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Effect of the mix-ratio of corn stalk and edamame stems/leaves and added cellulase
on the fermentation quality and microbial community of silage
WEI Jun-ling”, LIU Xiao-qi", WANG Wan-qing, DENG Ming, SUN Bao-li, GUO Yong-qing’

College of Animal Science, South China Agricultural University, Guangzhou 510642, China

Abstract: The effects of cellulase on silage quality and microbial diversity of comn (Zea mays) stalk and edamame
(Glycine max) stems and leaves were investigated. The ratios of corn stalk and edamame stems and leaves by
weight were 1: 0, 3: 1, and 1:1 (10, 31, 11). Each mixture ratio was divided into a control group (CS) and a
cellulase group [CS(c), adding 0. 1% ]. The nutrient composition, fermentation quality and microbial diversity of
silage was evaluated after 80 days. It was found that the 3: 1 mix-ratio of corn stalk and edamame stems and leaves
resulted in better silage quality than the other two mix-ratios. As the proportion of edamame stems and leaves
increased, the pH, ammonia nitrogen content, and crude protein content of the mixed silage significantly increased

(P<<C0.05) , while the water-soluble carbohydrate, neutral detergent fiber and acid detergent fiber (ADF) were
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significantly decreased (P<C0.05). The lactic acid content was higher for CS31 than for CS10 or CS11. The
addition of cellulase had no significant effect on the fermentation parameters of silage at a given mix-ratio (P>
0.05), but tended to reduce the ADF content (P=0.07). Furthermore, the addition of edamame stems and leaves
increased the relative abundance of Firmicutes and Lactobacillus while reducing the relative abundance of
Proteobacteria in the mixed silage. In conclusion, the mixed silage CS31, with a 3:1 of corn stalk to edamame stems
and leaves exhibited superior quality compared to other ratios, and the addition of cellulase improved the fermentation
quality of the mixed silage.
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R FH B AL BRI SG BET, B FOR AT 5 B 280 DU B B 1 1:0.3: 1. 1: LEEATIR & s & 1R L 0 3¢ & T i
FH(CS) AR CS(c) P RMER MR 0. 100 ], L 6N ab B, DAL 3 HAE .
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1 KA RARUE 43 BN A5 R 34 O T EORFS AT A B G2 R A I T IERCOE RN . 2R
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1.4.2 KRS R H HUS g BE &L T 50 mL 85048 R IF A 45 mL ZE WK 7 B, B S i A 4 CUKAE ¥ %5 24 he
FH 4 2 20 A5 F1 g 4% i 38, I 22 98 W Y pH L & 2 & (ammonia nitrogen , NH,-N) 1% % 14 JIg i FR (volatile fatty acid,
VFA)B & . R pH it (Germany sartorius PB-10, 8 [ ) I 22 pH ; 2R F A8 By — &R &4 HE €6 15 0 %2 NH.-N &
B SR R M B A (S BEAE 7890B, SE ) T AE GRHRE i v i VIEA B a5 SR P R IR L € 3 0 E L
1% (lactic acid , LA) & &,
a3 EHUME I A HA 65 U T A8 b Y A 105 L T2 b B
5 PR, T T BT (dry matter, DM) % 4 o 22 J5 5 BE - A9 4RDREIURE K TR 0 1) R R b FH Ry B BIL RS B 05 4 0. 45
mm i , A7 5T % B4 . LR 2Z 2% (Hanon K9840, ¥ B 1 fig AX #5% B A0 A B 2> w] ) I =2 ML (A Fi (crude
protein, CP) & & ; Fl Van Soest 25" (1) J5 35 M %8 1 % Uk ¥ £F 4k (neutral detergent fiber, NDF) il iR P v 1% £F 4k
(acid detergent fiber, ADF )95 it 5 5 I BB I 52 7K ¥ #EBR K A6 4 90 (water soluble carbohydrates, WSC) %7 i .
1.4.4 BUAEW Z 10 B 5 g A RS, R A HiPure Stool DNA i 7 & H 51 ¥ 341F
(CCTACGGGNGGCWGCAG) 55 806R(GGACTACHVGGGTATCTAAT) 4 1Y I M & RNA J£ 4 16S rDNA
1 V3-VAX ™ 5 I 26 BB Wl e rh B, i AxyPrep DNA % i $2 BUR ) & 4t , I AT QuantiF luor-
ST #EATE &, A 2L P14 7 7€ Nllumina PE 250°F & L #4707 o
1.5 %ito#t

KM IBM SPSS Statistics 26 43 #7143 A7 A1 2F 2 32 i 0T T KRR AT A6 528 MR & 75 W40 27 oy S 2 1
JB A S 25 R R LR R 7 22 50 Ml Duncan 35 2 AR B . £ P<<0. 057K F ERA G273 .
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2.1 %m‘i}%‘*ﬁ]‘é{] (e Table 1 Chemical composition of corn stalk and edamame
Tk & FF B DM, WSC., CP & &= & 5 K stems/leaves
17.52% . 13.53% . 11.05%, & & 2£ 0f 4 3 K o2 5 FREH BE
20. 95% 2. 79% 21. 10% ( %% 1), Eg*ﬁ-fﬂ: 7 DM . Chemical composition Corn Edamame stem
CP & BT £ 0240, WSC & i i F B 250, A stalk - and leave
F# & Dry matter (DM, %) 17.52 20.95
2.2 RARMALIEZTREFEATAR HLZE 4 % Crude protein ( % DM) 11.05 21.10
AL A IR 80 d R T 6L Bl BT R ek Y % 41 4 Neutral detergent fiber (% DM)  66. 07 53.79
HIREERL o AT P FORFEAT S B B2t P P R U 4T 2 Acid detergent fiber (% DM) 34.40 29. 30
BEHN G, EEIFSH N 16~200(FK2), Hip AT ¥ PER K Ak 4 Water soluble carbohy - 13.53 2.79

RAEFILL3: 19 e, b 20 3, PP E SR 0 144 drates (%DM)
(MR, SHIRAF I ERE /RS T T 250
191 F10 385 o0 10 A AT, 00 27 4k 25 il 2L 1 SRR T AR
M —2.
2.3 EARABHPRLLETRSFEGETHRRS

AN TR T IR A LA R KRS AR R 6 B 25 IR A 3 I 8 R i o A i 3552 (P<<0. 05) , b , DM Al CP & i
Bt %5 & 525 - He 4] Y 48 005 B8R T R (363, P<C0.05) , WSC \NDF \ADF % 5 B %5 & 5 25 - o 451 114 38 410 32 37 & AIK
(P<<0.05) s TEAH AR & LB 0F T B8 N 4F 4 R ok XWHE A 5 T2/ DM .CP #1 NDF & & A i & 5% (P>>0.05) ,
{HADF &1 A TR (P=0.07) s W I £ 24 2 B 5 R 6] & IR G B 08 58 B AR GRS A 75 I 049 38 35 40 JC
FRMW(P>0.05),
2.4 ERARMHPLIETRLSFTENLHEAK

AN TR 5 IR A B 9 %) oK A AT A B B2 25 IR A 35 I pH ONHL-N F1 £ 18 (acetic acid, AA) & A

&
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R2 EXEMNEEEMHREATREABMBEETE

Table 2 Sensory evaluation of mixed silage of corn stalk and

CS10 Fl CS10(c) 4 (P<<0.05) ; LA & & & 2 FR
A e B (P>>0.05)  [H 2 7RI A il ol 301
BT INFIAL PR R LA & & d i 5 76 A1 A 1R A L )

edamame stems/leaves

% e I H Ttem CS10 CS31 CS11  CS10(e¢) C€CS31(c¢) CS1l(e)
M ‘ =} VE I A X
ST RIS g Z AR AT R BB R ol 1 " " 5
B (P>>0.05) ; U £ 4k £ B 5 K 6] 5 W IR 25K Structure 4 4 3 4 4 3
GBI TR GBI AR SR LB E @ Colour 1 2 1 1 2 1
SN (P>>0.05) . tAh, R4 700 b o i I 7 R4+ Total oo s 19 20 16
9% Grade 1 1 1 1 1 1

(propionic acid , PA) Fll T 2 (butyric acid ,BA) & & .
2.5 EREBAHSLEETRSFRGMARE

2.5.1 R[E G EARFEF S B O ZEMREG FH A
Y TR HE 7R o 2 FEPE Y 52 AT T I Ak S I
T 55 R AR T 0,99, 2 B AE A B i 3 25 2R AT LA
PR KR40 1 A o e o A W] IR & L X &

CS: AN in 70 i & K F FF F1 8 7 25 10 & 5 I Mixed silage of corn
stalk and edamame stems and leaves without additives; CS(c) : ¥ M£F 4 %
fiff 1) K &5 FF M B T 22 IR A F U Mixed silage of corn stalk and
edamame stems and leaves with cellulase; 10, 31, 11: T KF5FFF1 % & 28
R A HF W 64358 1:0, 3:1, 1:1 The ratio of corn stalk and edamame
stems and leaves mixed silage is 1: 0, 3: 1, 1: 1, respectively; T [f] The

same below.

R3I EAERNEEEHRESSLNULERS

Table 3 Chemical composition of mixed silage of corn stalk and edamame stems/leaves

i H Qb3 Treatment P{H P value

Item CS10 €S31 CSl11 €S10(c) CS31(c) CS11(c) R T RXT
TH% Dry matter (DM, %) 17.0240.13b 17.3420.17b 17.76=0.18a 17.0970.07b 17.2740.08b 18.08=0.21a 0.000 0.39 0.443
HLZE 5% Crude protein (% DM)  11.6141. 24c 14.110.27b 17.6340.25a 10.70-20. 19c 14.2640.23b 17.674-0.80a 0.000 0.67 0.686
A KA WSC (%DM)  1.28+0.08a  0.62+0.06b  0.35+0.0lc  1.16+0.11a  0.56+0.07b 0.2740.03c 0.000 0.21 0.941
HPEBE IR AT 4 NDF (% DM) 66.164-0.28a 58.73%0.48b 55.604-0.75c 64.96740.11a 58.23%0.46b 55.1474=1.32c 0.000 0.25 0.853
W Uk U £F 4k ADF (% DM) 38.4540.06a 34.78+0.25b 33.5340.48c 36.9340.32a 34.42+0.36b 32.8440.95¢ 0.000 0.07 0.563
WSC: Water soluble carbohydrates; NDF : Neutral detergent fiber; ADF: Acid detergent fiber; R: H.ffl Ratio; T: 4b# Additives; RX T H.fi X 4b#1

Ratio X additives; [ 47 /A Gl /NG 5 5 275 AR R Ab 3R [8] 1L 41 ) 22 53¢ 5 35 (P<<0. 05) , AR S -8k 375 A 7] Lo 49 AS 7] b 23 0] 22 53 & 2 (P<<0. 05)
Different lowercase letters in the same row indicate significant difference among different ratios for the same treatment (P<Z0.05), different capital letters

indicate significant differences between different treatments at the same ratio (P<C0. 05); F [i] The same below.

KAH AT AR B 22 R S 7 A9 Shannon 1 Simpson 4§ 80 2 S5 B IS T m i # (K 5, P<<0. 05) , Horpr,CS31 A0
CS11 419 Shannon 5 £ 2 F AL T CS10 41 (P<<0. 05) s TEAH [FIR & H I A5 F T L WS N 2F 48 3= 1l W E e TR &
P21 Ace Fll Chaol $5%5 (P<<0. 05) ; s JINEF 2 3% il 5 AN [R) 75 IR A LU 1) 19 32 B X & 7 000 38 37 04 0 B 3%
0 (P=>0.05).,

F4 EXABEANEZEMHREEGECNEESH
Table 4 Fermentation parameters of mixed silage of corn stalk and edamame stems/leaves
i | A B Treatment P{H P value
Item CS10 CS31 CS11 CS10(¢) CS31(c) CS1l1(c) R T RXT
pH 3.63+0.00c 3.77£0.01b  4.28%+0.00a 3.65+0.0lc 3.79+0.02b 4.264+0.03a 0.000 0.709 0.395
HASANH,-N (%DM) 0.4940.08c 0.7940.11b  1.32£0.28a 0.52+0.07c 0.864+0.10b  1.3440.10a 0.000 0.757 0.983
LR Lactic acid (% DM) 8.84+0.84a 9.81+1.0la 6.98+0.75a 9.12+0.56a 9.21+1.0la 8.514+0.20a 0.618 0.208 0.552
LR Acetic acid (%4DM) 2.6440.02b 2.9440.16ab 3.85+0.08a 2.78+0.10b 2.9440.12ab 3.3640.23a 0.041 0.087 0.193
P2 Propionic acid (% DM) ND ND ND ND ND ND
T2 Butyric acid ( % DM) ND ND ND ND ND ND

DM: 48 Dry matter; ND:

A K F] Not detected.
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Table 5 The o diversity index of bacterial communities in silage mixed with corn stalk and edamame stems/leaves

EieE b3 Treatment P1E P value
Index €s10 Cs31 Csi1 €S10(c) €S$31(c) CS11(c) R T RXT
7 4 15 44 Shannon 6.1142.05 3.6440. 94b 4.05+0. 33b 4.8340. 35ab 3.5040. 62b 3.6840. 62b 0.014 0.230  0.599
% W FR 48 B Simpson 0.9240. 10a 0.720.13¢ 0.8540.02abc  0.89+0.0lab 0. 7640. Odbe 0.8440.0d4abc  0.007 0.975  0.677
3 AT Ace 916.69+35.75aA  909. 33134, 63aA  862.8661. 12aA  599.44--77.90aB  464. 14+29. 21aB  625.00+137.32aB  0.380 <<0.001  0.187
B [CHE % Chaol 876.42429. 74aA  882.88£133.94aA  842.27+44.08aA  564.66+£66.22aB  452.87+4.3%aB  605.27+£137.22aB  0.470  <0.001  0.176
T 7% % Goods_coverage  0.9983-£0. 00 0.9979-0. 00 0.9977-0. 00 0.9987+0.00 0.9989-+0.00 0.9981+0.00  0.153 0.025  0.497
2.5.2 A[A B EKFEAT 5 B G2 0HR G55 O 4
WA B-Z HEEMZ I PCoAl M PCoA2 43l . }
34.80%0 F123.6500 (1 1) o W& B2 25 M9 55 I 4F = il
BRI TR ARk SR 2 . |ocs
15 %] R BT 4 L BB RN R 2R AT 4 R o ® CS10(c)
X I AT R A7 B0 g cs31(0
_ _ . . 0.2 ® CSli(c)
2.5.3 K[ HBEKRFEF 5B EEHRSGFNTTK
- 20 T A VR O Xof HECZH 2T 4 3R il A 1 32 o
B D0 R B 1] TR BT U ] T D B ' - - -
-0.4 -0.2 0 0.2

T CS1040 40, e i AT L4 LU RE B [T (K 2) o
HXTHAML, ?%%@@&ﬁéﬂmfﬁfﬁﬂmXHET“
o, Hoh, CS31(c) 41 5 BE B T de i, 1K 8 T
82.72% . RAHE W B E B 25 0E A9 6, AR
TR TD AR ARG = B2 /b, B BB T

2.5.4 KNFEB ERFERS BEZEEAH I E K
- b 4 v TR AT X R 2H Ak B2 1Y 3 R R

AFLFEE AR R 2K HE . B CS1041 LU
Ab, oA SR 24 FLAT R, Herh, CS31
(o) 21 1) FLAT 18 Ja AR X = B2 B, S 75. 69 %6 (11 3) 6
TRA T b5 T 250 F B 38 o, ZLAT 587 I AR X
RSN RO R 0D o X RALAR L 2T 4 R
AL FLAT T B S s 98, CS31(e) A FLAF
PR B I e 35 11K R R RE TR T sh S AR 1 — 3K
2.5.5 EKRFEFMEEEMHRESGFIA 16S rDNA
TR T 40T BEE B R, -
A A I 3 AT B KA S AR
AR

I3 SRR A BRAC At 2 RE R A I o
e T i By X 7 A 2R R g A BB AQ . E AT 4 FR S R A FQ I B A R OK AR S AR A%

PCoA1 (34.80%)
1 BEBFTHMAE PCoA S

Fig.1 PCoA analysis of bacteria in mixed silage
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DAL 1R A 7 I 0 T Rk B T b B 2% 4, K 43 8K
L2 EGREF M Z T, LA 3 LIRS I 80 kR
ity T ML R A, TR TR R S A S . DR A —
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B 25 5 G5 B, T BT AR R A AR 2% Fig. 3 Relative abundance of bacterial community at genus level

in mixed silage
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B IR o WSC & & oy R EE i B T R R AIRY) B CP S RIS REERY AR . MATTZE
AR R CP & &, XS Yang S E R — B, EEREH TR VAN A S R A BT AT
B 3G TR TV R WSC F it i B R AR, 1T RE R B H 250 R B 1 WSC & e IR AS BE K I 42 43k 58 2 19 % T2 e
PIRT 3. CS3140 WSC & 1 3% i T CS11 AL, s Ud W CS31 41 A T 7L R 19 25 i, 20 10 44 van T A5 7 07 1) 4 e
Jii . NDF Hl ADF & f5f J& 7 fk ] 55 5 00 (09 3 20 8 3R 48 A, & i o = 23 58 0 224 3h 0 9 s AL e Re o =0 AR 5%
L B B SRR L BN, NDF F1 ADF & & i AR, AT BRI i T 6 &2 25 I 109 200 10 BE B 6 I A, DA ITT IR
RAEFWPAgESED BN gE RGBS H M ADF &8 AL, T GE 2 N N 4 RGREN L 4 R L2 4
Ry B IS DR NDF L ADE & i, O SUIR T & o 42 0k 5 22 e W), AT 2 s ) B 347 U i I o
3.3 FAARAERARHFELE T RAFESLBEALKY Y H

pH J& 2 ML 75 I % T 0 o 9 B EE AR A, — R OO R LR I pHAE 4. 2 &8 ARBFSE T IR G H IR
pHE 4. 2 LU R 43 4. 2, v LR UETR & 5 W00 5 T . BfE B 7 25 i A2 R & 7 10 Lo 49 i 38 i pH 5835 T i, 3L
iR o T R S AR X TR TIRAENH WSC HRM B E PSS AMIEY AL . CS3IARM®
TR, VLI A TS T AL S B B TR B IR A I R R R A TR LR
PIPEIEF M N R G T R A 7EIR A I A R I BT IR T RR A . NH-N R Al 5 73 I I 0 2 4
i, 3 O U W R T R R i BT A Y AR IR IS v B T T ZE N H B TR, NH-N Y
$it e, K Ud R B 7 0 v B T Ao R R ORI R DR UETR A T R R R RS Y AR T, B ORREFE
4 EL A8 17 #E 50 %% B LA A b o
3.4 ARG EREHPLEEZLETREFTLANBRAEDELEG I R

o 25 B P R BBE St 200 TR R Vi 0 R Y SR BE AL 2 AR PE |, Chaol 6 80RT Ace S8 UM R T 9 Fp = & B2, Shannon
FEHOM Simpson 8 HUCE T YR ZHEME . ARBFFE P, CS31AT CS11 41 A9 Shannon 1550 & K T CS104H,CS(c)
11 Ace Al Chaol # %  Z IK T CS 4, W B 525 1 R 2 48 25 1 10 A8 IR AR T IR & 75 02 i 4 b 32 &5 18 B b 2
BEPE . Xu % HRIE , S FL IR B SR8 R INES o« 2R T R AR R I, BEE B 5L 250 RIS 4 2R Y
S, FLAT A JE S R R L X v BB B RIS 2R T R A R o L SEETARE EOR R A ROR
(Manihot esculenta) IR G HE WM B-ZFEME A Hr &5 R B, i FE AR G F W Z M3 T 70 8, v BR A& & %
2 BRI VA BT o AN T 9 2% 2L 2 I 00 R AR v ) 2 S R W] B L I R T A S ) S N A TR S YA R R ASOR
A i R B CS31 M CS31(e) & R R4 b«

ARHFFE A2 AN ETE T KO b % BRGTRI AL B A B A R R ] IR ] R R ] BT R ] . i
Y5 Zhao % WA S R — 2, JERED TS IE T 1T AR R G AR L R RETE T REAE AR pH MR T IS4 OF B
A LA Gy W6 2T Ak 25 21 R B U 00 R MK AR L AR T TR TRE TS AR LA TR N ET 4l R A S AL,
JELRE T TRY =5 BE SB35 b IR AE CS31(e) 21k B (H (82. 7296 ) AR B TR 1] F & BE W/, Ud W] 4F 4k 38 1 1) R
T BE R JEERE T 1T B A R R R OR BB RO BT L X R Mu R RS — B BE T S 2E i B B, X R 2
FIET Yt R B2 5 v 1D 0 2 BE B B . W PR 12 — Rl R AT G MR IR AT 1T, T LR BE 2R Y G,
XA AT BEGE B T VRN R 2SN AL B TR AR LR R A S R KT b S AN AL A B R Ol FLAT B
FLIR T4 AE % il R M A 355 7 2 A ML AR pHL, T A8 & U R vh R S il R R34 TR TR, R W T 3 I R /K1 R
AWEFE PR A T 2R RN, FLAT TR 0 F B AR RN, BRI R KOV B . E VR N 4T 4 1 b 2R
A, FUAT s B S NS b, CS31 () LHFLAT 1 4= B de i X 5T 1K B RE R T Ty 3h &8 b — 2, il
FF T J ARG =5 B2 (4 930 20 nT e 2 e T A 2 o s 5 4 2R IR BT B, 5 0 B BE L S T AF 4 R Y Ab 3 4
AT T Ji AR RS 4 2 3 W e AR, 280 30 G 7 Ja AR %o = 3 0 , 150 W1 2 24 3R 8 1) 8 n A okl 1 A R Y 1 A

T W T 1 D B IO RETE — E FRE B R BRBUE TEF I B R . B TR PICRUStAR L , Tax4Fun
T BE T 1 AH 56 kB Y BRI AR WF 9 b SR ) TaxAF un $000 = K F5 FF A0 6 T2 3R A 75 00 40 B8 B 75 19 ik R Th
AE . A 4RIE 55 0k W 5 ak K A A P AR R R AR B A AR R A LA R B TR R A A R A AR A
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KL Bai IR K AL S WA T I LR B X T A O, FUIR B A X A BE A, K Ak A ARk AR
W2 S, A B TS v Bl B TR O B B, LT G JE AT SR RN, RN ET 4 SR W, FLAT TR R A S
T, i AT R R B K AL A A IR A IR R R A AR UM R R A G . B B 2R Y
B, NH,-N 55 4 35 Th m, RV R MR AR R O 45— B0, LiAF O il T R LA S 45 2R . Kilstrup 587 BF Y %
W, R 2 B s 0y 5 0 T A% T TR AR R I 5% o DAL, LT el Je A X 4 2 8 188 T g 25 S BUR H R AU i A2 1Y
EVE L ABEFE R, T 2R A A S A I T A B R R A R A A, PR A I R v 4 AR R s R
i 3R Wang 56 B g 45 R — B0, EE I Iy BE O 1 25 SRR L T S 2R 0 A WS 0 X S OR R FF AN B 2R R
IR R R A — R

4 it

AHE AT L5 KRS AR B0 75 A L, B OK A AT A1 B B 2R IR A 7 IR A8 42 & DML.CP A pH . NH.-N #il
AA GRS NDF (ADF \WSC & i, U 13 0 i A W i v 19 2 R PR BE T 1) R AT BR1 TR 114 A X 4 2 30
o, 78 T 1T AT TR B8R X R BE 9 HErh DL 2504 B KL ZE MRS T TR Bt . 9 X IR AL LG, B £ 4
KA AR ADE & iy S, 85 0000 & JFOnT DLAS Y EORFE AT A1 28 4% 30 LR & W CR e, 4
21 4 S AT LAV TR 7 0 B0 K I 5
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