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Effect of Harvest Stage of Sorghum x Sorghum Hybrid (SSH) on

the Quality of Round Baled SSH Silage

Ki Choon Choi, Min-Woong Jung, Won Ho Kim, Cheon Man Kim, Sei Hyung Yoon, Eun Min
Choi, Jong Geun Kim, Sang Moon Lee, Jong Man Choi, Hyuck Gi Kim and Young Chul Lim

ABSTRACT

This study was performed to investigate the effects of harvest stage of sorghum x sorghum hybrid (SSH)
on nutritive values and quality of round baled SSH silage manufactured with SSH grown in paddy land of
Department of Animal Resources Development, National Institute of Animal Science, RDA. SSH “SS405”
was harvested at two different growth stages (heading and ripen stage) and ensiled at each harvest stages.
Crude protein content of round baled SSH silage increased with delayed harvest maturity, but contents of
ADF (acid detergent fiber), NDF (neutral detergent fiber), TDN (total digestible nutrient) and in vitro dry
matter digestibility IVDMD) was not changed. The pH in round baled SSH silage ranged from 3.8 to 4.4
at two different harvest stages, and pH in heading stage was higher than that of ripen stage. The content
of lactic acid of round baled SSH silage increased with delayed harvest maturity (P<0.05), but the content
of acetic acid decreased (P<0.05). The contents of lactic acid and acetic acid in ripen stage were not
influenced by manufacture method of silage. The content of acetic acid in round baled SSH silage of
heading stage increased as compared to that of trench SSH silage (P<0.05). Therefore, this study suggest
that round baled SSH silage manufactured in both heading and ripen stage can improve the silage
fermentation.

(Key words : Sorghumxsorghum hybrid, Silage, Round bale, Quality, Organic acid)
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Fig. 1. Moisture content of round bailed

sorghumxsorghum hybrid (SSH) silage
according to harvest stage of SSH.
NIN: Non-inoculation of inoculant, IN:
Inoculation of inoculant, Bale: Round
bale, TS: Trench silo.
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Table 1. Effect of harvest stage of sorghumxsorghum hybrid (SSH) on nutritive values of

round baled SSH silage

Heading stage

Ripen stage

SMM" Tnoculant Cp?

ADF” NDFY TDN” wovp® CP ADF NDF  TDN

(%) (%) (%) (%) (%) (%) (%)

Bale? NTRY 770 4874 68.60 5040  54.98 8.42 4397 6427 54.16

ale

TR” 786  48.64 70.68 5047 5423 8.61 43.03 6471 5491

- NTR 780 4393 6490 5252  55.26 8.07 46.06 66.68 54.20

TR 744 4545 6644  53.00 5335 8.09 4271 64.11 55.16
Main-effect

Bale 778  48.69  69.64 5043  54.60 851 4350 64.49 54.54

TS 7.62 4469 6567 5276 5431 8.08 4438 6539 54.68
Sub-effect

NTR 775 4633 6675 5146  55.12 824 4501 6547 54.18

TR 7.65  47.04 6856 5174  53.79 835 4287 6441 55.03

) SMM: Silage making method, ? Bale: Round bale, 9 TS: Trench silo, Y NTR: Non-treatment, 9 TR: Treatment,
9 CP: Crude protein, ” ADF: Acid detergent fiber, ¥ NDF: Neutral detergent fiber, ” TDN: Total digestible

nutrient, ' IVDMD: in vitro dry matter digestibility.
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Table 2. Effect of harvest stage of sorghumxsorghum hybrid (SSH) on acidity and content of

lactic acid in round baled SSH silage

Heading stage

Ripen stage

SMM"  Inoculant

pH Lactate  Acetate  Butyrate pH Lactate  Acetate Butyrate
(%/DM)  (%/DM)  (%/DM) (%/DM)  (%/DM)  (%/DM)
Bale? NTSR‘” 4.43 5.84 2.32 0.00 3.79 8.25 0.54 0.01
TR” 4.41 5.68 2.36 0.00 3.78 7.74 0.91 0.00
) NTR 4.07 9.89 1.61 0.00 3.79 8.15 0.56 0.00
TR 4.06 10.39 1.33 0.00 3.79 8.01 0.54 0.00
Main-effect
Bale 4.42 5.76b 2.34a 0.00 3.79% 7.99% 0.73* 0.01
TS 4.06 10.14a 1.47b 0.00 3.79% 8.08 0.55 0.00
Sub-effect
NTR 4.25 7.87 1.96 0.00 3.79%* 8.20 0.55 0.01
TR 4.23 8.03 1.85 0.00 3.78%* 7.88 0.73 0.00

) SMM: Silage making method, ? Bale: Round bale, ) TS: Trench silo, Y NTR: Non-treatment, 9 TR: Treatment
*° Different letters within a column represent significant differences (P<0.05). * vs Heading stage (P<0.05).

Ay ZEAple]A]e] 2AF F=FE Edlx] AL
AR} F7HE ST} (P<0.05). k=57l A= Al
Fipgel whel Akt 24l R 2 Alol:
Holx] ekl

Flieg el &gt &5719 5 x 54 2z
T 938 Z3ARIEAY FATHES 9
el 57l = 1004 ()2
st lﬁb- Eiﬂz] Al A= E47)9)
=7] 25 1008 (9= FAI3KSI} (Fig. 2).
kAo g Afele]x] FA|A] Fto] FAe]
5 E FAREY d3s = Ao dEA
A|RE Flieg *He] ZAzjo|A Hix upe}l 7ol
T x e 13T A4S 48 TIARLEA
ANl = SR 76~80%F FAL W=
Az wEels e FA W ZeE
velstel Pitt (1990)= Akl A]9] pH7F Yz,
A=A o] F FFo] weow A Fhefo] 7}
b kgl & ool AREEl SS405+

N
ek
—~
.

!
i
e o

g

T e] AdE A Alxshed Agste] %7
Apde) Al A A dFE FA 4E
o7 A7k
ole] AN goks| B W $4x 55 T
A2 B1% 9700l 2HT A wF
T AEA See BAAE Sk o

Il Heading stage Ripen stage

= =R
[=2] =
QQ%OQ

Flieg's score

)
=

(=]

NIN

Bale TS

Fig. 2. Change of Flieg's score of round
bailed sorghum x sorghum hybrid (SSH)
according to harvest stage of SSH.
NIN: Non-inoculation of inoculant, IN:
Inoculation of inoculant, Bale: Round
bale, TS: Trench silo.

e w2} S0k G571 Alolol] AP
LA S Axsh= Ao F3 AFLE A F
& A 2 Aoz AZsE, 53], duks
FEelAe $EAG 22ARE SOl 5
Z8)2] oko) AldE|z] WFo oL = 4 9)
7] gl fgg 2AES] 4

13
A9 AT A AL FA oA



Choi et al.: Quality of Round Baled Sorghum-Sorghum Hybrid Silage

717} =oiAlel wet Ak e Flelele
grefre 7raslit} (P<0.05). 183 &4
712 9138 mzalelalxe] Al deke Edx
A A w27k (P<0.05). $H7]0 A
Azl wel gakat 2 e 2 A
o]F Holx] gith o)t AdE Tt
2 o A Fexas AT AITE AL
Ade]A] 2AIE SEiAE 5719 S57] Aol
| FE8le] AbdE| A S wh=E 2] AeleE]A]

TaS PR+ slek

2

g

v @2l

I Axs, AsF AFY, AeE oA, A
2005. CODEX 374 FA] w2 zAls A
AHAA 2ol g 7

2. AFY, AFE, ES &
o]Z7. 2009. ZALEAAL 2
2} p 96.

3. AR, e, A4, &
1995. =8 AlgFEe] =
et AF 1L ASTAE
2k 2] zA|o)E. 24 1503):

4. A8E, A, FAE olEt, AAY

<] =
dAA el glolA ARA dFTIZARLE]A] 9

=2

10.

11.

12.

13.

14.

15.

16.

17.

CARE, ©1F7

P ARAE 9

253-260.

MrEEA dEA] 2403):

e, B, 9, A3,
ol&s, 871, A 4. 2009. =M AF537}

s3] 3t T ARAE AL A
29(4):307-312.
CAFT, AL, A A, A &A1Y, d9A

2006a. FAHFAl H7p7) gEdd H2 Alde
x| 9] FAo| n|x)= FFF. FEA| 26(3):139-146.
RAEE, Ao, A A, AeA, A, Aesk
2001. 534 <7)7F 34 = AkdE]A]
o] FAWse] WX g F&EA 21(1):1-6.
AEZ, Ao, A A, T AYE, oA,
2006b. oA|717]7ke] =Wl Hx AldEz]<]
FAol| wxE d8F FFA] 26(1):39-44.

RAEE, Ao, A A, A, A, oA
2000a. A= HPgo] gl AW Alle]x]<]
EAo) v|x]= g3k gFA] 20(3):185-192.
RAEE, A A, A, AeA, T AsE
2000b. =24 £7)7F =2 Bl Alade]x]
2] AE7EA] Wshel] mx|= ¥ EA] 20(4):
215-316.

AEH, oldA, AAH, i, Axs, A3,
Fr x23 2010, A7), A 2 A
A7} f7] AR Az A 2 ARl
FA-of| mx]E= g FEA] 30(1):25-34.

Ao, A A, AF, olFA, &AE,
g9, =81l 2008. A7) " FFo] FA
W AkdE|z]e] A vA= G dxEAR
AL883] %], 28(1):29-34.

AARZ, AP, AAAE, Ao, dHEg. 199%.
B ARl A9 silage AlE o] &A] oAl W
formic acid 2]l & EFANA &d) FEX
16(2):155-160.

MA, oA 2009. & AFAAATF A=
13] A7) 33 & o) 3AEL JdAERE, A
AARZ GSnJ, 72(1):1-17.

Sz S A e, AAE 2]
2009. *JH <]

=

.
FEAZE A7l i S
+7 ARdElA] FAHEL Al ks
2. 21(4):316-321.
5 A, &3, A4, ol&r], £45.
20064 =41 APEg ol 3 7E Al
212 52(8A1):141-141.
AAE, ADE, SAE, 94,
2008. FHAT =ollA €dA FH A=

e A A,



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Choi et al.: Quality of Round Baled Sorghum-Sorghum Hybrid Silage

AeEA B 5=k v, §kFA] 28(1):13-18.
o]k 2006. 05 Egkoit . AXERE,
AA%%E GSnl, 8:1-17.

o|Z%, AP, AHE, A, A58,
A7gul 2006, & kS Aufsls Ae
FE, 2AE Avisks 2] pp. 1-186.
AR, AFY, oldA, AAH, Fh,
HAE. 2000. of)Fde] FaxpdaEks 2R
7] AkedelAle] FAe vAe ¥ =7
A+3] 2] 17(4):519-527.

9A. 2004, FAEAZ AUsheh A31FA)
3 - — FRAAAT, 13
111-129.

A7, A0, A8, olAE
20092, oA w2710
S B2 AR, A
] 29(4):329-336.

ABA, oVIE, A, Aew, A7)E AAE
2714, 19A. 2010, FFAG EelA 5
5] AKEA, AW W FA vm B2A
30(2):97-193.

57, o), &A%, AL, Jd9A
FHAA =ollA 7 FF2 V5S4,
A W EA wlw gEA 30(1):1-8.
A3)A, o574, A7E, &AF, 9,
°]3]&. 2009b. ‘AT =ellM AdEAE &
S EBO AREA, AN 2 FA v @
ZA] 29(1):13-18.

EA7)EATA 200495 EITA. 2004, =4
¥ A AesE FeEE AL

AOAC. 1990. Official method of analysis. 15thed.
Washington, DC.

Bevre, L. 1988. Silage making in round bales.
Buscap Og Avdratt. 40(2):100-103. Norway.

FAO, 1985. Water quality for agriculture. R.S.
Ayers and D.W. Westcot. FAO Irrigation and
Drainage Paper. 29 Rev. 1. FAO Rome.

Goering, HK. and P.J. Van Soest. 1970. Forage
fiber analysis. Agic. Handbook 379, U. S. Gov.
Print. Office, Washington, DC.

Hristove, AN. and T.A. McAllister. 2002. Effect

silage

(B2 ool Jo

offt

K ofo ©,
Jlo of
J(; o

ok
1-}1!

+A1%, §

Apedef 2]

N

wa, rit
R
=

%

of inoculants on whole-crop barley
fermentation and dry matter disappearance in sifu.
J. Anim. Sci. 80:510-516.

Keady, T.W.J. and R'W.J. Steen. 1994. Effects of

treating low dry matter grass with a bacterial

33.

34.

35.

36.

37.

38.

39.

40.

A

319, #4923k 20119 49 39,

inoculant on the intake and performance of beef
cattle and studies on its mode of action. Grass
Forage Sci. 49:438-446.

Kwon, C.H., J.D. Kim, S.G. Kim and C.H. Kim.
2006. Effect of corn grain addition on forage
quality and production cost of sorghum silage.
Chinese J. Grassl. Sci. 16:59-61.

Moore, J.E. 1970. Procedure for the two-stage in
vitro digestion of forage. Univ. of Florida, Depart.
of Anim. Sci.

Patterson, D.C., C.S. Mayne, F.J. Gordon and D.J.
Kilpatrick. ~ 1997.  An

inoculant/enzyme preparation as an additive for

evaluation of an

grass silage for dairy cattle. Grass Forage Sci.
52:325-335.
Pitt, R.E.
National,

(NRAES). Cooperative Extension. Cornell University.
Romahn. W. 1988. Big bale haylage fits our
operation. Moard's Adiryman. March 10. Hoard

1990. Silage and hay preservation.

Agriculture and Engineering Service

and sons company. Fort Akinson, Wisconsin. p.
255.
Seo, S., WH. Kim and J.G. Kim. 2006.
Production and utilization of whole crop barley
and whole crop rice in Korea. Chinese J. of
Grassl. Sci. 16:274-279.
Smith, E.J., A.R. Henderson, J.D. Oldham, D.A.
Whitaker, K. Aitcheson, D.H. Anderson and J. M.
Kelly. 1993. The influence of an inoculant/enzyme
preparation as an additive for grass silage offered
in combination with three levels of concentrate
supplementation on performance of lactating dairy
cows. Anim. Prod. 56:301-310.
Steen, R.E.J., E.F. Unsworth, H.I. Gracey, S.J.
Kennedy, R. Anderson and D.J. Kilpatrick. 1989.
Evaluation studies in the development of a
commercial bacterial inoculant as an additive for
grass silage. 3. Responses in growing cattle and
interaction with protein supplementation. Grass
Forage Sci. 44:381-390.
20119 24 2794, AL 12k 2011 3
A

=.

20114 44 229))

—150—



