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Screening and Construction of Low—Temperature Microbial Consortia for Rice

Straw Degradation and Field Performance Evaluation
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Abstract: To address the bottleneck of low decomposition efficiency of rice straw in cold environments in northern
China. Efficiency strains L3 (Bacillus subtilis) and P8 (Saccharomyces cerevisiae) were screened using gradient dilu-
tion, Congo red transparent circle method, DNS enzymatic activity assay, and weight loss rate analysis; A composite
microbial system was constructed using .3 and P8 as functional strains. Through combined laboratory and field ex-
periments, its effectiveness in straw degradation and soil improvement was evaluated. Results demonstrated that
strains L.3 and P8 exhibited outstanding performance, showing CMCase and FPA activities of 10.23 U/mL, 9.45 U/mL
and 7.64 U/mL, 10.96 U/mL respectively, achieving degradation rates of 10.72% and 7.28% at 10 C. Among three
constructed consortia, Consortium b (1:2) showed optimal degradation efficiency with 47.44% straw weight loss, rep-
resenting 34.85 percentage—point improvement over single—strain treatments. The results of field experiments
showed that the application rate of composite bacteria at 2%o significantly promoted straw decomposition. The degra-
dation rate of rice at maturity was 55.12%, an increase of 19.67 percentage points compared to the control. The con-
tent of soil organic matter, alkaline nitrogen, available phosphorus, and available potassium increased by 5.88%,

1.76%, 3.89%, and 1.65% respectively. The plant height, fresh weight, and tiller number of rice seedlings increased
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by 15.20%-29.84%, and the yield increased by 5.18%. This study demonstrated that composite microbial consor-

tium b can overcome low—temperature limitations to efficiently decompose crop straw, improve soil quality and en-

hance crop yield, providing critical technological foundations for sustainable agricultural development in cold re-

gions.

Key words: Low temperature; Rice straw; Degradation; Microbial consortia; Soil fertility
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Table 1 Bacterial growth at different temperatures

REEIC

FIkS
Strain No. Temperature
10 20 30 40
L1 - + + +
L2 - + + +
L3 + + + +
L4 - + + +
L5 + + + +
L6 - + + +
P1 - + + +
P2 - + + +
P3 - + + +
P4 + + + +
P5 - + + +
pP6 - + + +
pP7 - + + +
P8 + + + +

T+ NREA R TR K

Note: + indicates growth positive; — indicates growth negative.
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®2 AUZBRBEKESHABSEEERZILE(D/M)
Table 2 Ratio of clear zone diameter to colony diameter for cellulose—degrading strains

Ll ¥ ke & HAR d/em %W A% D/em D/d
Strain No. Colony diameter Clear zone diameter Ratio
L3 0.59+0.02 1.87+0.05 3.17+0.13
L5 0.63+0.05 1.41+0.21 2.24+0.51
P4 0.79+0.03 1.71+0.15 2.16+0.24
P8 0.76+0.12 2.32+0.19 3.12+0.71
T, H D/ AR5 338 3.17 F13.12, TR 91 10.23 .6.61 .4.41 .9.45 U/mL, FPA i i
22 HHEEERBEFERIR P43 51 A 7.64 .3.81.4.45.10.96 U/mL, H L3 Al

XF L3 L5 . P4 P8 I 4 ¥ i 1 B 4k 4T CMC il P8 A5 B I 1Y 4 4k 2 4 R fig
15 PN FPA B3GR A2 (1), g5 5 B, CMC B

15 1

OCMC EFPA

L3
Fi

T A EVNE PR ROR 22 53 B35 (P<0.05), R 1A
Note: Different lowercase letters indicate significant differences ( P<0.05), the same below.
E1 BEWRAHEREGE SRR
Fig. 1 Cellulase and filter paper activities of bacterial strains

B 2 000, FERS AR R B IR 3 b S W RREE SRS, 10 “CHY R % R 10.72% , 20 “C I [ fi %
IR TSR, UM EREN T 8 21.96%, 30°CHF [ i K A 30.14% , 40 °C 1} [ fig
1, BRRR BT R RS B AR L3 X KRR RS AT R AR AL R K 32.63%., T Bk P8 A B U I R SR

35 - aL3 aL5 @P4 mps a
b =
30 ? -
25 c - a
20 N . i

B /%

15 F

10

30

I/ C
B2 BEHRAEREFRETIERE

Fig. 2 Straw degradation rates of bacterial strains at different temperatures
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cerevisiae), WA R B L ABR(E 3),

98 |L3

43 PV018361.1 Bacillus sp. (in: firmicutes) strain CA010 16S ribosomal RNA gene partial sequence

OR574236.1 Bacillus sp. (in: firmicutes) strain QL-D17 16S ribosomal RNA gene partial sequence

0Q504769.1 Bacillus subtilis strain S21 16S ribosomal RNA gene partial sequence

30 KU179324.1 Bacillus licheniformis strain L5 16S ribosomal RNA gene partial sequence

PP908355.1 Bacillus sp. (in: firmicutes) strain GS4 16S ribosomal RNA gene complete sequence

43 0Q423154.1 Bacillus subtilis strain Bs19 16S ribosomal RNA gene partial sequence
43 'MZ050389.1 Bacillus sp. (in: Bacteria) strain M02 16S ribosomal RNA gene partial sequence

MW276036.1 Bacillus subtilis strain GS032 16S ribosomal RNA gene partial sequence

0Q504787.1 Bacillus subtilis subsp. subtilis strain S39 16S ribosomal RNA gene partial sequence

MZ267281.1 Bacillus tequilensis strain LZH-P1 16S ribosomal RNA gene partial sequence

0.0010

73 |P8

52 OP281169.1 Saccharomyces cerevisiae strain Z17 large subunit ribosomal RNA gene partial sequence

21 KY109420.1 Sacct y cf. c 1s culture CBS:2967 large subunit ribosomal RNA gene partial sequence

OP281171.1 Saccharomyces cerevisiae strain X8 large subunit ribosomal RNA gene partial sequence

OP281170.1 Saccharomyces cerevisiae strain X11 large subunit ribosomal RNA gene partial sequence

PP059532.1 cerevisiae x Saccharomyces eubayanus x Saccharomyces uvarum isolate 848 large subunit ribosomal RNA

gene partial sequence
OP281175.1 Saccharomyces cerevisiae strain H3 large subunit ribosomal RNA gene partial sequence

0OP281178.1 Saccharomyces cerevisiae strain G3 large subunit ribosomal RNA gene partial sequence

33 MW969694.1 Fungal sp. isolate 2-7-9 large subunit ribosomal RNA gene partial sequence
71

MW969719.1 Saccharomyces cerevisiae isolate 2-7-9 large subunit ribosomal RNA gene partial sequence

0.0020

E3 L3FIPSEZKA B M
Fig. 3 The phylogenetic tree of strains L3 and P8
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Fig. 4 Antagonistic effects of bacterial strains
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Fig. 5 Enzyme activities of the compound bacterial consortium
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Fig. 6 Straw degradation rate by the compound bacterial consortium
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Fig.7 Straw degradation rates at different growth stages under varied inoculum levels of the compound consortium
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Table 3 Changes in soil microbial community and nutrient composition

Qb T - AR AL HHL/g kg™ B R /mg kg™ F 3 mg kg™ A /mg kg™
Treatment  Shannon-Wiener Organic matter Alkali hydrolyzed N Available P Available K
CK 3.52+0.13c¢ 22.12+0.55b 136.0520.55¢ 23.15+0.63b 116.360.56¢
0%o 3.84+0.14bc 22.21+0.41b 136.6+0.72h 23.34+0.57h 116.97+0.68¢

1%o 4.0320.11b 22.3620.58h 137.12+0.62bc 23.62+0.85a 117.50+0.74bc
2%0 4.25+0.12ab 23.42+0.49a 138.45+0.67ab 24.05+0.58ab 118.28+0.62b
3%o 4.3720.10a 23.48+0.34ab 139.01£0.45a 24.18+0.42ab 118.74+0.83a

T ARG TR IR 28 53 35 (P<0.05), T [l

Note: Different lowercase letters indicate significant differences(P<0.05), the same below.
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Fig. 8 Rice seedling height under varied inoculum levels of the compound consortium
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Fig. 9 Tillering number of rice seedlings under varied inoculum levels
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g. 10 Fresh weight of rice seedlings under varied inoculum levels
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Table 4 Effects of inoculum levels of the compound consortium on rice yield

AFL AAEEUX10% hm HORLEA G535/ % TRy 7=tk kg hm
Treatment Effective panicles Kernels per spike Seed setting rate 1 000—grain weight Yield
CK 381.79+15.74a 117.92+5.83b 89.36+0.35b 25.76+0.45h 10 425.05+85.69¢
0%o 385.31+29.63a 118.43+6.10a 89.65+1.04ah 26.02+0.93ab 10 708.79+102.23b
1%0 386.19+31.60a 118.61+5.06a 89.81+0.74ah 26.26+1.23a 10 867.57+117.74ab
2%o 385.47+24.97a 118.71+5.39a 90.03+0.87a 26.39+0.69ab 10 965.41+113.92a
3%o 385.55+21.92a 118.74+5.14a 90.05+0.65ab 26.42+0.46a 11 013.06+146.49a

TG M, SR b 5 M DX e 20 85 4 252 B ) % L IR
Tk £F 4k 22 0 i VK A T )T R A G R
SERUTE 10 CCAR TR 0 18 8 Ak B BRI Ak, Ho 27 4 K
it % PR A 3 47.0 U/mL, T 4% 35 450205 B i G
FAE AR B AE 10 “CHF CMCase i 5 % 16.18 U/mL,
HE 251512 38 A% 5 2E fFF B K1 FE 10 °CTF HoA i
T P (H A 50 91 B8 o P ik 20 45 1) Rl 0% 2 e
2 A 5% 30 3 B 32 7 e v DA KRS L JBS )2

T FF b 23 B AR 45 14 Bk 2F 4k R R R L 2% IR
(10 °C )3 o7 1 B 19 , Fe 28 AR A5 4 Bk v %500 Bk 13
L5.P4 . P8, Fort L3 (Ah 528 L FT 1 ) 5 P8 (R T
B RE ) RBLUIC o i, B W AR 5
& He Al (D) 43 ) 35 3 3.17 F13.12, 76 10 C 414
T CMC i 1% PEAT % 4 10.23 U/mL 1 9.45 U/mlL, A~
ICRUE T AT NG 1E, S T O . L3 TR
SRR I8 T I AR Y Bl AR PR — 2D Ak
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VG L 2T 44 25 % At o 1) D IRD LR A 5 8 —
FUR . WRBAESIRAT 1R 15 “CF Bl 41 48 R 0 4N
B, H CMC B % 5 558 398.2 U/mlL, X 85 AL B AR 1)
I PR R AL B = R GEPEIAIE . A B 5% 0 1t 45
PR 50 HE R R AR B RO S 2E AT - T
B T 5 S U (R A0 L I A A R T B T 3 a3 i
5 i 17 2 S ML AN ™ W, A B0 S 2R AT T celA
SRR FRAR TR, A G R AR B AN B o B Y e
B, WHET L3MPSE AW A (1:2), H CMC i
161 (33.92 U/mlL) 55 U8 4R I 14 (25.63 U/mlL) %5 5
BRI 2 0 R 18 A5 R 2.3 %5, AT R i R Gk
47 44% , %55 BT b BRAR T 34.85 T A3 L R T
A B 5 SRR i 1 R PR

il FF 340 FH JC 7 13 790 ] 2 7 R 0 5 A
ZREME . BE AR AR el I R R K A
Fili FF b AU B A TR R AT LA A A, AR RO [
Tl FF 1% f# 18 2 Shannon 8 $U7E 2.04~3.23 , K I 14
) H R (1) B it R 37.95%~43.67% ., J& BH 25127
TF 5% A% 3 FH 285 5 V0 TROVE TR ) 4 i B AR AL I Ak
PR, 8 T RN AN A E R R R 2 R D A
IR A R ARG MEY 2
FEME BT R, &2 A B e FH A 4 3 R 48 BN
3.52 i F R T+ & 4.37(P<0.05) , £F 4k F 4 i 1 (1) AH
X = BE RGN 3.8 4%, X Fh A 1 A 5T AT L
TR . EAH ZR bL3:P8=1:2)% Nk 46 % T
Rk fift 58 47.44% , T[] 7K e Bl 22000 56 i % 5 %) T
FHEG, 42 TF 19.67 B 4 A5, A HLER™ 5
R A RO TR o i B v 5.88% . 1.76%
3.89% 1 1.65% , 7= w3 1N 5.18% . KM KB G WM
Jit FEY T S A R TR 1% Ak RN A
B BE B SR T oK A W A W A A A R
YA TR R AR RS el R A A 9 B 2 4L
PRFETRRELE T HFEMWN, X% B 5251
SR LSS IE CE AN SR F R T MR-+
AW U FIVE 0 S8 B8 A HITHE 22
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