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BEHHTEAR, ENMAFL, Rmtha d@e S AW Z R H I (Firmicutes) F & % 53/ (P<0.05), B¥EmE N
(Cyanophyta), ko k@i f LibmE £ 5 ¥ R F KK (P<0.05), C;40%  # I7 (Proteobacteria) 2 # B 1& (P < 0.05);
FEBRT L, Fimh NG SUAF B (Lactobacillus) #= U3k W /& (Lactococcus) 5 2 A BEARBH B FEN S, Ao
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Effect of different biological probiotics on the quality of cassava root
silage and the impact on microbial flora diversity

PAN Jiahui', YU Shan’, CAI Jie’, LI Kaimian’, OU Wenjun’, WANG Zhiyong'
(1. Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and Ornamental Plants, Ministry of
Education, College of Forestry & College of Tropical Crops, Hainan University, Haikou 570228, Hainan, China;

2. Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou, 571101, Hainan, China)
Abstract: We performed an experiment using fresh cassava root (South China No. 9) tubers under four different treatments:
microbial fermenting agent (C,), high efficiency complex bacterial enzyme preparation (C,), biological feed fermenting agent
(C;), and the control group (CK), with equal volumes of distilled water. The nutrient composition, fermentation quality, and

microbial community structure were measured after 30 days of closed fermentation after the tuber material and bacterial
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agent were thoroughly mixed. The objective was to discover the effect of adding different biological probiotics on silage
quality and microbial diversity of cassava tubers.The results showed that the dry matter and lactic acid content were
significantly elevated in each treatment group after the addition of bio-probiotics (P < 0.05), and there were no significant
differences in soluble sugars, neutral detergent fiber content, and lactic acid/acetic acid (P > 0.05). The crude protein content
of the C, group was significantly lower than that of the CK group(P < 0.05). The acid detergent fiber content was
significantly lower in the C; and C; groups than in the CK group (P < 0.05). The level of acetic acid in the C; group was
significantly higher than that in the CK group (P < 0.05). The pH of all four treatment groups was below 4.2; a small amount
of propionic acid was detected, but no butyric acid was detected, and ammoniacal nitrogen/whole nitrogen was below 10% in
all the treatment groups. It shows that the four treatment groups are of excellent quality. The microflora structure was then
analyzed and we found that the abundance, diversity, and uniformity of distribution of the flora were reduced. At the phylum
level, the addition of bioprobiotics resulted in a significant increase in the abundance of the thick-walled phylum (P < 0.05),
and a significant decrease in the abundance of the cyanobacterial phylum, unclassified bacteria, and other bacteria (P < 0.05).
Among them, the phylum Proteobacteria was significantly reduced in group C; (P < 0.05). At the genus level, the addition of
bio-probiotics increased the abundance of dominant genera, such as Lactobacillus and Lactococcus and decreased the
abundance of miscellaneous bacteria, such as unclassified Enterobacter and Serratia. The combined analysis showed that the
effect of adding different biological probiotics to cassava tubers was C; > C; > C,.
Keywords: cassava tuber; bacterial agent; biofermentation; fermentation quality; bacteria; bacterial flora structure
Corresponding author: WANG Zhiyong E-mail: wangzhiyong@hainanu.edu.cn
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1.1 XA

RO R ik B 95 K # (SC9), 2019 4E
SH20H7EHEE XE S HEHEM (110°75" E,
19°61" N), KK 10 em 72 47 [ A S Ff 25 1 ity 22 450~
65 RHG B A T & 5~7 em, FRATHE 1.0 m x 1.0 m,
FKECE M EE . T 2020 45 10 H 9 Higk AR
AR o R R R (i B2 TE e T Ja . R BE AL
(195 R HLEN J1) BN 1 em 2 45 /N B, (35 I
Ja ot . F IR Y) 5 (dry matter, DM) & &
A 31.26%, W % 1 BE (water soluble carbohydrates,
WSC) % &~ 25.51%, # & A (crude protein, CP) &%
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BN 2.33%, TG % 4F 4 (neutral detergent fiber,
NDF) ¥ & A 14.73%, & P ¥ % 4F 4E (acid detergent
fiber, ADF) & &4 5.38%.
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PR FLER B B BE R, HE DT AR s A A\ =R
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BRI 2H 73 S I AE ) R B TR ) (C)s = R A
ity ] 751 (C,) FH AP B R A B 57 (Ca) 3 4 A AL BE,
ANREFRL 3 AN RS R A W 28 AR T R
A FH 7 VAR A it oI TR 7, C AR SERE TP VS D
H5gke »Cy Hlgkg ' C3AH2gkg s BL10mL kg '
ZNRIK B R, CK AN NS5 B 281K o
1.3 FIERHIME

PR J5 1 em fo A IR B HUR Oy IR, 4% 4k 7
T EES INAS R T 570 J5 78 70 R 205 26N 30 em % 20 em
IR CHEH g, AR 3 NEE, /48300 g,
HEZITOMET EHH . £FR (27+3) C %
PR EESE I . T A 30 K5 AT E R 4
B KT b oL B A ) 22 RE R 1 5E
14 MERRSHE
141 FICLAREE IR 5 BRI i 5T 1R

H I 30 d J5 IR S HAR T AR HURE, 65 C Mt
48 h, L 0.425 mm §f, SR JE BEAT B R AR DN E . T
Py 5 LR e U LR AR LIS E R
(1 B8 k1100 4 [ 3 91 2 &0 35 17wy i o
SR FHI TEL R — 0L 2 v 0 52 s v Y W T 4 R R 4
R AF 2 SR F SO S R UE 58 40 B ik A 4E 43 BT AR
(SonnenF10 %! [ Zh 4F 443 #4700 2",

THES 5, # K WA R 21, FREX 20 g #F dl TN
250 mL = f i, NN 70 mL 2R SR OK B AR 38 40, 1E
4 °C HIR VKA HR I 24 h 38 5] S5 IR IRH 4 )2 20 A A
o E BRI DR, PSR A pH Tl e K 9
ek pH™"; %% % (ammonia nitrogen, AN) % F %
By — VSRR B L 30005 B, T SRS A B R
[] b ] (ammonia nitrogen/total nitrogen, AN/TN); H

HUBR SR P00 AR €3 43 W B0 52 2, 98 20 2 ) b g
2 10 mL &0 & FEAEH 022 um JE % F ML BE i i
U8, A By H LC-20A 3 AH 5 3% 4 N 2 Venusil XBP
C18 # (250 mm x 4.6 mm) #t 47 — Jo 86 B ¥E it , 7
15% H % 5 85% NaH,PO, H,0 (pH 2.65, 0.1 mol-L ")
th, AL 1 mL-min ', 89X 25 min, K 30 °C, #K: 210
nm I 5%EFLE (lactic acid, LA). . (acetic acid, AA).
W (propionic acid, PA) F1T & (butyric acid, BA).
142 WEEMZ RS BT
“HRNMFRAFTEEAR LT RA2RE, I
3NE R, ] E.ZN.ATM Mag-Bind Soil DNA
Kit [ 71l & (OMEGA, 3 [®) 32 HUFE i 1) &L DNA,
) F w1 51 % 341F (ATGCGTAGCCGACCTGAGA)
5 J5 51 %1 805R (CGTCAGACTTTCGTCCATTGC) 3k
A V3~ V4 A RIX 16S rRNA 2 [F . PCR ™
1 7= 4 [m] W 484k B T Qubit3.0 DNA 5 Wl ik 751 &5 %
5= [FZH DNA ¥ i€ &, K H Illumina 2 7 /) Tru Seq
TM DNA Sample PrepKit il £ Wl F* 3CPE . {8 FH MiSeq
I ACHEAT 2 % 300 bp [ X0 7 X 45 AT 45
#7 o Hlumina HiSeq Wi 37 1 45 543 1 0 157 K 7 510 ) Fol
GR A TAY TR (B B BRA & B 58 k.

1.5 HFELIE

i F Excel 2013 347 %040 G 1+ 2 73 #r, H SPSS
A BT A BOE AT SR R O 2 a0 A BB 3R Ly
I T 5 R F8 A 1) 5 25 A6 536, F Duncan 2556135
H 34T 2 E L (P < 0.05). K& M BEAH T W55 ]
TR RE R 1 P oM R R A 4 TR T R R AT 4
pH. LR Z.1R . & & R /4 R AL 9 16 bk % F BB
HOF R R SRR, 0 H I R AT AN

S JE R AL R(Xi)=m;

Xmax — Xmin

}iiﬁgﬁ: R(x,»): 1_m0

Xmax — Xmin

e TR BRI E AR, Xpax A X T8 AR K
BRI B /INEL s G o A R O R AR 4 TR M R U A 4
pH AT AR/ A BN R & ki, HAL N IER)E
BRI . SRR BREOS BRI L BB T

AR 15 2 1 PE reads 1 4t HR 4 overlap 5%
RAT PR, XX 20 KA 5 08 7 41 o &2 04T o 45 A0 i
I8, SR 5 HEAT OTU K2 (ASV 2 ) 43 #1 K047 B 43
ForHr. BT OTU 3K (ASV X)) g ),
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X 53 FA & B i JBR B 2 i)

5 CK AL, B e A G 3 Hi) T &
EFERE(P<005) (K1), HIHAMELEZEEZS (P>
0.05); ¥ 11 i 77 5 3 4 A BE AT kR A B 5 CK 41
ERMARZE, HGMGHEZERT C 4,4
FE R EMT CK A kst gk 4 48 % 4 % 7
BIAEE; C M Co HMM PR A4 R EMT CK

H, HWHR LR ZEZER.

Fr A i pH KT 42, Hdh C; B FHKT
CK 24 (P < 0.05), C, it & i T+ CK A 5 ¥ Jin i 771 f9
S ARY R Em T CK4L, b c, A,
HC HomEZRET CK 41; IR/ LR 4R T &
755 BT A 2 BRI B /b 5 N R HL 4 ) G R 25
(P> 0.05); S REMEB TR, radass/
BEBINT 10%, A o, AR Em T HAZA.

ININAS [F) A= o A A S SRR oR 80P 24 25
E2)ER, GHAMEZGE RN RN, FIEN
0.79, C, HRILEAR, “F¥IME N 0.70, C, 43¢ )& ok %L
H &K 18T CK 4.

R1 AMAEEYHEEENAERIRENEFR S LB DRI
Table 1 Effect of adding different biological probiotics on the nutrient composition and
fermentation quality of cassava root silage

AL Treatment

i H izt BEM
Item Parameter CK C, C, G, Significance
T-#1)5(DM) Dry matter/% 33.62 +0.28b 3497+020a  3492+0.18a  35.06+0.20a Rk
A TERE(WSC
vjvég Sﬁgble Ca)rbohy drates/% 37.98+124ab  32.62+230b  40.14+3.03a  41.48+527a NS
EIRMIY M H(CP) Crude protein/% 2.41+0.07a 231+0.03ab  2.23+0.04b 2.32 £0.09ab *
Nutrients
PP LT 4E(NDF
;PeLtfl geiri(m ﬁbir/% 11.95+0.48 12.84 +2.61 13.76 £ 2.55 12.30+1.33 NS
RV LT 4E(ADF
;Ezchi d’ii t;;ﬁ(ﬁber /()% 5.24+0.33a 437+0.36b 492+022ab  4.48+0.17b *
pH 3.66 = 0.00b 3.66 = 0.15b 3.68+£0.0la 3.63£0.01c ok
FLER(LA) Lactic acid/% 5.69+0.11b 7.02+0.47a 6.53 +0.55a 6.40 £ 0.09a *
ZFR(AA) Acetic acid/% 0.58 = 0.07b 0.73 £ 0.04a 0.67+0.08ab  0.64+0.0lab NS
KEERPS  iE2(PA) Propionic acid/% 0.04 £ 0.02 0.04 £ 0.02 0.04 +0.02 0.04 £ 0.02 NS
Fermentat
ionindex 1 FR(BA) Butyric acid/% ND ND ND ND
LR/ R (LA/AA
Ef’;c afiéaceﬁc a)ci d 9.89+1.10 9.68 +0.23 9.76 +0.78 9.97 +0.08 NS
AR/ EE(AN/IN
BT ) 5.85 +0.46b 5.94+0.21b 6.69 + 0.35a 6.06 + 0.04b *

Ammonia nitrogen/total nitrogen

ND, KigWE. FTARNGFRRRERZEFEP<0.05); *, P<0.05; **, P<0.01; ***, P<0.001,NS, FE3; AK. LK. WK, TRUT

IR, TRRAL

ND, not detected. Different lowercase letters within the same row indicate significant differences at the 0.05 level; *, P <0.05; ** P <0.01; *** P<0.001, NS,
no significant effect; Lactic acid, acetic acid, propionic acid, and butyric acid were calculated on a dry matter basis; this is applicable for the following tables as well.

22 AMAREFNARERRENCHED S HF

3:0EA)
220 REFBHRFIAE OTUs 2t 7 Hr

AR HAR 40 5 OTUs A28 (B 1) 7T 40,

4/ b PR ZH L3RS 174 > OTUs, H 3L 1) OTUs
N 146 A4S, CKA A C A A MR 24, C, M
C; Y%A MA 1, CK. C. C, Al Cy 41K OTUs %
H 4 5 N 165, 163, 164 F1 165 4™ . i3 B 4 241 &b 7 7]
YT o A 22 AN B3 (P> 0.05).
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Table 2 Affiliation function values of cassava tuber silage quality under different bio-probiotic treatments
AL FE Treatment R, R, R, R, Rs R R, Rg Ry “FH5{H Mean  #HEJF Rank
CK 0.00 0.60 1.00 1.00 0.00 0.40 0.00 0.00 1.00 0.44 Ll
C 0.94 0.00 0.44 0.51 1.00 0.40 1.00 1.00 0.98 0.70 I
G, 0.90 0.85 0.00 0.00 0.37 0.00 0.21 0.60 0.00 0.33 I\
Cs 1.00 1.00 0.50 0.81 0.87 1.00 0.53 0.40 0.96 0.79 I

Ry —RoZM MR B AL AT, FIEENE. HEa. s, RIESREAYE. pH. AR, 48R AR/ AEERRERHE.

R, — Ry represent the membership function values of dry matter, soluble sugar, crude protein, neutral detergent fiber, acid detergent fiber, pH, lactic acid,

acetic acid, and ammonia nitrogen/total nitrogen in each treatment group, respectively.

C, C,

1 RERRECYHSEER
Figure 1 Venn diagram of cassava root tuber
silage species distribution

2.2.2  Alpha ZFEPESSHT
KE YR W H 3 5 MEY) Alpha 2 1% 41

(R 3) KW, WFFEARF I ER R, H& AR
MAEGE KT 099, PHEAFE R THEAT A
TR ) B AZ O 2R s AT CKCAL, 2% s n v 751 4
(1] Chao 5 #(F! Ace TREIH P PR, R BB+
J& [F£AIK ; Shannon $§ % 1 [ K A Simpson $i8 % 1938 15
W BH 2B W o B 22 PR B AR, b €5 53¢ {i%; Shannoneven
T 0 B U0 B B8 B 0 TG IR0 38 SRR P PRI &5 BT
N, T NAE ) 2R B RT DA S MR K 2B B i I ) AR
WEEVIREE 1 2 FEME
223 KREHRE WG ET KA 451
R A8 2 b i R 4 TR, 3 U AN B L R 1] 0 2R0K
FEERERT 1% BB R, 208 & 5 R e T 5
FIK A F FE RS R R L) (GR 4).
FITKF R S PR 50 A RV S M R W, &

3 T REIHEAR Alpha S MR
Table 3 Alpha diversity analysis of different samples

AbHR FEA T 5130 ATt sh Ch A Si Sh B
Treatment Number of sample sequences OTUs annon a0 ce 1mpson annoneven Coverage
CK 39 794 141.33 1.84 174.94 17157 0.32 0.37 0.999
C, 44 614 136.67 1.72 155.95 158.85 0.35 0.35 0.999
c, 42 869 141.00 1.76 163.47 166.31 0.33 0.36 0.999
(oN 44 824 135.67 1.68 160.13  158.06 0.36 0.34 0.999
4 EFITKENARERREICMEDEZEH LG
Table 4 Microbial community structure of cassava tuber silage based on phylum level
i AbFH Treatment e
Phylum CK C, C, Cs Significance
JEBEE ] Firmicutes 76.76+098c  81.20+0.68ab  79.59+1.81b  82.30+0.33a ok
A3 KB ] Proteobacteria 19.12+1.27a 16.91 £ 1.05ab 18.72 £ 1.83a 15.59 +0.30b *
W54 1] Cyanobacteria_Chloroplast 2.28+0.74a 1.09 +0.31b 0.98£0.21b 1.19 £ 0.06b *
R4rHAME Unclassified Bacteria 1.50 + 0.66a 0.54 + 0.09b 0.45+0.01b 0.66 + 0.19b *
HAth Others 0.34 +0.05a 0.26 + 0.02b 0.25+0.02b 0.26 + 0.02b *
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B AR 13 N R TR TR B T], X
MEF S ESIERBE T35 5 BEEE 2 221 95%
PLE o BRI AL, W EAH TR T R 5 2540 B S H A 4
WA D BAFAE . Cpn Cy M Cy 2H 5 BE T [ A AH XS 32
FHEL T CK 4 (76.76%) 35 & 3% 14 i (P < 0.05), 43 %
ik B 81.20% 79.59% K1 82.30%, [A] I A% . 5 1 1) AH
X = FE AR T CK 4 (19.12%) 43 59 FEAIK 2 17.04%.
18.63% AH1 15.58%, ot Cy 21 I 35 FRAK, H iS40
U1 2R 0 248 20 T R G Ay 4 B 3 R 48 3 PRI . X
BH VAN 00 TR 551 R v A S HAR T I ) o JE B B T
BT 7 e, B AR T B T BT o5 B4, 982 A 41 B
FEA
224 AREYRE W GHET IR ACE IR 4510
AR A P Py e 4 S, e U AS F  E 8 43 80K
P EFEEKRT 1% KEM, 758 & FFE L E S
FIK- AR F FE R R R F L) (GR 5).
TIIKPRIARZESRAMWE AR RS ELN,
AN ERAH AR A B S AT R FLERBE R R
NSRBI EMYEEE. L CK 411 4 M8
FH X = BE 4 i A 56.28%. 14.10% 10.85% F1 6.93%:
BT CK 4, & o6 W 8 R A FLAT B &
FFLER T & A B, Hob Cp. Cy AL 1 R A X
F R ZE WS E 60.19%. 59.33% (P < 0.05); Cy. C;
AH P K B JE B A N T R R, 4 N 16.30%
F116.86%; C, 2H iz K 11 J& i 3 FRAIC; BEER B R B o

R A i AE T = B 5V R 7R 2H 4H 35 8 PR A s 2R
FC T J& AH T = B 25 R 34 6 2 35 22 5% (P> 0.05). %4k
HHAAEFRREMPBEERINA: 5 CKALL, C; K7
2K 8 AT 14 B 35 BRI, N 9.42%; C . C, Al Cy HVD &
TR JB A 2 38 R 3 PR AR, 23 O 5.45%. 6.04% FI
5.09%; A7) A T AH N R 28 8 3 PR AR A Sh AT
JE& -~ A 5> R FLIR AT 18 & A0 L At B B AH XS 3 B B CK
HIEEHEER.
225 A Z FEVE S B R

F| H Spearman #H ¢ R FUHTF 5T A 2 B AR 41
B B B AR T 2 B S pHL R B AR R ) 2 T ) A SR
P, 15 30 B 95 2 18] B A DG PE R EOM B 25 1% o BT 1)
KV I b J5T 48 A -5 240 B R A A DG i B (1 2)
XU, BB LA, AA &3 [ € (P < 0.05),
5j pH. ADF & # 71 3¢ (P < 0.05); 2 B (15 pH.
ADF i 3% IEAH 2% (P < 0.05), 5 LA &2 fikix (P <
0.05); W& EM T 15 CP i & IEAH ¢ (P <0.01).

BT 8 /K75 I 5 HR AR 5 4 B R R AE O 1 43
Fr ¥ & (] 3) LB, FUAT 1R )8 5 ADF ¢ i 2% F A 5%
(P<0.01); JLEREE B ST T MHGHEAEE (P>
0.05); ¥ # &5 pH & 3 IEAH K (P <0.05), 5 ADF
W 2% IEA 2% (P <0.01), 5 LA 82 A% (P <
0.01); #E Bk B J8 5 CP A & 3 IEAH & (P <0.01), 5
DM & # fikl % (P <0.05), WHEHKEE S5 CP & #
IEMZE (P <0.05), 5 DM &2 i A 5¢ (P < 0.05); 514k

x5 ETRAKTFHNASRRENCMEVEZEIELA

Table 5 Microbial community structure of cassava tuber silage based on genus level

5 AL B Treatment e
Genus CK C, C, oN Significance

FLIFR& Lactobacillus 5628 £2.07c 60.19+0.56a  57.32+1.40bc  59.33 £ 0.70ab *

FLERB® Lactococcus 1410+ 0.71c  15.13+0.44bc 1630+ 1.02ab 16.86 + 0.56a *
WEEE Serratia 6.93+036a 545+032bc  6.04+£047b  5.09+0.07c ok
BRI B Streptophyta 2280742  1.09+031b  098x021b  1.19+0.06b *

BH 52 Bk )@ Leuconostoc 1.79+0.25a  1.25+0.23b 1.11 +0.14b 1.27£0.18b *

W IRE B Weissella 0.76+0.09  0.97+0.20 1.05+0.20 1.09 £ 0.20 NS
A EREE J& Enterococcus 1.08+0.14a  0.87+0.11b  0.92+0.09ab  0.85+0.01a NS
AT 1H J8 Acinetobacter 0.84+0.12  0.69+0.04 1.19+0.95 0.68 £ 0.04 NS
K 532K)EMHF B Unclassified_Enterobacteriaceae  10.85+0.76a  10.41 +0.75ab  11.06+0.69a  9.42 +0.19b NS
F43 2B FLFAT 1 Unclassified Lactobacillales 1.04£0.05  0.99+0.04 1.02 +0.02 0.99 + 0.06 NS
K2R HI4H T Unclassified Bacteria 1.50£0.66a 0.54+£0.09b  0.45+0.0lb  0.66+0.19b *

HAth Others 256017  241+0.12 2.55+0.13 2.57+0.09 NS
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Figure 2 Heat map of correlation analysis between silage quality indicators and bacterial flora based on phylum level
DM, F¥ki; WSCHlEHE: CP, Fl&E 1 NDF, "HiEstifker4E; ADF, MRVEVRIRET4E; LA, JLBR: AA, LB PA, WIK: BA,
T AN/TIN, BAR/AEE: r A T-1R 120, r<O0BNFAAR, >0 8 NIEMAR. BIERKERHEIEREOD: TR,
DM, dry matter; WSC, water soluble carbohydrates; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; LA, lactic acid; AA,

acetic acid; PA, propionic acid; BA, butyric acid; AN/TN, ammonia nitrogen/total nitrogen; r is between —1 and 1. When r < 0, there is a negative

correlation, and when » > 0, there is a positive correlation. Color shades indicate the magnitude of the correlation coefficient; this is applicable for the

following figure as well.

KHJE S LA B # IEMHK (P<0.01), 5 AA & IE
FHIR (P <0.05); I7EKH J8 5 DM &35 £ AH O (P < 0.05);
NG B 85 ADF & 2 IEAH ¢ (P <0.05), 5 DM &
UMK (P <0.05).

3 WS4

3 AMARERNAREZRIRENE T 20
(B2 RS

AR TS5 J R, VRN AR R S R 0 5
R AR B ROR A B AR . 5 CK 414
H, TRINEAS 3 AN ERALI T 35 5 5185 (P <
0.05), T it 2 T ¥ P B 2 B 50 v 19 0 5 VIR o i A
I FLIR P A, Db T B E A A TR
T FW R AR e B e Vi 2T o 0T VA P
BERIAEE (P> 0.05), 55 k%5 5k,
C, 1 Cy R PEVR R 47 2 B K T CK 41 (P < 0.05),

A BE 2 B TR pH R B 11 2 14 P15 4 F T 4 P B
843 TR R AR A P 205 KL 2R 1 0D 0 A 2 5 i A e 1
FIE, C, A EA SR EEMKT CK 4 (P<0.05),
T B A1 5 B R 2R 1 10 T R R A 2 A
pH. A HLER 2 17 5 75 1A R R I i R 1) o5 4
R AR BB T IR R B pH 7E 4.2 BLR Y. AR
Tt 4 AN A ER ALV pH 3 TE 3.6 7 AT, R I RCR AR 4T
FERHTAREARG T vTEEES &R,
IS INEE A J5 R R BB AL 1 B 2 i), A G R
7= 4 FL R AR pH, X 5 Zhang 5™ 7518 T K #k i
R K ARV A R o N FL RS B B RS pH A
I I AR B 51 £ %o R 4 B IR O I A 45 SR — . iR
A A A TR AR B I AL AR IR T CK L B 3E 4
(P<0.05), i C, RS ERESE CKAH (P<
0.05), FI BE 2 ¥ I I B ) 2 B 43 35 9 LR BB R
P T AR N, 5 E S 7 E K (Zea mays)

=Y
B
AN
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Figure 3 Heat map of correlation analysis between silage quality indicators and bacterial flora based on genus level

OB A P N 7 e LR R L BR A T 3 1
WFFE— B0 T R 2 B 1 5 R0 7L IR % 5 T v o fidt o 7
A, ARG S A R R TR, Rk I B> &
IR, IR R B R IR/ LRI A
T3, YR AR R R o DL R LR
REENFE . AP HAESR S B NT 10%,
i BN A5 R bR A, U B R R RN AR 1 A
P T O, HINA SRS AR E S T CK 4 (P<
0.05), X FERZHT C, 4H pH B CK 4, F3—ut
DLER AN E FR R H A 5, = AR A

AHIE ST A (1 4 A A 3 AH T T 4008 B T R
JeARRL A (LR B R0 5 0 4 5T RN AT T R
REERY) & AR A8 71, I PR AR R M Bk 5k 41 4 4%
AN 5y W SR R . 5 TS R AR I AR

bR L B K R B BOR AT SR G T, B AR AR
- 59 % JaR o HO{E i U AR R T I S R, o B RS
CLVE ) Gy AL Zi & R AL, KO8 C 4, G, 4
U HELE B i, BT DAAE AN [F) A2 ) o A= 7 Ak B o R R 2
BARTFF I/ BN Cy > C > Cyo

32 AMAREFMAERRECHMEMZH
DAL

BARKMEN AT SR B A4 HAEM
HAeEMBRR, BAEYMZHEERS TR RAE S —
T RIS AR TR A e R R
ANTR] A9 dt A TR R 7R ) A SRR T I ol A 0 R
REVR G K HEAT 70 M, IR B2 G50 55 5 URUAEI £
FEPE . MR BRIV 40 1 OTUSs i fiff 73 B 45 ok
B VNI 2 25 R TR R o oy A 22 S R AN K
B i1 Alpha Z FEPED 45 R B, KERRE )5
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WAV Z R — 2 M2, AT CK 4, B #F
(1 B« 2 K MR 20 B 14 350 S FR2 P 38 B AR, X P AR 4k
AT RE A 52 T8 L0350 R s e, A BF 9 3R AR A
TR R R A REVR B0 2 B R0, Wang 25
TEBR A (Moringa oleifera) 3.2 7 42 F 75 W4 k) o &
B AL R AT B 0 v = B S B0 1 2 R PR S AT T 4
AL . b &5 B0 B VS 0 AR 0 25 A B R 7 4 R
A ZE PR T AR A PR VR S5 A T 2 R

AR A v = W 4 A TP B B ko0 e
B, 4 K BRI b 38 20 7 B R A b 9 T B
2R, S F R 3 9 R BE T AR Y B
1o HPEEEE TS LAVAA S BEFH LMK (P<
0.05), 5 pH. ADF & 3 1 # 5 (P < 0.05), & KN &
BEVR [T 2 2 2 5 FLIR A e 10 v B, H 3 B 1 o 4
w1 T PR IR AR 715 B pH FEAR, I 0T R PR e Uk A 4
73— 45 0 i, T 4 o R T it 3 ) AT 9 oh %
TN B R 2L 1 B R AR N S FE AR T CK AL B
FHEE (P <0.05), i Cy A RHIT B o, Hox
& CLCy 4. LW I1E pH. ADF i 3 IEAH ¢ (P <
0.05), 5 LA Z#F MM *x (P<0.05), RHTAREI]
05> T e B AT I SR R AR L, A8 pHL I B AR sk
G 1) A B AT 55 LR B e 4 TV B R, R R
BV 2 4 1) 43 R0 LR 1) 7 A RS BN R (R s, X
51 5 0 R AR T 15 pH R IE AR 5596 R [0
485 T ) s AHE 78 A s 0 B R S AR T R T T AR R
FE BRI, Hod Co AN = B B35 BRI, HIRE C)n
Co 2H o NN & A2 VR 5 0 V5 4 B 1R At B 3B B
P, HEMA 15 CP MR 3% IEAH 2% (P <0.05),
Ui B AL FEZH CP & & PR AT R 5 B 1T IR KA
— BRI, g5 b, UNINAE W) a8 A T A 4 in R R B T
T 7 LA, 980 A T T TR A B S L, 5
2 BT R RS (Medicago sativa) Y DN FLTR T 04 3
Y1 T A B 45 M RO T 4 SRR AR — B

TEJ& K b o0 B R 0o B S 85 A 32 1 A 35 1A
J& S AN B R FLERE B, RO R o BRI
AV EEE. A HEE T RN FEEE,
76 pH BRI 8 N ol LIEH A K, & S HAN R+

2% Y #k References:

EREE 1M S B2 W E R R, AR b
A S 50 2 T 2 B ARy LA 1 R it 7 0 £
R R R R B ILRR B, A BT R, 5 LA,
AA  TE AR 36 21, B BR 16 J8 A B AR Bk A 6 R
Jo 7E PR AR W 25 A 1S B 2 08D (P < 0.05), T AE
AL A9 1 0 25 2 0 FD A% 0 5 8 T A 5 o ) R L
s B, AT A T 3% SR 8% R 1 =, X
55 Yang 25" R BUAE pH 2 R 1 34 85 oh i ) £
PEAT R ) % B2 K 2R Wang 25 78 0K o 52 9L R
T#] J L FT G R, AT A B TR R Bk T
A = 2 D AR ARG S5 7 45 SR AR AL . HL CP & i 5 3t
FETEIEMI 5536 &, DM 5 HAF 76 M 6 26 &, T b
C, A1) CP & & PR A1 3 N b ZH (1) DM & &3 &
T RS 5 T P R A 5%, V0 B R L
W5 R AL R 8 A O, B /7R I R 4 1 R e
H. 5 pH Al ADF IEAH ¢, 5 LA fikl %, R AW E
B B+ R 2 2K AT T8 Ja R AS 30 T 45 1 R 5 D A8 T 1
TR BR . IE i TR E e Fe oh FUAF 3 8 . LBk
B« LT EC B R T R B R BE R 1R R W Bk R
ST A% LR T B AR AR 4 R S AL, AR R
FLERAE pH PR T W, A 815 1k J88 I B 4 A 2
il AT 5 27 M A P 0 R B R o 5 b, VIR
W) 2 A T B RS FURT B SLBR R R R, R
Sy T RT U V0 T T R P R A, TT DA Ak
SR T T o 2R 0 35 2 T B R T DA SR TR g
o3 R B LR T R B, LA
G AT $1 o6 42 T 0 R

g5 b, VRN 40 35 A T T R R A T AR 7 O
B IR TR R I R R TR R 00 3 M T R 45
VT, 700 B 7 i B T R 2 AR 5 O A o B
IR FLER B B A, R R T E
R B FT 1 a8 5 18 R (0 = 1, b 2% i 7= 2k, B
ES5 H R B0 5 3 I 5 R TR AR — e A SR, B
i, JEREEH TN C > C > Co BB T
BEEENC<C <Cp HEMWITT&HEEREEE
SRS AR E . BT LSRR T R S R R
I T ST, A EHUR F IR RN C3>Cp > Cy.

L1 HEERE, MESURK, T, VFERIN, 5K, 73 6R 0. AR Z RN I SRR R 2 B S5 P 0. S (0291, 2021, 42(2): 339-348.

http://cykx.1zu.edu.cn


http://dx.doi.org/10.3969/j.issn.1000-2561.2021.02.007

2310

ook B %38

(2]

[3]

[4]

(5]

L6]

(7]

[8]

(9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

XIAO X H, YEJ Q, WANG M, XU R L, ZHANG J, WAN Z Q. Analysis on starch properties in cassava germplasm resources.
Chinese Journal of Tropical Crops, 2021, 42(2): 339-348.

TR, A IR, SR 2 B TS [ 75 B TP AR 2 0 A 2 R R A T i o o SR 2 B ) R R R 72,2018,35(5):1293-1298.
FENG Q J, ZHU L, WU A Q, ZHANG J G. Effect of ensiling time and temperature on the fermentaion quality and content of
hydrocyanic acid in cassava roots and leaves. Pratacultural Science, 2018, 35(5): 1293-1298 .

FH e, R0k, BERHR, EWe, TR [E. AT VAN AR S PR SR & B S IR B4 I RS . R 224, 2017, 25(4): 875-879.
TIAN J, ZHU L, DONG C X, WANG X D, ZHANG J G. Effects of treatment methods on thehydrocyanic acid content and nutrient
composition of cassava roots. Acta Agrestia Sinica, 2017, 25(4): 875-879.

NASCIMENTO T V C, OLIVEIRA R L, MENEZES D R, DELUCENA A R F, QUEIROZM A A, LIMA A G V O, RIBEIRO R
D X, BEZERRA L R. Effects of condensed tannin-amended cassava silage blend diets on feeding behavior, digestibility, nitrogen
balance, milk yield and milk composition in dairy goats. Animal, 2021, 15(1): 112-115.

TIBERIO D A S, CAROLINACORREA D F M, FEITOSA E M S, GLAUCIASABRINE D O M, ANTONIOJOELSON N,
DANIELBARROS C, MAGALHES A L R, MELO A A S D. Effect of association of fresh cassava root with corn silage in
replacement for cactus cladodes on dairy cow performance. Tropical Animal Health and Production, 2020, 52(3): 234-243.

LA, TN, RARRE, IRIRIE, FOHTHT, SRR MiEE, MREAK. AR A BRI FORRERTE I R TR . E S HORE,
2019, 55(10): 111-115.

JING Z H, LOU Y F, ZHANG M Y, XU Y B, GUO M M, ZHANG K, YANG Y X, CHEN Y L. The Effect of compound
microorganism for feed on the quality of corn stalk silage. Chinese Journal of Animal Science., 2019, 55(10): 111-115.

KAEWPILA C, THIPUTEN S, CHERDTHONG A, KHOTA W. Impact of cellulase and lactic acid bacteria inoculant to modify
ensiling characteristics and in vitro digestibility of sweet corn stover and cassava pulp silage. Agriculture, 2021, 11(1): 66.

Pk, AU, IR, A0, S, BRE, AR, ARSI T I TR A B 5T SR 2 R ORI ShE IR AR,
2021, 33(3): 1607-1617.

HUANG Y, DAI S, LIANG L F, SUN W T, PENG C, CHEN C, HAO J. Effects of different additives on fermentation quality and
microbial diversity of paper mulberry silage. Chinese Journal Of Animal Nutrition, 2021, 33(3): 1607-1617.

LIU B, YANG Z, HUAN H, GU H, DING G. Impact of molasses and microbial inoculants on fermentation quality, aerobic
stability, and bacterial and fungal microbiomes of barley silage. Scientific Reports, 2020, 10(1): 102-107.

K, FHE, ARE, R, EE, DK BT BRI A I T AT SRR . FLRLE, 2019, 36(6):
1662-1667.

LIM, ZI X J, DIAO Q Y, HU H C, TANG J, ZHOU H L. Effect of tannic acids on the fermentation quality and aerobic stability of
cassava foliage. Pratacultural Science, 2019, 36(6): 1662-1667.

LI M, ZHANG L, ZHANG Q, ZI X J, LV R L, TANG J, ZHOU H L. Impacts of citric acid and malic acid on fermentation quality
and bacterial community of cassava foliage silage. Frontiers in Microbiology, 2020(11): 595.

LIM, ZI XJ,ZHOU HL, LYU R L, TANG J, CAI Y M. Silage fermentation and ruminal degradation of cassava foliage prepared
with microbial additive. AMB Express, 2019, 9(1): 180.

TET, e, SO, 2R, KA B B E SR S A & & 2R P I R AT . RR T & R, 2020(19): 45-50.
XIANG X, NI H J, HUANG X G, LI Y H. Nutritional value of fermented cassava residue and its application in livestock and
poultry production. Heilongjiang Animal Science and Veterinary Medicine, 2020(19): 45-50.

KRG, OB, ZEREA. ACSEE 5 B RURLRA AL 5 RO 99 B R IR P (2 . P AR, 2021, 57(2): 130-136.
ZHENG Y H, ZHANG X Y, LI S L. Effects of different proportions of cassava residue and pelleted beet pulp on rumen
fermentation characteristics of dairy cows. Chinese Journal of Animal Science, 2021, 57(2): 130-136.

VI, 20, ST, UAELE, JT 1R, FLARIE. TP R TR AR B8 77 23 AR . ) 5738 4, 2021, 48(2): 407-413.
JAING H J, L1 J, PENG H P, NI H J, FANG J, KONG X F. Effect of microbial fermentation on nutrient composition of cassava
residues. Microbiology China, 2021, 48(2): 407-413.

g JURE, kTR, SRR, X4k R, R, 2=, S0, SR ES. GB/T 6435-2014 Tkl A /K 4 Bl e . AL 5t A Bl bR AR AL, 2014
MENG F S, ZHANG S, LI S L, LIU J M, LAING M, LI H, GUO J, GONG L L. GB/T 6435-2014 Determination of Moisture in
Feed. Beijing: Standards Press of China, 2014.

http://cykx.1zu.edu.cn


http://dx.doi.org/10.3969/j.issn.1000-2561.2021.02.007
http://dx.doi.org/10.3390/agriculture11010066
http://dx.doi.org/10.3969/j.issn.1006-267x.2021.03.042
http://dx.doi.org/10.3969/j.issn.1006-267x.2021.03.042
http://dx.doi.org/10.1038/s41598-019-57061-y
http://dx.doi.org/10.1186/s13568-019-0906-2

551134 WS A5 WS INAN IR AR 28 AR TR0 R 2 DR TS T i AT B8 2R 0 TR 2 R T S 2311

(171 HEW, B8, 7RE, W, £A, 58, XIRER, F£EN, X%, GB/T 6432-2018 fkl foff 8 4 il g 9L IR E B0, duat:
FEI B H ik, 2018.
XIAOZM, FAN X, MAD X, LIL B, WANG S, JIA Z, LIU X L, WANG Z G, LIU J. GB/T 6432-2018 Determination of Crude
Protein in Feedstuff Kjeldahl Method. Beijing: Standards Press of China, 2018.

(18] ARH. M)A F 2SI 4R T b5t B B R, 2000.
ZOU Q. Plant Physiology Experiment Guidance. Beijing: China Agriculture Press, 2000.

(191 SRENZE. LAEH AT S ARk BT Sk R, AL AR R B L, 2003.
ZHANG LY. Feed Analysis and Feed Quality Inspection Technology. Beijing: China Agricultural University Press, 2003.

[20] &S =R RIS 0 RUE YR ah S 5 R B Re . AbST: AL A2 B 22 A8 5, 2012.

SI B W. The dynamic changes of microbial flora in three shrub forage silage and its fermentation characteristics. PhD Thesis.

Beijing: Chinese Academy of Agricultural Sciences, 2012.

[21] FEG, E3C, m B, @R, B, B bl e RACPHENNE T IR R Z SR R ST Tk, 2009(4): 47-48.
YAN J, WANG W J, GAO Y P, PAN Z L, MU S Q. Automatic Kjeldahl nitrogen analyzer for rapid determination of ammonia
nitrogen in silage. Cereal & Feed Industry, 2009(4): 47-48.

(221 EAA. ANFLLIRR R TR 0 BB R 75 IR TR BRI 7. b5t vh EA R = e fil 27 18 3, 2016.

BAI J. Comparison of nutritional value of different kenaf (Hibiscus cannabinus) varieties and the study on silage utilization
technology of kenaf. Master Thesis. Beijing: Chinese Academy of Agricultural Sciences, 2016.

[23] FeHkES, k¥, ABZE. 13 R RA MR LRI, H R, 2018, 35(4): 867-875.

YAN L L, ZHANG Y, BAI C J. Comparative study on the production performance of 13 Stylosanthes guianensias. Prataculturl
Science, 2018, 35(4): 867-875.

[24] KUNG L, SHAVER R D, GRANT R J, SCHMIDT R J. Silage review: Interpretation of chemical, microbial, and organoleptic
components of silages. Journal of Dairy Science, 2018, 101(5): 4020-4033.

(257 FliZkee, BRIRSE, BRALE, BURHE, YORE, R0, 281 FURR OGS 75 8w TR R 535 0 DRl A 1 i O AN 200 B R (RIS, 2y,
2020(5): 16-24.

LUY X, CHEN L Y, CHEN SY, CHENG Q M, FAN K, GOU W L, LI P. Effect of lactic acid bacteria on fermentation quality and
bacterial community of Phalaris arundinacea silage on the Qinghai-Tibet plateau. Journal of Grassland and Forage Science,
2020(5): 16-24.

(261 #EW, I, %A, T8, FENI, 278 X, FE0T, J G, AR 75 03U IR B A0 R T JE A0 ox SRt 5 I 8 it Jo PR S 0. Bl
&, 2016, 25(6): 167-174.

DONG Z H, YUAN X J, WEN A 'Y, WANG J, GUO G, LI J F, BAI X, ZHOU S T, SHAO T. Effect of lactic acid bacteria and
fermentation substrates on the quality of Mulberry (Morus alba) leaf silage. Acta Prataculturae Sinica, 2016, 25(6): 167-174.

(271 AEMEAE, 50, RO, PhB, bk, 267, 250, BS54 mIR G 75 0 R & U A I B 2 REVE. ROl TR
1, 2020, 36(15): 235-244.

REN HW, WANG L, ZHU C H, SUN A Q, WANG Z Y, LI1J P, LI Z Z. Ensiling co-fermentation quality and microbial community
diversity of grain stiller and inulin processing residue from Helianthus tuberosus. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(15): 235-244.

[28] ERTEKIN B, KZLIMEK M. Effects of lactic acid bacteria inoculation in pre-harvesting period on fermentation and feed quality
properties of alfalfa silage. Asian-Australasian Journal of Animal Sciences, 2020, 33(2): 245-253.

[29] ZHANG G, FANG X, FENG G, LI Y, ZHANG Y. Silage fermentation, bacterial community, and aerobic stability of total mixed
ration containing wet corn gluten feed and corn stover prepared with different additives. Animals, 2020, 10(10): 389-394.

(301 ESHT. AW H RN RIS FORFEAT 750 it AN A 280 R8 8 PR RO ARHIT 72, 2021(6): 109-113 .

WANG D D. Effects of microbial inoculants on the quality and aerobic stability of corn stalk silage. Feed Research, 2021(6): 109-113 .

(311 HHGHG, PAGRE, XU, gk, e, 28 E, WER, 2R A FREEMEDHFXEE S RGO R R, &R
J8oy B TR B R R B SR B IR AR, 2019, 31(7): 3319-3329.

SHEN R R, SUN X Y, LIUB, LTI Y Q, GAO Y X, LI J G, CAO Y F, LI Q F. Effects of different compound microorganism

preparations on fermentation quality, nutritional components and rumen degradation rate of mixed silage of potato pulp and soybean

http://cykx.1zu.edu.cn


http://dx.doi.org/10.3969/j.issn.1003-6202.2009.04.018
http://dx.doi.org/10.3969/j.issn.1003-6202.2009.04.018
http://dx.doi.org/10.11829/j.issn.1001-0629.2017-0385
http://dx.doi.org/10.11829/j.issn.1001-0629.2017-0385
http://dx.doi.org/10.11829/j.issn.1001-0629.2017-0385
http://dx.doi.org/10.3168/jds.2017-13909
http://dx.doi.org/10.3969/j.issn.2096-3971.2020.05.004
http://dx.doi.org/10.3969/j.issn.2096-3971.2020.05.004
http://dx.doi.org/10.11686/cyxb2015416
http://dx.doi.org/10.11686/cyxb2015416
http://dx.doi.org/10.11686/cyxb2015416
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.029
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.029
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.029
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.029
http://dx.doi.org/10.5713/ajas.18.0801
http://dx.doi.org/10.3969/j.issn.1006-267x.2019.07.045

2312

ook B %38

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

straw. Chinese Journal Of Animal Nutrition, 2019, 31(7): 3319-3329.

DESTA S T, YUAN X J, LI J, SHAO T. Ensiling characteristics, structural and nonstructural carbohydrate composition and
enzymatic digestibility of Napier grass ensiled with additives. Bioresource Technology, 2016, 221(12): 447-454.

NI K, WANG F, ZHU B, YANG J, ZHOU G, PAN Y, ZHONG J. Effects of lactic acid bacteria and molasses additives on the
microbial community and fermentation quality of soybean silage. Bioresource Technology, 2017, 238(10): 706-715.

WANG Y, HE L, XING Y, ZHOU W, PIAN R, YANG F, CHEN X, ZHANG Q. Bacterial diversity and fermentation quality of
Moringa oleifera leaves silage prepared with lactic acid bacteria inoculants and stored at different temperatures. Bioresource
Technology, 2019, 284(6): 349-358.

OGUNADE I M, JIANG Y, CERVANTES A A P, KIM D H, OLIVEIRA A S, VYAS D, WEINBERG Z G, JEONG K C,
ADESOGAN A T. Bacterial diversity and composition of alfalfa silage as analyzed by Illumina MiSeq sequencing: Effects of
Escherichia coli O157: H7 and silage additives. Journal of Dairy Science, 2017, 101(3): 2048-2059.

=&, Bl UK, T3 56, d B 58, A0, AT, SR8y, ANETR NGRS S0 /NS A AT 7= B e 1 S e e v i s . ALk T
FE 244, 2020, 36(15): 252-260.

YANJ,LUBY, XIHY, MENG X R, YUAN X F, ZHU W B, CUI Z J. Effects of yellow silage additives on methane production
and microbial community dynamics during anaerobic digestion of wheat straw. Transactions of the Chinese Society of Agricultural
Engineering, 2020, 36(15): 252-260.

ENFYE, whER, PR, KRB, XIS, DR, EUE. AFFLRE LS EE T E R SRR, B, 2021,
29(2): 388-395.

WANG L X, HAN J, CHEN L B, YU X Y, LIU J X, MA Y, HUO W J. Effects of various lactic acid bacteria combinations on
bacterial community structure of alfalfa silage. Acta Agrestia Sinica, 2021, 29(2): 388-395.

FURR, PV, AREAE, WS, HOh, R, ST, BIELL RIS RDX A T SRR AR E (R o R AR,
2021, 43(1): 111-117.

LU Q, SUN L, REN Z H, SA D W, DU S, LI J F, YUAN N, JIA Y S. Dynamic analysis of nutritional quality and microbial
community of alfalfa silage. Chinese Journal of Grassland, 2021, 43(1): 111-117.

AR, LN, MEH, &FE, POUE, RIS BIEYIIUAT BEXHRK D FERE S I R A R ma 7T, Bl a# 4k, 2019,
28(3): 184-192.

SIHZ,LIZP,NANW X, JINCA,LIGY, LIU H L. Effects of bacterial community composition on fermentation characteristics
of Lactobacillus plantarum in low moisture content rice stalk silage. Acta Prataculturae Sinica, 2019, 28(3): 184-192.

TReIMg, BB, A5EE, A, Tkl 2R, T IR LR BN IS B IR, B ERNE, 2017, 34(12): 2575-2583.
ZHANG H M, DUAN Z, LI X, LIANG J Y, ZHANG J H, LI X K. Actual research and application of the silage lactic acid bacteria
additives. Pratacultural Science, 2017, 34(12): 2575-2583.

YANG L, YUAN X, LI J, DONG Z, SHAObT. Dynamics of microbial community and fermentation quality during ensiling of
sterile and nonsterile alfalfa with or without Lactobacillus plantarum inoculant. Bioresource Technology, 2018(3): 176-181.

WANG Y,HEL W, XING Y Q, ZHENG Y T, ZHOU W, PIAN R Q, YANG F Y, CHEN X Y, ZHANG Q. Dynamics of bacterial
community and fermentation quality during ensiling of wilted and unwilted Moringa oleifera leaf silage with or without lactic acid
bacterial inoculants. mSphere, 2019, 4(4): 76-85.

RAMIREZ H, ARTEAGA-GARIBAY R I, MAYA-LUCAS O, GOMEZ-RODRIGUEZ V M, ZELAYA-MOLINA L X. The
bacterial community associated with the Amarillo Zamorano maize (Zea mays) landrace silage Process. Microorganisms, 2020,
8(10): 56-61.

(FTiEmE E£5)

http://cykx.1zu.edu.cn


http://dx.doi.org/10.3969/j.issn.1006-267x.2019.07.045
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.031
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.031
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.031
http://dx.doi.org/10.11975/j.issn.1002-6819.2020.15.031
http://dx.doi.org/10.11829/j.issn.1001-0629.2016-0564
http://dx.doi.org/10.11829/j.issn.1001-0629.2016-0564
http://dx.doi.org/10.1128/mSphere.00341-19
http://dx.doi.org/10.3390/microorganisms8101503

