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The Effect of Citral on Aspergillus flavus in Whole-crop Corn Silage
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Abstract: This study aimed to investigate the inhibitory effects of citral (Citral, C) on the growth of Asper-
gillus flavus CA. flavus) and the synthesis of aflatoxin B1 (AFB1) in whole-plant corn silage. The experi-
ment used whole-plant corn at the milk stage as the material, which was ensiled for 90 days and then inocu-
lated with A. flavus spores (1.0X 10" cfu-g '). Citral was added at 0.4 mL-kg ' (C group) , with an
untreated group as the control (CK group). The antifungal activity of citral was evaluated by determining the
minimum inhibitory concentration (MIC) , mycelial dry weight, colony diameter, fermentation parameters,
microbial counts, and the AFB1 content after aerobic exposure. The results showed that the MIC of citral
against A. flavus was 0.4 pL-mL™"', significantly inhibiting mycelial growth and spore germination (P<C
0.05). After 7 days of aerobic exposure, the AFB1 content in the C group was below the detection limit
(0.05 pg-kg "), while it reached 3.66 pg-kg ' in the CK group. Additionally, citral significantly reduced
the abundance of E. coli, yeasts, and harmful fungi Ce. g. , Aspergillus) (P<C0.05), while mitigating pH
increase and dry matter loss. In conclusion, citral effectively suppressed A. flavus growth and AFB1 synthe-
sis, improving the aerobic stability of silage, thereby providing a theoretical basis for the development of
plant-derived antifungal agents.
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H 4 R T oK IR A T ) i) 5 Il R
B RE SRR, R A A R DA S W iR
EEA A PR RIE , ek EOK AR AT
4= H ORI 80 %61 o SR, R T 7 1] PR ) 2o 2
TR B B A BN 3 IR BB A 5 kAR A AR
BT IR A AR R BN AN 2 S B BEE SR
MR B R AR 24 sh W) 8 FR iR AT A 72 0, 18
S BTN A SN R s KR B AR
7oA 1Y B i 5 B &R (Aflatoxins, AFBS) | K IR 8 4
fif] (Zearalenone, ZEA) | MX i 7 # (Deoxynivalenol,
DON) Fflfk 5 7 2 (Fumonisins, FBS) % 2 1 7 R
SR S v AR R A R A SRR, Hodh
w A AN MR BIAFBD & fa F iR ki
W TR, B AFBLTEZL IR0 2V 1 vt ml A ™
At MR R MIAAFM D 8 A ZLT b, X A28 4
R fEE Y H, FRE LN E R Y
il 5 1 2 TS G X & Ol i R R B S e B R

Ej A2 A T RA LU, A8 8 2% TR R PR RS m] e 2k
A Wy 5 firp 1 T 32 B A KOG VE o AE RS TR O A AR
YR A =), B T 1S PR S . PR A
SV ST R BSOS T AT LA D A B S R R
Jo AT TR T 8, AT RS0 5 A T T %) R T ot B A
EFRA T . RO R T AT DA R AT 46 5 RK R A
FFEE ek b R T A A R, B 1 KA A A I )
BHAOFLIR B A A, — SRR, e
B AR B AT YL E 25 O
O 3R15 25 [ & W M2 )8 B R i e . AP EE R Ry
KERFE IR 42 U 0 A R85, B BRI R ik
AR RS BA KR IT LR . A
GERMWI , Fy A I P LA o 5 R A4 S 5 A v, DA T 41
il B A A AR KA AFBL A A R o SCUME
TR e BT AR I T LAAT 80 i TR 22 A 4 IR B i
B AN MRS e O BLAE By 45 48 A Bt s e b e
N T RAFRBOR . B E A A I 4 s s g
SR TRIES Y AR WDy B A D R, AR
I ST T AT AR T T A R K IR R e v it
A E R R R PR R AR S 7 R A A bR R OK
T I DRE v ) 5 TR IR RUON , Sy R SR A A D TR R 7
T % 5 0y IR AR B Al

1 ##5FE

1.1 R H R
AR5 P 6 B0 4 Bk B OK AR AR TR R ROl R

22 AR e 3 B (237 19N, 113°34'E) . # i &
GDMCC 3.493 2K H |7~ 448 4= Wy T8 Fh 42 8 o0 o
PR e Wy [ L 22 sE kAR A BB I AT PR 7 o

1.2 REigit

AR G 1 e T A A T X A R % 0 A SRR
B I F 2022 4F 6 H BUFL I 1 4 bk oK, F R AL
W T AE AR R 1~2 em (/N BE IR B 1515
RAFNASHA L kg bk E K, HAES B OHLE
FI90 dJi , At # M B A7 (1. 0X 10" cfurg D 1R
G957, $20. 4 mL-kg ' BN IR EE (OO, JF %
SEAE X IRCCKD . AN AL B RE SR A Y55,
I L kg% A5 L ¥R , FH — )2 5 &0 Y8 AL 1 1
B, FLH AL, — 2 A A R 6 A,
TEBWRAT . TEAAREES 0,37 dRFEXHEAT
RS BRI A W REVE 38T b e A R 7
d, 2 Ak AFBL & &

1.3 MEHER
1.3.1 FwERFErROHNE KBHMEEME
PDA ¥i 323 I+, 28°CHE IR 55 5% 5 d, F JC TR A= B 7K
R T M T 42 A g bR KR it
BT ETHE 1107 cfu-mL 4 .
1.3.2 MHEBEFHEOKRIRAEAETE BRI
X A5 AR 0 Tk I A A T X I A Y e/
B € B (Minimum inhibitory concentration, MIC) .
B A0 T BV W A B 2R R 10° cfusmL Y
L B 1) 2 OB AR K5 5% B (Potato dextrose broth,
PDBOH WA FHE SR L B 2] 96 LA h o AR5 ¥ fy
BRI AL, Fe 2R i 43531124 0,0. 006 25,0. 012 5,
0.025,0.05,0.1,0.2,0.4,0.8F11. 6 yLemL ', 28°C
TR 48 h 5, i i fl FL #5258 %% ( Thermol, Vari-
oskan Flash) 7E 600 nm Ab 4 0 4 > £L 0 1) 0% % B
L VB T TG T AL X R 0 e N R Ry R A T Y
MIC {4 .

4% Hu 58 B985 % 8% ImL 3% i 8 98 7
B TF MR F) 100 mL A [/ ¥k B2 (0, 0.1,0.2,0. 30
0.4 pL-mL DAY #F & B PDB . 7 (28+ DC Al
20056 TR E 5 d, 5 K 2 AR vk L 80°CTH TR
12 h e W R+ 8, WA LIS R ik,
W1 pL i & B F R EM B S A A 15 mL 5
e A B B 0 % 9% L (PDAD Y JC B B 3% L s
(HAE 86 mm) . M A[F M #AyC0,1,2,4 pL-mL
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FEOBE NN BE R L35 b, 0 R 2R E 3k F 0,
0.0156,0.0313 1 0. 0626 pl.-mL " . ¥ 55 3% M
IR B AE 28 C P E 5do R+ 738 k&
B R T VR ELAR

1.3.3 A@BAHmEpHTUNE RIEHIT
ST, A AR 0dEE 3 d S
7 A TR R R S BOR A B . R
RS, BRI G SR, BT 65°CHH IR T A B T
ASh TR T F M ER ST AT E RN A
A3 FC BRI A T 5 . B 10 g BERE A 90 mL 4fizk
FACUKFEFT 430, 24 b e FH e ok e 4K o g, ff
FH B g pHS-3C B pH 3F 1 10RE % B 24 A28 AT BR
23 A W E UM pHAE o B 10 g (1 FE A 90 mL
JC A B AR KRR SEIR ST O WO 107 B R
R R R 10745, AR T B0k I FLIR B R A AT
PR R B AR B R A0 B

1.3.4 AFB1 &9 $EHL: SR FH WM €833 - 3R 3K 5
T E A R R 7 dJE AFBL & & FRBURE R EE
5 g K2 0.0001 g, B T 50 mL B0 A 4, A
1 g GUARAR , 43 50 38 55 04 5 2K R R N bR As
HEEIRIRGIRSE#E 2 h, #EMMA 20 mL &
& - KR, TR ERZ % 30 min. #RJE LA 8000 r+min !
148 25 0 10 min, #EFIALHLS. O mL I WOIF A
45.0mL ¥ pH 7. 0 PBS MBS, FHX LA 8000 r-min
(%% 3 B0 10 min, S 20 mL BV, % H -

VAL R AR N IR AR s R K R
o 3 KA N ER RS  AE AE 1~2 T A fif
20 mL W S8 ek A, ERE N AR . EA
10 mL B 4l 7K , 45 F5 A [ 9 08k Uk 3 A AE , 2 AN
AR HE Y B B, DL 2 R R R S R 2
o SR 3 mL W - 20 B TR A Ve W R B LR AR
BRSO, VL1 1 R0 I AT B 4 4
VR = 20 A . 7E SOC/K IR & 1F TR, LR AR

AWM EIE T 5 A 1 mL B BE- K8, IR ENR % 7T
SRR Y 5 42 0. 22 pm A HLR I8 B U8 B v
W T R DA A

WA 5% 22 259 an T

A C18 K (R 100 mm, N2 2. 1 mm,
FORPRLAR 1.7 pm) , B S 3 5 3% HE AR - 50°C; i
BAH:0.05% H R - B W A& 0. 1520 Wiz 1Y 10
mmol-L " F R B K 5 BB BE R, 2 WL 15 0
0.3 mLmin ' EEREARAL 10 pll.

x1 KECEBERMREG

Table 1 Liquid Chromatography Gradient Elution
Conditions
WA A WA B
5 ] Mobile phase A/ % Mobile phase B/ %
Time/min L e 0.15% HIERAY 10 mmol L !
0.05%% HV R - FH B B 6 K 1
0 15 85
0.5 15 85
4 100 0
7 100 0
7.1 15 85
10 15 85

TR 2 % 2SI AT
I 77 2 228 B I (MRMD 5 85 5 I 4%
MM SR 2 B TSR, &R 3,

®2 BTREHEMG

Table 2 Ton Source Control Conditions
i1 % J5 32X Tonization method ESIt
JE I Source temperature/C 325
TS Drying gas flow rate/(L-min ") 5
%55 Xk 1 Nebulizer gas pressure/psi 55
B Sheath gas temperature/C 400
B i it Sheath gas flow rate/(L+min D 12
15 %% H1 [ Spray voltage/V 4000
LT 3845 UK Electron multiplier voltage/V 400

R3 REEHSH

Table 3 Mass spectrometry condition parameters

&Y % B 1 ] B ¥ THT ilf 988 FL 1 lE 15 B Bk
Compound Retention time/min Precursor ion/(m-+z ') Production/(m-z ") Collision voltage/V Collision energy/eV
AFB, 4.370 313.1 2417/285 125 24/38

0 URERE T

Note: * represents quantitative ions
1.3.5 A F A E il il DNA 708 il &
(Omega Biotek, Norcross, GA, U.S.), flif{514¥)
341F (5-ACTCCTACGGGAGWGCAGCAG-3")
H1 806R (5'-GGACTACHVGGGTATCTAAT-3")

P840 16S rDNA A9 V3+V4 X ITS3_KYO2
(5'GATGAAGAACGYAGYRAA-3) 1 1TS4 (5
-TCCTCCGCTTATTGATATGC-3) ¥ 1 1
ITSHITS2IX . PCR NAAF K 50 pl, Horfr 5 pl
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) 10X KOD ZZ w5 5 pL 9 2.5 mM dNTPs;
1.5 pL 514 (5 pM) ;1 pl. KOD % 4 ; 100 ng # B
DNA . B gl A6 )5 B4 38 7 4 i 3500 5 452 3K, vy e
J¥ 3C P2, llumina Hiseq2500 M )5 2 45 #E 470 7717

1.4 HESRITESH

I Excel2016 Xf % 4fs #E47 4b B, SPSS23. 0 X%} %%
PG 1) BSCHE R AT PR 2R 28 43 B, A TR i 28 1k
XN REARBEZ M2 7 2 H LK, P<0.05 K
% 5 ¥ . ff H GraphPadPrism8, Adobelllustra-
torCC2018 #E 1722 i [l 4 .

2 ER5H5H

2.1 FIREXEHBAHEIMBERR

T O R A I R M AR Y BT BT ML T
PDB A [m] v 8 1) by B 1 b PR A - 48 ho ANET 1
7R, F e 1 ok o il 8 1) 2B 5L A ) e AROM 1
HVER o AP v B ) 0. 4 pL-mL '), %
AL S W] 50 1 TR 22K o DRI, A A R X i £
FHMIC K 0.4 pL-mL ‘. B 28/" T 7 PDB
B % 5 dMET 5 B TR 22 0K T, BE B e v B Y
BN, B 22 KT 3 IR (P<T0. 05) , Fr A 1 ik
EH WK TEREAME, FE KRG
1 TE 7% B AN EL 3 T, B 00 T I AR B A
o T A T 1 88 g . 2 e/ (P<Z0. 05) , A7 A T 1Y
WS W% BARE S AN, It Fra T i h
B 1Y AR B A R I 1E o

1.2

0'0 1 1 1 1
0 00125 0.05 0.2 0.8

#eJ%¥ Concentration/(uL-mL™"

ek

OO
E1 frEEExE i ENR/NNERE(MIC)
Fig.1 The minimum inhibitory concentration (MIC) of

citral against A. flavus

2.1 HEBXMEKREARTEGEHSHOMERR
WME AR, AERE3IdE, 5 CKAMI, Fr
T Ah B AL 4 Bk B ORIV A SR AR R ik

=
O8]
1

WL T HE
Mycelial dry weight/g
< o
o
T

i

0.0 L
0 01 02 04

#eJEF Concentration/(uL-mL™")
2 EEBEMNEHSEZTENSZW
Fig.2 Effect of citral on mycelial dry weight of A. flavus
AR FE/NG FRER IR 22 57 3 (P<<0. 05)
Note: The different small letters in the samerow mean the significant

differences(P<<0.05)

8_

Y% E {2 Colony diameter/cm

0 (I) 0.0I156 0.0I313 0.0I626
e J& Concentration/(pL-mL")
3 EREXNEHSEEERNEZN
Fig. 3 Effect of citral on colony diameter of A. flavus
T AN E/NG R R IR 28 5 35 (P<<0. 05)
Note: The different lower case letters in the samerow mean the signifi-

cant differences(P<20. 05)

5., AAEBRTAE,CK4 b 3ok & 5 ih 5
Ty A T A A v Bt AR A o A A
ARBTAERB T AFBL & &, KB CKATRY
AFB1 & N 3.66 pg-kg ', A B EEAL BRAL P A
AFB1 & w4 TR M {H 0. 05 pg-kg "(E 5. X
BezE LI ERN 0. 4 mL-kg VA ETE AT LU A5
il Ak KT I e B i A A AR K R AFBL WA .

2.2 BEELESHEKSPEAREEAESH
M EMEE

N2 4R A AR TR 3 d 25 CK AL T4 R
St AT 90 d R B9 24.18% T FEE] 23.05% 4
FREET A G TR & AR B 21.89; VR I 0. 4
mL-kg " FF B 04 bk K 7 P AE AT B 3 d 2
J& T W 24, 18% FREFI 22.64% A B8 7 d
ZIE TR IR 21.12% . ARG, CKARM
Fi RS A BALAG pH 24 LT} 5 45 CK LI R 1L 5 4
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% 3d )5, 0.4 mL-kg 'FF S 4L pH
T CK4H (P<<0.05),

0d 3 1d
B4 FERELNEKREABTIODEHENIEE

Fig.4 Proliferation of A. flavus in whole plant corn silage

after aerobic exposure
T CKL 6 IR C i i Ak L2

Note: CK, control; C, Citral treatment

Sk EORE WA AR RS LR B A B T
B CKASHMr A BA T HE 2%, 5CK
S AH EL, Fr R I AL A, R BRI T K AT R R
(P<<0.05), & EKRFI 900 KRG &AL NEH
W (4. 12 1g cfu-g ' FMD, H AT & 2 55 )5 B 1 0 A9 %X

I — AN, 5 CK LA HR s 8 1 mT LA sk
00440 B BE T B 395 (P<<0.05) . dkERFIAH A
TR R BRI , CK 2 MUY B s Ak B 2H 76 3 d
()75 B AR <2 1g cfu-g ' FMLESS 7 d i), 55
i E BN (P<<0. 05) , CK 4 5 i s b B 40 )00 18
EER,

6
T4k
-
o0
=
@
<2F
S
ND
0 1 1
CK C

5 AERBRTIREKEXBTLHEBESEBISE
Fig.5 Aflatoxin B1 content in whole plant corn silage after 7
days of aerobic exposure

- CK X ML 5 C AR b B4 s ND , oA A ) 31

Note: CK, contro; C, Citral treatment ; ND ,notdetected

R4 PEBNEHREXABLARRRRABSENMEYBEN T

Table 4 Fermentation parameters and microbial counts of whole plant corn silage treated with citral after aerobic exposure

it H b 3 A5 4 B 2 KB Aerobic exposure days
Items Treatment 0d 3d 7d SEM Prvalue

T# % Dry matter/(g-kg "FM) CK 2431 23.06" 20.60°¢ 0.280 0.000
C — 22.64" 20.86¢

pH value CK 3.89 5.79" 7.02 0.237 0.000
C — 5.26° 7.19

FLER# Lactic acid bacteria/(lg cfu-g ' FM) CK 6.83° 9.01° 9.29° 0.172 0.000
C — 9.00" 9.3%

KIAEAF# Coliform bacteria/(lg cfu-g ' FM) CK <2 3.49 4.31° 0.153 0.000
C — 2.6 3.68"

M BE B Yeasts/(lg cfu-g ' FM) CK 4.12°¢ 9.9 9.06" 0.36 0.000
C — 8.62" 8.75"

# T Molds/ (g cfu-g ' FM) CK <2 <2 7.74° 0.049 0.019
C — <2 7.52"

HFM, 89T 5 ofu, B TE A7 s SEM, bRif i s CK X BRZL ; C Ay i5 I A BT 5 [RIAT R ) /NS 7 B 3R 7R 22 5 ik 35 (P<<0. 05)
Note:FM, fresh matter ;cfu, colony forming units; SEM, standard error of mean; CK, contro; C, Citral treatment

2.3 FEEBELEBRLEREEKEXBTUEERSE
EREMEEZK

K6 /R T A A8 UG H WA E W 8K O
ARG A RFRTE 3 AR, CKALhEEFF 18 (Aceto-
bacter) N F B A , A X E R 80.69%, I
0.4 mL-kg "FrigEE AL HE 4 (61. 980 W F K T CK
A (P<<0.05) ., AEEETd UG, CK A Mfr g kb
FRL AT B R AR R W R AR ARER 3 d

M7dfE,CKHF Nakaseomyces Jg BIFXT 435 R
38.01% M130. 87 % ,# i EE AL BEEH H , Nakaseomyces
& (AR 2 B 43500 R 23, 2590 B 27. 47 %, 5 CK 414
Lo AT AT b FR2H B S REAR T Nakaseomyces J& B A XS
FHEWP<0.05), AR 3G, ArEEAL B Yy
1B 22 1% 1) 1 )8 (Candida, 18. 92%) & # % F CK 41
(23.68%0) (P<C0.05), Frigiab F2H v e % v 730
Bk g (Kazachstania) TE 56 3d BUAHXT R/ 8. 25%,
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i FEE T CK 4 (15.99%) (P<<0.05) ; A A R#E 7 d
Joi AT S A B ZEL e ) I % S0 2 R AR X R
13.97%, W& m T CK4(5.05%)(P<<0.05) ., A%
&% 3d J5 , CK 4L i D % e B I (Issatchenkia) B AH

XFEREN 17430, & TR REAL BEZH (6. 7200)
(P<<0.05). fARRTETdE, CK AT 3w fl b
25 J® (Aspergillus,33. 25%) , i 3 & T I e ab 24
(4. 32%)(P<<0.05),

£ 100 = 80 250 £ 40 2 30 225
3 80 3 60 3 40 3 3 B 20
2E 25 wE 2 5 30 =28 5 aE |
#5 #540 #E #5,, #E #sb
Z] 40 Foe ER20 =8 =& 0 TR 10
£z €220 %2 F210 €2 gg
= = = = = =
3 5 0 s olllly 2 ollll 0 &
= 0o ¢ = 77K C =7k C =TTk C = CK C = 0=k ¢
3d 7d 3d 7d 3d 7d
Acetobacter Nakaseomyces Candida
S 20 $20 25 S8 ®05 2 40
) ) ) ) ) )
£ 15 £1s g20 £ 6 g 04 £ 30
] it it 15 =3 it 03 =3
ﬁé 10 ﬁé 10 ﬁé ﬁé 4 ﬁé ' ﬁé 20
Eo £ =10 =N £502 =N
E = = = h-he =
5] 3] 3] L L 3] 0 | | 3] 3]
< 0 CK C <0 CK C <0 CK C = CK C ~ 0.0 CK C <0 CK C
3d 7d 3d 7d 3d 7d
Kazachstania Issatchenkia Aspergillus

Ble6 HEEMERERFEREMIEFR/LABENENFEEZHRM

Fig. 6 Effects of citral on relative abundance of several microbial communities in whole crop silage during exposure to air

e CK, R C, Ryt e b 3 4

Note:CK, control; C, Citral treatment
A Y
3 iTFig

3.1 ITEBMEERENEK

AT PR & MIC 0. 4 pL-mL ™',
AL A7 T R 1 T A L b AL B P 1 BT R
Fb I S Ak A5 W) B 75 5 AR AR, 3 3 B R A I A A DR 114 iz
P FI . B, 5 — 2w DL Ak 2 2 B R A
FU R A I LA AT RR S M s RO AR e SR A B
7 R B AT 1L AL R A bt 2 pHL L T LB A 05
MM pH 5.5 L BEF R RN LT CHT AR
LAY IR B0 7E B pH 6. 0 LA I, BB SO A 24 55,
7T 7 A6 A %o 5 BT 119 L 11 26 ) 52 6 T pHL S M 35/, 3
PUR M pH IS Bl 16 3. 5~7. 5 Z A" A
XoF B T B PR 22 A ) 1 A A P e B 24 T R
Bl Bt A I A ) B, K 2 1 TR 22 E e D
PRV T SR 22 T8 2 A, M E N 0.2
pLemL B0 %k 68. 5% W EE K 0. 4 plomL !
B, 0 225 100 %6, O T BRI R 7 o 0 1 22 A= ) e
B 58 MR R AW EE 0. 8 F1 1. 2 pLemL "7 g
T Ao LSS %) PR AR ELAR R T W AR AL Bl Y
6 T VIR R B0, TR VR B AR W DR R
0. 0626 pl-mL "I, A7 A8 0T B i 25 A 410 1) 250 R B

MR 72,56 %0, X SLLE TR AT AR A
HH B A L B R A 25 A A B P 9 A X T R
M T ETERARTE IR B0 HOR AN i B A

3.2 HEERREKEASTIEARDAFBISE

F DR ] MR R e A B B A BN 3 I
T RHR 2S5 & A A R AR I L I APk A U
AL 2 B BE IR 1R AR 4 5h )
(08 FR B AR 7= 07, 3 AT BE 23 38 N85 B8 FNAT 1 55
AR ol A 4 B DR o ok B Y Sl R S BT A
b P B 2 RS R BE R BB K LR sh
fA BRI AF B G 118 h 25 8 R T e Bl i
T EERGRM R . PUAE A AFBLJE , B R
0 Mt AR I R B AL S R B G W EE AR
HUA AR 8 0 SOR R E0E AR . EIRATI SR R
ITEBLAINO. 4 mL-kg ARG & kb T bk &
KA I o A (38 G R AFBL A A . X AT
RE 2 A T Ak 3 i 5 7 R R ) K 2R i SE R
MR35, 808 I & 5 Z AW A B, Xie
SR T 0 B v Al ) R R v B R BT 2R AL
SERL . XSS LR AR T DUA SO i B A
Tk B A K AT AFBL A AR
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3.3 FEEEREKEXRSTREAMDEETEMN (2] KROMMWEH M S,SCHMITHAUSEN A J,DEEKEN H F,
s et al. A new experimental setup for measuring greenhouse gas

. - R NN e, . and volatile organic compound emissions of silage during the
TEA 48 2 B 01 ), I B 0N O JE 5 0B I & A o L o
aerobic storage period in a special silage respiration chamber
Y N Y - 5%
@%‘L ’ ﬁ%ﬁﬁﬁz%(ﬁ%ﬂ{ﬁ ﬁ}%% ’@‘}éﬂ/ﬁ lﬁ*fnﬁ*ﬂ [J]. Environmental Pollution, 2020,267:115513
KR BERR T4 w5 77 AR AR EE R pHAE ™™ 0 Duni= [3] TOb# . e I3 K BB A7 00 6 R 45 (1. o I 5L
ere 451 PRI X 4 b O R AT 7 P AL EE % B0 2019(1:17-22
5 %o} BB 2 A g i B b 3 B T R R i s DING G S. Investigation report on silage corn planting in the
United States[J]. China Dairy,2019(1):17-22
A 2e 5 CK¢ I > Jb
THSEA . AT CRAMLL, B i [4] WU S, HUANG P S, ZHANG C, et al. Novel strategy to
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