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Screening and characteristics analysis of straw-degrading bacteria

CHENG Lin, WANG Zongya, HUANG Shuangshuang, WU Hongyan, LI Ruichao

( School of Hydraulic Engineering, Wanjiang University of Technology, Ma’ anshan 243011, Anhui, China)

Abstract: In order to screen out the microbial agents that efficiently and rapidly degrade straw, and provide a theoretical
basis for the fertilization of straw returning to the field. The dominant strain XJ-132 was screened from 160 straw-degrad-
ing bacteria by enrichment culture. The antagonism of XJ-132 strain and the mechanism of plant growth-promoting action
on cucumber (Jinyan No. 4) were studied by measuring the secretion and cellulase activity of XJ-132 strain, as well as its
resistance to plant pathogens and seed germination. The results showed that the degradation rate of rice straw was
58.00% after 35 days of liquid fermentation of XJ-132 strain, which could significantly promote the degradation of rice
straw. By measuring the cellulase production ability of the strain, it was found that the hemicellulase and cellulase activi-
ties of strain XJ-132 increased first and then decreased with the extension of culture time. The maximum activities of
hemicellulase, endo-$-1,4-glucanase, exon-f-1,4-glucanase and S-glucosidase were 32.53, 329.68, 493.55 and 4.90 U-mL"',
respectively. Bacterial infection experiments showed that XJ-132 strain had a certain inhibitory effect on soil-borne diseases,
and had the best inhibitory effect on Fusarium wilt of banana, with a bacterium inhibition rate of 49.30%. The homology
of 16s rDNA sequence analysis showed that XJ-132 strain had 99.93% homology with Bacillus subtilis. Further analysis
was carried out that the secreted material composition of XJ-132 strain included the production of siderophore and indole-
acetic acid, and had the ability to produce ammonia and HCN. In addition, the low concentration of XJ-132 strain fermen-
tation broth had a promoting effect on seed germination, compared with CK, when the concentration of the bacterial lig-
uid was 10° CFU - mL", the seed germination rate increased significantly by 4.66 percentage points. In conclusion, strain
XJ-132 had high cellulase activity, which could not only rapidly degrade rice straw, but also had good antibacterial ability,
and could promote seed germination. Through the isolation, screening and identification of straw-degrading bacteria,
this paper provides a theoretical basis for the full utilization of straw resources in China.
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AGCACGTTATG

TI GACTGCGTGAAGTCGGAATCGCTAGTAA

B 1 #eftEEFIEEEMRO(RREBS)

Fig. 1 Example of sequence base composition after sample splicing( display section )

Bacillus subtilis strain soilG2B(MT641205)
99 XJ-132 (GQ475486)
799 Bacillus subtilis strain JCM 1465 (NR_113265)
100 Bacillus velezensis strain CBMB205 (NR_116240)
95 |:Bacillus mangrovi strain AK61(NR_157636)
90 Bacillus lacus strain AK74 (NR_159904)
Bacillus megaterium strain IAM 13418 (NR_043401)
29 ~———————Bacillus funiculus strain NAFOO1(NR _028624)
— 36 Bacillus pseudomycoides ( NR_114422)
100 Bacillus mycoides strain ATCC 6462 (NR_115993)
| Lysinibacillus sphaericus strain IAM 13420(NR_115529)
94| —W[- Psychrobacillus insolitus strain DSM 5 (NR_042709)
94L Domibacillus mangrovi strain SAOS 44 (NR_157743)
Listeria monocytogenes strain NCTC 10357 (NR_044823)
I_ Weissella paramesenteroides strain NRIC 1542(NR_104568)
1 91 Lactobacillus pentosus strain 124-2 (NR_029133)
99 Enterococcus cecorum strain A60(NR_024905)
Desulfotomaculum ruminis strain DL(NR_036973)
Pectinatus frisingensis strain CCM 6217(NR_117702)
100I—Tzl(sx(vierella creatinophila strain Kre4 (NR_037028)

B2 fiiE 16s rDNA FHIMZ R HIXE K XJI-132 RIBXERMRFLER
Fig. 2 Phylogenetic tree of test strain XJ-132 and related strains constructed based on 16S rDNA sequence

T2 XJ-132 oM FRAG M 25 R

Table 2 Detection results of XJ-132 secretory substances

94

e PRk AR PRGN LR 7 ACC itz Iy PR fiBERE 7# HCN RE /)

TreaAtment Iron carrier Indoleacetic acid Production of ACC Ammonia production Phosphorus Ability to
production production ammonia lyase capacity solubilization ability produce HCN

CK Wit Cyan 34 Light yellow JCIRIH Without turbidity JEff Colorless JCi% P8 Non-transparent circle # {4 Yellow

XJ-132 WA Yellow  Ap4L{% Pink T iR Without turbidity  £##% % Brown JCi%WIFE Non-transparent circle # % Brown
+ + - + - +

VE ARIR P M 5 -RORA = A Y . Note: + indicates the production of this substance; - indicates that this substance is not produced.

—a FEH %‘J%% Remaining amount of straw

2.5 - —a—F AT BEf# % Degradation rate of straw 560
3 2012 50 g
g T z
. 0 2
& g E o
= 2 30 ¥ E
s o=
oo 1.0 f 23 'g
£ 20 T 8
= %
=)
3 0.5 10 A
f
0.0 /\ 1 L 0
0 5 15 20 25 35

fif 1] Time/d
T [ — 4R RN FREROR 25 5 35 (P<<0.05) . FIAl.
Note: Different small letters of the same index indicate significant difference(P<0.05). The same below.
3 EFR XJ-132 3K FEFEF AR REAIR
Fig. 3 Degradation effect of strain XJ-132 on rice straw
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X ISR 5T

TE - A~D 3 AR TN VG I A L N R B P XU-132 FYRT I s E~H 23 S5 AQER B0 VE I A2 2 M R4 Rl XT-132.

Note: A-D represents unvaccinated XJ- 132 control of cucumber, watermelon, ginger and banana, respectively; E-H represents vaccinated

XJ-132 treatment of cucumber, watermelon, ginger and banana, respectively.

5 XJ-132 XA ZE R IR B R T AR IR
Fig. 5 Antagonistic effect of XJ-132 to Fusarium pathogen

x3 XJ132 B R EEYFRE B RER
Table 3 Antagonism of XJ-132 strain against different plant pathogens

TR xR E A XJ-132 Ef& ) 2

Type of Fusarium oxysporum Comparison diameter/mm XJ-132 diameter/mm Microbial inhibition rate/%
EYINES 5.40 3.30 38.90

Fusarium oxysporum f. sp. cucumerinum

(VN CEr 7.10 4.80 32.40

Fusarium oxysporum f. sp. niveum

HE RN Fusarium wilt 6.70 4.90 26.90

R 7.10 3.60 49.30

Fusarium oxysporum f. sp. cubense Snyder et Hasen

F4 TREIRE XI-132 W E LM FEFEHZM

Table 4 Effects of XJ-132 with different concentrations on germination rate of cucumber seeds

B Concentration of bacterial solution/(CFU -mL™)

F84 Index CK
10° 10°

107 10° 10° 10" 10"

K % Z Germination rate/%  92.67 be 94.52b

96.00 ab

96.67 a 9733 a 92.00 ¢ 91.37c¢ 90.05 cd

W AFNG FRERRZE R 35 (P<0.05).

Note: Different small letters indicate significant difference(P<0.05).

WIS 21 G (2 47) 07 - 20, ARLHRE 7K e el LA, SR AR TR
PR XJ-132, R A4 R EMAE ). @IS BV 55
T, %88 AR XT-132 Ak 5 2 f AT B (Bacillus sub-
tilis) , 1% 5 28 B C T 2 fFT BN RS AT — E B AR
ROR IO T R — 2. 3k — 2B 70 B ik XT-132 %
FEFF IS R , RINKE 95 5 d 5 , RS AT B g
R R, X RS 55 9% 3~5 A A 4E RS R
Y R BRI B B KA . KR 25 dJa , AT
B Ak 2 5 N PR 94, 1K AT R DR A R S IR IR

BETHFE , AU = AN W AR R, AT e g R R B,
Yrsz BP0, I R B 9R 35 d I, KRS RS AT A
il F R 58% , 1% 5 W KL 6 F AR 1 75 22 2~4 > H I ]
FHEE, B PR XT-132 TEREFT 0 U8 24 O TH B A R
N FH AT 5
3.2 EHEXJI-132HEAFH RS FHREGFMN
HF 72 26 W, RS RT3 H Jig = 33 i A 0 0 b il 2055
PRV T ) 6 0 W SR, Sk LR O Ak DA 4EFE
BRI EES W AR A R E 2R
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