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SUMMARY 

First growth alfalfa bromegrass mixture was harvested from rhe same field 
and stored in two concrete tower silos as low-moisture silage ( 49%) and sodium 
metabisulfire treated high-moisture silage (73%). Silages were evaluated on the 
basis of growth performance of dairy heifers. Four groups of ten Holstein heifers., 
12 to 18 months old were fed silage individually, ad libitum, with different com
binations of alfalfa hay and grain. 

Animals receiving low-moisture silage consumed more total roughage 
dry matter than animals fed high-moisture silage rations and gains reflected this 
additional daily intake. Silage and 1.82 kg of 9 percent crude protein grain re
sulted in good gains. Digestion coefficients for crude protein and dry matter were 
essentially the same. Peak temperatures measured by thermocouples were 32°C 
for both silages. 
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INTRODUCTION 

An increased effort to make more efficient use of silo structures and equip
ment has resulted in an increasing interest concerning the preservation of hay 
crops as low-moisture silage. 

A low acid content indicative of a low rate of fermentation is associated with 
excellent silage. Silage dry matter and temperature influence silage acid content. 
Many investigators have demonstrated an improvement of silage feeding value by 
various degrees of wilting as opposed to direct-cut silage. 

Few research reports have related digestibility and fermentation characteristics 
of low-moisture silage to animal performance. The objective of this experiment 
was to relate digestibilty, fermentation characteristics, and nutritive value of low
moisrure silage and sodium metabisulfite (bisulfite) preserved high-moisture si
lages to the growth and performance of dairy heifers. 

EXPERIMENT AL PROCEDURES 

An alfalfa (5% bloom) bromegrass mixture was harvested from the same 
field and preserved as low- and high-moisture silage in conventional concrete si
los. First growth forage was mowed and wilted to approximately 50 percent dry 
matter and then chopped with a forage harvester set at 6 mm theoretical cue. A 
second forage was direct-chopped and preserved with 3 kg of sodium metabisul
fite per 1000 kg. Harvesting was done May 23 and 24. Silo doors were sealed 
with mud and rubber gaskets and the low-moisture silo was topped with a load 
of direct-cut forage. All silage was covered with 4 mm plastic film. 

An 80-day feeding trial was conducted to study the performance of growing 
Holstein dairy heifers. Four groups of ten heifers, 12 to 18 months old, balanced 
on the basis of body weight were used. 

A standard concentrate (12% C.P.) and a low protein concentrate (9% C.P.) 
were fed at the rate of 1.82 kg per head per day. Composition of the concen
trates is given in Table 1 and treatments are itemized in Table 2. 
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TABLE 1--COMPOSITION OF CONCENTRATES 

I ngredi en ts 

No. 2 yellow corn 

Blackstrap molasses 

Urea 

Dicalcium phosphate 

Trace-mineral salt 

Total 

Crude protein (%)a 

a Calculated analysis 

Standard concentrate 
(Kg) 

832.7 

45.5 

12.7 

9. l 

9. l 

909. l 

12 . 0 

Low-protein concentrate 
(Kg) 

845.5 

45.4 

9. l 

9. l 

909. l 

9.0 

All animals remained on the same treatment throughout the experiment. 
They were fed individually. Refused feed was weighed back daily. Individual body 
weights were taken for three consecutive days at the beginning and at the close 
of the experiments and for two consecutive days at 28-day intervals. Conventional 
seven-day digestion trials with seven-day adjustment periods were conducted us
ing four Holstein heifers. All determinations were made on seven-day composite 
samples. Only silage was fed during digestion trials. 

At the time of ensiling, themocouples were placed in each silo at three dif
ferent points and the silage temperature was monitored by a potentiometric re
corder. The silages were sampled periodically during the feeding trial and ana
lyzed for dry matter, pH, crude protein, and organic acids. The silage dry matter 
was determined by drying in a 40°C forced air oven. Silage pH was determined 
with a glass-electrode Beckman pH meter and crude protein was determined by 
the method outlined by A.O.A.C. (1). The method employed to extract silage for 
analysis of the volatile fatty acids was a modification of the Ling (7) method for 
determination of lactic acid in cottage cheese. The extract was analyzed with a 
gas chromatograph as outlined by Erwin, et al. (4). A portion of the same silage 
extract was used to determine the lactic acid content with a spectrophotometer. 

Newman-Keuls sequential range test (3) was used to identify statistically 
signficant differences for roughage dry matter intake and average daily gains. 



TABLE 2--LOW- AND HIGH-MOISTURE SILAGE FEEDING TRIALa 

Protein in 
Concentrateb (%) 

Initial Weight (kg) 

Final Weight (kg) 

ADG (kg) 

Hay Consumbed (kg/day) 

Silage Consumed (kg/day) 

Roughage Dry Matter 
Consumed (kg/day) 

Roughage Dry Matter 
Intake/100 Kg Body Weight 
per Day 
-

Bi sulfite, 
High -Mo isture 

12 

349.83 

407.77 

. 72d 

20.69 

5.59 

l. 47d 

a Ten heifers per treatment 
b Concentrate per head daily, 1.82 kg 

Type of Silage Fed Ad Libitum 

Low-Moisture Low-Moisture 

9 12 

351.04 353.00 

432.36 426.68 

l. 01 c . 92C 

13. 50 13.39 

6. 51 6.54 

l.66 l. 67c 

Bisulfite, High-Moisture 
Plus Alfalfa Hay 

12 

363.77 

435.18 

.89c 

2.89 

16.65 

7. 11 

l. 78C 

c,d On the same line within a subgroup having different superscript letters differ significantly 
(P < .05 or> .01) 
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RESULTS AND DISCUSSION 

A summary of the animal data obtained from the feeding trial is presented 
in Table 2. 

Animals receiving low-moisture silage consumed significantly more (P::::;:; .05) 
total roughage dry matter than animals on bisulfite., high-moisture silage rations 
alone. A similar experiment of short duration (28 days) conducted prior to this 
trial (10) produced a 13 percent increase in average daily gain in favor of low
moismre silage when compared to bisulfite, high-moisture silage. These findings 
were expected as many investigators (6, 9, 11, 12) have reported improved palat
ability by reducing the forage moisture content before ensiling. 

Feeding of bisulfite, high-moisture silage plus hay ad libitum resulted in a 
significantly greater (P ::::;:; .01) dry matter intake than when high-moisture silage 
was fed alone. Feed intake expressed in terms of kg of dry matter consumed per 
100 kg of live weight is given in Table 2. These data indicated the presence of 
an appetite depressing factor(s) in the high-moisture silage. 

Average daily gain of both groups of animals receiving low-moisture silage 
was significantly higher (P ::::;:; .01) than that of animals receiving bisulfite, high
moisture silage. Animals receiving bisulfite, high-moisture silage plus hay also had 
a significantly higher (P ::::;:; .05) average daily gain than animals on bisulfite, 
high-moisture silage alone. 

As expected, groups of heifers receiving the low-crude protein concentrate 
(9%) performed as well as the group on the standard 12% crude protein concen
trate supplement. The data suggest that a low-moisture alfalfa bromegrass silage 
of good quality plus 1.82 kg of a corn supplement with no additional protein 
will support gains equal to those outlined by the National Research Council (8). 

No differences were found between the two silages' crude protein and dry 
matter coefficients of digestibility (Table 3 ). This is supporting evidence that in
creased voluntary intake is responsible for the better daily gains of the animals 
that received the low-moisture silage. 

Average pH's of 4.67 and 4.47 were obtained from the low-moisture and bi
sulfite, high-moisture silages, respectively. In all cases, bisulfite, high-moisture 
silage was higher in acetic, lactic, and butyric acids (Table 3) . This trend was not 
true for the silage on an as-fed basis where the low-moisture silage contained 
more acetic and lactic acids but still tended to contain less butyric acid. 

The silage temperature was within the range of that indicated for good qual
ity silage (2). Since silage temperatures in this study were similar for the two 
types of silage (32°C), differences in organic acid content cannot be attributed to 
temperature differences as indicated by the work of Gibson, et al. (5). 



TABLE 3--DIGESTIBILITY AND CHEMICAL COMPOSITION OF LOW AND BISULFITE, HIGH-MOISTURE SILAGEa 

Coefficient Digestion 
~ 

Crude Dry Crude Volatile Fatt~ Acids 
t71 
(F) 

Tota lb 
t71 

Silage Protein Matter Protein Acetic Butyri c Lactic > 
(%) (%) (%) (%) (%) (%) (%) ~ 

() 

:I: 
to 

Low- c::: 
r-< 

Moisture 61. 5 56. l 18. 3 2.90 0.200 6.11 9.27 r' 
t71 
j 

Bi sulfite, z 
High-

\() ..... 
Moisture 62.2 54.4 15. 2 4.01 l. 160 7. 77 13.60 00 

a Dry matter basis 
b Includes small amounts c3, c5 and c5_i acids 

--.J 
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