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Preparation and Field Efficacy of Chlamydospore Water Dispersible
Granule of Trichoderma harzianum

PEI Wenliang, WANG Wei"
(State Key Laboratory of Bioreactor Engineering/East China University of Science and Technology, Shanghai 200237, China )

Abstract: Trichoderma is a biocontrol fungus that has been proved to have good control effect in the field on
grape gray mold, tomato Fusarium wilt and melon anthrax. Most Trichoderma preparations on the market are
wettable powders with conidia as the main component, which has the problem of short shelf life and dust
pollution when used. In order to solve this bottleneck problem in the application of Trichoderma and improve its
application value, this study focused on the industrial production of Trichoderma T4 as a water dispersible
granule agent on the basis of the optimization of the laboratory flask high-yielding chlamydospore fermentation
medium. With kieselguhr as carrier, 3% stabilizer CMC, 0.4% UV protectant ascorbic acid, 4% disintegrating
agent soluble starch and 3.2% binder starch were selected for granulation by wet swaying granulation method,
and 1 X 10% cfu/ g Trichoderma T4 WDG was obtained to prevent and control gray mold in the field for the first
time in the flowering period or the early stage of the disease. The application concentration was 300—500 times
diluted, the application interval was 7 days, and a total of three times. The results showed that the best
concentration was 300 times dilution, the control efficacy of tomato gray mold reached 71.85%, which was the
same as that of 50% boscalid WDG 1000 times dilution.
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AT Z, SR AR 25 B S A /K o BORL AR MEREA T T 20T, JF TP T W RIB A 75 b K B iR 56 . A
N B B 5 7 7K 3 ORS00 4D I AR DG ARV R A 37 B T
1 #RE5ERZE
1.1 ##

AREHE RN 1.0X10° cfu/mL A% # T4 KRR IHA K =48 10 L R 130 "C. 100 v/min,
JK 0.05 MPa, REER:FE S d 3145,

PERERPRNRF: w1, fEEEL, MR L, FRE, L, SO ERH GO . BOIL SR AL,
L-HUN LR, wvATESER, Wk, WEAETAY TR (R BHAMRAR (AR 2 .

AP LLER TR R 5 g M 10 g BERR AN 1 g MiFREE(MgSO04-7H0) 0.5 g+ 3l 20 g,
IR B NN B ZE K FR AR, FREE 100 mL 1/3000 i DI 20O AN I 3, Iz K & 2845 1000 mL,
RE G4, 121°CKE 20 mine fByA~PAGHT, JIH /D8 ORERREEER 0.1 g AR .

IHS R % IRVRIR AR SRR FRIE THEHL. pH . BF TES .

1.2 ERE AR

Bf A T I 0o I T, 36 AR MRk I B RIEC 7 AT AL, A T Ak B 45
12,1 BB E A HE REAEEEIE T SO ML 1900 r/min BET 250, BE 6 AR 12 i H
T Tk S A A AN [) ) 2O N ) R AN i R AP R, R S 1R B O B )

122 AR#EEERBR P S FONFREAE, WL RS o AT i PR i

1.2.3  A[F By Be 7 A1 AR A L RE & B0 R RIFEE 1900 t/min 5.0 15 min, 3% F35 (37 mL/31 mL),
WHE e, 55275 WAL 5 I BT RS, SR8 6 ML ISR, N 13 g il 13 ¢
fEFEE L+ B3 (UV R IR MR 0.4% A28 7178 L LR 4E 2000 3% IR 0 HOTIEIE 23R 4L 4%) <
13 g fEdE L+ Bh3 (UV AR FIBUR MR 0.4% + e 7R F 4T 48 2540 3%+ 7 vl v e By 4% )
13 gtk -+ Eh AUV SR FIPUIN IR 0.4% + Fa FIFR I EE LT 4E 228 3% + I 20 ORI e L 28R R 2k 4%
H IR RFI AT TETER 4%) 14 g i B (UV AR FIPUER LR 0.4% -+ Fa5E R FE L 41 4E 250 3%
I BRI e L 2SR £h 4%+ 3 AR VA TEVERY 4%) 15 g Tkl 4 BIF (UV AR5 75T LR 0.4%
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R AR IR AT 4E 200 3% IR 7 ORI e S 28 IR 2k 4% + 3 A 7R v Y R Ve i 4%, I RERE i S T
O D98 AR R T
124 FERN RO HENA SCERIEER SRR, 20N 04 3.0%. 3.2%. 3.4%. 3.6%1
VERDKEEHE, EATIRIE IR, S RSORE S, WO o AR T U], o A I A [ i PR &5 700 BORE 38CR 1 56
M o
1.3 BERIIZER
1.3.1 BFEERTE  HARKERRBIFBNRIEE YL, BATIRATINN B0 5 R BERERL, AR5 1E
WK AT T, B e @7 Al .
132 {EERFERTYE  ARSER TR L, IS MR 7K. R )G, ERRIERRL
HHATREAEIERL, S BURLAE TR AT 45, 8 EAT B A
1.4 HIFISH. MEHZE
141 HWEEMNE RHBERmBPBIT LN E
142 KoWllE 2% EKFrUE GB/T 1600—2001 424 /K 70 5 J7%
1.43 pH & MlE R4 FsUE HG/T 2467.1—2003 4% 24 pH {H (1l 5E
1.44 EEEE M E K ERARE GB/T 5451—2001 A% 24 al i Mok 70 v i o2 o
145 EFEMNE KA EZAME GB/T 14825 R 25 iF KM & .
1.4.6 EBFRE  S%EFIRME GB/T 16150 H ) “IRik” SH47IE .
1.47 m#cl  RAATARE HGT 2467.13—2003 4% 247K 43 B0k 70177 b 2 5 B3
148 FARBUEHNE SHRHITIARE HGT 2467.13—2003 il & J7i%
149 BABERNE ¥ 0.5 g FEMBUREI A4 90 mL Z678/K 11 100 mL HZER &, EAE0, Ko
AT, LA 8 v/min [T EEGE L ERL , 0 N AR SR AEAK R SE A AR I ) o 3 RN TR) /T 3 min DA H
1.4.10 #EEHGNE  SEIARME HG/T 2467.12—2003 AT
1.5 KAEE T4 BEEFKOECRIFIA & E Ak 6% B i 2308 18

TR0 H S E F i T 2R 0 DX AT b Tl AR AR 2 Bt AT AR 6 s SR KRR 1 2R AT o 7 A
HHH 8 5, 6 NFIAEE, 4 RER, 24 AKX, FMXER 12 m*e DX AL, WX
DU R B R4 T b 1.00X 10° cfu/g RBE 1 T4 JEIAT /K BoRi 20 51K 300, 500 800 5 H B,
DL RO I, RRZLALEE 30 ¥k 30 d )G, % FANEMATRHRAZ, HoHE kMR WilE TR EoR
v e E bRt 0 9, OB 1, TR RN ECE AT SRR 3 S, R R e Ak
L GERIREER; S g, WBAERIEEE RS 7 M, B SR AR SE LA 9%, IRy
Ji B S AR A
1.6 BEFITEHH

TRIGHHE K Excel 2010 A1 SPSS 20.0 A7 #frab B, LSD Mt HELE 44 (P<0.05)
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2.1 EREHMA

211 BB A A E B SO IR, R R ) SR SRR T RO D o B0 18,
20 min iR TS R, BAEE - ANEF AT 3, 50 15 min BRI E R E S E R
(KD o BTFTIWAEFRFNZHEE, ASCEC 15 min AR RLE .

212 FREEEERFR AR IR LA A, RS ISR B 1305 B A7 35 LA
JeRIFI AR o e 2 W, RERE L. P BRATBAE LA AR AR RS, WS RAEE 1.00 X 108 cfu/g L
oy RN 65 s, AR ERAUE, FFEHITIAENT 180 s IR, LG RIEMEEA,
S T P A AU P e - A T R 3

2,13 AREARF R R AR LR 2 B R KIBK 1900 r/min B5.0 15 min, 3¢ FiE (37 mL/31 mL),
TAS TR AR E 7 VR A 38050, ATV E R AL R T4 ARSI ot A PR B . b 13 g ket 4 B
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®1 LHEREME-ANEFFEERTHESE CHENXE

Table 1 Relationship of centrifugation time and the content of the chlamydospore in the supernatant at a microscope field of view

J¥%5 No. 25,00 7] Time of centrifugation (min) & WA 4 The spore number of liquid supernatant
1 10 60+2.89d
2 12 20+1.53¢
3 13 8+0.58b
4 15 540.58 ab
5 18 3f1.15a
6 20 3+£0.58a

T B A R RRUER, ARFENG FRERR 0.05 K BB EZE S
Note: Data were presented as mean=+ SE, data with different lowercase letters indicated significant difference at 0.05 level.

R2 FRBEXATKS BRI E R0

Table 2 Effects of carrier on the WDG formulation of Trichoderma

J¥*5 No. AbFE Treatment JiifEtE Disintegrative (s) & Microbial content (10° cfu/g)
1 el Ca 45+2.65a 0.95+0.02 a
2 ikt 55+1.53b 1.10£0.06 b
3 [ A 65+4.51¢ 1.0040.03 ab
4 P& 50=+1.00 ab 0.5040.03 ab
5 Jig i 1 65+2.08 ¢ 1.000.04 ab

e BRI E EARER, AFNG FRER 0.05 7K L 525 757
Note: Data were presented as mean=+ SE, data with different lowercase letters indicated significant difference at 0.05 level.

(UV RA TP MR 0.4% + B 2 T L LT 2L 2040 3% + i it 71 vl Y It Ve ki 4% ) [TC )7 T8 7 B n] ik 1.05 X
10%cfu/g, JHMRITIEIN 90's, AL RIFEPRER (R 3) o HoAbmcJy & mAR A B BR, AT i N AT i i
W3 BRI 2 S 0] VR 5 B SR, 5 BRI KLU P AN I > HOR e B 2R R £ . [
B MR ARIERE (R K 70 I 2 THIAE 30%, i Al PEAT A5 Bl A

F3 BIFIE A M AREK S BRI
Table 3 Effects of additives on the WDG formulation of Trichoderma

75 No A3 Treatment JfYE Disintegrative (s) ik Microbial content (10° cfu/g)
1 13 g Tk 1 45+1.53a 1.10+£0.01 a
2 13 g fl#E L+ B (UV BRI FIPUAR IR 0.4% + 58 E 2 HE LT 4 3% 90+2.89b 0.3840.06 b
3%+ A HOR S AL 2R R #h 4%)

3 13 g fl#E L+ B (UV BRI FIPUR IR 0.4% + 5o e 2 HE LT 4 3% 90+2.31b 1.05+0.05 ¢
B 3%+ i A R ATV TR 4%)

4 13 g fE#E L+ B (UV BRI FIPUR IR 0.4% + 58 E B2 HE LT 4 3% 12042.52 ¢ 0.10+0.01 a
Y 3% TR A GRS 2R AL 4%+ R AT T Ve Ry 4%)

5 14 g fE#E L+ B (UV BRI FIPUR IR 0.4% + 5o e B2 HE LT 4 3% 1984+4.04 ¢ 0.024+0.01 a
Y 3% VIR A GRS 2R AL 4%+ R AT P SRy 4%)

6 15 g fE#E L+ B (UV LRI FIFTAR IR 0.4% + 58 € 7R TP AL 21 4 1754+1.73d 0.304+0.03 b

FN 3% IR HON B ZEREIR 5E 4% + BRI PR TR 4%)
e B E R, RFE/NS FREROR 0.05 A B R

Note: Data were presented as mean=+ SE, data with different lowercase letters indicated significant difference at 0.05 level.

MRIERL T 25085 13 g BARSBI (UV RIPFIDUA L 0.4% +F0E 7R F IR 2T 4 320 3%+ i il 571
IR TEVERY 4%) TRAIIANRZSERNL, FFEHEHE, 3 min JEWENRBERAE, SR 2 min J5, NREHAR
TR, ARJEREAT BRI o A TR IR BTN EER,  ERR A T (1 A5 B 7K 23 BIORE RO K /AN 1)
— (E D, EARKLIAN, 58T BRI 45 AR LR T2
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Fig. 1 The appearent picture of WDG of Trichoderma made by wet granulation

2,14 REFR G RA LA GEA BRSNS 13 g fEBE LN 0.4% UV RIFIFUR MR 3%7F&
JE IR FIELTAE 2B < 4% i A0 v i PR SRy ISR R LR S s NI AN [ EE ARG 45 750 1) e IRk i
B RAHRLS, IARESRBRNUERE, FARBEAT T R HEAT A N TR RIN - Bl R Ve b 5
32, BRI T B SE A W3S IN 3.0%- 3.2%- 3.4% 3 fift 11 R T LAV 2 Fa bR 25K ORI TE] /N T 180 8D
LRE 5 RS U 3 LA P 5] P 24 J AR I T, e 2 S8 ARG 4RI IOV IR 3.2% (R 4)

F4 TEEEMHETIEN I AREK D HRTIEI R
Table 4 Effects of different binder content on the WDG formulation of Trichoderma

¥ No. REEEFITE R Agglomerant (%) JB I 7] Disintegration time (s)
1 0 91+3.61a
2 3.0 138+1.15b
3 32 14414360
4 34 176 +2.65 ¢
5 3.6 330+1.00d

Ve BT AR, RFNG FRER R 0.05 ACP LB 5
Note: Data were presented as mean & SE, data with different lowercase letters indicated significant difference at 0.05 level.
22 EBEFERNTZ
FEARRRIE R S BRI AP, K 3O G IR R IR E e KRGS AR IR AT
TRAHIRL, AR5 PR 5 99 40 H I FRIEEORNLEEAT UG8 kL, RS N AR T3 T 48, T2 )5
oy N, RRARIAAS BRI AR AT GG, AF G AR IR ARUORL S )6 = S 3EA T LA, A e .
TEUAEWE 2 frors.
2.3 ARBHEKDECRFIFFIEREN 5 5 47
PR 7 ACHE 1) HG/T 2467.13—2003 AR 27K 50 BORLA = fbbsifl, R . K40 pH. M0 |
OIECPE. BVRR. FEARIEERC W 2 S, P VG I TR R R N ) 2 S ) Kk, BRI R

WA A IR TRARAERIL

A 4

WALRT

A 4

B2 #EBERENTZRE

Fig. 2 Process of wet granulation
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Fig. 3 The appearente picture of WDG of Trichoderma by wet swing granulation

MR 10 s W TIEIE R 2 s, RRAZRIEIE KL I 1Al 144 s (TZSERI 90s (R 5) , X2
T REABEIE RN N T ORGSR, 7 S RORLSE Iy —, R S BOEE I R AN AT AE (&
1, 30, RIEREIE HY K BOREA, BRI ANAN T P8R AL T J R A 25 BT 7K 20 IO 77 2 55 24—
R BAERBRL, AN TEES o« ZRE 5 & MR S, AR T m i, A TR R RIS L T
SHATARBE R I3 HORLR 1 i o

£S5 IEFERH MABKS BRI RERD

Table 5 Quality inspection of water dispersible granules of Trichoderma by wet granulation

Habs PTRPS % ARSI iEg (=] PEABNREIE R G 5 ATk
Index Estimated value Estimated value Industry standard
i it Microbial content (10° cfu/g) 1.05+0.06 1.1040.01 -
7K4> Moisture content (%) 4.50%0.12 4.00£0.58 <5
pH 7.40£0.15 7.38£0.01 6.0~7.5
TEYERS B Wetting time (s) 2.00%1.00 10.00£0.15 <180
WIS Gl 75 um W5 98.67+0.33 98.3340.33 =98
Wet sieve test (Pass 75 micron test sieve) (%)
4ritE Disperstiveness (%) 76.00+1.15 76.00+0.58 =60
#VF 3 Suspension percentage (%) 63.00+1.15 59.00+2.08 =50
JJifi# I} [H] Disintegration time (s) 90.00+1.53 144.00£+2.08 <180
FEARIE (1 min JGRZIEE) (mL) 6.0010.58 7.00£0.58 <60

H4 WA IR 7 2 AR B R K A ORI ARG R e iR, AR R R B B M A XTI, ik 6 g Sin]
DLFH, @ #Ieabi)G (54 °CL 14d) , nR PR R 9 R 2 mk 50%, 18 R AR i VA R DA A 2
TR R A B B 7K 2 BRI AR 38 R 10% 0 UG TT DL, SRS RL LA Ry ae bor i) Rl 10 A 5 B 7K 43 B
PO A 55 B JEIE A AR R VR
24 AREHE T4 BIEBRFKSBRFINERRER BB AR ER

S A R R R BN 1,00 X 10° cfu/g (R AC TR B 7K 43 BOREFAIAE 365 17 22 W X REA T8t v A
b 5 FEA T AR 5 s BRIl R (100 5 6 _E AT TRD D796 T 0 K B iR . AN RIVR 1 1 10° cfu/g A7
IR A3 ORI 06 7 0 A A 0 rT LA B — 2 (BT VA A - 500 R B BT RO E 62.75%, 300 £ RS (1) B
BOKF 71.85%, SR 50%WE I B /K 20 BORE R BT a2 e A i GR DD .
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F6 MIFREM
Table 6 The hot storage stability

AbE TR i IS T IER
Treatment The amount of microbial before The amount of bacteria after hot Survival rate (%)
hot storage (X 10° cfu/g) storage (X 10° cfu/g)
REFE AR 77 Trichoderma WP 1.20£0.01 0.6010.02 49.99+0.86 a
KRB K BRI Trichoderma WDG (32 ki) 1.05£0.01 0.95+0.02 90.47+0.63 b
KRB K BRI Trichoderma WDG  (FEAEIRI2E R 1.10£0.01 1.00£0.02 90.63+0.85 b

e BT E EhRUER, AF/NEFEERTR 0.05 K B R 2R
Note: Data were presented as mean & SE, data with different lowercase letters indicated significant difference at 0.05 level.

£7 ABE (1X10° cfu/g) KBURIFIFAAE AR ER H I8 MR
Table 7 Control efficiency of Trichoderma (1 X 10® cfu/g) to Botrytis cinere

Ab B FiREA AL PR R SERIBI Z= 5 RV Significance of difference
Treatment Dilution ratio  Disease index  Control efficiency (%) 0.05 001
1% 10° cfu/g RFFH K5 BRI Trichoderma WDG 300 3.40 71.85 a A
1% 10° cfu/g RFFH K5 BRI Trichoderma WDG 500 5.29 62.75 a B
1% 10° cfu/g RFFH K5 BRI Trichoderma WDG 800 8.99 37.40 b C
50% W2 1k w12 K 73 HoRE 7 Boscalid WDG 1000 3.74 73.48 a A
2R CK 14.35 0

e Hli I EARER, ANFEANG FRERIR 0.01 A10.05 KT B 5 .
Note: Data were presented as mean*SD, data with different uppercase and lowercase letters indicated significant difference at 0.01 and 0.05 level

respectively.

3 itig

KA BORE A B AT R B B 1 L RERE A 7K PR Al 7 R, SOk T RR R R 2R R
il s o FHR) it 24 32 WK 23 BORLRIE SEINEROR . AP AR 2 )2 o B )t 24 08 F ) 57 4 N DL IR e . 22
AR H 282 B0, BB, 224 /KA BRI S 15 3 K2 I R B 4

AFRAESF A AR Bi5. UV AR FIPOR MR . Foe R AT 4 2280 @R nl s ke by« Kl
SEFNVERT AT 8 (1) JE L, RGBTk, A I AR e 3 2R M R S 6 AR BV M AT 5, T LA S 0T
FUAS RIS IR 20 507 o PR R O FE AT e, R IPERAE 1900 r/min F3#F, &0 15 min, 3 1
W A, WK R 30%, BATIERL, 15BIAREERK 2 BB R R T G 25k . (R & IEIE Rk
IR BB BORI, BAR KN —, TR 2E, WP B Tk R A TR SR sk
LS AR IR R T, [FAE Rk, BORRAR TN —, SRR R R —. FTLA% S
T PR AR B LR SO T2

PRIV LR SR RN IR A ML, K 250 J5 7 R3S v I R R DT W0 I N ek R AT R
Hro RJGININ 3. 2% R SEFITE Ry, TRAT, FREILTHM A 40 H RSB RRY LT R, RO E BN AR
AT T 055, RERARIA AN B EER AR BT —UGE kL, A5 B b v R RO (S T = (i AT A, B A
AL . Watano 25181 A iU i A PO 5 48 SR WIS 45 7R 1 LA O A £ /N 2 R i s 7
IR, GBS AN TR P 7 i IR R T (PR 5 R0 RN 0 R/ o FRAIR I b = R, BRAE TP i,
R B RS TR, B0 EISWOEA v RS A KA =4, Wer4e 20, JL T S 2EDi
BRI SR8 A PR Y R W R B R R R LT R B-1,3- 787 SRR I o 7 T K B0 R A R
BT, JE SRR AR 5 N5 RE Al I 25005 IR s, R 2 L v P e R

AHFT RN 1X10° cfu/g FIAT B K 23 HOREA] 300 F1 500 1% FRIAR BB 25 3K 35005 A L B ia 4 T
55 50% 0 L BRI/ 40 BSR4 o 2RI 5 2 PRI 9 A0 S A 5 5 38 T A s LA e R B v
o REPIF TR WA R RAME AT DA A AR SR I B 22 b, SRR AR AR A% b ARBE AN K



248 BOE A BT R A iR 536 4

A ARGFIBT AR, & T AR e H SRR L PRG350, Rdehb 2T, il - st g
RV B S o ] WACBE TR T4 /K53 BORLA AT B (0 B T R A5 2 Dy e R K A I P98 77 o
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