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Abstract The purpose of this study was to explore the effects of different mixing ratios of legume forage and

whole plant maize on the improvement of mixed silage feeding value. In this study, two legume grasses
(‘Fendoumulv 2 and Dolichos lablab) were used as the main factors, and the mixing ratio of legume forage
and whole plant maize as control group (90% whole plant maize +10% legume forage; 80% whole plant
maize+20% leguminous forage; 70% whole plant maize +30% leguminous forage; 100% legume grass) as
a secondary factor, 100% whole plant maize silage (CK) , with a total of 9 mixed storage treatments and 3
replicates The nutritional quality, fermentation quality, rumen fermentation parameters, in vitro dry matter
degradation rate and gas production of mixed silage were determined after fermentation. The results
showed that: 1) In terms of nutritional quality, the dry matter of 100% ‘Fendoumulv 2 silage was the lowest
in all treatments , and the contents of acid detergent fiber, neutral detergent fiber and crude protein were
the highest in all treatments. The crude fat of Dolichos lablab silage was significantly higher than that of
‘Fendoumulv 2°(P<0.05). The NDF, ADF and CP of 100% whole plant maize silage were the lowest in all
treatments and its EE was the highest in all treatments. 2) In terms of fermentation quality, the pH and
ammonia nitrogen of 100% ‘Fendoumulv 2 silage were significantly higher than those of other treatments
(P<0.05). The acetic acid of 100% Dolichos lablab silage was the lowest in all treatments. The pH and AN
of 100% whole plant maize silage were significantly lower than those of other proportions (P<0.05), and its
AA was significantly higher than that of other treatments (P<0.05). 3) In terms of rumen fermentation
parameters, the AN, AA, propionic acid and dry matter degradation rate in body in rumen fermentation of
90% whole plant maize+10% ‘Fendoumulv 2” were the highest in all treatments. The dry matter degradation
rate of Dolichos lablab mixed silage was significantly higher than that of ‘'Fendoumulv 2°. The pH of 100%
leguminous forage mixed silage was the highest in all treatments in rumen fermentation (P<0.05), and its
acetic acid and dry matter the degradation rate in body were the lowest in all treatments. 4) In terms of dry
matter degradation rate and gas production of vitro, since 48 h, the dry matter degradation rate in vitro of
70% whole plant maize +30% ‘Fendoumulv 2° mixed silage has been higher than that of other treatments
(P<0.05). The gas production in vitro of ‘'Fendoumulv 2" mixed silage was higher than that of Dolichos
lablab mixed silage. Increasing the mixing ratio of leguminous forage can significantly reduce the gas
production at 72 h(P<0.05) . In conclusion, compared with whole plant maize silage, a certain proportion
of mixed silage is more beneficial to improve the nutritional quality of mixed silage, improve the fermentation
quality of mixed silage, promote the digestion and absorption of mixed silage, and reduce the greenhouse
effect of animal husbandry. The mixing model of 70% whole plant maize +30% ‘Fendoumulv 2" is
recommended, which can provide data support for the next step to promote the mixing technology and belt
rotation technology of plant maize-legume forage in the sickle curvature area in northwest of Shanxi
Province.
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Table 1 Effects of leguminous forage and maize on nutrient composition content of mixed silage in different treatment groups %

EERL %
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Note: 1. In the same row, values with different small letter superscripts mean significant difference (P<C0.05). 2. CK:100% whole plant
maize; F1:90% whole plant maize + 10% 'Fendoumulv 2'; F2:80% whole plant maize +20% Fendoumulv 2; F3:70% whole plant
maize +30% 'Fendoumulv 2'; F4: 100% Fendoumulv 2'; 1.1:90% whole plant maize +10% Dolichos lablab; 1.2:80% whole plant
maize +20% Dolichos lablab; 1.3: 70% whole plant maize +30% Dolichos lablab; 1.4:100% Dolichos lablab. The same below.
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Table 2 Effects of leguminous forage and maize mixed on fermentation quality of mixed silage in different treatment groups
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PRFEK+10% SRR EL B R F I AA F K, B
Xif HE G ) CKIG 45. 20% o M 8 AS [R) B ) TR E 2k 75
B AA RS20, L RFBCRE SRR 5 i T R B
2.3 SRHUE-2KEXRREXNEINEELES
AR m

R A B B K B P pH 89 £ 5
P 2

F AR IR E & pH B REAR R IR 4
IR/ R A QN A PN AW ol e DG =l S
8 H kW pH Y52 3k 2] W 2 K (P<<0. 05)
(%3). 100% 4 ¥k K W AEJ B & B h pH i
fiX, FALL PR W AEJ 5 A B i pH B i, W& s T
Hop b B, 55 CK i 3. 84 %0 0 AN ] 5Bk 45 75 X 55
FESE E R ) pH R e R B B K . R
R I 75 I AR 98 & I P 9 pH Y 52 I 3k 3 B
KA. 100% 2RHBCE Y T AR O 9T pH

2.3.1

B, 5 L 25 S vk A B B 3 K OF (P
0.05),# 100 % 4= ¥k £ oK 5 W46 98 B & B i) pH
B 3.22%.
2.3.2 ARAENSFELBFAHE T RRAN)
b F 0 E RS

Jed B R rh s A e L RO I A A
BB ARREE P, &AL B AR E KB A
IR 3k B B K (P<<0. 05) (3£ 3), 100% 4
PRFEOK T AR B R B By AN BRAR, K T H
AL BE(P<<0.05), F1ACEE R 50690 B &K BEh Y
AR B CKE A7, 26% o AR S RHA R Y 75 It
e R BT AN Y 22 570k ) B OK O (P<
0.05) (B AR IR 82K i HEk 2% F I TE
MEEETHANRE S THEGHFE P
0.05),1m 5.39% . 100% 4=k £ K& 7ER H Kk
H AN KT A L B (P<Z0. 05) , B 709 42
PR K 3090 SRF R LB VAR R R Y
AN 28.32% .
2.3.3 FARAAHESFEEREAB T EZAREE

o) £ 5T

HIAEIE E R EE D 77 A A IR L i i LR g
410 T T R 0 TR T L TR S A LR B R WE . A
TR AN [ b 36 75 I AR08 1 R BT LR (AAD
B AR R R B i 2 K (P<C0. 05) (£ 3), Fl4ab
BN E WA E R LR e, T
MEEE(P<<0.05), FAME T HEIERE LT HO
PR e A, B FLAK 35, 12% o AN [R) 52 BH 430 5 5 b X
WA kW 1) LR N . AN TR L
BEMEVEREE LB TNORKRE RN E (P
0.05),100% & FHH = FH WA f ik, 90% & #k £
KA10% SRR I AR B R B 4R B
i, B 10020 SR Ry 31, 06 %6 o

F1 A3 T 5 fE9 & B h N R B % &
T H Ath 4b # (P<Z0. 05) , HoAth &b # 2 8] 1 22 5 K
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Table 3 Effects of leguminous forage and maize on rumen fermentation parameters of mixed silage in different treatment groups

I H Ttem CK Fl F2 F3 F4 L1 L2 L3 L4
- 6.514 6.594+  6.58%E 6.60% 6.764=  6.52% 6. 60+ 6.624 6. 684
P 0.05¢  0.05bc  0.05bc 0.0dbc 0.03a 0.10c¢ 0.02bc  0.03bc  0.02ab
2 A/ (mg/100 mL) 19.91+ 29.32+ 27.63+ 26.59+ 24.14+ 22.84+ 23.74+ 28.96+ 25.62+
AN 1.62d 2.66a 4.02ab 4.8labc 3.20bc 4.78cd 3.82bcd 1.86a 2.11 abc
N 32.44  40.924+ 27.57+£ 32.14+ 26.554+ 32.33% 32.96+  29.3%  29.34+%
Z B/ (mmol/L) AA
3.27bc  4.08a 2.16cd 3.07bc 2.77d 2.94 be 3.22b  2.61bed 2.44 bed
W2 /(mmol/L) 10.45+ 13.04+ 9.05+ 10.34+ 8.84+ 10.38+F 10.54+  9.59+ 9. 04+
Proptonate 1.75b 1.97 a 1.94 a 1.69a 2.01b 1.44 b 1.66 b 1.72b 1.58 b
PR PA T 0 T e it 3/ %
o " 70.69+ 71.10+ 68.264+ 61.40+ 55.82+ 69.24+ 6899+ 68.22+ 53.16+
In vitro dry matter
1.43 a 2.52a 0.19b 1.33¢ 0.12d 0.62b 1.17b 1.61b 0.53 ¢

degradation rate

KK . £ AN E ) B RV AR E kR
MR T]R.TR. 5RO ESEYARE.
2.3.4 FRRZAEFREGKATHRERFEY
£ B A

T 9 0 R RS R e S T AR
WA %Y e R . A, 45 b B Y AR
T W B R R A B3 (P<<0.05) (% 3),
1009 $r I 7 0y 4K 9 T 9 Jot % g % b K T
HoAth &b 3 (P<C0.05) , 8 F1 AL B R (9 75 IE 4K I F
Wy 5 i R AR 25, 23% o A [R] BB 4R S RO
T B AR P T 0 5T R i R R W 3 S g (P<<0. 05)
PO EHFMAENTYREGRERES T O
Mgk 2457 (P<<0.05), % 9.26% . AN[F LR &
XA N T R R R 3 R (P<<
0.05),100% 4= ¥k £ k5 90% 4tk £k +10% &
BH B (Y WA N T W R A R 2 R oK Ok
AKOF, Ay LR G 0y 75 0 AR N T o R i %
Z 18] ) 25 5k B 8 K S (P<<0.05) . 100%
ORHBOR A R R N T W TR R R R CKIR
22.92%.,
2.4 ERHUE-2{REXRBEEISEAEMTFHR

MERERFSENEN
2.4.1 RE AL F e 64k 0T 2 R W iR 5 6 %

PG T- W Jo W fife 3 W 2 it 1 8] ER) HHE RS, T4
JT B oy il B R R BT R . AR, SR
T A S0 T W 5 R A 2R 0 25 S R 10k ) I 3K
F-(P<<0.05) (R 4) . 7E%5 4.8 F1 16 hif, %f I CK
T AR S0 T W o e A R B 3 e T Al b B (P<<
0.05), F4 AbHR 9 75 I 19 44 &1 1 9 5 B e o6 I 3

& T H b &b BE (P<<0.05) , 43 %] 8 CK [% fi%
23.07% .18.96% #18.35% . £ 36 h)5 ,F34b#
T T R S0 T4 J5T B A 2 0 o T I 4k 3, O A
A8 h LhJ& , HARSN -4 o i 56— B 10 3 s T HoAth
A HE(P<<0.05) o B 72 hah, A ] 52 B 45 5 i A
AR S T B B R A B3 5 (P<<0. 05) .
1616 F1 24 hif, ¥y G4 ER 25 35 W 0 1R A+ 9 i
R fi R B 2 /TP 5. (P<<0.05) . HAYHF ] 1 K
P A T IR S0 T W 0T 5 A o s T U s
2571 AR A L6 5 000 AR S8 1 0 R i
REFEFEP<0.05, FE4F8 hAf,100% 4= #k
TR TR SN T W T R 0 T b A A
(P<20.05),100% 2 BHBCR T IE /A4S0 T4 J53 4 fifk
R EAML T HALH A (P<<0.05) ., B & i ] i 4
F,90% 4tk Tk +10% SRR B IR T4
T A i AR A AR, 5 0 IR CK OB 25 531k 56 3 1 25 K
(P<<0.05),
2.4.2 FREAETFEGKINEAEGT "

A 5 v AN [ Ak 3RO T I AR A R Y R
Wi 35 3 i 2 7K SFE (P<<0.05) . L 72 h 6], % B2
CK & Wik Ak 7= R i w3 & i Ak 3 (P<<
0.05), F4 &b BT (9 7 IV (19 4 A1 7= A 3 KT 3
Ak BE(P<<0. 05) , % CK F& Ik 40. 44 % o A Ta) &R
AR X A A AR T S e 3k B A K
F(P<<0.0D), ‘a2 B E S THED
(P<<0.0D) o SRR He A7) () A A 7= < a2 ) 1) 25
Sk 3 53K (P<<0. 05), CK 19 3 IV 4k 4h 77
Aot dcm , BB GORE R L 8, Y 44
A PR R R WAL, LR T 100%0 KRR Y 7 I
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Table 4 Effects of different proportions of legume green manure mixed with whole plant maize on in vitro dry matter degradation

rate of mixed silage in different treatment groups

% figt 15F 18] /h

Degradation time

CK F1 F2 F3 F4 L1 L2 L3 L4

62.47+ 56. 984+ 57.134+ 57.87+ 48.064 55.24+  54.45+  58.68x 59.724

4
1.35a 2.08d 2.36 cd 2.98 cd 0.78 f 0.85¢ 1.35e 1.19 ¢ 2.62b
g 64.61+ 59.07+ 57.82+ 62.79+ 52.36+ 59.08+  57.79+ 59.91+  60.05+
0.51 a 1.16 de 1.42 e 1.93 ab 1.91f 1.56 cd 1.65e 1.80 cd 2.33 be
16 65.38+ 61.90+ 62.01+ 63.95+ 59.92+ 61.144+  58.58+ 62.26+  62.13+
3.59 a 1.51¢ 1.63 ¢ 1.80b 4.10d 0.21¢c¢ 1.31 e 1.87 ¢ 0.99 ¢
" 66.82+ 63.99+ 69. 36+ 70.24+ 70.10%= 64.504+  64.87+ 69.18+ 72.14+
1.23d 1.91 1 1.68 ¢ 2.70 b 2.23 b 1.35ef 2.49 ¢ 2.06 ¢ 2.83 a
” 78.70+ 72.86+ 75. 74+ 79.41+ 75.78%+ 78.104+  73.37+% 77.75+=  79.11+%
1.69 be 3.28 f 2.41 ¢ 2.87 a 0.71 e 3.75cd 2.73 1 0.13d 3.27 ab
18 82. 41+ 74.40+ 81.25+ 83.82+ 77.17+ 78.97+  81.62+ 78.79+  81.12+
1.20b 1.75 1 3. 14 ¢ 0.94 a 1.13 e 2.50d 1.17 ¢ 2.71d 2.23 ¢
7 84.18+ 82.31+ 84.95+ 89.06+ 79.12+ 84.724+  84.20+ 84.85+  81.44+

2.84 be 2.08 bed 1.26 b 1.54 a 1.10d 1. 90 be 0.82 be 1.56 bc  0.52 cd

80

F A 11 57 A A 3 IR T AR L 9] (P<20. 01D, 8%

g
1009 4 bk A0 7 I b 7= S LRI 38, 49% 2
B4 9 66 4 B , 95 0 A1 7 R 7 T g
{77 4 2% 28 T R I C PRl LRI 2D 2 o0
AE 80 B0 12346 810121620242832364048546072
_% 70 T A]/h Fermentation time
%gg B2 HBEE52#EERBEONEREI=SENHIN
3 ig Y, Fig. 2 Effect of mixed storage of Dolichos lablab and whole
i@ ?g / A —-CK —=-Fl +F2 —=-F3 —«F4 plant maize on gas production in vitro of mixed silage
T 8 J0121620242832364048 546072 & ,NDF . ADF Hl CP & it fie 5 o AN [7) 5 B 45 2
Bl CHERA2S SERTRERMEREAESREy 0 0 DMUEEACP AR B A (P
- <20.05), " Pr T sk 25 F I DM AT CP 35 5
Fig. 1 Effect of mixing Fendoumulv 2 with whole plant T (P<C0.05) . AR FH,100% 28
maize on gas production in vitro of mixed silage WA DM 51K, NDF \ADF #il CP & & & = 5

100% 4= #k £ K 75 2 () NDF ,ADF #l CP & 1% .

3 W W E R 5 2k EoRIRIT RE IR & HF I T4 R
o, AR E A NDF L ADF fil CP & &, Hop

3.1 ERHUESEHRERNENEANEILEF NDF Fl ADF J2 J Bl 2F 4 i J51 09 47 548 b, ADF 5
a JBT B 22 m T 35 2 W) I A FE 5 R G OC & ADF & i EAIT, 1)
AR H 100% vy B4k sk 257 I H) DM i B AL R R A (R R R AR R B
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BE & Uy sk 25 MR G R R LIRS
e R T, PR T SRR R A
T Ak ER . It GRMROE 5 etk ok
MR IE RE W8 2 31 B AMSCR X 5 /N £ 5 B 45
BB, WNEHEWEFRME SN, 700 2k £ K
+30% Yy TSR 25 R IR 2Ok e TR I
LA
3.2 ERHMESEKREANEREXNNSINL B

ma JBT ) % i

xR 4L CK 7 P 09 pH A1 AN i 35 I F H A &b
F(P<<0.05) , AA & T HAB AL B . FALEET H I
(i pH AT AN & 2 55§ Ath 4b 2 (P<<0. 05), L4 4b 3
T AA AR . SRHBOR RO I T BT
F) 5 0 35 3] ik 25K S (P<<0.05), “ Y ek 2 5
I pH VAN B AA & 5 35 35 i TP & P
(P<C0.05) ANENEI A, 10026 SRR F I
(1 pH Al AN & 35 i F HoAh e 4, 1 CK 75 F2 19 pH
AN K T HoA L), AA 582 8 T A e ]
UL ERHHOE 5 2 bk EORIRICRERS FEALE T AA
i X S EAAFE R REL . SRS E
AR I AR . PR R AR A S &
B R 2 R B 2 T S i
BHACR 2 1 IR I AN, T RE R RO U EA
G295 MNP M G A E R e R T R R
BOEHASASTEI S LR, 70% &% E
K 43076 $ir L AR A I K I T AR AT
3.3 ERMESEKREANENEXNNETIHE

BEREBESHNTIN

AR EH, 100% 4Bk EORH I FER B A
(1 pH AT AN 5 I%, 5 50 0 2 5 I pF e 45 1 —
o WEASEEMEE WA 5 R T
FET MK CE IR U AR R A AT A, R E
AR AR AT LSRR e R R R R R A R
TR A ) R R 2 . FLAR B R 55 00 7E 98
KEEF AN CAA (VR DL K AR N T 10 5 R il o i v
VLA FLAR BN 5 e 90 H i et A T e
FHLAR A o3 i . RO SRR VAR R T
W pH A AA I s2 R B 2% o P S AR
T o I i o3 B R T W TSR 25 (P<20. 05),
L E A AL LS B R = RS R 3 P N o N e R 3
Xt AR A pH AN VAA DL AR T4 5
W i %8 1Y) 5% ) (3 (P<<0. 05), 100 % & FHHC BE 1 5

I AE 9 & Wb i pH B, AA RV Y T 5 R A
R, U6 SRR 5 A bk ORI I RES B R
AR, 5ok PP s 45 R — 8 25 B IR
iR A WS B B BT, 90 %0 etk EoK+10%
ETARATR(=Y oq i S I S RN SRR (T
3.4 ERMESSEERNRBRIEXI S M5

T REBRNF=SENZE

AR GG v, X B2 A6 AT 16 h B9 R A T 5 A
RIL B0, 7E 36 h T F3ALHE R 35 I AR 401 4 i
MEff R P — T H A B, X — 4R S
L LLE I — B T RE R O ek K- R
Beak 255 IR A TS T E A R R
S, T4 o 138 FR B . A O RO A Ay
B P e GRS T R I G sk 2 S AR S
B o AR BEE B R R HERS A M ZE RAET2h )5
TH % o UL B SRR R AE 72 hs X I A b
W SO R i 2R S WA G o DS TR TR YT B A A
Ay BT, 10056 SR B AR S T T R R e A
72 W 90% 4 bk E oK +10% T RF BT (4 35 It i 4
Hh W) T de AR AR  de D o 25 B TR TR P 1 44
A4 R i R A Ay BT, 7090 A kk R oK +30%
U ERER 25 IR IR IR K

ARG, B 2 K R R B RS PR R B
W2 30 hDUa =S G T, 2 B TH0 I E R
Yoo e 08 B AR W s sh B R S R b R
S RE 2 B AR R TR R TR T L BB
IR T 8 72 hiy =S, X T AR O U R 2
SRR G AR SR 1 v VR A £ 4 N R M Uk
WY o R AR AT R BT R
T A AR A 7= S A B A AT, 100 %6 i sk 295
T B A ) A B M ) i = AR HE

4 & it

SRR 5 4 bR B OK A TR T RE 98 s R I Y
IR ORI K R B R B R S R AR A W
filt LN B SR bR . 7000 MR E KR +3000° U
FHER 25 I REAR W IR SR A R, A A TR
I A, e I B T W D5 R R A O
B9 3L = AR o A I ST DA L 7 b S B O 9 il X 3R Y
AR BT B AT 4R A T — 5 1 BB 4K 4 A K
SO TR s o i DX K - S B ACRE AR B A b AR
i BE A I ST 2L RE T FE At
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