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Savoie, P., Tremblay, D., Charmley, E. and Theriault, R. 1996.
Round bale ensilage of intensively conditioned forage. Can.
Agric. Eng. 38:257-263. A predominantly orchardgrass field was
mowed and intensively conditioned with an experimental 2.1 m wide
mower-macerator. The macerated forage consisted of long shredded
stems and smaller detached particles mixed in a windrow left to dry
on the stubble. Macerated windrows and conventionally conditioned
forage windrows were wilted in the field for 24 h and harvested with
a round baler at two forward speeds (3.4 and 6.7 km/h). All bales
were wrapped with plastic film. Variables measured included field
drying rate, mechanical losses after baling, bale density, and chemi
cal composition at mowing, at harvest, and after I, 4, 7, 14, and 70 d
of fermentation. Macerated forage had a drying rate 39% higher over
24 h than that of conventional windrows. Field losses were similar
and averaged 3.4% after mowing, maceration or conditioning, and
baling. Bale density ranged between 122 and 147 kg DM/m3 without
a significant effect due to treatment. Bales of macerated forage had a
lower pH than conventionally conditioned bales for the first four
days of fermentation. The more rapid decline of pH suggested an
increased rate of fermentation of macerated forage.

Un fourrage compose principalement de dactyle a cte fauche et
surconditionne au champ avec une faucheuse-surconditionneuse ex
perimentale de 2, I m de largeur. Les fourrages surconditionnes
etaient constitues de longues tiges cisaillees en longueur et de plus
petites particules detachees, Ie tout etant dcpose en andain sur Ie
chaume au champ. Des andains de fourrages surconditionnes ou
conditionnes de fa~on conventionnelle etaient secMs au champ pen
dant 24 h et recoltes avec une presse a balles mndes selon deux vitesses
d'avancement (3,4 et 6,7 kmIh); toutes les balles etaient enrobees avec
un film plastique etirable. Les variables mesurees incluaient Ie taux de
sechage au champ, les penes mecaniques du fourrage apres Ie pressage,
la masse volumique des balles, et la composition chimique ala fauche,
ala recolte et apres 1,4, 7, 14et 70 jours de fermentation. Les fourrages
surconditionnes ont eu un taux de sechage 39% plus eleve, sur une
periode de 24 h, que les fourrages conditionnes conventionnelle
ment. Les pertes au champ ont ete a peu pres egales et representaient
en moyenne 3,4% apres la fauche, Ie conditionnement ou surcondi
tionnement, et Ie pressage. La masse volumique des balles a varie
entre 122 et 147 kg MS/m3 sans effet significatif par rapport au
traitement. Les balles de fourrage sur~onditionne avaient un plus
faible pH que les balles de fourrage conditionne conventionnelle
ment durant les quatre premiers jours de fermentation. La diminution
plus rapide du pH suggerait une augmentation du taux de fermenta
tion des fourrages surconditionnes.

INTRODUCTION

Over the last 15 years, there has been increased interest in
intensive forage conditioning, sometimes referred to as mac-

eration, superconditioning, or mat making. Krutz et at.
( 1979) originally proposed a mower that included macerating
rolls and a compression system to deposit a thin mat on the
stubble. Koegel et a1. (1988) built a small-scale field proto
type that was successful in producing dry hay within 6 to 8 h
instead of 2 to 3 d typically required in Wisconsin. Muck et
al. (1989) showed that maceration also improved fermenta
tion characteristics of finely chopped silage because lactic
acid bacteria (LAB) multiplied more rapidly on the lacerated
surface of the forage and soluble sugars were released faster
from the ruptured cells. Koegel et al. (1992) reported that
macerated forage also improved the digestibility of forage
fiber fed to ruminants. Savoie et al. (l993b) observed that
respiration loss was less and that more soluble sugars were
retained in macerated forage than in conventionally condi
tioned forage that was not subjected to rainfall. There has
been industrial interest in developing commercial mower
macerators (Deutz-Fahr 1993; Krone 1993) and research
work to develop larger experimental prototypes (Shinners et
al. 1992; Savoie et al. 1993a).

Over the same period, round balers became the preferred
machine to harvest large quantities of unchopped forage in
North America. Round balers were originally developed to
handle large quantities of field-dried hay (Renoll et al. 1978).
With increasing interest in handling high moisture round
bales (Harrison 1985; Tremblay et al. 1993), manufacturers
have developed more robust round balers. To make good
quality round bale silage, it has been suggested to harvest at
a moisture content below 72% (Haigh 1990) and to ensure
good wrapping and sealing (Vough and Glick 1993). How
ever, round bale silage is considered not as good as finely
chopped silage at the same moisture content especially for
high producing lactating dairy cows (Genest et al. 1990) and
for steers fed for rapid growth (Nicholson et al. 1992).

Maceration has the potential of improving round bale silage
for at least four reasons: (1) it increases the natural drying rate
which allows faster removal from the field and reduces weather
risks; (2) it makes soluble sugars readily available for use by
LAB; (3) it provides a greater surface area for LAB to multiply
on and to produce anaerobic conditions more rapidly; and (4) it
facilitates forage compaction, thereby increasing bale density.
The sequential combination of mowing-maceration and round
baling could therefore bring an economically improved harvest
option to livestock farmers.
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METHODOLOGY

OBJECTIVE

Fig. 1. Schematic view of experimental mower-macerator
equipped with a 2.1 m wide cutterbar and eight
staggered macerating rolls 1.5 m wide by 0.20 m
diameter.

ing fingers. It formed a windrow about 1.2 m wide by adjust
ing the rear deflectors. Such a narrow windrow was made to
facilitate baler pickup and formation of a 1.2 m wide round
bale. The actual operating parameters for the two mowers are
given in Table I.

A round baler (New Holland, Model 640, New Holland,
PA) was used to harvest the wilted windrows. The baler had
a variable geometry chamber composed of belts and rolls
which formed a controlled density core and a relatively uni
form density bale. The baler windrow pickup width was 1.75
m, chamber width was 1.18 m, and bale release diameter was
set at 1.22 m.

Within one or two hours after baling, the round bales were
wrapped with a continuous, overlapping plastic film. The
wrapper (Kvemeland Model 7510, Kerteminde, Denmark)
was set up to rotate the bale four times with 50% fibn
overlap. The plastic film (Mobilwrap, Mobil Canada Ltd,
Belleville, ON) was white, had a tacky side set against the
bale, and had a thickness of 25 Jlm.

Table I: Average mowing parameters

Mower Working Mowing Windrow Width
speed width width ratio
(km/h) (m) (m)

Mower-
macerator 5.00 2.11 1.01 0.48

Mower-
conditioner 7.17 2.76 1.17 0.42

Experimental design

Forage mowed and harvested as round bale silage was a
mixed crop based on orchardgrass (about 80% of the dry
matter) and white clover from fields at the Nappan Research
Farm, Nappan, NS. Fields were subdivided into 16 experi
mental units (E.U.) of approximately 200 m long by 8 m wide
(three or four mowing widths). Forage was mowed between
0900 and 1100 h at two dates during the first growth cycle.
Half of the E.U. was mowed on June 17 (block 1) and the
other half on June 20 (block 2) in 1993. On each mowing
date, four E.U. were mowed with the mower-macerator; the
other four E.U. were mowed with the commercial mower
conditioner. Experimental units were assigned randomly to
each mower. After 24 h (± 2 h) of wilting, two E.U. from each
conditioner treatment were baled. One E.U. for each condi
tioner treatment was baled at a slow forward speed (3.4 km/h)
and one was baled at a faster forward speed (6.7 km/h). A
comparison of two baling speeds was intended to assess the
impact of speed on losses. At least two round bales (about
175 kg OM and 700 kg wet mass for each bale) were ensiled
from each harvested E.U. The four unbaled E.U. of each
block were left in the field to measure drying rate during
prolonged wilting. It was intended to harvest these windrows
as round bale hay but rainfall prevented adequate drying of
both blocks.

For field drying measurements, the experimental design
was a randomized block design with a total of 16 E.U.: two
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Machine description

Two machines were used to mow and condition forage: an
experimental mower-macerator developed by Savoie et al.
(1993a) and a commercial mower-conditioner (Kuhn Model
FC300G, Saveme, France).

Figure 1 illustrates the main components of the mower
macerator which included a 2.1 m wide cutterbar and eight
macerating steel rolls of 0.2 m diameter and 1.5 m width. The
rolls were knurled lengthwise with grooves 1 mm deep and 2
mm apart (pitch). The four upper rolls turned at 1000 rpm
while the bottom rolls turned at 670 rpm; the 1.5: 1 differen
tial speed between the rolls created a shredding or macerating
effect on the forage as it flowed through the machine. The
upper rolls were spring loaded with increasing total force per
roll as indicated in Fig. 1. Minimum distance between the
upper rolls and lower rolls was 1.5 mm. The macerated
forage was ejected on the stubble out of the last two macer
ating rolls and formed a windrow about 1.0 m wide. Although
the macerator could form a 1.5 m wide windrow, a narrower
windrow was selected, by adjusting the feeding auger flight,
so the ratio of windrow width to mowing width would be
similar (0.4 to 0.5) to the ratio of the commercial mower-con
ditioner.

The commercial mower-conditioner (Kuhn FC300G) was
a 3.0 m wide disk mower with steel intermeshing condition-

The objective of the research project was to assess the advan
tage, if any, of forage maceration on round bale silage
quality. Differences between conventional round bale silage
and macerated round bale silage were assessed on the basis
of drying rates and losses in the field and of chemical com
position and fermentation characteristics during storage.
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Table II: Weather conditions recorded at the Nappan experimental farm

blocks, two conditioning treatments, and four replications
within each block. For measurements related to round baling,
the experimental design was a two-factor factorial random
ized block with a total of eight E.U.: two blocks, two
conditioning treatments, and two forward baling speeds.
There were at least two samples within each E.U. (see be
low).

Measurements in the field
Immediately after mowing, sections of windrows were lifted
and laid on three wire mesh trays (1.2 m by 0.9 m) placed
randomly within each E.U. There were 24 trays in the field
during each mowing date. Trays were weighed at mowing
(0900-1100 h), after about 4 h of drying (1300-1500 h), after
about 10 h of daytime drying (1900-2100 h) and after about
24 h of wilting (0900-1100 h on day after mowing). In block
1, weather permitted continued field drying so an additional
weighing was taken about 29 h after mowing (1400 h on the
day after mowing). Drying rate was estimated from the expo
nential model used by Rotz and Chen (1985). A drying
coefficient was estimated for each drying interval as:

Relative humidity Sunshine Average Rain Evaporation
(%) wind

a.m. p.m. (hId) (km/h) (mm/d) (mm/d)

94.7 55.5 11.0 8.3 0.0 6.2
84.5 73.8 1.7 7.3 0.8 3.8
85.8 82.0 2.5 4.1 0.5 3.5
94.7 42.1 13.7 6.9 0.0 6.3
70.7 90.2 3.5 10.7 13.4 3.4

the commercial mower) were selected randomly within each
E.U. that was harvested after baling. All forage particles
remaining on the ground after baling ("lost particles") were
hand lifted, collected in a bag and oven dried.

Measurements at the storage site
Round bales were weighed just before wrapping with a flat
plate scale (Weigh-Tronix, Model DSL363602, capacity
1000 kg, precision ± 0.2 kg). Two 500-g core samples were
taken. from each round bale at ensiling and after 1, 4, 7, 14,
and 70 d of storage, with a highly adhesive patch resealing
after sampling. There was a total of 16 round bales sampled:
two bales per harvested E.U., four E.U. harvested per block,
two blocks. One of the 500-g core samples was oven dried at
50°C for 72 h, the other was frozen. The oven dried sample
was analyzed for OM after further drying at 105°C for 24 h,
for ash-free neutral detergent fibre (NOF), and for acid deter
gent fibre (AOF) (Van Soest et al. 1991). Ash was
determined as residual mass after burning at 550°C. The
frozen sample was analyzed for volatile fatty acids and alco
hols by gas chromatography, lactic acid (Barker and
Summerson 1941), total N (procedures 7.033-7.037, AOAC
1984) and pH. Crude protein (CP) was estimated as 6.25
times total N. Oven dried fresh samples at mowing and lost
particles after baling were also analyzed for CP, AOF, NDF,
ash, and moisture content. Statistical analysis of forage com
position and fermentation products was done by the least
square mean difference procedure (SAS 1985).

RESULTS AND DISCUSSION

Weather conditions during the field drying experiment are
shown in Table II. The two mowing days (June 17 and 20)
had generally favourable drying conditions with more than
11 hours of sunshine and a pan evaporation above 6 mm for
the day, although morning relative humidity was high (over
90%). The day following mowing was overcast in both cases
and rainfall occurred shortly after bales were harvested. On
June 18, it was possible to take an additional measurement of
drying at about 1400-1500h before rain. On June 21, how
ever, rain fell soon after baling (l100h) so no additional
drying observation was taken of windrows left in the field.

Crop characteristics were fairly homogenous between
blocks (Table III). Yield averaged 4.2 t DM/ha. It was com
posed of 80% grass (mainly orchardgrass), 13% legume
(clover), and 7% other crop species. The initial moisture was
relatively high at 84.5%.

p.m.

23.5
19.0
18.5
23.0
16.0

(I)

Temperature

tC)

13.5
14.0
17.0
13.5
15.0

a.m.

Date

93-06-17
93-06-18
93-06-19
93-06-20

93-06-21

k =-lin (.M..-)t Mo

where:
k = drying coefficient (h-1

),

t = time interval between weighings (h),
M =moisture content (dry basis) at the end of the

drying interval (kg water!kg OM), and
Mo =moisture content (dry basis) at the beginning of

the interval (kg water!kg OM).

Twenty four 500-g samples of freshly mowed forage were
taken in each mowing block next to each of the 24 trays.
These samples were oven dried at 50°C for 72 h (ASAE
1993) to measure initial moisture content. The initial mois
ture content measurement and the initial fresh forage mass in
trays were used to estimate dry matter in each tray for drying
coefficient calculations. Dry matter yield of the fresh crop
was estimated from dry matter on each tray and the mowed
area corresponding to the forage on the tray (a strip of 0.9 m
along the windrow and the actual mower width). Actual
mowing width and windrow width were measured at 50, 100,
and 150 m along each 200 m long windrow. There were three
or four windrows per E.U.

A composite sample of 2 kg from each E.U. was taken to
measure botanical composition.
Forage was separated in three
classes: grass, clover, and other
plants ("weeds"). Average mow
ing and baling speeds were esti
mated by measuring time to cover
50 m over several windrow
lengths.

Mechanical losses were meas
ured after windrows were picked
up and baled. Two strips of 0.5 m
width by the actual mowing width
(approximately 2.1 m for the
mower-macerator and 3.0 m for
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Table III: Crop characteristics at mowing in drying time between 10 and 30% to reach a
target moisture of 40%, wet basis, when the

Date Yield Botanical composition (%, w.m.) Inital moisture ratio was 0.60 rather than 0.38 in early maturity
content grass. Ratios between 0.44 and 0.71 had little

(t DM/ha) legume grass weed (%) effect on drying rate of more mature grass. In
the present study, possibly 10% out of 39% of

93-06-17 the drying rate increase for macerated wind-

(block I) 4.28 13.8 72.2 14.0 84.6 rows could be attributed to the greater width

93-06-20
ratio.

(block II) 4.15 12.3 86.8 0.9 84.3 The 39% increase of the drying coefficient
due to maceration (and possibly windrow

Average 4.22 13.1 79.5 7.5 84.5
width) was less than increases reported for
timothy and alfalfa which averaged 99% in the

Table IV: Drying rate, mechanical field losses and bale density

Block Unit Mower Baler Drying rate (h-I) Field Bale
speed losses density

kt k2 k3 k4 (%, DM) (kg DM/m3
)

6 M.-c 0.1082 0.1071 0.0421 0.0495
2 M.-c Slow 0.0503 0.0786 0.0351 2.9 145.7
1 M.-c 0.0526 0.0991 0.0451 0.0503
7 M.-c Fast 0.1152 0.1113 0.0426 1.9 132.7
5 Mac. 0.1411 0.1522 0.0603 0.0691
4 Mac. Slow 0.1410 0.1499 0.0591 2.7 129.9
3 Mac. 0.0915 0.1296 0.0572 0.0682
8 Mac. Fast -* -* -* 3.3 127.4

6 M.-c 0.1480 0.1147 0.0442
3 M.-c Slow 0.1284 0.1062 0.0428 3.8 146.5
4 M.-c 0.1259 0.1064 0.0418

2 2 M.-c Fast 0.1197 0.1023 0.0429 3.9 122.1
8 Mac. 0.1891 0.1329 0.0472
7 Mac. Slow 0.1740 0.1307 0.0486 5.0 131.2
5 Mac. 0.1779 0.1411 0.0520
I Mac. Fast 0.1772 0.1697 0.0662 3.3 135.7

Average Mower-cond 0.1060 0.1032 0.0421 0.0499 3.1 136.8
Macerator 0.1560 0.1437 0.0558 0.0687 3.6 131.1

* Mowing unit #8 (block 1) was delayed because running belts broke

Field measurements are reported in Table IV. Statistical
analysis was not done on drying coefficients, losses, or bale
density because of the small number of data; the discussion
simply indicates trends. Drying rate coefficients (k1, k2, k3.
and 14) corresponded to four time intervals after mowing
described in the methodology (0-4 h, 4-10 h, 10-24 h, 24-29
h approximately). Macerated forage dried more rapidly than
conditioned forage in all time intervals. Drying coefficients
of macerated forage were between 33 and 47% higher than
the drying rate coefficients of conditioned forage (an average
increase of 39%). Part of the drying rate increase could be
attributed to a difference in the ratio of windrow width to
mowing width (0.48 for macerated, 0.42 for conditioned,
Table I). It is known that wide windrows dry faster than
narrow windrows. Savoie et at. (1984) estimated a decrease
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field (Savoie et at. 1993a) and 111 % in the laboratory (Savoie
et at. 1993b) under favourable weather conditions. However,
it was similar to a drying rate increase of 31 % observed in the
laboratory under a shaded environment without rain (Savoie
et al. 1993b). The current experiment confirms that macera
tion generally increases the drying rate of forage compared
to conventional conditioning but to a more moderate degree
(30-40%) in a high relative humidity, overcast, or otherwise
less favourable drying environment than large increases
(100-110%) that have been reported under a very favourable
drying environment.

Total mechanical losses due to mowing, conditioning, and
pickup with a round baler ranged from 1.9 to 5.0% of DM
yield (Table IV). Overall differences due to maceration or
baler speed were small (0.5% or less). Total average loss due
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Table V: Chemical composition of forage in freshly mowed forage, at baling and in lost forage particles

Fresh forage Baling Lost particles

macerated mow-condo macerated mow-condo macerated mow-condo

13.5 13.8 14.9 14.9 19.3 18.2

38.6 37.3 36.9 35.8 30.4 31.1

66.7 63.6 61.5a 58.4b 42.9 46.4

9.5 9.5 5.7 5.6 12.9 11.9

84.2 85.2 76.0 74.5 50.8 54.7

CP(%, OM)
ADF(%, OM)
NOF(%, OM)
Ash (%, OM)
Mositure content

(%, wet basis)

Parameter

a Values with different letters in the same row and for the same operation are significantly different for a probability level of 5%.

TableVI: Chemical composition of round bales during fermentation

Parameter Treatment Days of fennentation

0* 4 7 14 70

CP(%, OM) mow-condo 14.9 15.1 15.3b 15.1 15.1 15.3

macerated 14.9 14.3 14.4a 14.8 15.1 15.1
ADF(%, OM) mow-condo 35.8 35.1 35.1 37.5b 35.73 36.33

macerated 36.9 36.3 36.5 36.63 37.3b 37.4b

NOF(%, OM) mow-condo 58.43 57.03 55.8a 56.63 55.63 55.43

macerated 61.5b 59.8b 58.7b 59.4b 59.1b 57.6b

Ash (%, OM) mow-condo 5.6 5.5 5.5 6.0 6.0 5.5

macerated 5.7 5.5 5.4 6.2 6.3 5.5
Moisture content mow-condo 74.5 77.4 76.8 76.4 74.1 73.8

(%, OM) macerated 76.0 77.1 75.8 75.8 75.6 75.1

* These values are the same as those of Table V for baling.
3 Values with different letter in the same column and for the same parameter are significantly different for a probability level of 5%.

to mowing, conditioning or maceration, and baling was 3.4%.
Bale dry matter density averaged 134 kg DM/m3. This was

a relatively low density compared to other round bale silage
densities reported in the range of 150 to 190 kg DM/m3

(Tremblay et al. 1993). However, it is within the wide range
of 100 to 200 kg DM/m3 observed by Genest et al. (1990).
Maceration did not result in higher density bales. Actually,
bales of macerated forage were less dense (131 kg/m3) than
bales made of conditioned forage (137 kg/m3). Operating the
baler at a fast speed resulted in a lower density (130 kg/m3)

compared to operating the baler at a slow speed (138 kg/m3).

This was expected because a slow speed provides more time
(and more energy) for belts and rolls to apply pressure to the
bale.

There was generally no significant difference in chemical
composition of forage either macerated or conditioned with a
commercial (regular) conditioner (Table V). The only excep
tion was neutral detergent fiber of macerated forage at baling
(61.5%) which was higher than NDF of regular forage at
baling (58.4%). Maceration caused slightly more loss (0.5%
of DM) than conventional conditioning; lost macerated parti
cles had a lower NDF (43%) than the average NDF in the

windrow (67%) or lost conventionally conditioned particles
(46%). Since leaves have a higher nutritive quality than
stems (Savoie 1988), losses due to maceration would tend to
be composed of lea~es in a larger proportion than losses due
to conventional conditioning. However, even if all macerated
losses were leaves and all conditioned losses were stems, this
would explain only a one percentage unit difference in NDF.
A three percentage unit difference must be partially due to
spatial variability in the field and experimental error.

Moisture content was not significantly different at the time
of baling between samples of the macerated forage and the
conventionally conditioned forage. Half the samples of mac
erated forage were drier than conventionally conditioned
forage and half were wetter when considering bales sampled
after different fermentation periods (Table VI). The drying
rates measured in the field always indicated faster water
removal rate (by an average of 39%) from macerated forage
compared to conventionally conditioned forage. However,
this was not reflected in final moisture content of the bales.
One explanation is the fact that mowing and baling of experi
mental plots were done in a random sequence. The total
drying interval could vary between 22 to 26 h so some
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Table VII: Fermentation products of round bale silage

Parameter Treatment Oays of fermentation

0* 4 7 14 70

pH mow-condo 5.65b 5.19 4.73b 4.65 4.51 4.28
macerated 5.00u 5.10 4.51 u 4.68 4.39 4.30

Lactic acid (g/kg OM) mow condo 0.00 24.3 62.3 69.7 89.0 95.7
macerated 0.00 25.0 64.6 76.8 85.9 107.4

Acetic acid (g/kg OM) mow-condo 6.88 10.9 13.4 10.2a 12.7 20.5
macerated 6.88 12.8 14.5 12.7b 12.2 20.0

Butyric acid (g/kg OM) mow-condo 0.79 0.14 0.11 0.20 0.86 1.60
macerated 0.48 0.04 0.03 0.39 0.38 1.03

Total acids (g/kg OM) mow-cond. 11.9 41.0 80.9 82.8 109 128
macerated 12.4 44.7 86.1 95.8 105 136

Methanol (g/kg OM) mow-condo 2.06 2.59 2.56 2.16 2.48 2.40
macerated 2.31 2.23 2.16 2.33 2.35 2.61

Ethanol (g/kg OM) mow-condo 0.67 12.2 15.2 13.2 16.2 17.0
macerated 1.26 11.0 13.1 10.9 15.3 15.1

* These values are the same as those of Table V for baling.
a Values with different letter in the same column and for the same parameter are significantly different for a probability level of 5%.

conventional treatments that dried slower may have had the
opportunity to dry longer and reach a similar moisture con
tent to macerated treatments. A heavy dew was observed in
the morning of the second drying day for both blocks. Al
though the effect of dew was not measured, absorption is
likely to be more important in macerated forage than unmac
erated forage as in the case of rainfall (Savoie et al. 1993b).
On average for both conditioning treatments, the high rela
tive humidity, dew, and the short wilting time resulted in an
overall high final moisture content in bales (75.7%).

Sampling of bales between days I and 70 revealed a
consistently higher NDF of macerated forage (59.4%) com
pared to conventionally conditioned forage (56.5%, Table
VI). As indicated above, this difference in NDF was in part
due to increased loss of the leaf portion after maceration.

The pH was significantly lower in macerated forage than
in conventionally conditioned forage in two instances (day 0
and day 4 after baling, Table VII). This is in accordance with
observations made by Muck et al. (1989) who noted a faster
decline of pH in chopped macerated alfalfa silage. Fermenta
tion products were not significantly different between
macerated round bale silage and conventionally conditioned
round bale silage, except for acetic acid after seven days of
fermentation. Lactic acid increased similarly to about 100
g/kg DM in both silages although the final level in macerated
bales was higher and significant at the 10% level (p =0.099).
Butyric acid tended to be lower in macerated silage but this
was not statistically significant· because of large variations
between individual observations and a high standard error.
Other acids and alcohols were of similar final concentrations
in both treatments.

The chemical and physical characteristics of macerated
forage harvested and stored as round bale silage did not
indicate important differences with conventional round bale
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silage. However, feeding trial data showed a marked increase
in dry matter intake (+10%) and in body weight gain (+25%)
of growing steers fed macerated round bale silage compared
to conventional round bale silage (Charmley and Savoie
1996). Although maceration did not show a marked differ
ence in quality measures reported here, there seems to be a
structural alteration of the plant that significantly improves
its feeding value. This is in agreement with other feeding
studies with intensively conditioned or macerated forage
(Hong et al. 1988; Koegel et al. 1992; Petit et al. 1994).

Conserving macerated forage in the form of round bale
silage was certainly feasible without a significant increase in
dry matter loss and with the potential of a lower moisture
content. Chemical and physical characteristics of macerated
forage did not indicate any improvement compared to con
ventionally conditioned forage, except for a slightly faster
decline of pH and greater lactic acid production. New meas
ures such as a physical structure index or a ruptured surface
ratio may be useful in assessing the degree of conditioning.
Such measures would be helpful in better understanding the
effect of intensive forage' conditioning on livestock response.

CONCLUSIONS

1. Maceration applied at mowing with an experimental
prototype increased the field drying rate of an orchard
grass-white clover mixture by 39% on average. This did
not have a significant impact on moisture content of
round bale silage that was harvested after a short 24-h
wilting period under relatively humid conditions.

2. Maceration did not cause significantly more mechanical
loss (3.6%) than conventional conditioning (3.1 %) after
mowing and baling.

3. The chemical composition of round bale silage after
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fermentation was generally not much different between
macerated forage and conventionally conditioned for
age. The pH decline was slightly faster and lactic acid
production was slightly h'igher for macerated forage.
Maceration did not increase round bale dry matter den
sity.
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