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Effects of Corn Straw and Broom Sorghum Straw Raw Ratio on Fermentation
Characteristics and Spoilage Mechanism of TMR

YUAN Ye, ZOU Yu-qi, BAI Bao-chao, MENG He-gaole, BAO Le-er, GE Gen-tu’
(College of Grassland Science, Inner Mongolia Agricultural University Key Laboratory of Forage Cultivation and the Processing and Highly
Efficient Utilization of the Ministry of Agriculture,Key Laboratory of Grassland Resources of the Ministry of Education, Hohhot, Inner

Mongolia 010019, China)

Abstract: Aiming at low utilization efficiency of corn and broom sorghum straw raw materials in rural Balin Left
Banner, Chifeng, and beef cattle malnutrition caused by farmers' lack of dietary knowledge, this study explored
changes in nutritional quality, fermentation characteristics, in vitro digestibility and microbial community of total
mixed rations (TMR) with different straw ratios during room-temperature storage, to provide basis for straw feed
utilization and beef cattle feeding. Five groups with corn straw : broom sorghum straw raw ratios of 9:1,8:2,7:3,6
:4,5:5 were set, mixed with concentrate to prepare TMR with 50 % moisture content, sealed in ethylene plastic
bags. Samples were collected at 0,2,5,7,10, 15 days(3 replicates per group) for index determination and sequenc-
ing. with prolonged storage, dry matter(DM) , crude protein(CP) , water-soluble carbohydrates (WSC) , neutral
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detergent fiber(NDF) , and acid detergent fiber CADF) of all groups decreased (P<C0. 05) ,and DM loss was lower
in high broom sorghum straw raw groups; pH increased with trace detected propanoic acid and butyric acid (P<<

0. 05) ; after 2 days, bacteria were dominated by Pantoea(increasing pH) and Bacillus(promoting DM loss) , while

fungi were dominated by Alternaria and Clavispora (causing mildew, positively correlated with nutrient loss).

TMR decays within 2 days at room temperature ; low broom sorghum straw raw groups are prone to deterioration
due to WSC depletion, while high-ratio groups delay decay but have insufficient acidification. Proliferation of aero-

bic bacteria and molds is the key for the decay. It is suggested to select high broom sorghum straw raw formula for

short-term feeding, and to use airtight packaging and control storage time.

Key words: Straw ; Total mixed ration; Fermentation; Nutritional quality ; Fermentation quality; In vitro digest-

ibility ; Microbial community dynamics
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Table 1
Bt 77 Formula

Diet composition

A4y Ingredient
B TR
Broom sorghum straw raw

T KFEFF Corn straw 4% 8% .12% .16% .20%

36%.32% .28% .24 % .20%

F KM Corn flour 60%

4300 Ik M
43% Extruded soybean meal

DDGSDistillers
Dried grains with solubles

FERE G i # Palm fat powder
FAKE4E Corn fiber
285 Calcium hydrogen phosphate
{1 %} Limestone powder
Tk E B Corn gluten meal
/NFRFT Sodium bicarbonate
& Salt

Hi 2 Molasses

1.3 K&t

W KT A A4S T BE IR A BB A LB, 43
B TM10% CE KRB FF - & BEFRAF=9: D .
TM20 % CEKFEFF 3 7 BEF i FF=8:2) \.TM30%
(ERFEF - E TR =7:3) [ TM40% CE K
FF 8 T BE FREFF=6:4) [ TM50% (B KFEFF: 8 7
BEF R =55 5K RHE A J5 L 50% &K IES
il B TMR , F AN AL B H OB 0 Y8 RH4S L
M, 76 0,2,5,7,10,15 d NAF4H 5B 2 4% 38 B
SRR A 3 A E A D B SR LR
P BT ARSI AR R B

1.4 MEHBRSHZE

1.4.1 EHhmo4tE (DT (Dry matter,
DM & iR ML I A7 e o i I RE T
AR B XU T R 4 105°C T 48 30min 5 T 65°CHE T
ASh, MERAFR & I T B & &

(2) ML 15 (Crude protein, CP) 7 2R At 5
Wk be ik b AT I

(3) ] % P i /K Ak A ¥ (Water soluble carbohy-
drates, WSC) R FI BUE - i B8 L 0 32 i 47 I
SR

(PR VR U 2T 4 (Acid detergent fiber, ADF) |
HPE PR I £F 4 (Neutral detergent fiber, NDF) & ok
I ANKOM 4= [ 3 £F 4 43 B Ak A7 a1
1.4.2 R B 3gArm 2 IR TS )E AR
B 10g £ 5, & TR O LW AT 48 %, i 90mL
TG W ZE K AN AT X E B i gR A A0 Ja L g,
UEWE T S50mL B N, T pHAE A LR KA
AW E . pHAA R H A5 2L pH #4700
FLMR (Lactic Acid, LA) . Z 1 (Acetic Acid, AA) N
fi (Propanoic acid, PA) Al T iR (Butyric acid , BA) 2R
JH 75 OO 2 1% S0 5 20 A S (NHL-ND SR R
My - U G TR A e
1.4.3 #AHnp
1.4.3.1 4 R CTAB ik MR & b $2 B [
4 DNA, B B 5 19 3 20 DNA R 0, 40
B 5 M 51 # (338F: 5'-ACTCCTACGGGAG-
GCAGCAG-3' #1 806R: 5’ -GGACTACHVGGGT
WTCTAAT-3")%f 16S rRNA #E[H V3-V4 X #E 17
PCRY B . PCR =W 28 2% Byt fig b 158 Jie oL Sk 4G 0
fii Ff NEBNext® Ultra™1I DNA 3 J i 41 # & 44
## DNA SCHE . SCHE T & #1105 , £ NovaSeq6000
i B AT IR o Al QIME 2 i Y classify-
sklearn 185 HOR 15 ) 19 47 14+ )5 1] 42 53 (ASV) 5 4
P AT LU X, LAIRAR 4> ASV I Ff K15 B
1.4.3.2 EWE RACTAB 3 MFE S b 2O H
4 DNA, B B 19 3 4 DNAFE i, 40
BS54 (ITSIF: 5 -CTTGGTCATTTAGAG-
GAAGTAA-3" fl ITS2R: 5'-GCTGCGTTCTTC
ATCGATGC-3")%F 16S rRNA £ [H V3-V4 X k47
PCRY M, PCR W)L 2% B g w58 i oL Uk 4G U
fifi FE NEBNext@®Ultra™ 1T DNA 3 J% # % 1257 & 1
## DNA SC . SCIF 8 8N 5, % NovaSeq6000
Vi AT Y o i QUME 2 i1 classify-
sklearn £5% o 15 5 (9 97 14 7 51 48 5 (ASV) 58
it PEHEAT LEXT, DAARAS B ASV R KCFAE B .
1.4.4 RS E TR T SRR ML 37 4 A
130 Wy B A, 2 48 h R A B R R
(IVDMD) & &b b P 3 & 2F 4 15 4L . (IVNDF D) FR
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BRI R L 0. 5 g TEF 448 b IF 2 B, BUR AR i
VOIS IR B, & A2 At ks | e R 1
400 mL . A ZZ #hi 1330 mL. B 2% i 266 mL %% A
39°C ¥ #4 B I b B i A RE A AR A
(CO ZBIE MRS, 50 B 355 H I8 10 RE T A A
HMELRE SR T 39°CREFF 48 he BEFRSE AT , BUH B
i 28 TR K R AT oh it ok 58 42 S E T R OB &
E AR IHANDE & i 3 FEARSME R . AT
IVDMD (%) =100 X CF & -4 5 1) ot 1 — R 4

TH ALY 9 5 5 D /FF b 9 5 T A
IVNDFD(%)=100>X (£ ' NDF &t — Kk

B NDF & &) /# 5 NDF % &

WA MW 10 g- LB — &4 0.5 g L™
e 0.5 gL "B . 0.1 gL " AkH5 0.5
g L RFEGRH Y . BEWR 15 g- L "BRAR 4N

1g-L '"®ifbth.

1.5 HE/KESHH

fdi F Microsoft Office Excel 2019 %3 5 5 2 it
1797 A5 B SRR 91 A0 3 5 4 Origin 2022 7E 1A 5 4K
Pt BTy 22 B A SAS 9. 4 FAF 58 .

2 ZER5HMH

2.1 RAEZETMEAEFTHERSH

B i JE TR FE N FORFEAF b DM % i DA F 3
9 90.80% ,78. 24 % ; 43 i BE 1 G AT A E K FE A
CP&H H2.80% Ff12.72%, WSC & & M 5.67%
19.33% ,NDF % & 4 83.00% .74.82% , ADF %
4 58.58% MI44. 18% (% 2),

R2 ERETREANEXBFAHERAS

Table 2 Nutritional components of natural broom sorghum straw raw and corn straw

DM/%FW CP/%DM WSC/ %DM NDF/% DM ADF/% DM
iy BEF A% FF Broom sorghum straw raw 90.8041.56 2.80+0.33 5.67+0.01 83.00+0.03 58.58+0.03
FAKAEFF Corn straw 78.24+1.41 2.72+0.52 9.334+0.01 74.8240.02 44.184+0.03

Levels of significance *okk 0.762 *k * *k

2% P<<0. 05;**0. 001<<P<C0. 01 ; *** P<C0. 001
Note: * P<Z0.05; **0. 001<<P<Z0. 01; *** P<Z0. 001

2.2 AELLFIFEF TMREEFH S

i a] A1 EE )% DM .CP . WSC .NDF | ADF 435I
TEAE R E R (P<<0.05) (% 3), MENLZHEAEH
{6 DM W SC £E7E i 3 52 W (P<<0. 05) , %) F Hi At
TEARAAEAE & ) o BE G I 8] 1Y A2 4k, A [ L 4
FEFE R DM % 2 2 B3 00T B 08 3, [ B BE A E
B, DM & B S B TR, Hd,0d
) TMR-10% 241 DM & & 2 3% & T 15 d () TMR-
10% 40 (P<C0.05) . A G A CP & & SR I &2
P AR . Horbod B9 TMR-10% 40 3% B i
B 1 i (P<<0.05) . Bl 75 B ] A9 48 £k, WSC &
R 2R AR B, 0d i TMR-10% 4119
WSC 5 i d5 =, AN [ 9 B (8] 0 EE 681 53 51 6 WSC A
i 35 5 (P<<0. 05) , {H W & 1 22 BAF I JOF G W 3%
SCUR . NDF 8 bR, B A BT B B (E 35 Bl e (] 4
CATE NN NN YRR R NN SR
Z,0d M TMR-50% 41 NDF & & & F 15d 19
TMR-20% W Q%A 3% 2 5 . FiE B A A4k,
ADF 238 F R, 15 d M TMR-10% 41 3%

I AR A & i, ADF 8 bR (H T TC 2 2 1 25 57

2.3 AEALRGIFEFTMREENEERK

i) % pH (LA AA . PA . BA Fil NH,-N #{ 7¢
1E 5 3 PR I (P<<0. 05) (R 4. X LA AA,
BA A i F P (P<<0. 05) . P By A2 TAE I X
LA AA PA BA FINH,-N #7778 B ki (P<<
0.05), Bk bk, pH A M AR fb 2 58 F TS T RE,
0 d ) TMR-40% 41 pH AE fe Ik, (H 2 % A & 5%
M, LAFAAMHEAR a3 JRSE TR B8 T
R .5 d i TMR-30% 41 LA e & 1 Al Lo 451 21
(P<<0.05),10d i TMR-10% 4 1Y AA ¥ J& & T H
i 5 2H (P<<0. 05) o I [ADXF PA JFJC B & 52, 7 d
) TMR-10% 40 PA & &t T Ml bl 2l . ik
b BA S B LAY e, Od B £ Ab 32 3
KA H BA B & &, 2 dJF R G BA & B2 LT+
(P<<0.05), NH;-N &k FokE RB L BTG TR
TR, H % NHL-N I JC 8 2% 520, 15d 1Y
TMR-40% 418 NH,-N & 5 5 (P<<0. 05) .
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Table 3 Nutrient composition of broom sorghum straw raw and corn straw total mixed rations with different proportions.

It 8] L f5i] T HE AR Al AL A ) rp P Y A 2T 4 i 1k O A< 2T 4
Time Ratio DM/ %FW CP/%DM WSC/ %DM NDF/ %DM ADF/%DM
0 10% 51.8240.19% 15.06420.08" 5.3040.15% 58.7940.40" 39.1340.84""
20% 51.82 £0.17M 14.344-0.23"% 5.1840.22M 60.5940.14% 41.6040.19%

30% 51.27-0.2125%  14.50+0.13% 4.81+0.230 61.6540.78" 42.4340.06"

40% 51.0940.12"% 14.0540.165 4.354-0.305 62.364-0.39" 44.2240.96"

50% 50.80+0.16" 13.794-0.14“* 4.264-0.08" 63.884-0.13" 46.3440.07M

2 10% 49.3240.86"" 14.49+0.22% 4.69+0.15" 54.6540.91 36.10£0.815
20% 49.304-0.44" 13.754-0.22" 4.504-0.29"" 51.174£2.50*" 42.8741.137

30% 49.4940.33%" 13.634-0.05™ 4.21+0.25 54.7341.57 42.524 2,807
40% 50.074£0.16*" 13.2340.10" 4.1540.20%" 54.660.80" 4111421978

50% 49.084-0.44"" 13.3624-0.205 4.094-0.18" 55.5120.25%" 41.3440.3145

5 10% 48.0840.52  14.5040.20"" 4.1240.30"" 54.25+0.82%" 35.100.324¢
20% 48.3340.35%"" 13.7140.13" 4.9940.16" 49.2741.91% 40.1042.88"

30% 48.614-0.51M 13.604-0.27™ 4.624-0.52% 52.4140.9245 41.0242.72""

40% 49.04+0.18" 13.4240.15,, 4.5740.15 53.2740.90"P 40.2041.097®

50% 48.9040.394" 13.2240.23" 4.104.0.16™ 53.6541.53 40.8044.78M

7 10% 47.38+0.39"% 13.614-0.13" 4.3474-0.13"" 53.29240.38" 34.6240.78M"
20% 47.1240.53% 13.37£0.08"Fb 4.260.08"" 49,994 295 37.8741.92%"

30% 48.1240.24"  13.0140.06 4.00420.07" 51.914£1.91 38.154£0.78*"

40% 48.69+0.39"¢ 13.0440.03%° 4.004-0.18"* 51.6240.86™¢ 38.98 42,514

50% 48.6040.21  13.260.045" 4.04+0.07" 53.134+2.32M¢ 37.564+2.29M"

10 10% 47.2740.39% 13.664-0.08" 4.014-0.18" 53.0920.93% 32.084£2.18"*
20% 47.3140.115%¢ 13.1440.04" 4.10+0.35" 48.9141.07" 36.3940.630

30% 47.9240.39  13.574£0.16*" 3.9140.12% 51.1741.7378 37.4541.34M
40% 48.4640.317 13.6474-0.04"" 3.8940.08*" 49.3041.10%* 36.302£0.9748

50% 47.9740.04"  13.0540.03" 3.91+0.09" 51.9940.1548¢ 37.024£1.63"

15 10% 46.4940.37 13.5640.10" 4.5440.13 52.4441.07% 30.88+1.75%
20% 47.1740.15%  13.2940.1548 4.1740.22%¢ 48.5340.64" 35.6042.95

30% 48.004-0.44"8¢  13.2840.097P 4.3340.14" 50.64+1.514% 34.48+3.12"

40% 48.3940.32% 13.4140.174P 4.3040.15" 48.7240.55"% 33.96+£2.55"

50% 48.00420.08  13.04240.07" 4.184-0.16™ 50.9520.85" 36.024£2.71%

Levels of significance
5 H Time Hkok Hokok Hokok Hkok Hkok
L] Ratio ok ok ok *ok ok ok ok
I ) X L] Time X Ratio * *x 0.2147 0.5669 0.9985

T % P<<0.05;%%0. 001<CP<C0. 01 %% P<<0. 001, A [F K S FbF:F 7% A1 5] i 6] A ] LL 4] 47 7E 8 35 22 53 5 R RIS 7 g TR H 60 AS [R)

I ] £ 7E 22 57 (P<<0. 05), F [

Note: * P<<0.05; **0. 001<<P<Z0. 01; *** P<C0.001. Different capital letters significant difference exists among the same proportion of dif-
ferent treatment; Different proportions of the same lowercase letters were different (P<<0. 05) ,the same as below

2.4 [E L BIFEFF TMR B9 SME L R T4k

i ] A HE ) % TVDMD A TVNDED # 4  3%
M (P<<0.05,38 5) , Wi 1Y 22 B AE WA A 3%
M (P<<0.05) . MM, IVDMD £ % FItHE
BEAR A 78 Ak, 5 o (B 5d 19 TMIR-50%6 41 & 3% i T
2d B TMR-40% 21 (P<<0.05) . IVNDFD 4§ #5 #x
P {E 2 7d 1 TMR-10% 41, & 3 & T H Al te i 41
(P<<0.05).

2.5 AELBGIFEFTMREMEMARBEELEN
T

2.5.1 KR A FEAF TMR 6 8 2 o $ 4547
Shannon $& ¥ fz WG A= 1) 1 75 10 Z2 R | 48 BI0RR &
Ui BHE V% 1 22 FF % 85 5 Ace Al Chao 48 B0 BEE VR
HIT S A R R 2R T T VRN R TR A
L IR BOME IR AEVE I S B & . Simpson
6 BOE B K, 0B A V8 2 RE PR BRI . L 81 X 2% > Ak
A H AT B R0 (P<<0. 05, 3 6), i 18] A1 & 1
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Table 4 Fermentation quality of broom sorghum straw raw and corn straw total mixed rations with different proportions.

I 1) L 5] H i AR LA/ LIR(AN)/ WHR(PA)/ TMRBAY/  HAERNH,-N)/
Time Ratio P (g-kg 'FM)  (g-kg 'FM)  (g-kg 'FM) (g-kg 'FM) (g kg 'FMD)
0d 10%  6.0940.01%  0.24+0.01" 0.132£0.00""  0.014-0.00" ND 0.18£0.01""
20%  6.1540.02™  0.4140.03M 0.11£0.01°"  0.0140.00*"" ND 0.15-40.015¢¢
30%  6.1340.02%%  0.4040.02%5%  0.144+0.02"" 0.01+0.0078® ND 0.160.005¢¢
40%  5.9840.02"  0.2940.01°"¢ 0.09+40.00"¢ 0.0140.0178® ND 0.130.00%°
50%  6.0440.01"  0.3440.02B“!  0.1240.01"  0.03£0.01 ND 0.194£0.01%
2d 10%  6.9740.04"  0.360.01" 0.12+0.01*¢ 0.01+0.00" 0.0140.01"" 0.320.03"
20%  7.0840.06  0.5540.07* 0.14£0.02"  0.014-0.00" 0.01£0.017" 0.33£0.04"
30%  7.2740.02%  0.4840.024 0.13£0.02" 0.01+0.00" 0.00-0.00M¢ 0.29-+0.01"
40%  7.184+0.25%  0.45+0.00""¢ 0.15-+0.00"" 0.014+0.00"  0.0040.00" 0.20+0.014
50%  7.000.18"  0.4140.03" 0.17£0.02*"  0.0140.00" 0.0020.00"¢ 0.2240.015¢"
5d 10%  6.6940.072%  0.7740.02% 0.2040.01°""  0.0240.01""  0.01+0.00"" 0.194-0.01¢
20%  6.5440.10%  0.714:0.03%5 0.18£0.01%"  0.0240.00*  0.0140.00" 0.32£0.01"
30%  6.7640.07*"  0.794-0.01™ 0.22£0.01" 0.010.00"  0.03£0.01" 0.2540.02"®
40%  6.8240.12%  0.66+0.02" 0.214+0.01%  0.0240.00*"  0.0140.00"" 0.2640.00""*
50%  6.9240.14%  0.5640.05" 0.20£0.01°%  0.0140.00*  0.0440.01* 0.2340.01%"
7d 10%  7.08£0.08"%  0.620.01""  0.2240.01*"  0.04+£0.01" 0.01£0.00"" 0.230.03"P
20%  6.8640.09°%  0.574£0.03%"  0.2040.01*  0.024+0.01"  0.01+£0.00*"* 0.1740.00""*
30%  6.7740.09""  0.6640.00"" 0.21£0.02% 0.01£0.00%"  0.01-£0.00" 0.2740.01"
40%  7.2940.18"  0.53+0.01" 0.21£0.01" 0.0140.00" 0.010.00" 0.27+£0.02"
50%  7.01£0.16%5*  0.4040.03 0.1440.01%¢  0.0140.00% 0.0140.00%¢ 0.214-0.014P"
10d 10%  6.82£0.20""  0.54+0.01% 0.250.01" 0.024£0.00""  0.022£0.00" 0.24-0.03""
20%  6.7140.10"  0.484+0.01°™  0.16-£0.02"  0.034-0.00* 0.02+0.00" 0.2240.02*"
30%  6.734+0.02"  0.654+0.01"" 0.1340.02% 0.0240.01" 0.0240.00"" 0.2140.02"°
40%  7.0540.10%  0.4840.02° 0.18£0.04""  0.0240.01*  0.0240.00* 0.2340.01"
50%  6.9540.17  0.4640.01" 0.130.01"% 0.034£0.00""  0.02£0.00"" 0.23£0.014
15d 10%  6.520.27"  0.3540.03" 0.22+0.01*"  0.014+0.00*  0.02+0.00"" 0.2740.0248
20%  6.9140.047%  0.434-0.03* 0.15£0.01%  0.0240.01*"  0.02£0.00°*"  0.224+0.02"
30%  6.8040.04""  0.334-0.06*" 0.14+0.01" 0.02+0.00" 0.03+0.00"" 0.25-0.02°%
40%  6.8040.05""  0.354-0.00"" 0.20£0.01*"  0.0340.00* 0.02+0.00" 0.30£0.01"
50%  6.8040.06""  0.294-0.01"™ 0.1140.00%¢ 0.02£0.00""  0.032£0.00""" 0.260.00"
Levels of significance
i8] Time ok ok sk ko seskok Kk Kkk
I 5] Ratio 0.0680 ok ** 0.3638 o 0.5851
i ] X i) Time X Ratio 0.1102 ok Kok ok ook sk

ZHAE XA A I R EF W, 0dil TMR-
30% 2H 1) Ace 8 5UF Chao F8 5 i =1, 15 d ) TMR-
20 % 44 /) Shannon #§ £ = , 0d 19 TMR-50% 411
Simpson £ £ i o A DN P A 0y 7 o 3R 4 A
T0.99,

2.5.2 B LA AEAFTMR 69 F BB A B4
FAT LI, A RS ) 20 TR R VR o 6 D 2R 1
WY ] d 25 52 e T A MR E I B 2 AR (IR D
£ TMR-10% 41  , PC1 (48.12%) 5 PC2
(24.38%) B3t flf B R 3k 72.50% (E 1A o 1E
TMR-20% 21, PCL (1 B & R 40.91% ,PC2 19
fi BEBE Ky 21.52% (I 1B) . £ TMR-30% 20 |

T PCL (R R FE O 44, 25% , PC2 1Y i B 5 N
19.08% ,0d 43 i 7E 55 4 G BR, I Ay B[] BE 43 A 725
134, Ak b I s i, B 22 R K (| 1C) . 7
TMR-40% H, PC1 i fif B B2 Oy 40. 14 %, PC2 1Y fift
BERN27.77% (F 1D) . £ TMR-50% 4 ,PC1
() i & B N 37.04%, PC2 1) it B Bl 23.71%
(F1E),

2.5.3 RFE LB AEAF TMR 69 28 8 B % 4 M 0
1 TMR-10% 41, AS TRl s ] F 3645 ASV % 2
354, Horh 0d #5457 19 ASV B i £, 47 1024 (&
2A) . TMR-20% el 4l , 44 384> ASV, Hih
0d ¥¢ A 631 ASV, B i £ (K 2B) . TMR-30%
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Table. 5 In vitro digestibility of broom sorghum straw raw and corn straw total mixed rations with different proportions

i ] Time Lt 4] Ratio AT LR IVDMD/ % DM A rp M PR VR 2T 4531 fL % IVNDFD/ % DM
0d 10% 29.47+1.27% 46.0943.814
20% 29.660.54* 50.2740.16
30% 34.85+2.65 46.764+2.78M
40% 32.454 1,594 49.9640.52""
50% 32.900.86M5 46.644-1.23""
2d 10% 34.87+1.45% 42.74+1.16™
20% 31.2640.12" 45.9440.52"
30% 29.97420.47"% 48.5940.75%
40% 26.79+0.80" 52.90+0.44™
50% 34.6740.46% 43.6940.58"
5d 10% 30.4340.71M 477742247
20% 37.494-0.38 42.2040.244¢
30% 33.85+1.16% 45.1240.564"
40% 32.01424.15M 46.284 3,820
50% 38.5543.02" 39.0842.49%
7d 10% 33.9940.6545 53.1120.59
20% 28.4941.00" 50.2140.888
30% 31.3940.46%" 46.26-+0.84"
40% 34.674£2.23M 44.6942.31°
50% 36.01+£2.817 44.0642.52
10d 10% 29.894-1.38" 48.4441.247"
20% 29.8542.224 48.1742.39™"
30% 33.2241.514 45.7742.20M
40% 32.224+0.85M 47.7341.03
50% 34.6743.19% 45.1842.78M"
15d 10% 29.58+1.62"% 46.4343.20M
20% 27.8741.46" 50.3241.27%
30% 30.501.62"% 46.584+1.16M
40% 36.57+1.38™ 46.97 42,347
50% 28.4740.50" 52.0240.44
Levels of significance
I5f 8] Time * ok
H. 9] Ratio * *

fif ] X FE 4 Time X Ratio

*k

Kok

2 AN R L RS A LA A ASV B 2 27 A4 o
Od ¥ A 19 ASV Z i Z 1, A 831 (K 2C). TMR-
40% A, LA B ASV 2 334, Hoh 2d B A 1 ASV
S 2 M, A 294 (B 2D) . TMR-50% , 2L R 91 A
1 ASV i /2 304>, b O d A5 A 19 ASV B it
2% JE421 (E 2E) .

2.5.4 AFEWLHEZEAFTMR G @EF TKFLEH
#  TMR-10% 41 0 d i} L Cyanobacteriota Fll Pseu-
domonadota H L FE ], M 2 d FF 4 , Cyanobacteri-
ota F: B N % , Bacillota = B E T, R 12 H
Pseudomonadota , Bacillota( & 3A) . TMR-20% 41
1£ 0d B} Cyanobacteriota il Pseudomonadota 7 fff #

w11, 2 d LS PE# G 172 2 Pseudomonadota , Bacil-
lota([® 3B), TMR-30% 41 0 d, Cyanobacteriota il
Pseudomonadota 8 X%F & & fix 155 , M 2 d FF 4 Pseudo-
monadota . Bacillota i & T L # & '] (& 3C) .
TMR-40% 41 0 d H} L Cyanobacteriota A1 Pseudo-
monadota 8%} = B 5% 75 , 2 d 46 )5 Bacillota 3 3 %
#i I 7+, Pseudomonadota , Bacillota , Actinomycetota
A R BB T (E 3D) . TMR-50% 20 0 d B Cyano-
bacteriota Fil Pseudomonadota # % £ & f =, 2 d LA
J& Cyanobacteriota F & T [% , Bacillota F J & #f I
Jt, It # W ] & Pseudomonadota Fll Bacillota
(K 3E).
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Table 6 Dynamic changes of bacteria a diversity of broom sorghum straw raw and corn straw total mixed rations with different
proportions
ff E] Time Lt f4i] Ratio Ace Chao Shannon Simpson Coverages
0d 10% 229.714+106.96™ 227.66+107.11%  2.9040.93* 0.22+0.16" 0.99+0.00""
20% 254.69+53.96"  250.0053.54 3.2340.33" 0.10-£0.01" 0.99+0.00""
30% 268.81435.98"  266.67 4 36.24"" 2.74+0.18" 0.1940.03" 0.99+0.00""
40% 195.12+16.54  189.47+16.23" 2.63+0.28" 0.1840.03"" 0.99+0.00""
50% 150.46+39.40%  148.73+137.52" 2.31+0.68" 0.2340.09"" 0.99+0.00""
2d 10% 152.01+11.86%  150.85+12.57" 3.46+0.03" 0.070.01" 0.99-+0.005¢
20% 136.61+36.76™"  134.52+36.35" 2.94+0.56™ 0.1240.06"" 0.9940.00%"
30% 127.63+42.48"  126.71+-42.69*" 3.334:0.394% 0.0740.024" 0.9940.00"
40% 171.88427.54M  168.564-27.53" 3.2640.29M 0.084-0.02"¢ 0.9940.00“*
50% 119.67+10.57%  117.74410.56" 3.3740.12% 0.06-£0.01"" 0.99+0.007"
5d 10% 162.95+40.22%  160.67439.74" 3.1240.36™ 0.11-£0.03" 0.99+0.00M®
20% 178.3036.05%  176.34435.37" 3.6140.09™ 0.06-£0.0178 0.99+0.00
30% 174.83436.06%"  173.54436.06" 3.7240.27M 0.0440.01% 0.99740.00"
40% 137.18+410.17%  136.43410.11"" 3.4340.12M 0.070.0178 0.99+0.00"
50% 162.3610.90"  161.31411.05" 3.6540.10™ 0.05-0.01% 0.99+0.00"
7d 10% 141.8849.56™ 140.79+9.35" 3.48+0.07" 0.0540.00™ 0.9940.00™
20% 127.16£59.53%  125.56458.74" 2.90+0.66" 0.1540.06™ 0.99740.00™
30% 159.87431.31%"  158.21431.02% 3.6040.15"" 0.0540.01"" 0.99740.00™
40% 139.94+66.31%  136.4863.68"" 2.93+0.58" 0.1474-0.08" 0.994-0.00"*
50% 160.324219.60%  158.15418.47" 3.44+0.11" 0.0740.01"" 0.99740.00™
10d 10% 215.56435.06™  212.524-36.67* 3.4640.47M 0.09-0.05" 0.99+0.00%"
20% 182.024-34.06™  179.674-32.05™ 3.4840.28M 0.07£0.02" 0.99+0.00B™
30% 131.81£22.73%  129.574£22.03* 2.984-0.26"" 0.124-0.03"" 0.9924-0.00A"
40% 157.01£23.60%  155.34423.74" 3.3140.27M 0.084-0.02"¢ 0.994-0.00"*
50% 148.97422.37%  147.25421.86™ 3.3640.13M 0.0840.01"" 0.9924-0.00""
15d 10% 171.42413.62%  169.01413.58" 3.4940.19M 0.0740.02" 0.994-0.00"*"
20% 211.59437.99%  209.504-37.28* 3.7740.09™ 0.0540.00™ 0.994-0.00™
30% 167.72439.20%"  164.74436.99*" 3.3740.31 0.0840.03"" 0.9974-0.00™
40% 125.444-13.63%  124.014-13.09 3.1740.21M 0.0974-0.02"¢ 0.994-0.00"*
50% 152.71419.68™  151.894-19.70 3.4840.23M 0.0740.02"" 0.9924-0.00™
Levels of significance
Hj‘[ﬁ] Time * * * *% * %k
9] Ratio 0.4429 0.4354 0.8659 0.9681 0.3409
i ] X [ 3] Time X Ratio 0.9128 0.9115 0.9218 0.8362 0.2629

2.5.5 REILHIAEAT TMR 8 20 8 & K -F 254 5
#  TMR-10% 41 0 d B} VL Rouxiella 1 Asaia R
F ., 2 d IR FE L Bacillus . Pantoea 3 1L # &
(K 4A) . TMR-20% 4 7F 0d B norank_o_Chloro-
plast . Kosakonia F Pantoea ML A g, 2 d UL
Pantoea . Bacillus B 1 A # % J& (8 4B) . TMR-
30% 21 0d B norank_o_Chloroplast F norank_f-_
Mitochondria #8 %F F B & 5, M\ 2 d IF 4 Pantoea .
Bacillus 8 T R #H & (K 4C) . TMR-40% 41
0 d B} LA norank_o_Chloroplast 1 norank_f_Mito-
chondria Y8 %t 2 1 8¢ & , 2d FF U4 5 Pantoea . Bacil-
lus FVE W T8, 22 R AR 8 (BT 4D) . TMR-
50% 4 O d B} Pantoea . norank_o_Chloroplast #8 3

FE & &, 2 d LS norank_o_Chloroplast ¥ J&E T
M , Bacillus F FE 3% 0 1T+, 00 3 5E J& 22 A Pantoea
Hl Bacillus(E 4E)

2.6 AELBGIFHEFTMRAOMEDERHBELEN
T

2.6.1 RFLA A TMR 8 8 B o % H 054
e A W B FEAS h, Ace $8 %k . Chao #8 %X . Shan-
non F§ £F1 Simpson fE 8B L FE 2 HF (R T, 10d
1) TMR-10% 4 # Ace $§ ZUF1 Chao 48 £ = , 15 d
) TMR-10% 41 ) Shannon 38 %% &% & , 2d i TMR-
202 411 Simpson F8 £ = o A W F A b S 2
B EHKTF0.99,
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Fig.1 PCoA analysis of bacterial communities in different proportions of broom sorghum straw raw and corn straw total mixed rations
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Fig. 2 Venn analysis of bacterial communities in different proportions of broom sorghum straw raw and corn straw mixed total rations

2.6.2 R F A A TMR 69 8 B R % 415 47
FEAT A B, T A5 R AS 1 AN B RE TR B ol 6 S 28R
£ TMR-10% 419, PC1 Y fift BEFE A 26.10% , PC2
() fife R A 23. 88 % (I 5A) . fE TMR-20% #1
PC1 1 PC2 43 5l o5 & 7 25 1 54.85% F1 3.52%,
PC1 %y 53 ik R B 3% & F PC2(E 5B) . 1 TMR-

30% 41, PCL i BE Bl 38. 46 %0, PC2 1 fiff B J&E
J13.15% C B 5C) . £ TMR-40% 41 # , PC1
(49.48Y) 1 PC2(10. 21 %) R i B 3k 59. 69 %
(FE 5D), 2d Bf TMR-40% 43 % J B W (i 2% . 7
TMR-50% 41 H, PCL 1 fif B R 39. 26 %, PC2 1Y
fifR B M 14. 70% (BRI 5E)
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Fig.3 Relative abundance of bacterial population phylum in different propomons of broom sorghum straw raw and corn straw total mixed rations
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fermented total mixed rations
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Table 7 Dynamic changes of fungal « diversity of broom sorghum straw raw and cornstraw total mixed rations with

different proportions

5[] Time Lt ] Ratio ACE Chao Shannon Simpson Coverages

0d 10% 86.66426.93 85.37426.374 2.1474-0.42™ 0.21420.07" 0.994-0.00"

20% 105.21412.92%  104.77412.94% 2.4140.01% 0.160.01" 0.99+0.00"

30% 106.8845.874 106.3545.83% 2.374+0.10A™ 0.1640.02A™ 0.9940.00"

40% 116.724:26.56™  115.81426.59 2.244-0.34™ 0.2474-0.07" 0.994-0.00"

50% 106.90+8.63" 105.3048.80™ 2.4740.08" 0.140.01% 0.99-40.00"

2d 10% 90.76£27.40" 90.17427.04" 2.2640.58" 0.2740.16" 0.9940.00"

20% 76.2816.80"" 75.45417.04" 1.8220.63 0.394-0.21" 0.994-0.00"

30% 91.35+4.22A™ 90.48+4.21A" 2.5440.06A® 0.12+0.01* 0.99+0.00"

40% 82114441 81.044.39 2.3340.06™ 0.1640.01"" 0.9940.00"

50% 101.25411.30%  101.39411.02" 2.7440.15™ 0.114-0.02" 0.994-0.00"

5d 10% 90.92+3.81M 90.36+3.70M 2.3040.20" 0.2040.08" 0.9940.00"

20% 106.4144.33% 106.9342.54™ 2.1740.31% 0.2740.11* 0.994-0.00"

30% 96.9148.34 96.3148.03% 2.7040.08" 0.114-0.01*" 0.994-0.00"

40% 98.3449.68" 96.8249.23" 2.45+0.09" 0.140.01" 0.99-40.00"

50% 98.667.06 97.8447. 42 2.5640.13" 0.144-0.02" 0.994-0.00"

7d 10% 90.50411.46" 92.50412.93% 2.4140.14™ 0.170.01" 0.9940.00"

20% 93.23+£17.15" 92.26+16.62™ 2.28+0.28" 0.1740.04" 0.9940.00"

30% 97.6546.71% 98.5945.78* 2.6040.15%" 0.154-0.02"" 0.994-0.00"

40% 86.6945.23 86.59+4.96™ 2.544-0.09™ 0.134-0.02"* 0.994-0.00"

50% 111.03+£5.617 109.9645.30™ 2.6540.10™ 0.1540.02% 0.9940.00"

10d 10% 117.8842.78" 117.1942.74™ 2.80420.07* 0.114-0.01** 0.994-0.00"

20% 96.04+15.814 95.31416.03" 2.4140.33% 0.1540.04" 0.99+0.00

30% 69.06+£21.44"" 68.10421.44"" 2.0140.38%" 0.2340.06" 0.9940.00"

40% 102.0644.14™ 100.4543.94* 2.602420.09™ 0.124-0.01*" 0.994-0.00"

50% 84.03+22.11™ 83.37+22.09™ 2.24+0.52" 0.23+0.11" 0.9940.00"

15d 10% 114.56 46,45 112.8746.85% 2.8940.15™ 0.094-0.02% 0.9940.00"

20% 117.5546.24™ 116.7745.94™ 2.644-0.10™ 0.154-0.04" 0.994-0.00"

30% 111.66+8.05% 110.60+8.18" 2.87+0.17% 0.100.02% 0.99+0.00"

40% 83.46+8.83" 82.5548.80" 2.3740.24™ 0.1440.03*" 0.9940.00"

50% 98.4047.80" 98.2147.914"% 2.494-0.22% 0.164-0.03" 0.994-0.00"

Levels of significance

i1} [&] Time 0.9512 0.9408 0.5336 0.2883 0.7277
I 5] Ratio 0.3367 0.3526 0.4118 0.4658 0.4785
I ] X el Time X Ratio 0.5371 0.5270 0.6399 0.4901 0.2855
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Fig.5 PCoA analysis of funga communities in different proportions of broom sorghum straw raw and corn straw tota mixed
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Fig.6 Venn analysis of funga communities in different proportions of broom sorghum straw raw and corn straw mixed total
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