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Abstract: Alfalfa is the most important source of roughage protein for ruminants. It has its optimal feed value when used as
silage. The purpose of this study was to analyze the main microbial composition of alfalfa silage, to screen the main strains of
alfalfa silage on this basis, and to develop microbial additives suitable for alfalfa silage. Firstly, the microbial population and
community composition in natural semi-dry alfalfa silage were analyzed by macrogenomic sequencing. Based on this
analysis, MRS, NA, LB, PDA and Mai's media were used to screen microbial species from natural alfalfa silage fodder,
under both aerobic and anaerobic culture conditions. The species and genera of the screened microorganisms were identified

by morphological and molecular biological methods. The results showed that the main microbial communities (identified at
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the genus level) in alfalfa silage were Oceanobacillus, Lactobacillus, and Bacillus, which accounted for 24.9%, 14.3%, and
13.9% of the detected microorganisms, respectively. A total of 30 strains were isolated on different media, under aerobic and
anaerobic conditions, at 37 ‘C. After morphological analysis and conservative sequence alignment, 15 strains were identified
as L. plantarum; 8 strains were identified as B. subtilis; 2 strains were identified as B. licheniformis; and 1 each was identified
as Pediococcus acidilactici, Enterococcus faecium, B. aryabhattai, B. pumilus and B. amyloliquefaciens. The selected strains

and their identification results were consistent with the results of macrogenomic sequencing analysis, indicating the reliability

of these results.
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FFE& (L. plantarum) 2G5 £ K (Zea mays) #ATH 2,
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faecalis) F FL R Fr BR & (P. acidilactici) W) 4= ¥k £ K
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I AE T ) AR e A A K 2 B R 65%
A T e s RS T e s A
B AR AR, LR Re 8
P R BERE 5y 72 A AR, PR PRI pH, A 203l
il 25 B A F WA E S, T AR T Rk
FeO BRI IR R B R Y Tt
FIH 5 Bl LR BN SRACE R AT H ORI, M

FEAMZLIR FBR B Re % B & i m iF s it . R0,
HF R INELER B, A s BRIk A dase Y,
IS A AT B MK ZF AT I (B. licheniformis)
ST B FRERAT BN B A AT A, R 3 A
T R 5 B R I A AR
BT H R ERZ R, FREREF S REMED
FREE A AR AEAR 2 R Ao

bE & BT RIR N, AR 22 4 TE I FE DR AKSEBiE 5T
W AR D R BE A R . 4R B 4 16S rDNA
% H DR 2H A RO T OK T I AR HR A TR A TR AR Ak
1708, SR BIOREBER ] (Firmicutes) "2 W I
Il (Proteobacteria) 1 ¥4 ¥ 1§ ] (Bacteriodetes) = %
G T RN 95% BL b AR B Rl R
W25 BOR X 7 W AR B R AT A A, TR
WiE A A E MY R R, IR AT %

E, TREETM RN, 6EE s Ee
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1 RS F3

1.1 #&

i E AP A B JR X 42 (Algonquin), AT R RH A
LIS WIA MM 34, BEE 1 2E, VIR
Jo AE IR I6 B G 24 h, P TS E T AR

B . MRS B33k (& 4 BRI
Hik2g, BEEHERY 1g, 4WE2g MnSO,4H,0
0.007 6 g, MgSO,-7H,0 0.04 g, Tween-80 0.2 mL,
K,HPO, 0.4 g, #7145 B2 % 0.4 g (18 4 55 77 5 n 25 g
¥ 3.2 ¢g), LHK200mL, pH62~64]; LB
BREAM2g, BEHERY 1g, FAL82 g (JH
B 3 3 N B IS ¥ 3.2 g), JC T /K 200 mL, pH
70~72]; NAEFRE[FRWE 006 HHME2g
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SAbEN 1 g, 7K 200 mL ([ A4 1% 55 5 i 3 g by
32¢g), pH72]; PDA BiFidk [ £ GRE 40g, N
N\ 200 mL G /K & ¥ 20 min, XUZE 2 A i uE J5 kb
787K & 200 mL, 0N % 6 4 g (I8 44 8% 77 5 hn B
Bk 3.2g), 121 °C Rk KB 20min, F B 0.02¢g
AER, IMARFRIET ] ZREEFREE [ HERE02 g,
SAE036g, BRI 05g, BN 1.64 g (B1ERS
FEFEINEL WY 3.2 g), ZMH/K 200 mL].

F G 20 B DR 2 PR HORR & B R AR A
R dbx) AR AR, EIRFE H TAKARA
AT, HARA R o Hra, W E ¥ A
T AR A A .

KA, it 5-AGAGTTTGATCC
TGGCTCAC-3', Fiif: 5-AAGGAGGTGATCCAG
CC-3', WA TAY TR (L) i A RA A
B
1.2 H&

1.2.1 &5 H R

W N ) S8 8 1 7 B G ZE OK 2 A BN 65% A
Filt, FHBYJIBIR 1 em K/NBE, 2N 500 mL [~
PO, FEses s, REKBE, WAE3M, &
NINEE,

122 BRI Y

I 60 RELFE, 3ANEEBEEERSY
5], HEAFERRE AL T 3 A
TP, WeEkiES% (fEE DLG F k& m
VEABRAE) P14 AR (2016 43). R (1510 43).
HO~5 )T ~070) 4 MG N EN
WL SERIRE PR DRSS S ANEY (0~14 5); 4
W 4 NEGL(0~4 7). TP 3 DMEEH (0~2 7).
1.2.3 5 1S 5 ORI T 2 A

HH 3% PR BB, (A6 30 A R 2 = #3058 ko

Y1 B 5 [F 20 DNA I3 I 5 R A 4 B 4
B 3ANEE SIS g MR A5, i g0 B 3
PR 25 2 B3 77 6 i B 3R AT 18 A 0 P g B 4 R TR
2H DNA fJ$2 ¢, FI F Nanodrop 4 #ll DNA ) 4fi [&
A BE, I 0.8% B AR B 5 % HL ¥k K Wl DNA 1)
SEHEME, SRS F ] Qubit3.0 Xf DNA ¥ FiF 3 47 K
S .

7 R 20 SO R 5 S A . A A Covaris
P AR AT BE LT T, IR A E KR

B, @ RmBE. 3ummA. ik, gitt. ¥
8 55 58 B 7E RS TR A ST P ) 4, SR I A
J: P Qubit3.0 X LA E B IFMBEE 1ngul ' —
Qsepl00 Xf 32 JF ) Insert Size & il —F] ] Q-PCR X}
S SO B AT A E . 2 A TR SO R R
A% 5 % R ROR BE AL E bR R BLECE 2 k4T B AL
Wy, WSS A Mllumina Hiseq, PE150.

WP 56 B, 0 R 6 T AL AN 3E 4T 5 & 4
(Raw Data). PFFE4L 3. JE K T w2 4E 00 2 25
[Al £E (gene catalogue), %A 5 XT3 21 {1 5k K] 3E 47 7 b
Mg ERER. pRUKFEES L, £ ERS
M B il 2 b, 6 FE S EORE 2L [R) 3 AT AR AL 5
¥, Ay, ERUEBEZEZTRMRIT 5T,
xS 45 AT TR R
1.2.4 G A A 1 O

A () %5 34 07 2 2 SOk [7] R #AE O7 VR AR
B R, B G 10 g H I HE Y
i J5 N 90 mL JG W /KR & F 150 mL = A i+,
B OMEE D, BTRAEEY 30min, BE1x10°,
1x107°0 1 x 10" 3k 3 MR B A6, HL 50 pL 7 B
W fE MRS, NA. LB. PDA DL} Z KR53 |,
FH U AT A1 R R AE R 7R 0 B iR R I8, ARG K ks
IR (R B E 20~30 min, ¥ MRS fil Z [K 3 97 3
7E 37 °C R4 . NA. LB. PDA 7t 37 ‘C HHE%MH T
R % 24~48h, 2 EMAED.

125 WAEMEKEK ST

TEAS S M X P o Bl oghAT 23 9%, 4 AE
ANFERE AR A L, WSEREENES. Bia.
KN JEEEE A RRAE, TR0 2R 20 591 Pk BB 1
VE, BT R e, BB TSRS
KA TR REBH F R RRE.

DFEDFEE: SRR R AR BOR 5 &
Ui B A, B E BT 0 B P 2 R ZH DNA, ¥ 3 B A
16S tDNA TR 57 J7 41 o X438 7= Py gk 47 0 7, @
it NCBI BlastN AT 0R 5 7 51 (1) 73 A U X . PCR 473
F 2500 7%, fFE: @O 10xExTagbuffer: 2.5uL,
@ dNTP: 2puL, ® LiWF5I#: 1 uL, @ T35l
¥): 1uL, ® Ex TaqW§: 0.5puL, ® Btk GERA
DNA): 1puL, @ ddH,0: 17 pL. PCR J2 & &1 %
FEFEN: TiASME 94 °C 2 min—35 NMEFF (A1 94 C
30 s—>E M 57 'C 30 s—IEAH 72 'C 1 min30 )% IE
fiff 72 °C 10 min—4 C 1£1% .
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2 ZERE4HH Jt [ /£ Kyoto Encyclopedia of Genes and Genomes

(KEGG) ##5/#5 Carbohydrate-Active Enzymes (CAZy)
21 EEBEVLRETE H 4R 2 i3k 47 BLAST(balst p) Eb % 43 BT A1 3y B v

S T A B B RS R S AT SO, Ak B RIE BB RE T o R DR A b A R ]
4N 1078, 45 KIVESS 3.22, 18 FGE4r 1.56, 4 6 KIJAeZE: B ¥ /K B (glycoside hydrolases,

A

\
SRSy 15.56, LELEL R, R R E g N GHs). BEX: ¥ F2 5 (glycosyl transferases, GTs). %

BT / ’ Wi 245 % (polysaccharide lyases, PLs). fik /K AL &4
e 4 ) fig i (carbohydrate esterases, CEs). i Bl & b it J&
22 HREBESRRENRE I M (auxiliary activities, AAs) Fl g KAk & ) 45 A A&

221 IR AL SO A B O3 AT #t (carbohydrate-binding modules, CBMs).
R R AL, MRS T ICRER R 222 SRR MRS BT
BEATHEE T 60 710 AN FERIFE &, I8 I 745 H1iX Lk ) R 5 5 TRV 2H W e 5 R 388 8 7 T R AR

R K 39948 615 bp, “FIKE N 720.04bp,  fESFEA, FENTIEH FEEELE 0.1% LU 3 K 5 )
MHEBTTHRSHFTE T EENEERFE. B JETHOES PR (B D). ATeLE H, HeUE

[~ Tissi;;ellia [ OTiSS:/ierellales L Peptoniphilaceae 0.3% Clostridium botulinum 0.2%
() . L. o
’ L Clostridium 4.1% [ Clostridium sp. 2.5%
Clostridiaceae ) .
Clostridia I Clostridiales 6.0% Anaerosalibacter 0.8% [ Anaerosalibacter sp. 0.9%
o 15.3% Alkaliphilus 0.5% [ Alkaliphilus oremlandii 0.4%
15.2%
Lachnospiraceae Anaerocolumna 1.5% [ Anaerocolumna aminovalerica 1.8%
4.8% Lachnoclostridium 1.1%

Ruminococcaceae 0.6%
Eubacteriaceae 0.3% [ Eubacterium 0.3%
— Bacillus subtilis group 0.2%

Bacillus megaterium 2.2%
— Bacillus 13.9% Bacillus Sp. 2.6%
Bacillus pumilus 0.05%

Firmicutes Bacillus aryabhattai 0.01%
99.4% L. Thermoanaerobacteralses 0.2%
— Oceanobacillus caeni 1.7%
Bacillaceae 63.9% , Oceanobacillus damuensis 9.7%
= Oceanobacillus . o
24.9% Oceanobacillus limi 2.1%

Oceanobacillus picturae 1.4%
Oceanobacillus picturae 3.6%

— Oceanobacillus sp. 2.7%
= Virgibacillus pantothenticus 6.0%

Bacillales Virgliéalt;i;jlus Virgibacillus halodenitrificans 2.5%
[~ 64.5% L Virgibacillus alimentarius 1.6%
| Lentibacillus [ Lentibacillus amyloliquefaciens 0.5%
L Bacill L.7% Lentibacillus halodurans 0.5%
81.3% Paenibacillaceae 1.1% [ Paenibacillus 0.9%
L planococcaceae 1.7% [Sporosaorcl'na [ Sporosarcina sp. 0.2%
1.2% Sporosarcina newyorkensis 0.6%
. i 0,
Lactobacillaccae [ Lactobacillus [T Lactobacillus plamjarum 9.5%
| Lactobacillales 12.6% 14.3% Lactobacillus brevis 5.9%
18.9% Streptococcaceae [ Lactococcus [ Lactococcus lactis 6.8%
5.3% 5.8% Pediococcus acidilactici 0.01%

Enterococcaceae [ Enterococcus [ Enterococcus faecium 0.1%

1 BEEEhHEYEMEESN
Figure 1 Analysis of microbial communities in alfalfa silage
B B 8RR ETT. N B B R AR 2 2K B JE K = BE > 0.1% 4 Fh LE 61

The percentages means the proportion of species with gene abundance > 0.1% at the level of phylum, class, order, family, genus and species classification.
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KT 95% K-F LR RCEM YR 34T 53 587 4>, 2
J& 18 AT, 28 M, 59 MH, 87 MR 207 ME,
672 N A P . JEBETR T4 P R R 3 R Tk
99.4%, NFEERAFMEMBIE . FHNERETH
K 3 i, AR RIS B0 51 822 4, FE L
AT B H (Bacillales) F1 FL 12 7 H (Lactobacillales)
R, gy d B H KA Y TR S A 64.5%
A 18.9%. & J& BI/K-F AT 7347, A W s i 2L
43 502, HE B BEE O E AT EE
(oceanobacillus)~ FLIF B & (Lactobacilli). #F fAT
J& (Bacilli)« # 2E{AF & 8 (Virgibacillus) FLERER
J& (Lactococcus) LA 3 1R B )& (clostridium) 55« F&
BT LU 5 SE ) T 24.9% 14.3%. 13.9%- 13.2%-
5.8%+ 4.1%.

TE Rl AKCF X B A8 R CE Y A b, 4
B TN o (1 3 Sl O = o S N o S
LR A B (Bacillus subtilis). B K % f #F & (B.
megaterium)~ B K ZF 0 #F & (Bacillus aryabhattai),
KGN TR B (B, pumilus) A N i A %5 58 B Fh A
47 5 HUFF 1 J&E B VR (Bacillus sp.). W VEFF B R 105
VDR T N O. damuensis A 4 7€ B )5S 4
Oceanobacillus sp.F& k. FLAT 5 & o 28 9 0 Fh = 22
A HEY) UM B L AT (L. brevis) 55« FLIR KBS
JB P AR W B PP 3 O LR FL R B (Lactococcus
lactis) FFLIR Fr 3R - i BR T 8 1) B ok 3 22 25l B
(E. faecalis) F1 Jg I K W (E. faecium). 1 2F f T
W J& (Virgibacillus) 1) B # = 24 V. pantothenticus-
V. halodenitrificans VA J¢ V. alimentarius %%

B

23 BEFEEEMEMEMTGEE

FIF MRS £ 77 5 PR S 8% 37 10 5 30 B 75 75 0
WL R 13 PR R AR, B 44 9 MRS1. MRS2.
MRS3. MRS4. MRS5. MRS6. MRS7. MRSS.
MRS9. MRS10. MRSI11. MRSI12. MRSI13; F|H
F IREE IR 5 KA R 77 07 AR AL 3 MRk, B4
N MC1. MC2. MC3; PDA k9% 3 I S0 1% 9% i ik
8 BREitk, B4 N Pl. P2. P3. P4. P5. P6.
P7. P8; FIH NA 8537 5 A LB K 7% B 47 A 55 77
BINE TS Bk 2 KRR 4 BRI AR, B a4
U NAl. NA3 f1 LB2. LB5. LB6. LB7.

24 EHHOESELE
2.4.1 TR PRI TR I RRAE 5 E 45 R

MEE I 4 5 B R MRS1~13, MC1~
3K NAL R ERAE A BT . L8 Rk
WA R AL R VR (B 2A). B PR PS.
P8. LB2. LB5. LB6 W& KM A N, UEAE
3, A R KGR (K 2B). Bk P1~P4. P6.
P7. LBTMINA3 IR EE A, UWHEAEFS, &£
AN, AN (B 20).

2.4.2 TR PRI R AR AR 45 08 45 R

MEE I 4 5 R Pk MRS1~9, MRS,
MRS12. MRS13. Bl J& MC1. MC2. MC3 # = [
Yot g WONHE 2 IR, FATIR, SRS B R EER
He A (B 3A). MRS10 F1 NAT 7 2% [ e o 25k IE,
BN R R HE A 22 IR M (B 3B). B K
PDA1~8. LB7 fl NA3 % == [Q 4u 0 25 5L oA 52 2 [K

2 BREFERHMEBS ERE R

Figure 2 Bacterial colonies in alfalfa silage

A. B. CHHIFRE ¥k MRST. LB2. PDAI [ 4L .

A, B, and C are the colony characteristic of strain MRS1, LB2, and PDAI, respectively.
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B3 BREEFLGHE BB EREE
Figure 3 Strains isolated from alfalfa silage
AN Bk MRST 222 [RUL 5, BB MR NAL 22 [RYL, CONRIE PDAL 222 R,
A is the gram stain of MRS1, B is the gram stain of NA1, C is the gram stain of PDA1.

B . AR . BN EAE B HES), 2R A A AR Bl
4 (E 30).

25 OTEYELE

& B 38 21 10 B 2E 4 1 2 (K1 4H DNA, DL A
PR A K] 4 DNA 9B, PL4HTE 16S rDNA F 5
i 5o H AR SE A AT 8 (B 4). FTRUE
e, PO R R 5 R DA B R /N2 1500 bp e A )

M 12 34 5678 9101112 M

2 000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

M 1314 15 16 1718 M
A

DNA F Bo X488 7 Bodh AT 7 500 e, % 5 51
SE 45 W 45 NCBI Blast N it 17 7 &1 Lt Xt & 8L B #k
MRS1~MRS9 FIMRS11~MRS13 PN MC1~MC3 5
Y LA (MG551233.1) B AL 35 31 T 99.8%:
B Pk MRS10 5 FL & Fr 3K 56 3 PR (KY550661.1) 1 4H
BAREIEF) 98.42%; WPk NAL S5ZEH7ERIE (CP028727.1)
() AE AL BE IR 21 T 98.80%; B Ik LB6 5 Bl [X 2F flu A
(KU052707.1) (1) #8 AL BE 3K 2] 7 99.44%; {7

1920 21 22 23 2425 26 2728 2930 M

2 000 bp

1 000 bp
750 bp
500 bp

250 bp
100 bp

B

& 4 X35 FR 0% 30 BRE KRR 16S rRNA gene ik [El
Figure 4 165 rRNA gene amplification products of the 30 strains screened in this experiment

M, DL2000; 1- 3:

MCI1, MC2, MC3; 4 — 12: MRSI, MRS2, MRS3, MRS4, MRSS5, MRS6, MRS7, MRS8, MRS9; 13 — 16: MRSI0,

MRS11, MRS12,MRS13; 17 —19: NAl, NA3, LB2;20-22: LBS5, LB6, LB7; 23 —30: PI, P2, P3, P4, P5, P6, P7, P8.
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P1~P4. P6. P7. LB7. NA3 5 k% 2 fU #F 15 14
PR (KC422328.1) AHABLEEIA 2] 99.58%; 14 #k LB5. PS
55 Ml A% 2F £ FF B T PR (CP035404.1) (1) #H 8L FE ik 3]
799.92%; BRItk P8 S0/ NG B (KC692158.1)
FIFLLEE IE B T 99.55%. T vk LB2 5 fif vE ¥y 24 0
¥ (B. amyloliquefaciens) B #& (CP029071.1) [ 4H 84
JEILE] T 99.63%. G TEAEFEEE, VIBHEMN
7 R S PO Ok B ) FLAT R 1S bR, FLER v
BREAFI S BR B 2 L PR, S PP EF MR B 12 k. i
B A T ICORE A B 2R A v R DL FL IR B R 2F
FrE N

3 Wik SER

AR UK 275 22 DR AL e R 7 I ek
VB EBAT 0, AR o, BREEETIMAED
2 D = 2 v ik 99.4%, il EAT B R . FLIRAT
R LA B SR AT R S R N S SRR, AR R
FE 750 T K Hp Bl 2B W R RE 20 AT (0 BF 7T 45 R A AL
{EAHE AL & B KT 20 i A P Fl 5 A7 3k
2 BOR, ATRE I IR DR 2 7 I JRURE 22 5 i 51
AT B85 RF T 3 A SRR R R R A Ok,

FEFH AR AR B, A HRENF IR AR L
A T AR I A R B B B Rl . 2 I A
TR A G A W B R v A A R
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