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Screening of Compound Microbial Seed Coating Formulations Targeting Wheat

Crown Rot and Evaluation of Their Control Efficacy in Pot Trials

Gao Yuzhi' , Wang Yixuan®, Xie Xiaoli’, Gao Youjun’, Li Huixia', Liu Yonggang'’, Zhang Haiying’
(1. College of Plant Protection, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2. Institute of Plant Protection,
Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China; 3. Wuwei Chunfei Crop Technology Co. , Ltd. ,
Wuwei, Gansu 733009, China)

Abstract: To gain a compound microbial seed coating formulation with synergistic efficacy against
wheat crown rot, Bacillus paralicheniformis ZYGT1811 and Bacillus atrophaeus ZY1825 were se-
lected as the primary active components of the seed coating agent. Single-factor experiments, orthog-
onal tests, and the filter paper disc diffusion method were employed to screen for the optimal disper-
sant, film-forming agent, and the optimal mixing ratio of the seed coating agent. The results indica-
ted that no significant mutual antagonism was observed between ZYGT1811 and ZY 1825, providing a
basis for their compounding. When the ratio of ZYGT1811 to ZY1825 was 231, the synergistic inhibi-
tion rate against Fusarium pseudograminearum MC-7 reached 64.17% , which was significantly high-
er than the inhibition rates of the single-strain treatments(58. 12% and 60. 20% , respectively). Fur-
thermore, the optimal auxiliary system formulation for the seed coating agent was determined as fol-
lows: 4% sodium lignosulfonate, 5% hydroxypropyl methylcellulose, 1. 5% ethylene glycol, 0. 1%
xanthan gum, and 2% scarlet dye. Physicochemical property tests demonstrated that the compound

microbial seed coating complied with GB/T 17768-1999 and relevant industrial standards. Its shelf life
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was up to 90 days, and the pot control efficacy against wheat crown rot was 60. 56 %.

Keywords: Bacillus ; Biocontrol seed coating agent; Wheat crown rot; Control efficacy
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ZEFRFT PR VR A B 57 2 (5 48 55 200 g, JEKE 15 g, %
BER MY 12 g BRFREE 5 g, 781K 1 000 mL, ¥ i
pH N 7.00. 2) FI & 3 A 2F 160 FF B 1A 15 % 56
CEAMR 10 g, BEREE 5 g, s ALHN 10 g, Z8 1K
1000 mL,.#% pH J 7.0+10. 2), K K144 K
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TEALAL B TG AL S K B T AL R R B
Fed 78 32 °C.210 r » min ' WIS T RS 24
ho, SR 5 4% B 1 00 1 LU AB 43 S92 380 T %) 9 A i R
e ZEAR R & F T Ak 1555 24 h LL4S S Sl ]
(FWRHEREL 1X10° cfu» mL "), ¥R 5~
7 d () MC-7 $F0 3] PDA A b e, 78 70 JR 45 i
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WA ZYGT1811 s 3 dE 47T ) B 4iE , 30 °C T K
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e v /vs ) A 131.1.5:1,2:1,2.5:1.,3:13Y
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Table 1 Evaluation of mixed additive formulations by

experimental design with varying values for each factor

K K& Factor

Level - 5/ B/ % c/% D/ %
1 3.00 3.00 1.00 0.10
2 4.00 4.00 1.50 0. 20
3 5. 00 5.00 2.00 0. 30

AR E) s B U Co B R DG AR R . 3R 5 TR,
A:Dispersing agent; B: Film-forming agent; C: Antifreeze;

D: Thickening agent. The same in table 5.
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Y7
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R (9. 1X10° ofu » mL "), 24 h J5 % HHZE
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Wros /b A TR B BUE AL B A T PR SR
Z ), 45 A AR A3 AT 45 S 6 B T Bk 1) I 40 il
VEF AT DL ) 4% 3%

ZYGTI811 Ml ZY 1825 Xif /N4 25 3 1 5 1) 4
JE A MC-7 A W] i 40 i 8OR (813D, 30T 6 53
W3k 58. 12% H1 60. 20% ., F B ZYGTI1811 Hl
ZY1825 ¥ MC-7 HA B i AR S5 B Pk . ]
Ry Ji5 B2 52 45 HE 17 T 791 ) 2 4 40 36 TR

2.2 E5EBEFII MC-7 B & B bb iF %

ZYGTI811 #1 ZY1825 A [A] it be 1) & & 4= By
TR A 35 /N2 - R 2 2R 5R 90, 33 %0~ 94. 67 %0 »
254 H IR 22 ORI (GR 2) L U TR Rk A
B7 TR B L A2 TG Ak B X /N 22 b F R 2E T W
HAVE .

ZYGTI1811 M1 ZY 1825 A [EI A [ &8 & A= B
XFMC-7 B30 TE 98B 1. 02~1. 16 cm, 1 B4
K 56.27%~64.17% .4 ZYGTI811 5 ZY1825 i)
BCLb Ry 231 B 300 B8 7 98 B2 e K (1. 16 em) , ST
Rik 64. 17%, Hor il &8 % & F ZYGT1811
ZY 1825 HUBRIN T %,

2.3 BAERFESEARK

i 3% 3 WL, 4 Fl o3 000 09 43 HOR0OR AF AE 2
St KT R B R A Ak BB s R A AT
TG BRI Bk 2 A3 HOROCR AL T A A R A
I3 FH AR Sk J5 210 5 4 B3R

A:ZYGTI811 IRk, ZY1825 &4 B: ZY1825 Wi , ZYGT1811
W,
A: ZYGT1811 Spread, ZY1825 Spot-inoculated; B: ZY1825
Spread, ZYGT1811 Spot-inoculated.
1 I SF A AT I R i

Fig.1 Antagonism between two Bacillus strains
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Fig.2 Growth curves of single and mixed Bacillus cultures
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A XHHEG B ZYGT1811 JE4L A 45 MC-7 T ; C. 2Y1825 JE4L 45 MC-7 i,
A: Control; B: Dual culture assay of ZYGT1811 filter paper discs against MC-7; C: Dual culture assay of ZY1825 filter paper discs

against MC-7.

B3 FHREMFRTEN MC7 MEHRER
Fig. 3 Antagonistic effects of two Bacillus strains against MC-7

&2 ZYGTI811 5 7Y1825 RREE L Xt /hEFF
KERF MC-7 MEEH M
Table 2 Effects of different ratios of ZYGT1811 and
7ZY1825 on wheat seed germination rate and
inhibition rate of MC-7

am  EAE  BEEWE AR

Treatment Germination Inhlbltlon zone Inhibition
rate width/cm rate/ %

CK 93.67+1.53a

1:1 91.0042.00a 1.11 +0.01bc 61.10+0. 33bc

1:2 90.6742.89a 1.0740.05d 59.06+2.51d

1:3 91.3340.58a 1.08%+0.0lcd 59.5540. 50cd

2:1 94.6741.15a 1.16%0.01a 64.1740. 38a

2:3 90.3343.21a 1.08%£0.0lcd 59.62740. 70cd

3:1 91.3342.52a 1.02%0.01le 56.2740. 40e

3:2 91.6743.06a 1.10=£0.01bed 60. 6640, 37bed

ZYGTI811 92.33+0.58a 1.04+0.0le  57.3140.65¢e
ZY1825  91.33%2.52a 1.1340.01b  62.11%0. 26b
[ 51 AS [ /NG 5 B 32 A B IR) 22 53 B 3 (P<C0. 05) . % 4,
6 I,

Different lowercase letters with in the same columns indicate

significant differences among treatments(P<20. 05). The same in

tables 4 and 6.

TE 4 FlBUBEH] v RN SR R LT 4E R 5 R &
A7 T ) B0 AR 8 AR T A T Rl S R (36 4D
Ho#TRFZES ., b RN P 4 R
A S B de iy o 97 06 DR ok Y HCAE O I 2
He J7 JS A

1 I 222 T 32 1149 R AR J5 2R R Y 5 B 5
TR S 2T 2 3R IR A Bl VR R £ e A 7R
7B R AT IE A . 2 M 25 0 4 R R o
S X A2 TR ) 3% TR B D e R 5 G R R 5
2 TN T SRR T 4R 2K, 0 R A 75 R 5 2 R /DN (3R
5) o AR A5 DR R KPR I T RO (B L R 1 R A
FOG AN AVORR BERGH , 5 00 52 7 5 T 2

Y 1.5% 2 1.0, 1 % .2 % KL gLkt
(E 0 i 43 B0 o X 6 HH ) B R0 A4 R AT 50
I, oAb FA5 B 5y 5 A 7. 13 X107 cfu -
mL ' BB R R A 4L A A2B3C2D1,
2.4 ESEMEFSEFE RIS EELLHiE

526 B B R 5 B AR R O TR T B AL B Y
INFEFP TR ZER g 97, 00% ~98. 33% . K IR K
98. 67 % (&l 4) A b P 1] 22 532 O W 3%, BT A5 Ak
PRI R 2R 97V DL L I E A AR R S
Bl 44 22 AN [R) T Ak B 6) /0N 22 i 2 2F O B & 4
il .

x3 FEFAIBHRIEMN
Table 3 Evaluation of dispersibility of different dispersants

53 B EAPURINA 43 P
Dispersing agent Appearance Dispersibility
S BE Chitosan Piﬁtiﬁies R Good

A R 2 1 7 4

Sodium =%k Cloudy  fIi Excellent

lignosulfonate

SD-811 20K Flocculent 2% Bad

2 R B TE M AN
Sodium KL Particles K Good

carboxymethyl starch

F 4 BEFRFREERNE
Table 4 Assessment of various indications
of the film-forming agent

A WRBLRE  BRHAE
Film*forminlg agent Coating shedding Coating
rate/ % uniformity/ %
WL A 2 3% -
Methylcellulose 5.6540. 42b 92
BN L4 %
Hydroxypropyl 3.227+0. 23c 97
methylcellulose
Bqﬁ[{ﬂ*ﬁﬂi 8.03+0.37a 87
Gum arabic
R i 3.82+0.18c 95

Polyvinyl alcohol
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Table 5 Results of L, (3*) orthogonal test for additive formulation optimizations
H ¥ Factor 1% T
Fﬁdﬁl' Viable count/
ormula A B C D (X10% c¢fu s mL™ 1)
1 13%) 1(3%) 1A% 1€0.1%) 2.79
2 13%) 2(4%) 2(1.5%) 2€0.2%) 4.51
3 1(3%%) 3(5%) 3(2%) 3€0.3%) 3.13
4 2(4%) 13%) 2(1.5%) 3€0.3%) 4.36
5 2(4%) 2(4%) 3(2%) 1€0.1%) 6.23
6 2C4%) 3(5%) 1A%) 2€0.2%) 5. 80
7 3(5%) 13%) 3(2%) 2€0.2%) 2. 68
8 3(5%) 2(4%) 1(1%) 3€0.3%) 2.11
9 3(5%) 3(5%) 2(1.5%) 1€0. 1% 7.00
K1 3.48 3.28 3.57 5.34
K2 5.46 4.28 5.29 4. 33
K3 3.93 5.31 3.95 3.20
R 1.98 2.03 1.72 2.14
a a ®6 SESEBEASHAGRARELL
oop 2 & & 7 2 g
ool it MC-7 B9 #0 %1 4E A
& %0 Table 6 Inhibitory effects of different mixing ratios
‘§ 70 of compound biocontrol agent and auxiliary
.g solk system against MC-7
‘ﬂ:k g);; 50F ﬂ‘iﬂi Tfﬂ[%!ﬁ?ﬁlﬁ =
< Treatment Inhibition zone width/cm Inhibition rate/ %
o 40
g 1:1 1.05-40. 08¢ 59.91+0. 41c¢
g 30F
e 20} 1.5:1 1.0740. 04b 60. 95+0. 23b
a 10F 2:1 1.1040. 05a 62.93+0.27a
e SR SRS S T 2.5:1 1.10£0. 12a 62.74+0. 70a
A5 AR A 3:1 1.11+0.05a 63.39+0. 28a

Different proportions of composite bacteria and additives
4 EREMENSBHERASE A Xt
INEMTFRFRNHN
Fig. 4 Effects of different mixing ratios of compound
biocontrol agent and auxiliary system on wheat

seed germination rate

H1 3% 6 FIEL 5 AT, &4 A B 0 R 5 B i
AR TR e B A S 8% MC-7 2 80 3 il 5
Mo ARIRI AL BB A 98B 1. 05~1. 11 cm, M1
RN 59.91%~63.39% ., Hoh, ZAAPHER B
FURZ N 2:1.2.5:1 F1 3+ 1 WF, 300 B 45 58 58 Fn 3
BRI TR R K, H 3 M E £ 5 K &
AR T R e IR IS MR T AR
A CHERIEM BRI a8 T B2 A AW
) Bh AR R =21 1 Ry Ji 22 Fh A 550 i 25 A9 38 B
[LTis

[ 51 A TF] /N 7 B 3 s Ak # ) 22 57 W 25 (P <0, 05)
Different lowercase letters within the same column indicate

significant differences among treatments at P<C0. 05.

2.5 EAMAEYMKFNREIE IR KR

38 2o 3 TR A S B AR R AR I, B & R A
A A A TG B AU A 1. 05 X 10° efu » mL ',
pHAEH 7. 76, Fi B h 196 mPa s, AR5 i
90 %, B¢ B B A A 1. 34 min, fix MK A B IR
JE—10 C R 7, Tl il e W, AL A4 4 1k 55
T Y454 B F AR GB/T 17768—19991

Bifi 5 I 98T () 928 K, 52 65 ol A 0 i AR R 3 T
Bz MR 6) . WIIRTE RN 1. 05X107 cfu »
mL L 25 C A& MFE TR IR 90 d R . I R AU A
F] 2.31X10% cfu « mL ', & F A9 3 70 A0 6
PR BOR UL IZ M AR E = A T R —
JE IR R T
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A X B~F Sy 525 A 15 1 500 5 D 390 A 2O ) BC LU AR B MR 1:1,1.5:1,2:1,2. 551,341,
A is Control; B—F are different mixing ratios of compound biocontrol agent and auxiliary system, corresponding to 1:1, 1.5:1, 2

1. 2.5:1 and 3:1, respectively.
Bs SEEEBHBEFSEFMEZRAREEERI MC-7 WHIHEHR

Fig. 5 Inhibitory effects of different mixing ratios of compound biocontrol agent and auxiliary system against MC-7
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Table 7 Quality indicators of the compound microbial seed coating agent

P
seed coating agent
il W4 Viable bacteria count/(cfu « mL™1) =>2X108 1.05X 10
pH 5~8 7.76
Fh VL Viscosity range(25 ‘C)/(mPa « s) 100~600 196
{ K 5) B Coating uniformity/ % =90 90
JE R B 1A] Film-forming time/min <5.0 1. 34
AL B #E Coating wear resistance oWl @ B #% No apparent separation A Qualified
AR AR S Minimum film-forming temperature/°C <—5 —10
i =5 #5 =5 HE 7% Resistance to high temperature and high humidity AHGi%E No adhesion A% Qualified
A % 41 Coating safety percentage/ % =CK-2 A H Qualified
KR Fa E M Low temperature stability k& Recoverable A H Qualified
U Fa E M High temperature stability AH Qualified A% Qualified
9.1

2.6 EARWEMTHRFINEEZEEZRINERBR

= .
g 90 EWNHAI LR R 8 M DHRYLZ A
g 89 T2 W e A 9] A A BT B AT /) 22 25 6 i 2 s
ﬁé 8.8
B8 £8 HAWEWRRAMNEZEFRARHH
ﬁéoé 8.6 Table 8 Control efficacy of compound microbial seed
‘2 8‘ coating agent against wheat crown rot in pot experiments
s 85
=)
g e I e 5 DIRGEVES
8.4 4k 2 UERCEERS .
Eo Treatment Disea:e E;ndex Control
8.3

efficacy/ %

0 10 20 30 40 50 60 70 80 90

g CK 52.59 -
It 18] Time/d
6 25 CIMEHTEAMEDMRAFTERT K L R YR ACH
Compound microbial 20.74 60. 56
Fig. 6 Changes in viable cell count of the compound seed coating agent

microbial seed coating agent during storage at 25 ‘C
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A': Uncoated inoculated control; B: Treated with compound
microbial seed coating agent.
B7 SE6REMHRANNEZEERNIARHY
Fig.7 Control efficacy of the compound microbial seed
coating agent against Fusarium crown rot of wheat

in pot experiment
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