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Degradation characteristics and application potential of dominant
composite bacteria on tobacco straw

LU Xiaoxiao*2, LIU Jing”, GOU Jianyu’, ZHOU Zhenggang’, XIE Shishuang®, WANG Po!?,
YANG Ping'?, HUANG Ying"!?
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Abstract: [Background] Tobacco straw is rich in lignin, cellulose, and hemicellulose, while the
complex structure makes it difficult to be degraded under natural conditions. [Objective] To
explore the degradation process of tobacco straw and enhance the degradation efficiency by
using composite bacterial agents. [Methods] Cellulose-degrading bacteria, lignin-degrading
bacteria, and ammonifying bacteria were mixed in a 1:1:1 ratio to form two composite bacterial
agents (composite Bacteria 1 and composite Bacteria 2). Fourier transform infrared spectroscopy
(Fourier Transform Infrared) was employed to analyze the chemical group changes in tobacco
straw during the degradation process. Field experiments were conducted to evaluate the
application performance of the composite bacterial agents. [Results] FTIR results suggested
that the composite bacteria might disrupt the complex structure of tobacco straw, degrading
cellulose and lignin to release small-molecule sugars and aromatic compounds. Field
experiments demonstrated that composite bacterial treatments significantly enhanced the
degradation of tobacco straw. Especially, the treatment with composite Bacteria 2 achieved a
weight loss rate of 40.44% on day 15 and 64.20% after three and a half months. [Conclusion]
This study explored the degradation process of tobacco straw by composite bacteria and
significantly improved its degradation efficiency, providing scientific support for the utilization
of tobacco straw resources.

Keywords: tobacco straw degradation; composite bacterial agent; Fourier transform infrared
spectroscopy
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R, A B AL A HLIE s A= By B RE IR
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1.1 #fH

i 15 3R B SN A LT 4 ik & AR
W, FEMEAEY A K. R
FEA T A BT AL 46 UK Tk A 243 mg/kg, A
i 2.04 g/kg, AHLTTE 42.6 g/kg, HAE
563 mg/kg, A %< & 78.0 mg/kg, pH {H 6.38.
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JRAT R B 5 M 48 2 T A4 2 2 06 I R i = i
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HHFF AR K 5 B4 SCHR[ 11 o
1.3 FERAFIANLEE
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Nl WIRZT, R Sue bR A PR 7
PR, bR R A Y ARG BRI A
Al K AR A AR S, RETHOEE R
KIBABRAF ; AR 4] DNA $2BGAH &,
RAREMF A ABRA R 1.1xT3 Super
PCR Mix, JtmSRHAEMRHEARAR ., #HE
A% $e 21 4b )% i (Fourier transform  infrared
spectroscopy, FTIR){X, FEER K /KRB A A,
1.4 95, demiFEErEER

FREL 10.0 g £33, A 90 mL K FHZE K
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| 30 °CHiFE 24 h A K RIF R, H
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B, ik R OR TR BRI o SR AN G
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YHTRREME o SR 240 1R U S VR O (0 B B ()
PRRRAE Ay v 6 PR R
1.5 EHRHTFENZEETE

A RN 4 DNA HRBGR S LB
¥Rk DNA , 33K FHA T 16S rRNA 3 [R5 F 5 |4 27F
(5'-AGAGTTTGATCMTGGCTCAG-3")#l 1492R
(5'-TACGGYTACCTTGTTACGACTT-3")#17 PCR
P4, PCR W AZ (25 pul): 1.1xT3 Super PCR
Mix 22.0 uL, F . F#F51#1(10 pmol/L)4% 1.0 pL,
i DNA 1.0 uL, PCR JZ i 2514 : 98 °C 2 min;
98°C 10s, 55°C 10s, 72°C20s, 32 PEF;
72 °C 2 min; 4 °C{R 4% . BL 2 uL PCR JZWI7E 1%
i WEEE e AT UK I, IR ik 2= AL
TR E B PR wl AT B Dy . Wy
45 B H F NCBI ) BLAST T H #4755 Xt
93T
1.6 EHREIAE

A A TR SIAE LB 35555 B4
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oL, R L B RIE I EE . ok
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Wit 168 tRNA LRSI, 2148 R IR
g3 9h . BB A Sl FF R (Acinetobacter  indicus)
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LXX-2022-13 ., Hfi# ZF /4T 7 (Bacillus subtilis)
WP-2022-14, DI B AFZHE TG (4 17 (Achromobacter
mucicolens) WP-2022-15 . K i & [ f#
YP-2023-01 B % 7 Jy 7R ¥ 2 961 #F 147 (Bacillus
toyonensis), Z LA 26 W% E N AEHUEE AT
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Fi LT A 23 W iR DA L R I 25 O At o N 2 4k
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#z1 EHNEEREERSEEERLE
Table 1 Ratio of decolorization zone diameter to
colony diameter for the strains

Medium Strain code D/d
CMC-Na medium LXX-2022-12 6.97
LXX-2022-13 4.28
WP-2022-14  5.21
WP-2022-15 5.45
YP-2023-01 5.22

Aniline blue culture medium
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Figure 1 Antagonistic experiment among strains.

(WP-2022-15. YP-2023-01. Z6)LA K EEH 4
(LXX-2022-13, YP-2023-01, Z6). ilif£ 2 &
B TR0 MR 1Y) 28 DN R e e ] LU Y, TR R
510, 20 K, EARHGHENERAHBEEST
XFHE X0, Horb, TEREARSE 10 K, X1, X2 J&
KR ERTHMAR,; 7EREMFESE 20 K, X1,
X2 JE R T HAD AN EE, o X2 BRI i
I, mFEE X1, X2 X 2 bR S
it — BB
25 EEEMEBEFRIE FTIR &R0
FTIR 7EAN ) B 50k (A W s e sz e T KR8
it B s A DAL AL A B A AR 2). 1050 cm™!
1109 em™ Ak A IR 5 — A Ak Ak Y Si-O
i 3l Je Z W20 C-O gtz sl Ay Sl
W A e 4 4 568 ] R 2R B AR AT RE L2 Wk IR, £F

x2 EAENEENEAFERIR
Table 2 Field decomposition effects of composite
bacteria on tobacco stalks

Group 10 d (%) 20 d (%)

X0 64.06+0.32¢ 83.53+£0.81c¢
X1 75.53+0.88a 92.39+0.36ab
X2 79.31+0.15a 92.88+0.38a
X3 70.17+0.14b 90.57+0.26b
X4 69.85+0.39b 90.44+0.21b

FZA /NG FEER R A 22 5 B 2. X0: MIFE+IC P
K X1 MHE+E AR 1; X2. WHE+E4H 2; X3: M
Bi+E 518 3; X4: WH+EETE 4.

Different lowercase letters in the same column indicate
significant differences between treatments. X0: Tobacco
stalk+sterile water; X1: Tobacco stalk+composite bacteria 1;
X2: Tobacco stalk+composite bacteria 2; X3: Tobacco
stalk+composite bacteria 3; X4: Tobacco stalk+composite
bacteria 4.
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& 14 d & {5742 Composite bacteria 2
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Figure 2 Fourier transform infrared spectroscopy of tobacco straw treated with composite bacteria at 0, 7,

14, and 28 days.

YN 21 4 2R A fR T R /N TR NS
Wio 616 cm™" b (WG fiz R AT C-H 1 T
A AR BT, W0 XA 3 i T R SR IR T 3R
WY B IR RR E AR, AR T ORI Y
TS . 1 423 cm™' ZbAY IR IE 5 Rl ZE
FIE W7 AL A 90 v 1Y -CH, AR TR PR s A 510 g
i g 357 1 i T R R WK R 2K M 40 A O B
WM -CH LA MR G 59, 1 652 em™
A1 740 e Ab IR WL 53501 5 C=C . C=0 fif
AR C=0 YRl mg kg i AR
A AT BB S B TR 5T 3R 43 AR S IR A
AL FNG WA AW . SIS, DA R X g
W] =) e S At R . 1 250 em ! AR IR
Wl fe e T C-O0—C Fil C-O AR 4R sh), 1%
W e 0 4 0 55 T RE R IR L RS AR R K L £F
AR . B, FEAEERSE S C-0-C fl C-O0
Bk S YIoE A A%, 3 100-3 254 cm ™ AL IR

Wl ] SR By -OH Mg i s 5620,
W2 AT 0 A5 Ak, R R 3R BH R 3t 2 40 AR T B T I
M2t — o0 . BT 1S 7 R E
F AR R F HAB AL FE . BIFEARES 14 K, JHFF
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®3 EAEXEITHEEREBEHNR
Table 3 Decomposition effects of composite bacteria
on straw in the field

Time (d) CK (%) L1 (%) L2 (%)
15 5.08+4.64c  23.48+4.0b  40.44+3.29a
45 72943.55b  31.27+7.24a  47.6348.69a
75 11.7746.52c  31.44+2.32b  51.38+2.04a
105 26.7543.91c  40.30+3.71b  64.20+1.53a

[FFNAF/NG FEFR RS AR H] 22 57 3. L1 M
FEFFHE AT 15 L2: MERF+ESH 2; L3: JHHFS
AT

Different lowercase letters in the same column indicate
significant differences between treatments. L1: Tobacco
straw+composite bacteria 1; L2: Tobacco straw-+composite
bacteria 2; L3: Tobacco straw without bacterial inoculation.

3 Wik
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