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Construction and evaluation of bacterial-fungal consortia for rice straw degradation
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Abstract: This study aimed to screen and construct a bacterial-fungal consortium that has highly efficient at degrading rice straw. Straw—
degrading bacteria and fungi were isolated from the degraded rice siraw. Two species each of bacteria and fungi were selected to create the
microbial consortia based on the degradation rate. Full combinations of these four straw—degrading microbes, once isolated, were used to
construct 15 consortia of one to four species. The degradation rate of the rice straw and the activity of FPase, carboxymethyl cellulase
(CMCase), and xylanase were examined to evaluate the degradation ability of the microbial consortia. Linear and multiple regression
analyses were then performed to investigate the relationships between microbial consortia and their cellulase activity. A total eight straw—
degrading microbes, including four bacteria and four fungi, were isolated from the surface of the rice straw. Among them, Providencia

rettgeri BB18, Lysinibacillus sphaericus JB7, Aspergillus fumigatus ZL, and Penicillium oxalicum ZA demonstrated high degradation rate
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and FPase activity. The results showed that the degradation rate and activities of FPase, CMCase, and xylanase increased with species

richness of the microbial consortia. The bacterial-fungal consortium BF1 exhibited the best straw degradation ability; for this group,

compared to single microbes, degradation rate increased by 1.6 times and total cellulase activity increased by 1~3 times. Linear regression

analysis revealed that the degradation rate of microbial consortia was positively correlated with cellulase activity. CMCase and xylanase

were identified as the major contributors to straw degradation by microbial consortia. This study revealed a clear effect of microbial

diversity on the ability of bacterial-fungal consortia to degrade rice straw and the cellulase activity of the former. CMCase and xylanase

drove the ability of the consortia to degrade the rice straw.

Keywords:rice straw; degradation rate; bacterial-fungal consortia; cellulase; enzyme activity; construction strategy; diversity effect
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xR BHEMAE-EENEHAER
Table 1 Compositions of straw degradation communities using

bacterial and fungal strains

He s HIH Fungi 4 Bacteria
Consortia  Richness 7L ZA IB-7 BB-18

1 1 1 0 0 0
2 1 0 1 0 0
3 1 0 0 1 0
4 1 0 0 0 1
5 2 1 1 0 0
6 2 1 0 1 0
7 2 1 0 0 1
8 2 0 1 1 0
9 2 0 1 0 1
10 2 0 0 1 1
11 3 1 1 1 0
12 3 1 1 0 1
13 3 1 0 1 1
14 3 0 1 1 1
15 4 1 1 1 1
VR0 SIFR MM A5 5EAH R,

Note: 1 and O indicate the presence and absence in the microbial
consortia.

S (a g RE3 b AR , SR 208 1T (y=ax +

bar+exs+d) VEH AN [R) BT 14 X606 AT 88 i %6 1 s ),
(A) bR % E

Aspergillus fumigatus Z1.

Aspergillus niger JH

A Penicillium oxalicum ZA

Fungi

L Striaticonidium cinctum 7ZB

Comamonas testosteroni JF7

Providencia reitgeri BB18

gl Lysinibacillus sphaericus JB7
Bacteria

Myroides odoratimimus BB4
AT R Ml T ) R GE R TT Y

Phylogenetic tree of straw degrading microbes
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0 5 10 15 2025 O
R

Degradation rate/%

ANTF/INE LR 7R 20 22 [ 14 22 5 Bk 25 (P<0.05) 5 AN R 5 7 B 378 LT =2 [ 14 22 5 fi 35 (P<0.05)
Different lowercase letters indicate significant differences among bacteria(P<0.05) ; Different uppercase letters indicate significant differences
among fungi(P<0.05)
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Figure 1 ldentification, degradation and FPase activity of straw degrading microbes
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Figure 2 Effects of species richness on straw degradation and cellulase activities of microbial consortia
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Figure 3 Relationship between rice degradation rate and the enzyme activities of microbial consortia
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