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Effects of Wilting and Additives on the Fermentation
Characteristics, Quality and Aerobic Stability of Rye Silage

K. N. Lee and D. A. Kim

Summary

This experiment was conducted to evaluate effects of wilting and additives on fermetation characteristics,
quality and aerobic stability of silage of rye(Secale cereale L.) harvested at the early heading stage. Harvested
rye was wilted or mixed with beet pulp and then treated with formic acid or lactic acid bacteria(LAB) inoculant.
Treatments were consisted of direct cut(DC), wilted(WT), beet pulp added(BP), direct cut and formate applied
(DF), wilted and formate applied(WF), beet pulp and formate applied(BF), direct cut and LAB inoculated(DL),
beet pulp added and LAB inoculated(BL), and wilted and LLAB inoculated(WL) silages. After 70 days of ensiling
period, the silages were opened and exposed to air for 7 days, and the silages of opening day(0 day) were
compared with the silages exposed to air for 7 days(7 day).

1. LAB inoculated rye silages(DL, WL, BL) lowered pH values effectively from the third day of ensiling and
showed most stable pattern of pH changes during the initial fermentation process. Direct cut and formate
applied(DF), beet pulp and formate applied(BF) and beet pulp added(BP) silages were also effective in
lowering pH from the seventh day than direct cut treatment(DC).

2. pH was low below 3.7 in all treatments of O day. After 7-day period of aerobic exposure, DI. and WL
showed considerable increases in pH from 3.5 and 3.4 to 8.3 and 6.4, respectively.

3. Direct cut rye silages(DF, DC, DL.) and beet pulp and formate treatment(BF) produced effluent of 121.2, 85.9,
80.3 and 34.2 ml/kg, respectively and these were greater than others(P < 0.01). Beet pulp retained 1.61 I/kg of
effluent at the application rate of 50 kg/t in comparing BP with DC, and formate application increased the
amount of effluent in comparing DF and BF with DC and BP, respectively(P <0.01).

4. Beet pulp and LAB treatment(BL) was highest in content of lactate as 3.1% and formate treated silages(DF,
WF, BF) showed lower content of lactate and total acid than others. LAB inoculated(DL, WL, BL) and wilted
(WT) silages were graded to be good quality as a second group by the Flieg's score. Formate applied silages
(DF, WF, BF) were graded as a fourth group lower than DC by one.
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. Residual content of WSC of rye silage was higher in BP, BF, DL and BL than direct cut treatment(DC)
(P <0.01). Formate application had a tendency to increase the content of residual content of WSC.

. For the ratio of NH;-N to Total N, wilted and LAB inoculated(WL) and direct cut and LAB inoculated(DL)
silages were lowest on 0 day as 8.9 and 9.3%, respectively. But after 7-day period of aerobic exposure, WL
and DL showed largest increase of the ratio of NH;-N to Total N from 0 day(P < 0.01).

. On 0 day wilted(WT), beet pulp and formate treatment(BF), and beet pulp and LAB treatment(BL) were
lower than direct cut treatment(DC) for NDF and ADF concentrations consistently. Formate applied silages
(DF, WF, BF) made little change in ADF and NDF concentrations during 7 day period of aerobic exposure.
DL and WL showed a large increase in ADF and NDF concentrations under aerobic condition(P < 0.01).

. IVDMD values of wilted(WT), beet pulp added(BP), wilted and LAB inoculated(WL) and beet pulp added
and LAB inoculated(BL) silages were higher than direct-cut treatment(DC) as 84.7, 84.7, 84.4 and 83.0%,
respectively on 0 day. But during 7-day period of aerobic exposure, a great decreae in IVDMD of WL was
showed(P < 0.01).

The experimental results indicate that wilted silage(WT) could be recommended as the most effective

treatment for reducing effluent and increasing quality and feed value of rye silage without deteriorating aerobic

stability more than direct cut treatment(DC). Additionally, under unfavorable weather condition beet pulp added

and LAB inoculated treatment(BL) might be the possible alternative for successful ensiling of forage rye.
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Table 1. Chemical composition and in vitro matter digestibility(IVDMD) of rye and beet pulp

(%DM).
Item - - Beet pulp
Direct-cut Wilted
DM 16.4 20.0 884
Crude protein 17.7 17.2 8.7
Crude fiber 226 25.1 17.0
Crude fat 34 4.0 0.4
NFE 389 38.1 65.8
Ashes 82 8.7 5.7
WSC* 211 - 17.5
NDF 60.7 56.9 433
ADF 345 312 278
IVDMD 72.7 79.1 -

* 21.1 and 17.5 are valules(DM%) analysed from fresh and dry material, respectively.
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Fig. 1. pH changes from the first to eight-
eenth day after ensiling rye silages of
nine treatments.
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Fig. 2. Quantity of effluent flowed out of
experimental plastic silo during
ensiling period (ml/kg, wet basis).
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Table 2. Effect of wilting and additives on dry matter(DM) content and pH of rye silage on the
day of opening and after 7 days of aerobic condition.

Treatment DM content (%) pH
0 day 7 day diff. 0 day 7 day diff.
DC 15.2¢ 14.6* 0.6 35 3.6 0.1
WT 18.5° 17.4 1.1 3.7 3 0.2
BP 18.9° 18.1* 0.8 34 4.5 1.1
DF 16.7 15.4 1.3* 3.6 3.6° 0
WF 18.4° 17.6* 0.8 34 3.4 0
BF 20.4* 18.0* 2.4%% 34 34 0
DL 14.5¢ 14.9 0.4 3.5 8.3 4.8%*
WL 17.8%= 17.7 0.1 34 6.4 3.0%*
BL 18.7° 17.2 1.5* 33 4.r 09
Significance
Day 0.0003 0.0001
Silage 0.0001 0.0005
Day X Silage 0.1886 0.0004

diff. Difference between the values of 0 day and 7 day.

*** Significant at the level of 0.05 and 0.01, respectively by LSD test.

29¢  Values within a column follwed by the same letter are not significantly different at the 0.05 level by Duncan test.
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Table 3. Effect of wilting and additives on lactate, acetate, butyrate, total acid, water soluble
carbohydrate(WSC) contents and grade of rye silage on the day of opening

Treatment Lactate Acetate  Butyrate Total YGrade WSC
.................. %, Wet basis «ereercereeiieees % DM

DC 1.61% 0.55% 0.18 2.34 3 2.2¢¢
WwT 2.09% 0.34% 0.12 2.55 2 2.41+

. BP 2.56% 0.34¢ 0.23 3.13 3 3.55
DF 0.65° 057 0.25 1.50 4 2.30¢
WF 1.39% 0.64® 0.21 2.24 4 2.63%4
BF 0.60° 0.72 0.08 1.40 4 3.69
DL 2020 0.37% 0.06 245 2 2.90
WL 242 0.28° 0.11 2.80 2 241
BL 3.1 0.444 0.10 3.64 2 2.65%

Mean 1.82 0.47 0.15 245 2.74

Significance . * NS NS *»

LSD 1.18 0.13 438

Y Grouping by Flieg's score(1~5)

2b¢ Values within a column followed by the same letter are not significantly different by LSD test.
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Table 4. Effect of wilting and additives on crude protein(CP) and the ratio of ammonia nitrogen
to total nitrogen(NH;-N/Total N) of rye silage on the day of opening and dfter 7 days

of aerobic condition.

Treatment Ccp NH;-N/Total N
0 day 7 day Diff. 0 day 7 day Diff.
................................................ DM  ceceverrerncrimnmneoreniariieinriinrecensas
DC 17.0® 14.5¢ 2.5%* 123 19.4% 7.6*
WT 17.9* 18.0* 0.1 11.3 17.8% 6.5*
BP 14.9° 17.7® 2.8%* 122 5.7« 3.5
DF 18.2 14.8¢ 3.4%* 12.0 19.7* 7.7*
WF 17.8* 17.1° 0.7 10.8 13.6% 2.8
BF 15.8° 16.9° 1.1 1L.5 12.2¢ 0.7
DL 17.0® 16.8™ 0.2 89 28.4* 19.5%*
WL 18.4° 18.7* 0.3 9.3 24 5% 15.2%*
BL 15.3¢ 15.5¢ 0.2 12.1 16.7% 46
Significance
Day 0.2863 0.0001
Silage 0.0001 0.0840
Day X Silage 0.0001 0.0019
diff. Difference between the values of 0 day and 7 day.

08

abc

5. NDF, ADF g! IVvDMD

E 5ol BE uiel Zo] 31 ArGEA 9 Tl
239 NDFE o A3 8 (WT)gl beet pulp 3 7m|4t
A (BF)A 2zt 440 Y 44.7%2 A 7HF ko
748 79 ol % BF, WF @ WT7} 242} 455, 46.3 2
46.6%%. 8] o) 2 1 2(DC)E.t} @9k o w(P<0.05), 7}
3ol o] NDFEHst v 2@ o 23 Aol g et
YA ekokth. wleld @ AabF A e(DL), o3 4 3
A2 2l (WL)$} beet pulp 7kH el(BP)&= &7]2 %
Ao A NDFgH#2 24 5 A 2 chP<0.01).

Significant at the level of 0.05 and 0.01, respectively by LSD test.
Values within a column followed by the same letter are not significantly different at the level of 0.05 by Duncan test.

YU AGE A Lol ADFEZL d Az
(WT), beet pulp 3! 2 At A 2] (BL)2} beet pulp 2 7}
oAt 2| (BR)A| Azt 29.3, 29.6 U 30.1%2 7}%
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(WE)$} beet pulp 91 7Huj4tx] 2](BF)7L njel A g
(DOt} o Ao g FUYri(P<0.05). §H, ujazd
2 FAAF D), o L AdFAH (WSt o
A (WDE 7R =2Ast0) A ADF %L 274
Ay A ZTHP < 0.01).
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(WT), M| EE Z H71A] 2|(BP) 28] 1 ol & Ay
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A2 (WL)o] A Z+z} 84.7, 84.7 2 84.4%3 =& Wo)
A, NE T4 = vdd Y AARDOL)F oA A
9 AAFHAWLIANA 22 7859 754%24 7}

Z ok, 53] WLE /589U 84.4%9) v a
g o 373 oA IVDMD7} 24 HalES &
A tHP<0.01).

Table 5. Effect of wilting and additives on neutral detergent fiber(NDF), acid detergent fiber
(ADF), and in vitro dry mater digestibility(IVDMD) of rye silage

Ireatment NDF ADF IVDMD
0 day 7 day Diff. 0 day 7 day Diff. 0 day 7 day Diff.
............................................................ O e etereetieert e er e aet s e et eeaasaiaseearnns
DC 47.2% 51.0® 3.8* 31.5% 33.2 1.7 80.2 80.7%% 0.5
WT 440 46.6° 26 29.3 32.5¢ 3.2+ 84.7 81.6* 3.1
BP 46.4® 51.4% 5.0%* 30.9* 33.4> 2.5% 84.7 82.2% 2.5
DF 48.6° 49.0% 04 326° 33.2% 0.6 828 804 24
WF 453 46.34 1.0 30.5® 30.7¢ 0.2 80.6 80.8* 0.2
BF 44.7° 45.5¢ 0.8 30.1° 3044 0.3 82.0 859 3.9
DL 46.7* 54.1 7.4%* 30.6% 36.00 5.4%* 80.2 78.5% 1.7
WL 45.7 51.8* 6.1%* 30.7% 34.9% 4.0%% 844 75.4° 9,0%*
BL 45.3%* 49.3% 40 29.6 3234 2.7% 83.0 84.3 1.3
Significance
Day 0.0001 0.0005 0.1081
Silage 0.0020 0.0001 0.1058
Day x Silage 0.0163 0.0391 0.0972

diff. Difference between the values of 0 day and 7 day.

*** Significant at the level of 0.05 and 0.01, respectively by LSD test.
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Values within a column followed by the same letter are not significantly different at the 0.05 level by Duncan test.
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2] (WF), beet pulp L 7§u] At 2](BF), Hldd 9 3
AFAEDL), A7 % AAFAME(WL) a8n
beet pulp X FAAFAHEUBLY F IANHPE FUL
o, 2zt At a5 D AIEHA a8 &
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