 5 2F M T 1 Bacil-
lus subtilis B1409 b PR it S AR 1 J5 2 B0, AE vk
&N SOD . POD . CAT %5 55 #8 ) B 1H) 5 4t AH O Bl 7%
YA T B &R kA5 (2018) WF9T & PR, ZE IR 40
HE Paecilomyces lilacinus QLP12 557K 5 T ) L[]
YERTT , T AR R BT AR GG 1 & AR AR A, B &
GRS, Rl AR e T RERR A AR K R AN S
2K BRI AT RS SY TraT2A B A EH G5
AT $ 5 B A I R NS B R S 9 7 il 0
(15245 2017) B ARS FrAs il R B Al 7
PEBC T, AEAE A = Iyt Ak JBr R BRI L A e
BGAIT & FIH . 50% TraT2A 7K 2Bk %5 A Al AE )
o T ) L TR0 o 1 BCHAZ S p o MLy TS
WFFE AT B, BT — IR AR T
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