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Abstract: [Background] While improving soil fertility and nutrients, straw returning faces the
challenge of slow straw degradation and threat of pathogenic fungi. [Objective] To screen
efficient straw-degrading strains against the fungi from samples in areas with long-term straw
returning. [Methods] The isolation by dilution in liquid, aniline blue staining, and Congo red
staining were used to screen the efficient straw-degrading strains and the strains were identified
based on 16S rRNA gene sequencing and phylogeny analysis. The inhibition of the screened
straw-degrading strains on Setostphaeria turcica, Alternaria kikuchiana, Alternaria solani, and
Alternaria alternate ACCC38230 and ACCC38231 was examined by the confrontation assay.
Moreover, the ability of the metabolites of the antagonistic strains against S. turcica was
determined, and the influence of the strains on conidial germination and hypha growth of S.
turcica was detected with crude extract of antagonistic strains. [Results] Three efficient
cellulose/lignin-degrading strains were screened out and named as JY 122, ZY 133, and JY215,
which all belong to Bacillus. Phylogeny analysis revealed 99.4% similarity between JY122 and
Bacillus cereus, 100% similarity between ZY 133 and Bacillus subtilis, and 99.1% similarity
between JY215 and Bacillus velezensis. The three had strong inhibitory effect on pathogenic
fungi of different species with the inhibition rate in the range of 43.74%—67.54%. In addition,
the metabolites of them showed antifungal activity and strong thermal stability, as the antifungal
activity was still high after treatment at 95 C. [Conclusion] JY 122, ZY 133, and JY215 show
high efficiency in degrading cellulose/lignin and inhibit the growth of a variety of plant
pathogenic fungi. The metabolites of the three have strong antifungal ability and high thermal
stability. This study provides strain resources for returning maize straw and a method for
tackling the challenges in straw returning.

Keywords: straw degradation; plant pathogenic fungi; Bacillus; antagonism
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0.5 uL, 10xLong PCR Buffer 5 uL, 0.5% BSA ZY113 H1IY 1132 THBEB @8R % 22 (8 1B).,
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JY215 ZY133  ZY163 LB S N VIR
' ~ SRIP PGS
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Figure 1 Statistics of aniline blue decolorization circle (A) and diameter (B) of different lignin-degrading
bacteria (B). *: P<0.05.
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Figure 2 The three strains produced hydrolysis circles after staining with Congo red (A) and D/d (B). *: P<0.05.
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Alternaria solani

BERS IR L ACCC 38230
Alternaria alternata ACCC 38230

BLRBER T

Alternaria alternata

JY215
3 JY215. JY122 F1 ZY133 3 R EE 5 R B 5 0 H R E
Figure 3  Antibacterial effects of JY215, JY122 and ZY 133 on different phytopathogenic fungi.
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4 JY215(A). JY122 (B)F0 ZY133 (CO)E#HIMNBI ER A MFEE P EBWFIEL
Figure 4 Strain JY215 (A), JY122 (B) and ZY 133 (C) inhibited the germination of conidia of Setostphaeria

turcica.

Bk Y215, JY122 1 ZY 133 ML W RE B 20
il R BN TR 43 A 90 7 o A AR A LA 1
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FH P2 ¥ Ab B0 2 1) 43 A= A 2R i ) 22 30K i
K, HBBEAREEH, RIEHH & (E 4B,
4C).
2.5 HEmEKRKEEIIEE DS
BEAC =4 95 ‘CALBE 15.20.25 130 min,
ZER IR, %95 CLEPE 30 min 3R H A R 4T
B TR R (B 5) o R, Y215 .Y 122 F1 ZY 133
TSP RACE ™ ) B By i IS PR R T
it
2.6 FEMBEMKESHHE
W% IY215,JY122 Fil ZY 133 H#EAE LB
R AL PRI SR, TR R T, SR
N, 78 LB AR FRIE | TY215 fi1 Y122

F1 EREREERSER

HERILACREE, RmewH . B, 5,
ANPGRS S, ZY133 WbkEmRE Y, A
NGB, T, G RIE A B R 7
%o GOTEERNE 1 sk R, X 3 #
PR AR R AR, IR EE IS B MR, 7E 4-50 C
Bk

25 min

5 ZY133 /K54 95 CALIE i st I8 E
Figure 5 Verification of the antibacterial ability of
7Y 133 metabolites treated at 95 C.

Table 1 Colony morphology of antagonistic strains

L3 gl TR JEAR [ 3 7 W %

Strain Color Moisture condition Shape Height Transparency Rim

Y215 #Hp@ AN T Il 7 Mk 7 RS
Milky white Moist Round Convex Transparent Neat

Y1z #pa@ TR T I ke =W et
Milky white Moist Round Convex Transparent Smooth

ZY133  HfE TR AN KLU 1 i ~F- ANz [k
White Dry Irregularly round Flat Opaque Fold
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27 FEMERS TEEER
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nlm.nih.gov/Blast.cgi), &I JY122 5 ZEH
FFE (Bacillus subtilis) . W5 FEZEFAT H (Bacillus
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(Bacillus amyloliquefaciens) . i3 28 fFF
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/LTI S5 G S NVNE7 ol A o (A R - E )
i, AR | R A o I X L T P )
WAy ] RERBC IR o7 240 N BE SR, AT 3 o R
22 B Z N, I Hk 2eWy BEAT R R AR

80 @ Bacillus subtilis (MG836683.1)
94 @ :2iJY122 (SUB11910402 giJY1220P184085)

71 74

93

@ Bacillus subtilis strain Bacillus subtilis (MK629825.1)
@ Bacillus cereus strain Bacillus cereus (JX847620.1)
8 L @ gilZY133 (SUB11910402 giZY1330P184083)
81 81: @ Bacillus tequilensis strain Bacillus tequilensis (MK629782.1)
@ Bacillus tequilensis strain Bacillus tequilensis (KT758623.1)
—— @ Bacillus subtilis (KR063208.1)
71 89 @ Geobacillus sp. Geobacillus (KP792636.1)
—: @ Bacillus subtilis Bacillus subtilis (KU867636.1)
71— @ Bacillus methylotrophicus strain Bacillus velezensis (KC172004.1)
| I @ Bacillus velezensis (KU161301.1)

91 @ :2illY215 (SUB11910402 giJY2150P184084)
76 @ Bacillus sp. (in Bacteria) strain Bacillus (MK796121.1)
84 ————— @ Bacillus sp. (in Bacteria) strain Bacillus (MK170119.1)
4’/8:. Bacillus subtilis subsp. subtilis Bacillus subtilis (HM753628.1)
77 @ Bacillus amyloliquefaciens strain Bacillus amyloliquefaciens (MK629805.1)
86 @ Bacillus subtilis subsp. stercoris Bacillus subtilis (MN704390.1)
{. Bacillus subtilis (MT218353.1)
0.0010

6 ET 16S rRNA ERFFIMEERE IJY215.JY122 F1 ZY133 IR G A B

NS

FIORHN I PRTE GenBank HUES 55 SEAUAR A HR RUFN 2 BE 3R AL IR 25

Figure 6 Phylogenetic tree of antagonistic strains JY215, JY122 and ZY133 based on 16S rRNA gene
sequence. The sequence number in parentheses indicates the landing number of the corresponding strain in
GenBank, and the scale and scale of the evolutionary tree indicate the evolutionary distance.
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