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Comparison of flail-harvested, precisionchopped and round-bale silages for growing
beef cattle
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The effects of silage conservation method on silage composition and animal performance were examined in two experiments. In Experiment 1, unwilted, flail-chopped
silages made with or without an additive (sodium nitrite and hexamethylene tetramine)
were compared with wilted, round-bale silage. The dry matter (DM) concentration of
round bale silage (460 g/kg) was higher than that of flail silage (214 g/kg) and this
restricted fermentation and N solublisation. When fed to growing cattle, intake
(P<0.01), live-weight (LW) gain (P<0.001) and LW gain to feed ratio (P<0.05) were
greater for round-bale silage than for flail silage. In Experiment 2, flail-harvested silage
was compared with wilted, precision-chopped and round-bale silages conserved either
without or with pre-slicing immediately before baling. The DM concentration of flail,
precision-chopped and round-bale silages were 163, 334 and 468 g/kg, respectively.
Fermentation in flail silage was more extensive than in precision-chopped and particularly round-bale silages, but insoluble-N concentration was unaffected. Round-bale
silage was more digestible (P<0.05) than flail or precision-chopped silages. Voluntary
intake was higher for steers fed round-bale silages compared to flail silage (P<0.05),
while intake of steers fed precision-chopped silage was intermediate (P>0.05). Steers
fed round-bale silages had higher LW gain (1.0 kg/day) than those fed flail (0.7 kg/day)
or precision-chopped silage (0.8 kg/day; P<0.05). Efficiency of utilization of DM for LW
gain was similar for all silages. Pre-slicing at baling had no effect on animal performance. It is concluded that the increased performance by cattle offered silages made by
the wilted round-bale system was largely due to higher voluntary intake.
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Introduction
Precision-chopped ensilage is an effective method of forage conservation but
equipment costs frequently result in this
option not being available to smaller
scale livestock farmers, typified in
Atlantic Canada by beef producers.
Alternative silage systems are available
including flail harvesting (Gordon, 1989)
and round-bale silage making (Haigh,
1990) which require less investment in
equipment (Wilkinson, Wadephul and
Hill, 1996). Research has demonstrated that animal performance from
flail-harvested silage can be as good as, or
better than, that from wilted, precisionchopped silage (Gordon, 1989). Although
voluntary intake tends to be lower for flail
and other types of low dry matter (DM)
silage, it appears to be offset by increased
efficiency of utilization (O’Kiely, Flynn
and Wilson, 1988; Gordon, 1989). The
risk of adverse fermentation increases
in wetter, flail-harvested silages, especially if the pre-ensiled herbage is low in
water soluble carbohydrates (WSC). The
use of additives specifically formulated
for wetter silages may be beneficial under
such circumstances. Research with roundbale silage, in contrast, has demonstrated increased voluntary intake and
animal performance relative to precisionchopped silage, particularly when
forage is baled at a higher DM concentration (Charmley et al., 1999). Preslicing of forage before round baling
is reputed to improve fermentation
and animal performance. Little research
is available where these systems have
been compared in the same experiment. Therefore, two experiments were
conducted over 2 years to compare
conservation
characteristics
and
feeding value of silages made using
flail, round-bale and precision-chop
systems.

Materials and Methods
Field operations
Two experiments were conducted in successive years at the Nappan Research
Farm, Nova Scotia, Canada (45°46' N,
64°14' W). In both years, timothy-dominated swards were used. In year 1, second-cut
forage (15.3 ha) was harvested from three
adjacent fields. In year 2, first-cut material
(9.4 ha) was used from one of the fields
used in year 1 plus two similar, timothydominated fields. Prior to harvesting, fields
were divided into equal areas and these
were allocated at random to the various
ensiling systems. Thus, within both years
the field was the replicate, there being
three replicates in each year. Harvesting
constraints resulted in all perimeter forage
(10 m) being assigned to the flail treatment
in both years. Samples of forage were taken
for determination of chemical composition
from all treatments at the time of ensiling,
either by sampling loads of silage (flail and
precision-chopped) or sampling the swath
immediately before baling (round-bale
treatments). All loads of silage and round
bales were weighed immediately after
transfer from the field. The harvested DM
yield was determined as the weight of forage corrected for the DM concentration
measured in samples taken from loads or
from the swath immediately before baling.
Stubble heights were measured in flail-harvested and mowed plots with a minimum of
20 measurements per cutting method.
Experiment 1: Three harvesting methods
were compared in this experiment: flail harvested without additive (FC), flail harvested
with additive (FA) and round-bale (RB).
Field operations began on 1 August. Flail
harvesting using a John Deere crop chopper 16A (John Deere Corp Dearborne, MI)
with a 1.4 m cutting width was initiated first
and once sufficient cleared area was available for equipment manoeuvering, the
blocks for round-bale silage were mowed
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with a rotary disc mower (model FC300G,
Kuhn S.A., France) with a 3-m cutting
width. Flail-harvested material was collected into 5-t capacity wagons pulled behind
the harvester. Two of these were used alternately, to allow for more or less continual
operation of the harvester. Additive was
applied to half the flail harvested material
by treating alternate loads with a solution
containing sodium nitrite (300 g/l) and
hexamethylene tetramine (200 g/l; Ultrasil,
FSL Bells, UK) at a rate of 2.5 l/t fresh forage. Additive was applied by gravity feed
onto the forage immediately after the flail
chamber of the harvester. Forage was
formed into a heap approximately 1.5 m
high and 3 m wide, on an uncovered concrete pad using a front end loader. This
machine was also used for consolidating the
heap. Silos were sealed with a double layer
of black plastic (0.125 mm thick) which was
held in place with used car tyres. The edges
were held in place with soil. For round-bale
silage, forage was allowed to wilt overnight
in the field until the DM reached over 400
g/kg. No tedding or raking was performed
on the wilted crop. The crop was baled into
approximately 1.2 m × 1.2 m bales using a
variable chamber round baler (model New
Holland 640, New Holland, PN, USA).
Bales were transported to a storage area
where they were wrapped within 2 h of
baling using an individual bale wrapper
(model UN 7510, Kverneland Underhang
A.S., Norway). Each bale was individually
covered with white wrap (25 micron) and
an approximate two-thirds overlap, thus
ensuring a minimum of three layers of film
over the forage. Bales were stored on their
side outdoors on an asphalt pad.
All silages were stored for 5 months
before feeding. Silages from the FC and
FA treatments were removed from heaps
using a silage block cutter (Siolcut Model
150, Alo, Sweden). Silages were given
without supplement, to growing steers
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accommodated in pens of 8 animals and
individually fed using feed troughs
equipped with electronic locking doors
(American Calan, Inc., Northwood, NH).
Eighteen yearling Hereford steers (initial
live weight (LW) 304 (s.d. 32) kg) were
ranked according to LW and blocked into
6 groups of 3. Within each block, one steer
was assigned to each treatment. Silages
were offered ad libitum for 98 days, during
which time intake was recorded on a daily
basis as the difference between feed
offered and uneaten feed remaining 22 h
later. Rate of gain was determined by
weighing steers every week and regressing
LW against time. Gain was taken as the
slope of the relationship. All animals were
cared for in accordance with the guidelines of the Canadian Council on Animal
Care (CCAC, 1993).
Experiment 2: This study employed four
ensiling techniques; flail-chopped (FC),
precision-chopped (PC), round-bale
(URB) and cut round-bale (SRB). Field
operations for all treatments began on 12
June. Flail harvesting was conducted as
previously described. Precision-chopped
material was mowed using the same
equipment as the round-bale system. The
precision-chopped and round-bale treatments were left in the field for 4 days due
to rainfall (30.5 mm) on 2 days after mowing. The PC material was harvested using
a New Holland harvester (model 790;
New Holland, PN, USA). The silo for precision-chopped material was made in the
same fashion as the silo for flail silage. In
this experiment, round baling began at the
same time as the precision-chop harvesting, but owing to slower field operations,
the DM concentration of round bale
silage was higher than that of precisionchopped silage. A fixed chamber round
baler (model 250RC, Claas, Columbus,
IN, USA) was used, fitted with a roto-cut
cutting assembly which allowed forage to
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be coarsely sliced immediately before baling. This mechanism was engaged for
alternate bales resulting in two round-bale
treatments (URB and SRB). Wrapping
took place at the storage area within 2 h of
baling as previously described.
Samples of harvested forage were taken
from 10 loads each of flail and precisionchopped treatments and from 5 bales of
each round-bale treatment. Twenty particles were taken at random from each sample and measured for determination of
mean particle length and size distribution.
In round-bale treatments only, 5 bales per
treatment were sampled by coring in
order to assess rate of fermentation.
Cores were taken at 0, 4, 10, 20 and 70
days after ensiling for determination of
changes in pH, N solubility and concentration of fermentation acids. Cores, 60 cm in
length, were taken using a 2.5-cm diameter corer fitted onto an electric drill.
After removal of the sample, the hole was
purged with CO2 and sealed with silage
plastic repair tape. Density of bales was
estimated from the total weight of baled
forage and number of bales per replicate,
assuming a bale volume of 1.36 m3.
Following 7 months storage the silages
were fed to 24 crossbred yearling Hereford
steers (initial LW 334 (s.d. 46) kg) in a
feeding trial lasting 84 days. Methods were
as described for Experiment 1, except that
6 steers were assigned to each of four treatments. In addition, six crossbred Hereford
steers weighing approximately 350 kg were
used in a double incomplete latin square
design with four diets, three periods and
three animals per square. Cattle were adapted to housing in individual pens (3 m × 6
m) and collection cages (1 m × 2 m) and to
silage-feeding prior to the trial. At the start
of this study cattle were randomly assigned
to square and, within square to diet. Each
period of the trial was 21 days with total
collection of faeces taking place over the

last 7 days of each period. Cattle were
housed in individual pens with complete
freedom of movement for 14 days and then
confined by a head yoke within collection
cages, fitted to allow separation and collection of urine and faeces. Water was available at all times and lights were left on 24
h/day. Forages were offered ad libitum.
Chemical analyses
Dry matter in fresh silage was determined
by toluene distillation (Dewar and
McDonald, 1961) and in other material by
oven-drying at 50 °C. Organic matter was
determined as weight lost upon ashing for
5 h at 550 °C. Total N was determined in
fresh silage by macro-Kjeldahl procedures
[7.033–7.037 (AOAC, 1984)]. Insoluble-N
was determined in fresh silage using
trichloroacetic acid (TCA; Siddons, Evans
and Beever, 1979). Ammonia N was measured as the volatile N fraction in silage
juice distilled on a Kjeltec Autosystem,
with N determined in the distillate using
the Kjeldahl method. Ash-free neutral
detergent fibre (NDF) and acid detergent
fibre (ADF), and in vitro digestibility were
determined by methods described by Van
Soest, Robertson and Lewis (1991).
Volatile fatty acids and alcohols were
determined in acid extracts of silage using
gas chromatography (Charmley, Savoie
and McQueen, 1997). Lactic acid in acid
extracts was determined by the colorimetric method of Barker and Summerson
(1941). Silage pH was determined on macerated samples in distilled water as
described by Charmley et al. (1997). Gross
energy (GE) was determined by total
combustion of fresh silage, with polyethylene as a primer, or dried faeces using an
adiabatic bomb calorimeter.
Statistical analysis
Data from the two feeding trials were
analysed by standard analysis of variance
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procedures of SAS (1995) using a randomized block design with treatment and
block as factors. In Experiment 1, preplanned contrasts were employed to
compare the effect of round baling v.
flail-harvesting and the effect of additive
addition to flail-harvested forage. In
Experiment 2, the comparisons were flail
v. round-bale silage, flail v. precisionchop silage, round bale v. precision chop
silage and unsliced v. pre-sliced round
bale silage. In the digestibility trial,
analysis of variance was used
to determine the effects of treatment, animal and period using SAS
(1995).
Results
Field measurements
The yield of regrowth forage used in
Experiment 1 was very low (Table 1). In
Experiment 2, where first-cut timothy was
used, the yield was more than twice that
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in Experiment 1 (Table 2). In both years,
flail harvesting resulted in higher residual
stubble heights which probably affected
harvested yield and chemical composition (Tables 1 and 2). Particle length and
size distribution in Experiment 2 were
markedly different between round-bale
and the other harvesting treatments
(Table 2). Mean particle length in roundbale silages was over 400 mm and preslicing had only a small effect on particle
length and size distribution (Figure 1).
Pre-slicing increased the proportion of
particles less than 500 mm from 0.57 to
0.79. Although this resulted in a 0.14 increase in wet-bale density this increase
was not significant (Table 2). Precisionchopped silage had the shortest particle
length, with over half less than 50 mm.
Flail-chopped silage had a mean particle
length proportionally 0.70 longer and the
proportion of particles that were less than
50 mm was only 0.18 (Figure 1).

Table 1. Field measurements (s.d.) taken at ensiling – Experiment 1
Flail silage
No additive
Forage dry matter (DM) at ensiling (g/kg)
Harvested yield (t DM/ha)
Residual stubble height (mm)
Wilting period (h)
Additive (l/t DM)

209 (7.2)
1.04
149 (16.1)
0
0

With additive
223 (7.8)
1.44
149 (16.1)
0
11.5

Round-bale
silage
423 (69.4)
1.25
93 (18.6)
22
0

Table 2. Field measurements (s.d.) taken at ensiling – Experiment 2
Flail
silage
Forage dry matter (DM) at ensiling (g/kg)
Harvested yield (t DM/ha)
Residual stubble height (mm)
Wilting period (h)
Mean forage particle length (mm)
Wet bale density (kg/m3)

168 (12.9)
2.67
170 (8.0)
0
98.8 (14.1)
–

Precisionchopped silage
477 (22.4)
3.44
117 (24.1)
85
58.4 (10.7)
–

Round-bale silage
Control

Pre-sliced

585 (64.1)
2.34
117 (24.1)
90
430 (150.9)
348 (68.6)

510 (43.4)
2.34
117 (24.1)
90
405 (78.8)
399 (87.5)
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Figure 1: Effect of conservation method on particle size distribution.
Forages used in both years were of
similar chemical composition at ensiling.
Concentrations of crude protein (CP),
ADF and NDF in Experiment 1 averaged
147, 340 and 607 g/kg DM, respectively. In
Experiment 2, these concentrations were
146, 357 and 629 g/kg DM, respectively.
Silage quality
In Experiment 1, the DM concentration
of direct-cut, flail-harvested silage was
similar to the DM concentration of the
standing crop and less than half the DM
concentration of the round-bale silage,

which had been wilted for 22 h (Table 3).
As a consequence of this, organic acid concentration was greater in flail silage than
round-bale silage and the proportion of
insoluble N was reduced. However, pH
was not greatly different. Additive treatment of flail silage had relatively small
effects on silage quality. The proportion of
insoluble protein in additive-treated flail
silage was intermediate between that of the
other silages. The concentration of organic
matter (OM) was less in flail-chopped
silages indicating higher ash concentration
and possible soil contamination.

Table 3. Mean (s.d.) chemical composition of silages – Experiment 1 (g/kg dry matter unless otherwise stated)
Flail silage

Dry matter (DM) (g/kg)
Organic matter
Acid detergent fibre
Neutral detergent fibre
Total N
Insoluble N (g/kg total N)
Ammonia N (g/kg total N)
Lactic acid
Lactic acid (g/kg organic acid)
Acetic acid
Butyric acid
Total acids
pH

No additive

With additive

214 (16.5)
855 (38.1)
336 (34.0)
563 (50.2)
22.8 (3.65)
199 (139)
211 (66.2)
16.3 (7.45)
620 (237)
7.89 (6.32)
0.29 (0.77)
25.7 (8.58)
5.08 (0.13)

223 (17.9)
885 (13.7)
327 (46.5)
585 (40.5)
23.0 (3.66)
278 (145)
175 (33.3)
27.4 (11.6)
753 (70.1)
7.14 (1.39)
0.22 (0.56)
35.5 (14.1)
4.58 (0.12)

Round-bale silage

460 (10.1)
911 (10.2)
336 (11.0)
614 (22.2)
24.2 (6.54)
341 (200)
120 (32.0)
13.2 (5.98)
754 (175)
3.72 (3.11)
0.11 (0.27)
16.8 (5.87)
5.53 (0.31)

CHARMLEY AND FIRTH: COMPARISON OF SILAGE-MAKING METHODS

49

Table 4. Mean (s.d.) chemical composition of the silages – Experiment 2 (g/kg dry matter unless otherwise
stated)

Dry matter (DM) (g/kg)
Organic matter
Acid detergent fibre
Neutral detergent fibre
Total N
Insoluble N (g/kg total N)
Ammonia N (g/kg total N)
Lactic acid
Lactic acid (g/kg organic acid)
Acetic acid
Butyric acid
Total acids
pH

Flail
silage

Precisionchopped silage

163 (7.4)
881 (23.7)
401 (12.1)
627 (24.9)
23.2 (2.78)
411 (124)
201 (25.1)
nd‡
nd
8.53 (1.26)
7.36 (0.92)
nd
4.84 (0.17)

334 (35.1)
898 (4.0)
390 (18.0)
631 (12.7)
25.2 (1.72)
378 (72.3)
208 (29.7)
52.5 (10.1)
759 (36.0)
4.68 (0.78)
3.76 (0.66)
70.7 (14.39)
5.57 (0.39)

Round-bale silage
Control
468 (57.7)
916 (4.62)
373 (12.0)
626 (24.5)
21.7 (4.99)
396 (57.4)
171 (18.0)
44.6 (12.1)
756 (54.5)
3.42 (0.68)
2.57 (0.09)
50.9 (16.01)
4.86 (0.15)

Pre-sliced
467 (27.8)
912 (5.84)
372 (15.7)
626 (32.1)
23.7 (1.27)
418 (39.8)
186 (26.9)
52.1 (11.5)
797 (49.5)
3.56 (0.53)
3.04 (0.18)
64.9 (13.52)
4.93 (0.18)

‡nd = not determined

In Experiment 2, the DM concentration
of precision-chopped silage was intermediate between that of the flail silage and the
two round-bale silages (Table 4). As in
Experiment 1, the OM concentration of

flail silage was lower than in other silages.
Insoluble-N concentration in flail silage
was highly variable, compared to the
other silages. However, ensiling method
appeared to have no influence on protein

Figure 2: Change in pH, insoluble N and organic acid concentration in control and presliced round bales during ensiling.
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solublisation. In silages where lactic acid
was measured, it accounted (proportionately) for about 0.75 to 0.80 of total organic
acids. Compared to Experiment 1, fermentation was judged to be more extensive, with
higher concentrations of organic acids. Flail
silage had higher concentrations of acetic
and butyric acids, but the concentrations of
these acids in other silages were similar.
In round-bale silages, the pattern of fermentation during ensiling was little affected by pre-slicing (Figure 2). The pH in
both silages had reached 5.0 by 20 days
after ensiling and insoluble-N concentration had declined from 820 g/kg total N at
ensiling to just under 650 g/kg on day 20.
Pre-slicing had a small effect on organic
acid concentration over time, causing a
higher peak in organic acid concentration
20 days after ensiling.
Animal performance
In Experiment 1, voluntary intake and LW
gain were high for all treatments (Table 5).
Within the flail silages, steers consumed
approximately 20 g DM/kg LW and additive use had no significant effect on
intake. However, intake of round-bale
silage was greater, averaging 25 g DM/kg
LW (P<0.05). Greater intake of roundbale silage promoted higher LW gain,
with steers gaining approximately 1.6
times faster than steers fed flail silage

(P<0.001). Efficiency of utilization was
also greater for round-bale silage when
considered in terms of LW gain per unit
intake (P<0.05).
In Experiment 2 (Table 6), DM digestibility of round-bale silage was higher than
that of flail or precision-chopped silage
(P<0.05), while gross energy digestibility
was higher in round bale than precisionchopped silage (P<0.05). However, there
was no difference in digestibility of flail
and precision-chopped silage, nor between
the two round-bale silages. As in Experiment 1, voluntary intake was higher for
steers offered round-bale silages compared to flail silage (P<0.05). Voluntary
intake of steers on precision-chopped
silage was intermediate between, and not
different to, those given flail silage or
round-bale silages. Rates of LW gain
were lower in Experiment 2 than in
Experiment 1, and steers offered roundbale silages had a higher rate of gain
than those on flail silage (P<0.01). The
LW gain of steers offered precisionchopped silage was similar to that of steers
given flail silage but less than that of steers
on round-bale silages (P<0.05). Slicing of
forage immediately before baling had no
effect on any aspect of animal performance. In contrast to Experiment 1, efficiency of utilization of feed DM for LW gain
was similar for all silages.

Table 5. Effect of ensiling system on animal performance – Experiment 1
Flail silage

Round-bale
silage

s.e.

Flail v. bale

No additive With additive
Dry matter (DM) intake (kg/day)
DM intake [g/kg live weight (LW)]
LW gain (kg/day)
Gain/intake (g LW/kg DM intake)
NRC predicted LW gain (kg/day)

6.80
19.7
1.00
149
0.70

7.37
21.1
0.97
133
0.92

Significance of
contrasts

8.90
24.7
1.61
181
1.35

0.373
1.34
0.079
12.2
–

**
*
***
*
–

There were no significant additive effects.
NRC (1996) was used to predict live-weight gain based on observed dry matter intake, crude protein and
neutral detergent fibre.
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Table 6. Effect of ensiling method on animal performance – Experiment 2
Flail Precision-chop
silage
silage
(FL)
(PC)
Digestibility coefficients
Dry matter (DM)
0.660
Gross energy
0.664
DM intake (kg/day)
5.07
DM intake [g/kg live
weight (LW)]
15.0
LW gain (kg/day)
0.68
LW gain (g/kg DM
intake)
148
NRC predicted LW
gain (kg/day)
0.12

Round-bale silage (RB) s.e.

0.650
0.623
6.62
18.9
0.76
117

Control
(URB)

Pre-sliced
(SRB)

0.740
0.721
7.76

0.727
0.705
7.43

21.0
1.04
135

0.54

20.4
0.89
121

0.83

0.89

Significance of contrasts
FL v. RB

RB v. PC

0.027
0.030
0.78

*

*
*

2.06
0.079

*
**

*

–

–

*

25.8
–

There were no significant FL v. PC or URB v. SRB contrasts.
NRC (1996) was used to predict live-weight gain based on observed dry matter intake, gross energy digestibility, crude protein and neutral detergent fibre.

Discussion
Flail-harvested and round-bale silages
represent extreme silage types. The former is directly harvested from the field,
without wilting, whilst the latter, at least in
Canadian conditions, is extensively wilted
to a DM concentration in excess of 400
g/kg. Thus flail-harvested silage is normally characterised by an extensive fermentation, while high DM round-bale silage
has a restricted fermentation. Both systems offer cost and labour advantages
over precision-chopped silage for smallscale livestock producers. For example,
costs of the equipment (based on purchase price at the time of the experiments) used for the round-bale and
precision-chop systems in these experiments were 1.5 and 1.9 times greater than
for the flail system, respectively. In spite
of the obvious need to compare these systems, the authors found no direct comparisons in the literature. This was attributed
to the more recent advent of round-bale
silage, subsequent to the demise in popularity of flail-harvesting systems.

Silage composition
The chemical composition at harvest of
crops in both experiments was similar, yet
animal performance in the 2 years was
quite different. In Experiment 1, the regrowth timothy was grown under dry conditions and the yield of harvested material
(1.24 t/ha) was very low and the DM concentration of the crop at cutting was relatively high (>200 g/kg). Based on earlier
work we have conducted in eastern
Canada, epiphytic lactic acid bacteria
numbers would also have been low, probably less that 103 colony forming units of
lactic acid bacteria per g of fresh crop
(Charmley and McQueen, 1991). These
factors, combined with minimal physical
disruption to the crop during both flail
harvesting and especially round baling
resulted in silages with very restricted fermentations, although ammonia-N values
were very high. For example, the pH of
flail silage ensiled without the additive
was over 5 and total acid concentration
was below 30 g/kg DM. Typically, flailharvested silage would be expected to

52

IRISH JOURNAL OF AGRICULTURAL AND FOOD RESEARCH, VOL. 43, NO. 1, 2004

have an extensive fermentation with
organic acid concentration in excess of
100 g/kg DM (Gordon, 1986). In Experiment 2, the silage was made from primary
growth timothy and growing conditions
and DM yield were more typical for eastern Canada. The DM concentration of the
flail-harvested crop was lower than in
Experiment 1 and fermentation was more
extensive. Unfortunately, analytical problems resulted in the loss of lactic acid
analyses for this treatment. However,
based on the concentration of volatile
fatty acids and the pH, it is apparent that
total acid production would have been in
the range of 80 to 100 g/kg DM. Two days
of rainfall, immediately after the flailharvested material had been ensiled,
delayed the harvest of the wilted treatments resulting in longer wilting periods
than in Experiment 1 (90 v. 22 h). Slow
drying rates have been associated with
adverse silage fermentation and reduced
intake response to wilting by cattle
(Wright et al., 2000). The high ammonia-N
and butyric acid concentrations in these
wilted silages suggest that fermentation
was indeed adversely affected.
The low DM concentration, normally
associated with flail-harvested silages can
increase the likelihood of a clostridial fermentation. In addition, the flail action at
harvest can lead to soil contamination,
and hence clostridial contamination. This
was likely in Experiment 1 where OM
concentration was lower in flail silage.
Consequently, in Experiment 1, an additive specifically designed to inhibit
clostridial bacteria was added at ensiling.
Under the conditions of Experiment 1, the
additive had little effect on fermentation
of the silage, probably because the higher
than expected DM concentration reduced
the activity of Clostridia in the untreated
silage. This is contrary to European

results (Lingvall and Lättemäe, 1999)
where the same levels of sodium nitrite
and hexamethylene-tetramide improved
fermentation and reduced ammonia concentration.
In Experiment 1, CP in all silages was
highly soluble, but there was a tendency
toward reduced solubility in the additive
treated silage and particularly in the wilted, round-bale silage. The addition of an
additive containing (proportionately) approximately 0.15 N should have increased
total-N concentration by 0.25 g/kg DM,
with all of this additional N present as
ammonia N. However, total-N concentration was little influenced and ammonia-N
concentration actually declined, presumably due to alterations in forage-N transformations resulting from altered silage
fermentation. In Experiment 2, protein
solubility was similar in all treatments, but
generally lower than in Experiment 1, possibly because primary growth forage was
used (Tremblay et al., 2000). Both wilting
and additives have been shown to reduce
protein solubility in silages (Charmley,
2001) and this effect was observed in Experiment 1. The absence of a wilting effect
on protein solubility in Experiment 2 can
be attributed to the extended wilting period which allowed for extensive plant proteolysis before ensiling (Charmley and
Veira, 1991).
In both experiments ammonia-N concentrations were generally high for all
silages and difficult to explain in light of
the other fermentation characteristics of
the silages. Typically, high ammonia-N
concentration is attributed to deamination by Clostridia. However, Enterobacteria have also been implicated in the
production of ammonia from nitrates
(McDonald, Henderson and Heron,
1991). Butyric acid concentration was
relatively high in Experiment 2, suggesting some clostridial activity. Butyric acid
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concentration was not high in Experiment
1, but the dry growing conditions may
have produced high nitrate concentration
in the crop and favoured the development
of Enterobacteria over lactic acid bacteria
in silage. This combination would have
been conducive to ammonia production
in the silage.
Voluntary intake
In both trials, voluntary DM intake was
some 2 kg/day higher for round-bale
silages than flail-harvested silages. When
these silages were evaluated using the
NRC Nutrient Requirements for Beef
Cattle (1996) model, estimated intakes
were close to those achieved by cattle fed
the round-bale silages (7 to 8 kg/day). This
suggests that intake of flail silage was
lower than the potential intake based on
fibre content and digestibility. Flail-harvested silage was ensiled without wilting
and at low DM concentration, whereas
round-bale silages were extensively wilted
before ensiling. Most research has indicated that voluntary intake of wilted silage is
higher than that of unwilted silage (Rohr
and Thomas, 1984; Dawson et al., 1999;
Wright et al., 2000). No comparisons could
be found in the literature comparing
unwilted, flail-harvested silage and wilted,
round-bale silage. The closest comparison
was one made by Petit et al. (1993). They
ensiled lower DM forage (300 g/kg) using
a self-loading forage wagon and higher
DM forage (>500 g/kg) as round bales.
Contrary to our work, Petit et al. (1993)
found that intake of round-bale silage was
lower than that of the silage harvested
using a forage wagon. Within round-bale
silages, voluntary intake normally increases with increasing DM concentration
(Beaulieau et al., 1993; Dawson et
al., 1999; Gordon et al., 1999). Similarly,
within long-chopped silage harvested
with a forage wagon, voluntary intake
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increases with silage DM concentration
(O’Kiely, 1992). Thus, we conclude
that our results are consistent with expectations based on similar studies in the
literature.
Several comparisons exist in the literature between flail-harvested and wilted
precision-chopped silages. Steen (1984)
showed that intake was higher for finishing
beef cattle fed wilted precision-chopped
silage compared with flail-harvested silage.
Similarly, Gordon (1986) found intake of
precision-chopped silage by lactating dairy
cows was about 2 kg/day higher than that
of flail silage. In this study, we found
intake to be similar for precision-chopped
and flail-harvested silage.
When comparing the intake of precision-chopped and round-bale silages of
similar DM concentration there is no voluntary intake response to round baling
(Nicholson et al., 1991; Petit et al., 1993).
However, when the DM concentration
of the round-bale silage is higher, then
a response in voluntary intake can be
expected (Beaulieu et al., 1993; Charmley
et al., 1999). In Experiment 2 of the present study, voluntary intake was numerically
higher for the somewhat drier round-bale
silage.
Wright et al. (2000), in a review of experiments comparing unwilted and wilted
silages, concluded that the most important
determinants of intake response to wilting
were the fermentation quality of the
unwilted silage and the rate and extent of
water loss during wilting of the wilted
silage. In our Experiment 2, the rate of
wilting (44 g water loss/h per kg DM) was
much slower than in Experiment 1 (110 g
water loss/h per kg DM), yet the intake
response to wilting was similar in both
experiments (~2 kg/day). This lack of
response to the better wilting conditions
can be explained by the fact that in
Experiment 1, the unwilted silage was also
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of high intake potential, owing to the
restricted fermentation. Thus, the absolute
intake of wilted round-bale silage was considerably higher in Experiment 1 (~25 g/kg
LW) than in Experiment 2 (~20 g/kg LW).
Digestibility
Apparent digestibility was only measured
in Experiment 2. In spite of the poor conditions during wilting, digestibility was
higher in round-bale silages than in flail or
precision-chopped silages. Generally, research has shown that increasing the DM
concentration of silage by wilting reduces
digestibility among precision-chopped
silages (Charmley and Thomas, 1987,
1989; Yan et al., 1996). Furthermore,
Gordon (1986) found the same result
when comparing unwilted, flail-harvested
silage and wilted precision-chopped
silage. However, there is some evidence
that digestibility of round-bale silage
increases with DM concentration (Beaulieu
et al., 1993) and may be higher than for
precision-chopped silages of similar DM
concentration (Nicholson, Charmley and
Bush, 1992). Larger particle size could
increase residency time in the rumen and
so increase digestibility relative to very
finely chopped silages. Charmley et al.
(1999) found that intensive conditioning
at cutting, causing particle size reduction,
reduced digestibility of round-bale silage.
When the effect of particle size was examined in Experiment 2, there was no effect
of pre-chopping before baling on digestibility. However, the difference in particle
size between the two round-bale treatments was minimal so an effect on
digestibility was unlikely.
Weight gain
We found that LW gain was better for
steers fed round-bale silage than for those
fed flail-harvested silage. The magnitude
of the response was exceptional but the

possibility of compensatory gain was
unlikely since steers had been weaned
for at least 3 months and adapted to a precision-chopped silage diet offered to
appetite. No direct comparison of flail and
round bale silages was found in the literature. However, Petit et al. (1993) concluded that milk production was higher in
cows offered high DM round-bale silage
compared with lower DM silage coarsely
chopped in a forage wagon. Live-weight
gain was not different between steers
offered flail or precision-chopped silage.
Similarly, Gordon (1986, 1989) has suggested that output of milk or LW gain
from flail-harvested, unwilted silage was
either equal to or greater than that from
wilted, precision-chop systems.
Live-weight gain from high DM (>400
g/kg) round-bale silage has been found to
be lower (Nicholson et al., 1991), equal to
(Charmley et al., 1999) or higher (Beaulieau
et al., 1993) than from precision-chopped
silages. However, when the present data
are included, the balance of evidence suggests that round-bale silages with a DM
concentration >400 g/kg elicit greater
rates of gain in cattle than precisionchopped silages of moderately lower DM
concentration. A similar conclusion was
reached by Petit et al. (1993) for milk production in dairy cows.
In general, the LW response to increasing DM concentration of silage on LW
gain is positive (O’Kiely et al., 1988;
Gordon et al., 1999), but when the confounding effect of harvesting system, in
particular particle size, is introduced, the
response becomes less clear (Steen, 1985).
Some workers have concluded that particle size per se, has little influence on performance (Gordon, 1982) while others
have suggested that improved performance results from more finely chopped
material (Marsh, 1978). The present
results from unwilted coarsely-chopped
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silage, moderately-wilted, finely-chopped
silage and heavily-wilted unchopped silage
suggest that regardless of particle size,
there is a positive relationship between
silage DM concentration and LW gain.
Utilization of silages
Predicted rates of gain based on NRC
(1996) and using the actual DM intakes
achieved in the experiments showed that
efficiency of DM utilization was higher
than predicted by NRC. This has been
noted before for high-silage diets
(Duynisveld and Charmley, 2001) because
the model underestimates the net energy
value of forages. However, it was also
apparent that this discrepancy was greater
in the low-DM flail silages than in the
higher-DM silages. This supports other
research suggesting that flail silages are
utilized with greater efficiency than wilted
silages when output is measured as LW
gain (Steen, 1985) or milk production
(Gordon, 1982).
Debate continues concerning the utilization of low-DM unwilted, and highDM wilted silages, regardless of method
of ensiling. Following earlier studies
(Rohr and Thomas, 1984) the consensus
was that higher-DM, wilted silages were
used less efficiently than unwilted silages,
largely due to their lower digestibility.
When efficiency is measured as LW gain
per unit DM intake, this does not account
for possible differences in digestibility of
silages or gut fill and body composition of
animals which can be influenced by treatment (Steen, 1984). Charmley and Thomas
(1987) showed that efficiency of utilization of digestible energy was unaffected
by wilting and apparent differences in
feed/gain ratio could be accounted for
by differences in composition of the gain.
More recent research involving calorimetry now supports this conclusion (Gordon
et al., 1999). While these comparisons
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were made among precision-chopped
silages, relatively few papers report on
contrasting ensiling techniques that result
in silages with DM concentrations and
none compare the three systems in Experiment 2. However, Petit et al. (1993)
compared round-bale silage with lowerDM fine- or coarse-chopped silage. Efficiency for milk production was higher for
the round-bale silage than for the coarsechopped silage, but was not different from
the fine-chopped silage. This was attributed to a shift in the partitioning of nutrients away from body reserves and toward
milk production in cows fed the roundbale silage. Wright et al. (2000) showed
the negative effects on DM intake of prolonged, wet wilting conditions. It appears
that poor wilting conditions in Experiment
2 may have also eliminated the response
in efficiency of DM utilization for LW
gain which was seen in Experiment 1. This
was not due to reduced digestibility, which
was actually higher in round-bale silages,
but presumably due to poorer utilization
of digestible energy or a higher energy
content of LW gain (Charmley and
Thomas, 1987).

Conclusions
The three systems all yielded silages of
broadly similar fermentation characteristics. Generally voluntary intake and performance was satisfactory, regardless of
the system employed. Potential benefits
associated with the flail system include
lower equipment costs and elimination of
a field wilting period but this ensilage system resulted in the lowest intakes. However, LW gain and efficiency of utilization
of DM for LW gain were either better than
or similar to that achieved with wilted precision-chopped silage. There was no benefit from the use of an additive in flail
silage. The round-bale silage system is
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intermediate in equipment costs between
the flail and precision-chop systems but
voluntary intake, digestibility and LW gain
were all better for round-bale silage.
However, pre-chopping forage at baling
did not influence intake or animal performance. It is concluded that animal performance is not necessarily directly related
to the cost and complexity of the silagemaking system. Choice of system should
therefore be based on the scale and nature
of the enterprise and not on expected differences in animal performance.
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