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Effects of stubble height and harvest period on the nutritional components and
mycotoxin content of the silage maize cultivar ‘Yu Qingyu No. 3’ and in vitro
rumen fermentation parameters for beef cattle

LI Guo-cong, YIN Fu-quan, LAO Ai-hong, BAI Yu-xin, WANG Sheng-nan, LU Yan-li'
College of Coastal Agricultural Sciences , Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The aim of this experiment was to study the effects of stubble height and harvest time on the nutritional
components and mycotoxin content of silage made from maize (Zea mays ‘ Yu Qingyu No. 3’) as well as in vitro

rumen fermentation parameters for beef cattle. The overall aim of this research is to provide a theoretical support for
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improving the feed value of silage maize. The silage maize cultivar ‘Yu Qingyu No. 3’ was cut to five different
stubble heights (20, 30, 40, 50, and 60 cm) and harvested at four different stages (1/4, 1/2 and 3/4 milk line
stage, and dough stage) , a total of 20 treatments were tested, each replicated three times. According to the five-
point sampling method, 10 silage maize plants in each stubble height treatment group were harvested at each harvest
period. The harvested plants were crushed and then the fibers were cut to about 1 cm in length, and ensiled in a
silage tank for 90 days. After ensiling, samples were analyzed for nutritional components, mycotoxin content, and in
vitro rumen fermentation parameters for beef cattle. The results showed that: 1) The crude protein (CP), crude ash
(Ash), acid detergent fiber (ADF), and neutral detergent fiber (NDF) contents and gross energy (GE) all differed
significantly among the stubble height treatments and among the harvest period treatments (P<C0.05). At a stubble
height of 40 cm, the gross energy content showed a trend of initial increase and then decrease with the delay of the
harvest time, reaching the maximum value at the 3/4 milk line stage. 2) The zearalenone (ZEN) and aflatoxin
(AFs) contents in the maize differed significantly among the stubble height and harvest period treatments (P<C
0.05). At a stubble height of 50 cm, the zearalenone content showed a trend of initial decrease and then increase
with the delay of the harvest date, reaching the minimum value at the 3/4 milk line stage. 3) In the in vitro
fermentation analyses, the concentrations of acetic acid, propionic acid, and butyric acid at 24 and 48 hours differed
significantly between the stubble height and the harvest time treatments (P<C0.05). At the stubble height of 30 cm
and harvest at the 3/4 milk line stage, the concentration of propionic acid reached the maximum value after 48 hours
of in wvitro fermentation, while the concentration of butyric acid was lowest at 24 hours and showed a pattern of initial
decrease followed by an increase with delayed harvest. In summary, to produce high-quality silage, the maize
cultivar * Yu Qingyu No. 3’ should be cut to a stubble height of 30— 50 cm and harvested at the 3/4 milk line stage.
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F1 AENEMARARREFKF(FHREAM)
Table 1 Basal diet composition and nutrient level of beef

cattle (dry matter basis)

JEURLH Y, Ingredients

& & Content

FHIE K Silage corn (%) 40. 89
LB Grassy grass (%) 35.00
K1 Soybean meal (%) 13.98
#k K Bran (%) 7.15
B#E NaCl (%) 0. 65
W Z4M NaHCO, (%) 0.84
R KL Premix (%) 1.50
£t Total (%) 100. 00

H F% K Nutrient level

FH B Dry matter (%) 53.86
rh 4T 4E Neutral detergent fiber (%) 50. 06
PR 1 PR 47 4 Acid detergent fiber (%) 26. 39
{351 i Metabolizable energy (MJ-Kg ') 15.43
HLZE 1% Crude protein (%) 12.06
#5 Calcium (%) 0.76
% Phosphorus (%) 0.54

1. TR RN B kg 1 LR {1 The premix provided the following per kg of
diets: V,, 8000 1U, V, 2000 U, V. 40 IU, Cu 12 mg, Fe 70 mg, Mn 50
mg,Zn 80 mg,T1 1.0 mg,Se 0. 27 mg,Co 0. 3 mg. A rh i1tk
S B L A Y S S A L AR RE TS T 0k 2 BRCOA AR R SR AR )
The metabolizable energy in nutrient level was calculated value, and the
rest are measured values, the calculation method of metabolizable energy

is referred to the Beef Cattle Feeding Standard™’.

F2 ZMEERATSRERS
Table 2 Preparation of buffer reagent and concentration
(g-L™)

i Reagent #eJ¥ Concentration

TR S8 NaHCO, 39. 800
AL MgCl, 20. 060
+ KA #ER A ) Na,HPO, - 12H,0 9. 300
SALH KCI 0.570
Ak NaCl 0.470
L-2P bt 2 R $h 2 £k L-cysteine hydrochloride 0.250
AT CaCl, 0. 040
TR H#E C,HNNaO, 0.001

i, 02 m T HAD 3N R 1 (P<<0.05) . B4 78 i BEAE 50 em HSCHR I fy 3/4 FLZE WA , ZEN & &35 B i /Ml L, B
FAR T HAD 3 AU (P<C0. 05) , H ZEN 7 B & WO 2R e TR LI #2318 1/4 FLL 40
Af, AFs & 8 AE 40 em ik 2 By KAH, B35 & FHA 4 B 7 & B (P<<0.05) . B FE R AL 60 cm ), AFs & i b &

W AR ST S A8 I AT L T ) A A W AR ) D S I

B E e
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R4 BEEESUFENGESEIEETNERERSESENEMN
Table 4 Effects of stubble height and harvest period on mycotoxin content of ‘ Yu Qingyu No. 3’ silage maize (pg-mL™)

B B &7 % # % % Mycotoxin
Stubble height (cm) Harvest period T K IREEIG IR Zearalenone  # {i 2 # F Aflatoxin  MX:# % Deoxynivalenol
20 1/4 FLE- M 1/4 milk line stage 0.82+0.02cD 0.1340.00cD 0.21+0.00
1/2 349 1/2 milk line stage 0.9240.02bB 0.1520. 00bC 0.21£0.00
3/4 7L 4] 3/4 milk line stage 0.870.02cC 0.16-0.00aB 0.19-£0.00
%2 3) Dough stage 1.04+0.01laA 0.1640. 00abA 0.1540.00
30 1/4 3143] 1/4 milk line stage 0.7240.01cD 0.1240.00cD 0.224-0.00
1/2 31439 1/2 milk line stage 0.96+0. 02aB 0.1440.00bC 0.1840.00
3/4 L2 3/4 milk line stage 0.9040. 01bC 0.162£0. 00aA 0.2120.00
i8] Dough stage 1.03+0. 02aA 0.1640.00aB 0.16240. 00
40 1/4 L4839 1/4 milk line stage 0.8740.02bB 0.1520. 00aB 0.20£0. 00
1/25L£ 1 1/2 milk line stage 0.820.02cC 0.134-0. 00bD 0.16-£0. 00
3/4 5L 3/4 milk line stage 0.7740.02dD 0.194-0. 01aA 0. 2040. 00
2 3) Dough stage 1.04+0. 03aA 0.1740.00aA 0.1840.00
50 1/431463) 1/4 milk line stage 0.98+0. 02aA 0.1340.00bD 0.224-0.00
1/231439) 1/2 milk line stage 0.91+0.02bB 0.1540.00aB 0.2040. 00
3/4 7.4 3/4 milk line stage 0.76+0.02cD 0.14-0. 00bC 0.21+0.00
@Y Dough stage 0.90+0.09bC 0.16+0.01aA 0.180.00
60 1/4 L4839 1/4 milk line stage 0.9040. 02bB 0.1220.00dD 0.220.00
1/2 341 1/2 milk line stage 0.90+0. 02bB 0.1320.00cC 0.2240. 00
3/4 FL 2] 3/4 milk line stage 0.9940. 02aA 0.1540.00bB 0.19+0. 00
%2 3) Dough stage 0.9240. 05aB 0.1640.00aA 0.1840.00

WK 28 7 243 Ht P P-value of two-way analysis of variance

B4 5 Stubble height <0.05 <0.05 0.25
WAk 9 Harvest period <0.05 <0.05 0.08
B 2 1 BE X R ] Stubble height X harvest period <0.05 <0.05 0.09

2.3 BAEERIFTHERERGESZELKKY A A4 B B 4RI Z B pH 09 vk

H1 26 50 1, 76 S [R] B 4 0 B 5 IO M A A BB, pH R RS TR A 2F 980 1 MR Ah & R 3.6.12.24 LK 48 hh
SRR FE(P>0.05), HI&A £ H M . WK WIFE 3/4 FLE Y] HL B8 #E 5 B Ky 30 om B, pH G T 08 2401 ; 76 B2 #E
JE 50 em L 3/4 FLE I, P9 4980 T R 0 R B R 48 h iy pH s T AL 3 Wk . A P AR AR A R s
T rf pHAE 12 h i (i B R e 5 L 75 12~24 hib ] 30 F a3
2. MHEEITHEERGEZHES MK A 5B F Kk Ih L8 NH,-N R E 69 % m

F1 2% 6 R0, 76 N ) B2 2 s 3 5 O3 B0 A A 3T, NHL-N VR 2 76 K () 1R 2988 B AR A R e 4K 36,24 L J2 48 h
T 25 5 OR 3 (P>>0.05) , HLIA 28 5 0 {H B8 2 5 B2 AE 20,3040 em B, NH,-N ik B2 76 3 4= 98 B R 1 & g i
K 12 h IR ) s 25 53 i 35 (P<T0..05) o WIR I HE 1/2 2L 42 300 FL B8 4 8 8 o 30 em B, NHL-N & B 35 51 f2 K
{8, W35 T 20 140 em B2 #2858 (P<<0. 05) o 76 49 18 A8 R Bl R b, NH-N YR BE7E 12 h i SV R E L 12~
24 h i 18] /NI B b TF L 24~48 h ] | TR AR
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Table 5 Effects of stubble height and harvest period on pH of in vitro rumen fermentation of ‘ Yu Qingyu No. 3’ silage corn beef

cattle
A W 353 I K Fermentation time
Stubble height (cm) Harvest period 3h 6h 12 h 24 h 48 T
20 1/4 328397 1/4 milk line stage 6.87+0.01 7.02+0.16 7.0240.01 6.7740.01 6.61+0.06
1/2 L4680 1/2 milk line stage 6.88+0.01 7.0340.13 6.98+0.01 6.8040.01 6.7340.03
3/4 5L 3/4 milk line stage 6.9940. 10 7.2540.13 7.0040. 01 6.7140.00 6.670.00
) Dough stage 7.0240.13 6.97+0.12 7.0140.03 6.7940.02 6.7140.02
30 1/4 31439 1/4 milk line stage 7.03+0.13 7.2440.19 6.95+0.00 6.8520.10 6.70=0. 04
1/2 743 1/2 milk line stage 6.90+0.03 7.09+0.01 7.11+0.01 6.74+0.01 6.67+0.05
3/4 3L 3/4 milk line stage 6.96=0. 10 6.93+0.13 7.0070. 05 6.7040.01 6.65+0.00
S 3) Dough stage 7.18+0.07 7.08+0.03 7.06+0.02 6.79-+0.01 6.6740.05
40 1/4 FL4:39) 1/4 milk line stage 7.00+0.01 7.14+0.01 7.07+0.01 6.80+0.02 6.76+0.00
1/2 L4601 1/2 milk line stage 6.8940.01 6.8640. 10 7.0740.06 6.7340.01 6.640. 04
3/4 7L 2 1) 3/4 milk line stage 6.88+0.02 7.07+0.07 7.06+0.04 6.76+0.01 6.64+0.01
12U Dough stage 7.100. 12 7.0240.01 6.99=0. 06 6.7240.03 6.68+0.01
50 1/4 31439 1/4 milk line stage 6.99+0.07 7.10+0.05 6.98+0.01 6.83+0.06 6.71+0.04
1/2504:91 1/2 milk line stage 7.0370. 10 7.13+0.12 6.9740.05 6.7840.03 6.62+0.06
3/4FL 41 3/4 milk line stage 7.06+0. 14 7.000.12 7.1140.02 6.75+0.03 6.75+0.03
B Dough stage 6.91+0.03 7.0740. 04 7.0240.01 6.7240.01 6.65+0. 04
60 1/4 312610 1/4 milk line stage 6.900.03 7.26£0.04 6.982:0. 01 6.7340.06 6.7140.01
1/2 7439 1/2 milk line stage 6.99+0.10 7.2540.13 7.00+0.01 6.71+0.00 6.67+0.00
3/4 7L 2] 3/4 milk line stage 7.13+0.13 7.0240.01 6.98+0.04 6.76=0.05 6.6540.07
I 238 Dough stage 7.09+0.21 6.89=+0.09 7.02+0.01 6.7620.01 6.7020.02

WK 2 243 #r P P-value of two-way analysis of variance

B 78 B Stubble height 0. 36 0.35 0.37 0. 37 0.94
i 3K Harvest period 0.07 0.15 0.14 0.06 0.22
R 255 B2 3k Stubble height X harvest period 0.14 0.05 0.06 0.06 0.05

2.5 MAEITALERGAEZESKEI N8 F Kb L 8 VEARZ G TR

H1 2% 7 AT, 76 OR [ B 2 B S UK A A B 4 R I U R R 2R TR R R TR ) R B A TR 2R R R b
K24 ] 48 h#4 22 7 1 2 (P<<0.05) , H#S B A A B M . B & B2 20 em HSCIR 1 0y 1/4 LIS, 94988
BRI & W 24 Wi R R AN T R MR BE W 3% v T b 3 i3k (P<C0. 05) , T R e 13 il 25 Wi 3R 301 2 3R 5L 2 R
RéJa TR R s . BRI B AE 30 em 6, 24 h A TR VR 3 B A0 AR D) AE AR B OE TR RS TR R A ZE 3R YTl 3/
A LRI PR A9 A A A T TR M A T A 3 A 3R I (P<C0. 05) o 7 BE A R 40 em B, A AR
TR A1 % 18 24 h £ R v B o 25 WA 3R 00 8 3R 52 0 T RS b T R s ZEOGIR o 1/2 FLER I, Y 2R R S R A Kk i
48 h B TN R A TR Mk R S 2 e T M 3 AN U R I (P<C0. 05) , HL TR M I it 25 W 4K B 2R R B B TR R R
oo BRI EETE 50 em HLCIRIN O 3/4 FLER B, R A9 1 IR A R B A8 h i T R Mk B AR T 1/ 2 FL AR M R i 2
W1(P<C0.05) , Z R Wk B Bt 25 ORI 28 3R 2 2 1 TS R R34 . 76 B8 4 = B R 60 em B, 1A 4980 15 A Oh & i 24
b 1) P TR VA B I A AC AR 0 B R 2 5 TS B Y R B ZE WSRO 3/4 FLE I, PR AR R B IR A R % 24 h N TR
W FE 3 T M 3R AR T (P<<0.05) o 4R 10 1/4 FLER I, 48 h i) T R e JEE 7E 40 em ik B e KAH , B 3%
o T At 44 B8 v (P<<0..05) 5
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Table 6 Effects of stubble height and harvest period on the in vitro fermentation NH,-N concentration in the rumen of ‘Yu

Qingyu No. 3’ silage corn beef cattle (mmol-L™)

B A 1o B ek KPR Fermentation time
Stubble height (cm) Harvest period 3h 6h 12 h 24 h 48h
20 1/4 FLEEM 1/4 milk line stage 0.7040.15 0.60£0.23 1.344+0.21A 8.19£6.87 31.25£0.45

1/2 721 1/2 milk line stage 2.94£2.66 5.04+£3.62 0.760.03B 1.72+£1.02 24.50£0.62
3/4 7.4 3/4 milk line stage 0.6840.08 0.10=x0.01 0.38=0.32B 0.54£0.35 28.80£0.30

i Dough stage 3.7240.58 0.1340.01 0.32740. 24B 6.10+5. 29 10.2340. 83

30 1/43L4 W] 1/4 milk line stage 1.4641.08 1.78%1.19 1.06=%0.21B 3.86x1.87 29.01=£0.16
1/2 304 1/2 milk line stage 2.1040.02 3.704+3.68 3.984+2.81A 3.88+1.78 29.68+1.58
3/4 7.4 3/4 milk line stage 1.34+1.01 0.31+0.12 0.21+0.12B 4.29+1.29 22.35£2.72

I Dough stage 2.50£0.52 0.37£0.19 0.1940.12B 5.84+1.08 24.15£0.54

1/4 FLE W) 1/4 milk line stage 0.774+0.59 8.49+4.41 0.99+40. 58A 4.2140.55 25.594+11.71
40 1/25.46 1/2 milk line stage  1.9241.52 1.8841.12 0.04+0.01B 3.3241.43 24424217

3/4 343 3/4 milk line stage 0.66=0.59 0.80=40.22 0.1340.08B 4.65+1.00 25.6441. 84

23 Dough stage 0.9140.38 0.4740.27 0.7140. 10A 1.4940.92 28.08+3. 66
50 1/4 L4 1 1/4 milk line stage  2.2040.17 0.2940.10  1.7740.62 13.73+6.00 33.13+3.28
1/23L46 1 1/2 milk line stage 3. 734-0. 50 6.3543.07  1.2340.47 3.63+1.01 27.784+1.92
3/4FLLR ) 3/4 milk line stage  2.57+1.58 1.0240.72  1.0440.14 4.801.39 30.183.75
%) Dough stage 3.11+1.17 1.77+1.20  0.77+0.68 13.4543. 44 33.07£7.54
60 1/4 L4 1/4 milk line stage 1. 6840.61 2.8242.01  0.99%0.71 8.3940. 04 27.904£5. 35
1/2304:39) 1/2 milk line stage  2.24+1.53 3.24+2.96 0.4240.05 5.7040.35 21.91+7.74
3/4 7L 4] 3/4 milk line stage  1.82+0. 14 1.7940.28  0.09+0.01 3.85+0.78 23.58+5. 46
%23 Dough stage 0.9840.41 0.0540.01 0.2340.04 5.68+5.32 28.76+0.56
WLR 5 2243t PAH P-value of two-way analysis of variance
B4 44  B Stubble height 0.12 0.88 0.11 0.05 0.12
Y3k 1Y) Harvest period 0.12 0.06 <0.05 0.05 0.27
A 75 3 JE X R ] Stubble height X harvest period 0.85 0.54 0.07 0.44 0.12

3 iTig
3.1 BEZALSKAMARFEIFTHFEERE SRRSO 0

Bt 5 < ) SR SR A A DA R I A A 1 R L T I R OR B AR R R i T2 R A A BOR W AR AL
HE IR WU 1 S AR AR LRI T R G AR o B IR U 1 P B RE R S TR AR DA B R A 7 Y
BT, A SEETE R T, IR Ok DM f 5 B % B 2 R (B R i 3 A I R ok ok R S B
MRA A MR T840 1F 28 3R W) TR oK 58 A BRIV A AT DM G & & T B, SRR, 5 £ oKk 5 kBT
P TEAR YGRS, DM B i B R YRR IR SR I N . 5 SR A R B CP R R M
I K IR B B AR AR () At 2 3t 4 3h W 0 B SR IR, RE A% SR S W B A K R R B O — ) 2k
WY E SRR . BFFE R W, Bl YY) O E R T I oK CP & i 2340 T MR 4 L — ok UL, Bl 25 Wi A 0 48
R,FWF KA 238 W 2, SRR SRR AR, D6 G VR T AH G 0% 1 0 1 s W] BE 655 , DA T 3 35 CP & A Jr ks
fit. ADF & & 5 H R0 (b % NDF & & 5 H RS 0P R A B3R H 8 ADF T ER 4L KRES
SRR, H i s, DR TP K oo L S 0 A A 2T 4 R B £ ARDRL I AL R A . FEAIR S P B
WAk W 4E R, ADF FI NDF & i 258 TR IR s, 555 e 4 = — 30
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HLAE 107 (EE ) /2 2 ¥ 1 P9 it £7 B 1 1) 5 229 01, R 8 AL 45 Zh W AR N B0 iR B R . 28 SO 36 il B &5 2R 3
W, BA A i BEXT I R OK EE & s 52 M/ o T 68 R o BA 7 e B 32 5 i) 19 2 AR JEC A8 A8 43, %o e 1 R
ZEFF 052 M AE X H N G AR R S RO I e, 2 i RS A A B S B I R PR S R 6 S A S R 8 Y ik
KWEY, It — AN EE, EEFBEARARKRKE P ERESARE , SRER WAL R 8. Ca.PX
AR LT ew AR AR AT D FEAR YGRS b, F I EOKRTE R B B S ORI BT, Ca P &
KB AR A S RE RS R B 25 R — B R R, EI B RTEAE R R Ca PR R A AN K (02
L Ca P LB R A, A sl ge 45 1 5 AR [R], Lo ) 2k i v] e R i P IE i R A S 33, GERZZhY—1)
A i TG Sh O RE R R, Sh A AY AR A | A S A B R AR AR T R P A RE R . BRI R B
BA e B R B R GE A BT . Aile i, I R OKBEE B R R B AR L B IR T i GE BB
o, 5 EASE R IR g R — 2
3.2 GEGALBKRPASRFEIFTALEIAEAEZ L TN YA

FERAEAK WK HFVERT S Z 2/ BRI I AR R E R, I AFs DON M ZEN %, i1, £ K
H ZEN B BIPRS00 45 %, & 7 38 2909 mg-kg ", it i i T (DR AR BR ) (GB 13078-2017) i bl
Py Ve Rk JEORE 3 B AR UE - AFs \DON L ZEN $i 5 % 2 2 43 51 A 753 85 T 30,1000, 5000 pg-kg ‘o FEAS I E
AFs . DON . ZEN 9 fic &5 & 5 it Y 7R Z b I du B 22 9, P RB U0 75 K 375 R OK R ELAT 50 1) B0 85 A R 1, L
P T B RE 08 H0E B B8 10 4= e, B0 76 32 1) P B 1) B TR AR UL U5, B % IR R A R A N 1 2B K R B F
MR N AR ARG AEAR A& E SO M AT ,ZEN AFs R B R 227 8%, 58 F W%
R R —8 . DONF R BRZESANDE, TREE K A DON (W) £ 2 7= 5 F 0 ik ) & |, Had@ = 5 iR b 5~
25 °C, 24 B4 74 1 3w SO 30 %) 9 B R I S MR I K IR SRR O R R SRR B R OK AR AR,
3.3 AEFE3IFTHELRERGAEZEL MK A IE T KINLBE A KA @

pH NH.,-N F4% % ¥ B U 2 2 P45 98 8 IR A0 & S 80 EE 48 b5 . pH RS I WUR B RS A o M5, )
YyJe E pH Il 7E 5. 0~7. 50 ARYGE f Bl B = SR AR pH B S b2 & A28 k. R4
Jo B RSN R e K AN B AR B R A & pH R B 25 5 o (HRE A A TR TR A 36 i, pH & B T T RE
5 Hatew %™ Jr B REVIKI 4R — 3 WM, 82 S B 5 00 6 NH,-N /R 2 m R B B 7E A
50 T NH-N B e B2 Bl TR 2 98 15 MR O J e e 4 A el 2 i A8 Ak, PR A 988 18 AR A e T I TR 15 m, NHL-N iR B3 1
TR TE AR S RO R 24~48 h, SR T ERCY K E ST I A R B WA MRIR(VEA) T L
M2 IR AT R A S IR RO R W AT I B S MRS TR R TR VR AT
B, 306 BH 77 007 5 K A PR 2980 B AR A R SRR R AT . FEAIR SR v, PR B RO R R A8 i L TR TN R R B
T 24 h, ATRESE T R AR B RSN KT 24 h TR AR R TN IR TG TR R RE R, T B AR IR AN Kk R 48
hi 2 NI IE LT, 5k B E 8 g R — 2.

4 &R

b B 2R 5 B S ORI O U R 35 T I R OKE SR LA i & W B & L R AR AR AR o DM B
W I A FE R LB b TR R B B R R R R AFs \DON L ZEN B9 8 78 A Y 56 v 45 76 (i R AR AR vE ) (GB
13078-2017) Ay & A a2 9 o >4 B8 2 &5 B2 AE 30 em HLWSCIR 0 3/4 LRI B, 1R 4988 1 1R A1 & 8% 24 h i TN R vk
BER B fe i, T RRVR A B AN . BRI LU K 35 T I R OK B B N 7E 30~50 em FLUSCER 1k 3/4 3Lk
A A 3 L, K T I K SR S DA AR 0 AR A I T 1 B A BURAE T .
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