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0.05) , FLAR & & . % Tt (P<0.05) o AR 2 d (40 & e A E 2 BRI QTR & ( Weissella ) FIFLAT & ( Lactobacil-
lus) X FEBESF 52 45. 960% ,30. 680% . F W5 14 d B4l T O 3 B g ZLAT 18 (Lactobacillus ) , A% 3 B2y
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Abstract: The objective of this experiment was to compare the fermentation quality and microbial diversity of barley
silage in different fermentation periods. The experiment was carried out on the 2nd day of silage, the 14th day of silage, the
60th day of silage and on the 5th day of aerobic exposure, and the fermentation quality and nutritional components of barley
silage were analyzed. Bacterial diversity and composition of barley silage in different fermentation periods were analyzed by
Miseq high-throughput sequencing technique. The results showed that compared with those on the second day of silage, the
pH of barley after 60 days of silage fermentation was significantly decreased (P<0.05) , and the lactic acid content was sig-
nificantly increased ( P<0.05). The dominant bacteria on the second day of silage were Weissella and Lactobacillus, with
relative abundance of 45. 960% and 30. 680% , respectively. The dominant bacterium on the 14th day of silage was Lactoba-
cillus, with relative abundance of 74. 720% , followed by
Weissella with relative abundance of 13.170%. The
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Acinetobacter and Serratia were produced after aerobic exposure. In conclusion, the dominant flora is Lactobacillus on the

2nd to 60th day of silage, and the structure of flora changes after aerobic exposure, and the abundance of harmful bacteria

such Acinetobacter and Serratia increases.
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FRIEALZHUMA BRA F ™ i) 3 0, #H O JEE TR
TFEEORAT . ITEEINES 2 d IR 14 d EIEE
60 d SREE, BE SR 4> BIkRIC R D2 D14 D60, D2 FI D14
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I35 4 AR T B B 20 g KA 7 A
i, LA 180 ml 288K S8R AT , i i # e AL BE 1
min, R H] 4 JZL0 A FE PEUR AR R T g, 2R A5 =
W, T=20 CokAE P ORAA R I, W 5E pH (B, LA SFL
M. TR NR M Py & &, pH fH ] Mettler
Toledo Y pH 1M5E , FLIR . LR AR L BE R %
FEAE 1260 =5 BOBCHAIN RGN 5E , Bo 257 224000 2%
F1 Carbomix® H-NP, 8,351 , 1% 81404 2.5 mmol/L
H,S0,, #ii# N 0.5 ml/min, IR N 55 C,

10 g FEfh, BT IO = MR, IFEATTH
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K V3~ V4 X5 [ P)XF 38450 DNA B TF 5144
595 R F (5 -GTACTCCTACGGGAGGCAGCA-3')
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A AR S d WFLIR S 1 A A2.56%0. 14%, 12
FARTHIER 14 d A 60 d FLRRAY & (P<0.05) .
FHIHE2~60 d, b5 TR TR, 28R & R
P S, A AR TR S d LR & R R, N
1.08%+0.05% , i FH AL T H I 52~ 60 d A LR & &
(P<0.05) . #4560 d (Y L1 & b, W& & T
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Table 1 Changes of silage quality and microbial counts in barley

during different fermentation periods

w0 R e AR
524 #14d  H60d #55d

pH 4.48+0.03b 3.90£0.02c 3.94=0.0lc  6.020.18a

WS R (%) 2.67:0.12c 4.46:0.09b 5.07£0.05a  2.56x0.14c

( 1.08+0.05d

&

LR (%) 1.36£0.03¢  1.60+0.08b 1.83+£0.04a
(%) 0.27£0.02c  0.34+0.04ac 0.31£0.03ac  0.41+0.05ab
F (%) 1.81+0.02cd 1.98+0.18ac 2.25+0.12ab  1.49+0.10d

7.58+0.06b 7.91+0.04a 6.69+0.03¢  5.37+0.07d

6.05£0.04a 4.14x0.04b 3.04x0.05¢  6.14£0.04a
b S AR L
I REK
(RIATHCR 5 AR [R/INE TR R AN R A BRI (6] 1] 2% 57 . 2% (P<0. 05) .

5.28+0.08a 3.51+0.08c 2.58+0.16d  4.20+0.07b

22 AELZEBMPXZEFLEFRBIHNSETL

T2 R, HWEE 2 d RETY RS Em, B
FHETHEIE 14 d FIFIE 60 d (P<0.05) ,{H 2
HICE 14 d AR 60 d M TH RS E2ZF AL
o ARRBEHES N TYRE REERTHEES
60 d (P<0.05), HFI52~60 d, 3575 w18 @Y
FEA, PR R AT Y Ol TR IR A dE S i T RE
B ARG AR TR REF R h e e 4 &
L RTERIR A 4E T T
x2 AREEBRNPREFTVEFASHEN
Table 2 Changes of nutritional components in barley during differ-

ent fermentation periods

HI HIr T HERTR
#2d 14 d 560 d #5d
FH G4 343.00+1.15a 335.33+2.33b 333.67+1.76b 308.33+2.33c¢
(&/'kg)

RPEVERST  49.07£0.39a  46.2020.36b  45.93+0.86b  50.930.67a
Y (%)

MR 40.93+0.43a  34.70£021c¢  34.17+0.61c  37.97+0.59b
He i (%)

[R)A7 5 J5 AN TR) /NG b 3 7R AN [ Ak BRES [ i) 22 57 . 3 (P<0. 05)

i H

23 FAREERBAZETCHERSEESH
AR PR FEECA Chao 8%, Ace T84,
HEMEBOR , FoR W R . R 3 R, I
2 d (40 Chao FEELAI Ace TEBUR &, HIT4E 60 d
WA, AARES S d AR Chao FEELH Ace
TR = T 5 60 . Shannon 54U FHR T
BT ZREME 48 %, Shannon $5 58, T RE 2 REME
M. T2~ 60 d, BfE T R B R 20 TS
Shannon F8 4 f& A%, (H 2 A A 22555 5 d 1 Shannon
TR, I IS 60 d I 4 2 AR R AR, A
AR R A T 2R
®3 FAEEZEBMNBRESIHARSHFIEEH
Table 3 The bacterial community diversity of barley during differ-

ent fermentation periods

i jz?m‘z ja?lﬂ‘: k%’—wi ﬁjﬁ%ﬁ
#2d 14d  H60d #5d

AT B 83 645 78 329 80 985 80 234
LY (e T g | 121 110 90 106
B 1 1 1 1
Shannon $§ %% 2.982 2.454 1.918 2.927
Chao 8% 131.134  120.017  98.600  114.310
Ace F83K 133.030  123.892  101.629  117.325

24 AEAEBMAAEZSTHAERFENERS S0
HT 20 BT TR 1) 32 B 53 4 A (L 1) AT, 5 0056
2 d HIFIES 14 d 2070 A AR B U R, R
ZAEEMEY AR AR, H I 60 d 5T
%2 dHEISE 14 d (AR TR REER B BT, fFT7E—
2o ATERE S d 5 AW 3 AN IRORE I [R] ) 41 R
PRRFIR B AT
25 AREABMBAEETAEEFHERTHL
251 ATFNARFO@BABRLEM> F£48
7N AT R BER T 1% 091 1A JEEER ] ( Firmicutes ) |
% B ] ( Proteobacteria ) . Ul #F & ]
( Bacteroidetes ) . 4 [ ] ( Cyanobacteria) 55, H It
52 d W FEEPLIAGRE N JEREL ] AR TR ) A
S T, A X S B g3 A A 81.443% . 3.702% .
7.420% , S AHXE S BE S 92.565%, A 14 d 1
TR R N R RE TR 7] (95. 103% ) , H U Wi 4
BT (1. 040% ) 5T 11 (0. 877%) , AT o i
9 97.020% ., FHIES 60 d Y 32 B B B B by JEEBE
T AT FE R 99.500% . AR ZR#EE S d W E
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Fig.1 Principal component analysis of bacterial community in

barley at different fermentation stages

TR TRHE R JEERE B T RS TE 1R 1T, AH X =F B 4 5
S 34.278% i 45.110%, H vk & LK & 1
(13.090%) , AT £ B2 92.482%, 1K I,
HEREFNH2~60 d JERER ] ( Firmicutes ) 41 & 1R
S5 A, Bt T IR B) A SE S JEERE TR ) 40 B
A B R A (R 505 60 d ML, A
ARERE S d AYJEREGE 140 B AR X 32 B R [, AR Y
I VRROURT TR 1D 200 TR R X B R

252 RTFRERKFHmBARBEMIN F4D
7N T HEJE K BN TR] A& 2 I 301 K 32 95 I 400 1 1A

R4 FRLEBRPXESPHEREEFNENFE

ZER AR . HIHE 2 d (IR R FLAT R R
( Lactobacillus ) F1ER 8 [C & J& ( Weissella ) , H 45 Xt
FE R 30. 680% Fil 45.960% , F I 14 d
ARG S TR A 8 FLA T R (Lactobacillus ) FHX 2 B
R T74.720% , LR R BT IR B ( Weissella ) F1
K J& ( Pediococcus) , 1 X%F =E B 43 5 & 13. 170%
MT.210% ., F W55 60 d A B 3L AT & 8
(Lactobacillus) , M%t 4= 2 96. 740% , H U2 34
Hr G 8 ( Weissella ) 1 i 3R & J& ( Pediococcus ) ,
FHXT S BE 53 5 1. 400% il 1.360% . A 4 5% 5%
555 d, FUFF T B (Lactobacillus ) 1 AR X 4 FEAL i
0.710% , T A s #T & ( Acinetobacter) | 7 B3R J&
( Enterococcus) 3% % 4t & 8 % J& ( Providencia) .
2T )8 ( Empedobacter) F1 Vb 75 [ B & ( Serratia)
AR X OEE 4> B Ol 26.540%  33.220% .
16.400% .13.090% .2. 170% ,

FIER 2 d A 14 d T 60 d FLAFHR
FRAR T = B 43 51 & 30. 680% , 74. 720% | 96. 740%
R BE A 7 I 1] B A LA o s AR S BE RS L T
FHIHE 60 d A TUEE . (HRAAREN S d I
R AR AU 0. 710% , WA ShAT i s Bk
R 2 AR T R A AR, 3R
552 ~60 d RAEZF IR A R RIATHE, A
AR RIS W RFAS M R A TR A SRR DR IR
R 45 TR AR = BE RS AN

Table 4 Relative abundance of bacterial community in barley silage at different fermentation stages

AT TR ) 43 25K ANTR) 2R TR Tva) 4 7 149 AR X = BE (%)

KR R R Jre o e e gews o WER T
JREEET] AR H FAFE IR 30.680 74.720 96.740 0.710 11.260 0
JEEERT FLAFEE BT R 45.960 13.170 1.400 0.340 5.600 0
JEEER T FARA Bk R 0.003 0.003 0 33.220 4.420 0
JEREET] AT H FER S 4.800 7.210 1.360 0.008 0.880 0
ILEIT] R H REFFER 0.001 0.004 0.003 26.540 4.200 0.022
TIEWIT  frEE W YT R R 0.001 0.003 0.006 16.400 2.260 0
BIETT HFE R W ICHE 0.360 0.240 0.020 2.170 0.460 0.366
TIRHEIT WA H AT R 3.340 0.630 0.094 0 0.420 0
AR HHEH Fakt i@ 0 0 0.002 13.090 2.290 0.077
WEANETT  RYEEMIGE R RIHGR 7.420 1.040 0.200 0.004 0.940 0
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KRR EEEN TR Z — Aikgrek
ATNE 2 d 5 14 426 60 d HUkE, K B35 I DR
E T R, R R TR, AR IR, T
R, (HRAEA ARREER S d I, E M RUE 2%, A
ARG pH AR PEHAIE IS 19 E 2B A5, pH
{E/NT 4.0 i, 75 4R ah SO 25, pH (4. 1~
4.3, TG TR, pH (H 4. 4~ 5.0, F 4R
b — i, pH B 7E 5.0 LA b, 35 4 RE R 45
AE200 SRR IS 60 d % pH k3. 940. 01,
JE TR RALAE, A A 2 8% 5 d I pH {E k6. 02+
0. 18, /%5 %5, ll A A B R EORE H A A
JES VL, REEATR 1 5 T 5t T30, 3K 5 7 2 Bl 461 4 (1 2
R—E A AT, B B 5% I E] i34 0, pH
(ECRH 38, 3 3= B by 4 SR P A A W 0 B R B
92 FI o R R A FURR T 7 0K It
OCHE R LR TAT A 5 TR K i B

TR I FFIER2~ 60 d, A 7 I [ (9 48

K, FURR R R B CH R FEAR RS A AR iR
545 d MFLR AR K. AASMET, REFI
FEHy JHE TR R, S EUN TR A R T AR
N T VI A SR FLRR I A A, 5 DT I iRDRL AR
B A28, BB R R e T 80ROk
PR A B SR Y T A X 2 TR Dy 1 B T R
B N AU AR T LRSS A LR, AT 51 kS
FICARHO A AR > AR, A AR5 5
o, PR BRURIL S 200 T 5 2 o T IS 14 d A
2560 do [HI, B 2 T Il S AT SRR E 1
RAE T I fek T BE S v A 4R RG S PR S T
3.2 XEBFMEFSHEMENHEE

T ICARDRL R R 2 U RUAE R R (e A I
b A 2RSS, 32 ORI E R
odar GRYE @A G RN SN A S G )
AIRRHESS A T LB . ARWESEE S MiSeq i i )
P B, R 3 T 30 4 I 38 R 1) g SRR BE T 1D
Eikmeyer % 1] i NGS 5 38 & W J 4% A o 47 B
I, K BUERER R0 B, R IA 14 d IR 58
d JEEEETR [ TR ARRS 2 B 2350 S 86. 000% ,87. 000%
JREBERR ] Pl 7 2R A 2R AR SRR TR, L

KRG BA PR LR B JEME R
WIVE S o TERE T T RIS IR B 1 e 1 A A
Brp EE MR AR, A REE S
d L BRI A Sy JEERE TR T AR I BRI T T, AR T 2 B 43
WK 34.278% F1 45. 110% . A5 TE 1 1]l 4 i v e
KT, G KA FF R IR S AR 1R 45, 53 SRR SC
QTR 2 B M T AT I e R TR s
TIAT R SR TR AR A
MiSeq ey 38 f i 7B AR KA [7] e I e 3 K 22 75 01
NP P REES A E T AT, R IR I EE 2 d 5 14 d 58
60 d FLATF B & o7 4a % A A, A X =F B A i 2
30. 680% 74. 720% 96. 740% , R AH % 4 B B 25 75 It
P[] 9 S 52 8 B B, ZE T 56 60 d ik B fH
XA SRR A ST 45 R — 3. Ennahar 257
KBTI T 30 T B I A TR A R e BR TR
B V2135 I et 246 B 35K T i J5E ] R 2R
FEFF IR W BOR AR WE FS B LT T e AT 28 R A
RFLFF A S S R O LR TR A0 . FUAT I I i I
FarE IR A RE S ORI AR I R 4 4 T
POt TR . AR SR TEF IS 2 d, BTG
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