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Functions and composition stability of straw-degrading
microbial consortia under low temperatures

WANG Lijie'?, ZHANG Xin®, ZHAO Wenshan"?, LIU Ruizhi'?, YU Xiaofang'?,

GAO Julin'?, Boegijin Qinggeer '

1 Engineering Technology Research Center for Microorganisms of Corn Straw Returning to Field in situ in Inner
Mongolia Autonomous Region, Hohhot 010019, Inner Mongolia, China

2 Key Laboratory of Crop Cultivation and Genetic Improvement in Inner Mongolia Autonomous Region,

Hohhot 010019, Inner Mongolia, China
3 Tonghua Normal University, Tonghua 134000, Jilin, China

Abstract: [Background] Microbial degradation is an effective measure to promote the
decomposition and transformation of lignocellulose. [Objective] To investigate the degradation
efficiency of straw and evaluate its adaptability and stability to natural carbon sources.
[Methods] To study the straw degradation efficiency of the microbial consortia M1, M2, M14,
M36, and M44 screened out in the previous study and evaluate their adaptability and stability
when being cultured with natural carbon sources. We used sterilized (S) corn stover and
non-sterilized (NS) corn stover as the carbon sources for restrictive passage of M1, M2, M14,
M36, and M44. [Results] Neither the degradation rate of corn stover nor the enzyme activity
had significant difference across different passages, which indicated that the microbial consortia
M1, M2, M14, M36, and M44 could maintain stable straw degradation efficiency. M1, M2,
M14, M36, and M44 in the NS group exhibited the corn stover degradation rates of 30.99%,
33.41%, 33.97%, 31.76%, and 35.05%, respectively, which were higher than those in the S
group. The richness and diversity of microbial consortia cultured with different carbon sources
became similar as the passage continued. Specifically, the relative abundance of Firmicutes and
Trichococcus in M1, M2, M14, M36, and M44 in the NS group was 31.5%, 48.97%, 41.95%,
2.64%, 67.41% and 27.95%, 41.71%, 33.63%, 15.75%, 63.22%, respectively, higher than that in
the S group. [Conclusion] The microbial consortia demonstrated robust stability and
adaptability when being cultured with non-sterilized corn stover, showcasing promising
advantages and potential utility.

Keywords: carbon source; stability; microbial consortium; degradation efficiency

RAEOIREAT R A A PR BEIR, B BERT AT T RS AT AT 4 3R Bl A Yy e A o6
FARUEAALE F AR]85 BT IR R, WH5E, BRI e R4S T KRR LT 4R R I
WESL IR B, A RER FH UGE HEMEYER  En ARR A R A B EE A A, (RERTET
LI AYES . WX IR RS Y, RAR T AR RRAR . Mei S5 TR FOR AT R B Ml — ik
SR A AR S HIR TR RS IR, R —MRRAA AR BUR R AR RE T A R TE A
AR TRET AE R A540 , MELUESRE IR ) A SRR A%, ZFAUFFIRI(SL-7), A BUHFS AT BERE AR 15 d
MTTFRAR T AR BRLF 4R PHR R RCR X )5, SR AR R R R 28.55%; XB
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T2 ULy 2 RN 22 Bl VB A B T KA Al &7
A R E R E AW RTE 30 CHRMTi&E
iR 440, R IUHRS PR AR E T 65% /i,
I H ARG FRAER TR & 25 FiiREr
B g e T B Y —BRTE 16-25 °CH - £F4E R
iy A1 B FF R f RE I SR XS 2R B (M R
(Ochrobactrum) mgz-5, AT KRS FF Ry mE—fik I
P E LR 5 RUF kA K ICH B e
AT b 38 AR IR IR EE o b7 & EOK A X2
FEE N E R X, BAERRIC, FiHM
Ko, A TR RS 55 SR Il PR A H RS Y
MR, FEFEE - R AR
J R M AR X EOK R A HH A St . PRI
175 36 1 FH ATk 2% A2 1) s A e i TR G R EE
AR, EEWAMNREPA N2 H
IR SR AT 4 R B D REAE T, AR E
FIRAM AN EZERRZ —, e Y 6
MR RN, Hk, fderERX, A
R = AL HAR R R R AT R iR D BE U R &
PR R 0 T B v A AR 238 i gk Al W] R 82
R LA EENE 2 E XL

A5 LA AT BART A T e 3015 1 2 A TR RN
ISR AR KR FORFE R IR 25 T 3
SLARACHE SR, NG TR RN A AR IR A Y
PE, JFRUIEFREA i ek, IHmEGwm AR
FEfRRE AR, LU B A KRG AR IR = 4%
ok A TR R A BT SR B R R R

1 MR5r%

1.1 ¥&

I T 2022-2023 AFFEN SRR 2= E
KU AR S 0 A (S T A R A T L
FE)PEAT

DSBS = B IO 0k tH A 2 A R AR ML, M2,
M14, M36 Fll M44 FRmptpt, M1 EZh B

B i 1 J (Pseudomonas) . B 1K & (Trichococcus) |
[ 3K % J& (Enterococcus) . 77K 37 X i & (Devosia)
SEHL AR A s M2 TR B A DRI R
(Brevundimonas) . #i/R R FEIE & (Delftia) . 45 T
P& (Ochrobactrum)&E R IR L AL ; M14 F2Ef R
HAIfITR & (Pseudomonas) . 7EK T4 J& (Enterococcus) .
Ja 1 5019 1 J& (Brevundimonas) 55 £ 35 TR 4H A 5
M36 T %t BEK & (Trichococcus) . 13K i &
(Enterococcus) . fii 5. if 17 J& (Pseudomonas) 5 1
PPAL AN M44 228 i {1 LM 7T (Pseudomonars) |
b6 Ik BN J& (Brevundimonas) . B AT A &
(Flavobacterium)&& i 34 5 21 1

FARFEFFICE N 52 ARk K= v RO )
PACAO T Pl 100, 27 4R 38 | L 4E R FIR
JRR AT AN 48.23% . 33.34%F1 13.77%, Hk
TVEALA . /NG Y FORFEFE, BB S A K e
PETH, 78 60 CHUAR B, PR TS
B ERAEFFBT A 2-3 cm AY/NBE, KE & H .

1.2 EFRE

Mandels 3577 £ (M 5532 25) (g/L) : K,HPO,
3.000 0, NaNO; 3.000 0, CaCl, 0.500 0,
MgSO4:7H,0O 0.500 0, Fe,SO,4-7H,O 0.007 5,
MnSO,4-H,0 0.002 5, ZnSO,4 0.002 0, CoCl, 0.003 0,
pH 6.8, F 100 mL =+ MA 40 mL DA 15
FEHFN 1.0 g FKFEFT, 121 °CKH 20 min, 7 .
1.3 FZEAFIMNLER

3,5- AR IR, S AR A IR
oAl SEALBIFI A R AN, RIEETTICAUE
THREARAE; TTAKWHR, #HECKHE)
AR A R AR s ABTS FIZEPTEE, g
SEARAEAERHECA PR A ] .

AN T, datE s AR AT R
TR E HIRRG R4, B —ER
WARAR; HAFFEE TAES, RETT RN
FRAER A BR A W5 KR, o M AR A28 il 1
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AIRAA; SEKES, BRI
] AR R B O, SOARTE (TR E PR R
AR AT; B RPAERE pH i, ke
H-FEH 2 A (HHE) A BRA T 5 SR 4R i,
e nT LRI R PR A F o
1.4 7%

R A T R BUH S5 2R T M B SR 5
i, 10°CE BRI 21d, ZEBESHZ M1,
M2, M14, M36 Fll Md4 5 TR L 5% FEFp
AR 40 mL 1 M B R, DUKTE(S) M
AR (NS) EARFEFAE ik, AAH SRR
21 d, 7TEHFREE AT LA 5% fh a1 25 M
R, 10 cCiEZ kTR 2 Fl6 U, 7EX:
FREERFBURE, ME F12-F16 BC AW pH
fH. ODgoo. TG VE FEFFRE AR . KIRLF4ER
Rfi R DL X BE3R%8 F12. Fl6 U Mgl s
b, HREH A T Z % F SRR R 1438 7 1
1.4.1  ODggo HIE

FRh 21 d AT 5 mL 08T,
5 000 r/min &5.0> 15 min, F 3, FICHEZCK H
PRPEA T ER:, B S5 600 nm g H A
1.4.2 pH{ERIMNE

FERh 21 d J5 BORE R FEAE S pH 3TN E
1.43 S REFEERNE

K H DNS 3505 8 40 I 14 (filter paper
enzyme activity) . N V) -1,4-B-#j & B B 15 PE
(endo-1,4-B-glucanase activity)!', 3 WREKE .
1.44 FAHEZREFMERNZE
>R Fl DNS 072 A R M, 3 IR

RERREGEMERNE

¥ ABTS 35 W % B W 16 7k (laccase
activity)!", SR FHEE M EE LI E AR Rl Ak
it 1% Pk (lignin peroxidase activity)!'*!,
1.4.6 FTEFTFEMREMNE

et 21 d JRHURE, SRR EE LI E FOKTE
FFRREARR, 3IRER .

1.4.5

S=(Wo—W,)/Wyx100 (1)
K. S WEF IR WG RS FFRE AR R (%) s Wo
R R R R T E (g); Wi I RE RS R
BT 5 BE AR RS AT E (g) -

1.4.7 ERFEFARRTH ZMEBERONE

FERh 21 d JEHURE, REREMRTT . JS IR AR AL
TR EESG 1 mm G, i B 4E R 4 BT
(ANKOMPS"™) 5 i £ 4 % | 2P LF e

ARRRM G, AR AR B LF 4 R E R
Ao
R.=(M¢—M,)/Mox100 2)

K Ry W n RIYRBILFGERIFEIFE (%),
Mo M55 0 RIGARTAFAER 5 (g), My HEin K
FIA LT Y- K 7 (g) o
1.4.8 WEMRORIFELEE

B S5 T R RIS F12 fURIZE Fl6 1R
FREFEM 5 mL, 4 °C. 5000 r/min &> 10 min,
Fr FIEW, BUE, | ST 3R, #ik
SERVIIE . HUTTER HilFEE AV EAREA
5/ RIS
1.5 #HIBEXLIE

K SPSS 26.0 #AFFEAT 25001, R
Origin 2021 fE,

2 HERE4M

21 BHARNEEESRARGIERE
AT FR EORFEFF SR T 27 4t & R %
mE 1 PR, FEFFAS R 3R] A RS FERE AR
L1 Y R R i R P A 2 R R R A A S
Z5, REENMEMICEEEZER; SRR
[ AR AT R R 30 . LR AR KPR . ReFdE R %
AR R PR o B 5 22 5
2.1.1 FEFFRERRER
AW R EKFEAF MR IE 1 oR, &
A M1, M2, M14 ., M36 Fl M44 75K K # (NS)
FEFFAL BT (R R4 518 30.99% . 33.41%.
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x1 EAEAEHBBREFZESH
Table 1  Variance analysis of straw degradation rate of microbial consortium
HEWHR  WHFFRERE bR FORFEFFREAR R YRR MR LRI ER KRR
Microbial  Straw degradation index =~ Degradation rate  Cellulose Hemicellulose Lignin degradation
consortia of corn straw (%) degradation rate (%) degradation rate (%) rate (%)
M1 FEFFAL B (C) * * * ns
Straw treatment room
B A (T) ns ns ns ns
Cultivating inter-algebras
CxT * * * ns
M2 FEFFALFE] (C) * * * ns
Straw treatment room
B3R (T) ns ns ns ns
Cultivating inter-algebras
CxT * * * ns
M14 FEFFAb 2R IE] (C) * * * ns
Straw treatment room
B FEAREUR(T) ns ns ns ns
Cultivating inter-algebras
CxT * * * ns
M36 FEFFAE B ] (C) * * * ns
Straw treatment room
B AEUE(T) ns ns ns ns
Cultivating inter-algebras
CxT * * * ns
M44 FEFF AL 3LE](C) * * * ns
Straw treatment room
FEFRAEUR(T) ns ns ns ns
Cultivating inter-algebras
CxT * * * ns

*. P<0.05; ns: £ 0.05 KFETLREEZER. FH

*: P<0.05; ns: Not significantly different at the 0.05 level. The same below.

33.97%. 31.76%F1 35.05%, %K GFFEF14b B4
AT 3.31%.2.02%.1.90%.3.42%F1 2.40%;
524 A R AR ER ] R RR B 58 1Y R A e T
M1, M2, M14, M36, M44 TEREFFKE&1FF
B2 5 AR REfR 3R 5 RO 0.02. 0.04,
0.04. 0.05. 0.03, FEARKFFEFFALH AN TR
i A8 2 Z KA 0.02, 0.03, 0.02, 0.04, 0.01,
ULHH 5 ARG TR R ATRUE = s R OKRFS F
ANFERE], M4 1 EKRFEFF R e o
2.1.2 KRERALEZRERE

Bl FEFF I 0, R LR 2R & s R AIR,

2 nf %, E4W M1, M2, M14, M36 fl
M44 TEFR K (NS)FEFFALBE T 1 £F 2 R Fnf 21
Y R P A A UK R (S) G AT Ak BE 40 v T
2.87%. 2.86%. 3.18%. 2.41%. 2.29%F 7.16%.
8.31%. 8.23%. 7.10%. 6.84%, HA[F%k(H
T EMNESR; BEWRTERFA FLIFA
[ AECT AR R MR TR E 2R, H
H M44 R AT 4R i R i . LR BT, B
B TH FON T Yl 25 R £ 2 2R 0 A4 R 2 RS AT
AT EENR , AR 5T 2R KA AN 2 RS A A 2
) 52 1)
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1 BEHAELETESHEANBETREMRE
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Figure 1  Straw degradation rate of microbial

consortiums under different treatments of straw. S:
Sterilization; NS: Not sterilized. The same below.

22 BHIAEVESESERAAEEEN
pH EfME =

HIE 3A WA, TERSFRAS[A) AL N 4 4k
REEF, EAHWA ML, M2, M14, M36, M44
KWW pH HBH LR EWEEZR, HildieE
7.69-7.77. 7.62-7.75. 7.52-7.72, 7.48-7.69 .
7.50-7.68; MKl 3B Al A1, &AW RS IEFRAEL
[6] ODgoo ol & 225, FEFFANFIAbERE], ARKEH
(NSFEFTALFEAAREL) ODgoo 48K H (S) R AT AL FH
BEE 023, 040, 040, 0.20 F10.38, BEEIAR
K (NS)FEFFAEHRE SR R A R+ 6 .
23 WBHARLESEESEANEEMN

Fili A AN [) b 2R 45 AR EIUR 6 TR R K T TR VR T
T 22T 2 Ui, &2 AW RZ AR
B N YI-1,4-B-7 RAMEBF(Cx ). I84CHF . K
RGN . R . RBTR S ALY T W 2
Sty FEFFASEI AR BRI, BR A BT 2R i Ak il T
SN, ARSI B 2R

H & 4 AT, FEFFR KEALEE T M1, M2,
M14. M36. M44 [ NYI-1,4-B-H R BERE . U8
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W B W
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Figure 2 Lignocellulose degradation rate of microbial
consortiums under different carbon source conditions.
A: Cellulose degradation rate; B: Hemicellulose
degradation rate; C: Lignin degradation rate.
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Figure 3 The pH value and ODgy (Biomass) of microbial consortiums under different treatments of straw.
A: pH value; B: ODgyo (Biomass). **: P<0.01.

x2 EAERBEMAESN

Ml M2 M14 M36 M44
HEWARKE
Microbial consortium type

A: pHTH; B: ODg (ZE# ). **: P<0.01

Table 2 Variance analysis of enzyme activity of microbial consortiums

it HERAR

Enzymatic activity Microbial consortia

FEFFALHEA](S*NS)

Straw processing room

AEHEIRI(F12%F16)  FEFFALEE+R %A

Between different algebras Straw treatment * algebra between

W YI-1,4-B-18 M1
R Endo-1,4- M2
B-glucanase M14
M36
M44
IR AT Ml
Filter paper M2
enzyme M14
M36
M44
AR MI
Xylanase M2
M14
M36
M44
% i M1
Laccase M2
M14
M36
M44
ABE LA M1
Lignin peroxidase M2
M14
M36
M44

*

*

*

*

ns
ns
ns
ns

ns

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns

*

*

*

*

ns
ns
ns
ns

ns
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4 FBHARLETESERAMEEENEMW A NYI-14-B-HRAM; B: IEAMNE; C. KXW
s D: BEAE; B KRBEERW AL

Figure 4 The effect of microbial consortiums on enzyme activity under different treatments of straw. A:
Endo-1,4-B-glucanase; B: Filter paper enzyme; C: Xylanase; D: Laccase; E: Lignin peroxidase.
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AR . A SN T R il A K DA R Ak 3 43 i v
1 0.30. 0.39. 0.39. 0.30, 0.41, 0.20, 0.15,
0.19. 0.20. 0.20, 0.86. 1.03. 1.10., 0.74. 0.92 U/mL
F110.85, 12.24, 9.08., 8.33. 9.85 U/L, H&
T 7 (] M44 (1) 8 SIS 7 Y00 T HoAth 4 Fhid &
PR HUERTEN, DL KBR KA FF Ry i nf
o EREE SR RN RS, HmieitEE S
BR 28 X5 B4 A 1
24 FEHIAREAEEESHAEMAER ST
241 o ZHEMERSH
FEHAFGHET, S$EAGH AR F12 /A
F16 R A VB, o ZREPEFE RIS 3 R,
TEREFF AR KE(NS) &M T, &5 G R bl E 4k
RRESE NN, Chaol $540F1 ACE #6832 L B
#7255 Simpson FEEFR M36 I & F12 L%
ik F Fle Lo, HALWRH LB EHZR;
Shannon 540 A M2 Fil M14 &0 H &%
S, M1 FIM36 IR F12 AL E 8T Fle 18,
FEREFF K (S) 214 T, Chaol F8%0F1 ACE 5%
WM EATE M2, M14 F1 M44 (1) F12 58 3%
T Fl6 4%, 1 M1 #il M36 £F N Fl16 108 &
=T F12 fX; Shannon $5%0 1 Simpson %5
PN AH M1, M36 fil M44 &ACKE G B %
225 F12 /A, 5 W& M2 Fl M44 1) Chaol
FEHA ACE T8 B BRI K S)BE T ARK
HNSAEHE, Br M2 4b, HAE A Shannon Al
Simpson & FCER 1A [] 4b 2 (] 34 47 7 5k 35 25
Sy ACE Fl16 UK E S & M1, M14, M36
Il M44 ¥R AFEFFAS R A0 BE B TG 3% 25 5,
%W & Simpson 8 BEFRSFFA R AL B8] TG B 2%
£S5, M2, MI14 1 M44 ) Shannon f&57EHR:
PRI BR ] TC 2 25 50 PRIk AT, BlE 4k
B IE N, ERBFFARRIAIE T 2GR R
Pttt mEEESE T3, BARGMNY
Tl 2 s e

242 BEHTRLEEZEAHAMEMAEARK
Tk

8 A W R TE T KRS FF K (S)45 R K F (NS)
b BREA% TR 1T K AU 7K SF- 4 Fl () FH X 32 2
B S FE 6 i, FERSFRKIE (S F &2 A
EIRE Sy S Y IE S Al B
25 o NN GRS FT Ak B3 RN AN [] 4 5504k 2 X6
O A R TR R L R S R L SR FH 40 )
EEESKR TR S, R ME 7 R,
FEREFFARRI AL BE], FEFF AR KNS T &
AT M1 . M2 M14 il M44 JERBET | ] (Firmicutes)
PIFRN = B 2 = T KB (SR, 433l
31.50%. 48.97%. 41.95%F 67.41%; TEFEFTK
HSOMH T A M1, M36, M44 AP
(Bacteroidota) X 3 £ 1 M1, M44 2B (]
(Proteobacteria) (14 A xF 3 i 15 g 3 8 T R K
(NSEER, 3l 6.43%. 18.42%. 15.79%
M 21.62%. 49.75%. TEARMCELE, FEFFARK
FI(NS)ZEHE F12 /R T A9 M1, M2 RYAEIE B 11 F1
M1, M36 HFFIE T 138 E & F Fle 48, 43l
BT 28.96% . 30.03%7H1 9.98%. 13.95%; 1k
HBEE toplo MEHITESSTER, £EE
7 £ H B ER 7R (Trichococcus) il AH XT3 J3F 14 5
KK FEF AL 2 5 T K A AL 2, 43501
m o 27.95% . 41.71% . 33.63% . 15.75% Fll
63.22%; FEFFAR K (NS)AEH N S 51/ & M14,
M36 F M44 12 FEFT 17 J& (Gemmobacter ) AH X}
FREECRK AR EIE 5 T 0.49% . 3.72%F0
0.27%, M1 4SBT B & (Acetobacterium) A X
FRERERE T 12.30% F5FFA K #H (NS)4b B
F12 /8T ) M14 . M44 $ 78K 17 (X 5 )& (Devosia)
WEFT FL6f, ahlmt T 4.88%. 3.06%;
HOEET AL, REFAFEAFIAGT, EEAHA
MR FEEAEREES, WHARBIMN S
s AR EN L 7b el o3
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Figure 5 Relative abundance of horizontal species of microbial consortiums under different treatments of
straw and algebraic conditions. On the left side of the figure are different bacteria species; On the right, S12
is the 12th generation of sterilized straw treatment, S16 is the 16th generation of sterilized straw treatment,

NS12 is the 12th generation of unsterilized straw treatment, NS16 is the 16th generation of unsterilized straw
treatment, M1, M2, M14, M36 and M44 are different microbial consortiums. The same below.
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Figure 7 Relative abundance of species at phylum and genus level of the composite mycorrhizal fungi
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