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Freshly mowed forage was conditioned into a thin mat (or super-
conditioned) by shearingthrough two series ofmaceratingrolls andby
compression through a belt press. In a controlled environment, the
drying coefficients of superconditioned alfalfa and timothy both in
creased by 200% for a low density mat and by 60% for a high density
comparedto normally conditioned forage. The timothy mat was less
cohesive than the alfalfa mat. A low compression pressure was ade
quate in alfalfa. The time to dry alfalfafrom83%moistureto 20%(wet
basis)was25h usingnormalconditioningandbetween 5 and8h using
superconditioning.

Le surconditionnement des fourrages est realise par cisaillement a
travers deux serie de rouleaux broyeurs (macerateurs) suivi de la
formation d'une mince natte par compression. Les coefficients de
sechage de laluzerne et de la fleole surconditionnees ont augmente de
fa$on similaire dans un environnement controle: 200%
d'augmentation avecunenatteminceet 60%d*augmentation avecune
natte plusepaisse par rapport adesandains normalement conditionnes.
Les nattes de fleole etaient moins cohesives que les nattes de luzerne.
Unepression relativement faible etaitadequate pourformer une natte
cohesivede luzerne. Le temps necessaire pour faire secherun foinde
luzerne de 17% de matiere seche a 80% de matiere seche etait de 25 h
avec un conditionnement conventionnel et de 5 a 8 h avec le sur
conditionnement.

INTRODUCTION

Conventional haymaking in Eastern Canada is achieved by a
succession of operations that include mowing, conditioning,
windrow handling to fluff the forage, raking,baling,andbarn
ventilation to remove excess water. The time required in the
field to dry hay varies considerably. Young leafy grass re
quires at least three to four daysof goodweather conditions to
dry to30% moisture (Savoie etal.1984). Mature grass dries more
quickly buthasa lower nutritional value(Mowat et al. 1965).

It is important to dry hay quickly, otherwise prolonged
respiration, rainfall, and mechanical shatter will considerably
reduce the value of the hay. Quantitative losses during
haymaking have been estimated to be between 18 and 30%
(Rees 1982). There is also a loss of nutritive value. For exam
ple, rainfall increases the fiber and lignin content of forages
(Fonnesbeck and Araque 1985). Tedding can cause important
leaf losses and decrease the protein content (Savoie 1988).

Several haymaking innovations have been proposed to re
duce losses and field drying time. Chemical conditioning
consists in applying an aqueous solution of potassium or so
dium carbonates on legume hay; the chemical maintains the
stomatas open longer and disturbs the waxy cuticle, thus in
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creasing the drying rate without causing mechanical losses
(Rotz 1985). However, on average the cost of chemical treat
ment is rarely offset by the increased value of the hay (Rotz
1985). Handling of windrows in the field with the tedder
improves the drying rate (Pattey et al. 1988) but causes losses.
More delicate handling of the windrow has been achieved with
a windrow inverter (Savoie and Beauregard 1990).

These chemical and mechanical treatments can increase
drying enough to allow baling by the end of two good drying
days. However, there are economic costs associated with
them: chemicalproduct, additionalpasses in the field, or shat
ter losses.

A promising alternative is the forage mat making technique
applied at the time of mowing, also called maceration or
superconditioning. A single machine incorporates a mower,
two series of macerating rolls, a belt press to compress the
mashed forage and the formation of a thin mat that is laid on
the stubble for drying. Koegel et al. (1988) described a small-
scale prototype (1.20 m wide mower) that has been
successfully used in the field. These researchers measured
veryrapid drying with superconditioning; alfalfa dried to20%
moisture(wet basis) in 6 h or less (Shinners et al. 1987).The
macerator-press has the potential of producing field dried hay
within a single day.

The hay crop grown in Eastern Canada is composed of
predominantly grass orgrass-legume mixtures. Successful in
troduction of the macerator-press requires that the machine be
versatile and able to handle different forage species under a
widerange of yields. Technical aspects related to maceration
severity and forage compression into a mat also need to be
addressedto design a commercial type machine.

The objective of the present paper wasto measure theeffect
of superconditioning on forage drying rate. Two types of
forages were considered, a grass (timothy) and a legume (al
falfa). The effect of various pressures on the formation of the
mat was also analyzed. A subsequent paper will deal with
maceration severity and yield effects.

METHODOLOGY

Two experiments wereconductedto measure the effect of forage
species andcompression on the drying rate of superconditioned
forage. Forage wasobtained from large experimental plots atthe
Deschambault Research Station (Quebec). It was super-
conditioned with two small scale stationary units, a macerator and
a press described below. The treated forage was left to dry in a
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wind tunnel simulating field conditions.

Experimental design

The first experiment was conducted with forage mowed on
June 20 and June 27,1988, during the first growth cycle. Three
variables were tested at two levels each in a factorial design:
forage species (alfalfa and timothy), forage density (0.55 and
1.14 kg DM/m2) and superconditioning (yes orno). The super-
conditioned forage was passed twice through the macerating
rolls and compressed at 210 kPa. The non-superconditioned
forage was simply set in a fluffed windrow structure. The eight
treatment combinations were dried simultaneously in two
wind tunnels described below. Drying during 22 h was repli
cated twice during each mowing week.

The second experiment was conducted with alfalfa mowed
on July 25, August 1, and August 8,1988, during the second
growth cycle. Two variables were tested; forage density at two
levels (0.33 and 0.54 kg DM/m ) and compression pressure at
four levels (uncompressed control forage and macerated for
age compressed at 140,210, and 280 kPa). The eight treatment
combinations of the second experiment were dried simulta
neously in the series wind tunnel only. Drying during 22 h was
replicated twice each mowing week.

Macerator and press

The stationary maceratorand press used for the experiments
were built at the USDA Dairy Forage Research Center and the
University of Wisconsin-Madison. The macerator consisted of
seven steel rolls and is illustrated in Fig. 1. Each roll was
knurled lengthwise with 5 grooves per cm at a depth of 1.5
mm. Six rolls had a 15 cm diameter; the seventh roll, the
feeding roll, was 20cm indiameter. All rolls were 70cm long.
Spacing between the rolls was 0.5 mm. A 3.7 kW motor ran
the double V-belts used to transmit power to the macerating
rolls.

The upper rolls and the lower roll 6 turned at 1250 rpm
while the other lower rolls turned at 1875 rpm and the feeding
roll at 1000 rpm. Forage was macerated by the shearing force
caused by the different tangential speeds (9.8 m/s on top and
14.7 m/s onbottom rolls). Forage was hand deposited ona belt
conveyor which fed into the macerator.
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Fig. 1. Schematic view of the macerator.

The press was a double belt press similar to the one de
scribed andillustrated byKoegel etal.(1988). Afine polyester
screen-type belt turned around a 60 cm diameter drum while a

6 mm thick rubber belt turned along a roller chain. As macer
ated forage entered between the two belts, the forage was
compressed into a thin mat which dropped out at the bottom.
A 5.6 kW motor ran the press at low speed and high torque.
The pressure between the drum and the belts was adjusted
pneumatically by an air chamber between 0 and 350 kPa. The
forage juice that was extracted in the press flowed through the
perforated polyester belt and through the drum slots back onto
the mat. The belt speed in the laboratory was set at about 0.56
m/s (2.0 km/h) such that the forage had a dwell time of 2 s
through the 120°arc of contact.

Wind tunnels

Two wind tunnels were used to simulate field drying condi
tions. The first tunnel, called the series tunnel, was built and
described in detail by Thibault et al. (1989). Eight wire-mesh
trays (2.5 cm x 2.5 cm mesh), 30 cm wide, 55 cm long and 10
cm high, were placed adjacent to one another along the length
of the tunnel (Fig. 2). Conditioned air, controlled for tempera
ture, relative humidity and speed, was blown across the trays.
Infrared lamps were set above the trays to simulate solar
radiation. During the first and second experiments, the series
wind tunnel was set ata radiation intensity of 350 W/m2, air
speedof 1.2m/s,air temperatureof 26.0°Cand relative humid
ity of 50%. Calibration with a small water evaporation pan
indicated that these environmental conditions produced an
average evaporation rate of 0.50 mm/h (standard deviation
was 0.052 mm/h).

The secondwindtunnel,called the parallel tunnel,wasused
during thefirstexperiment concerned withcropspecies. It was
designed to contain eightwire-mesh trays (35 cm wide by45
cm long) placed in two lines of four trays. Air was blown
across thetwolinesin fourparallelairflowpatternsratherthan
as a single air flow pattern as in the series tunnel. Figure 3
shows the top and side views and dimensions of the parallel
tunnel. In the parallel tunnel, air was not conditioned but air
speed was controlled at 0.7 m/s and radiation at 250 W/m2.
Average airtemperature was 31°C and relative humidity 41%.
Equivalent water evaporation was0.44mm/h (standard devia
tion of 0.044 mm/h).

Procedure

Forage was mowed in themorning of day1with a disk mower
with rubber conditioning rolls (Vicon, KM281). Forage was
stored in sealed polyethylene bags (20kg forage perbag) and
kept at 2°C until theexperiment started. On theafternoon of
day 1, the initial forage moisture content was measured and
during first cutting, samples of mixed alfalfa-timothy crop
wereseparated to obtainpure alfalfaand pure timothy.

The first replication was done on day 2 by macerating the
fresh forage twice through the macerating rolls. A measured
quantity of macerated forage was deposited on the upper belt
of the press. Thequantity of forage corresponded tothe equiv
alentdensity required for the specific test (mass of drymatter
per unit area). The compressed forage mat was covered with
polyethylene until theeighttreatment combinations were pre
paredand placedsimultaneously in the dryingchamber(wind
tunnel).

In the series wind tunnel, the weight of the forage was
measured automatically every 15minutes.In the parallelwind
tunnel, theweight of the forage wasmeasured manually every
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Fig. 2. Schematic view of the series wind tunnel.

hour during the first eight hours, once after eleven hours and
finally after 22 h of drying. In the parallel wind tunnel, trays
were rotated after each hourly weighing so that each tray spent
equal timein eachof the eight tray positions (Fig. 3).

Forage samples were taken from the fresh material before
and after drying in the wind tunnel for 22 h. Moisturecontent
was obtained by oven drying at 65°C for 72 h (ASAE 1989;
StandardS 358.2).Dry matter in each tray wasestimatedas the
average of initial and final dry matters calculated from the
initial and final moisture contents of the wet forage.

Drying model

The main variable that was analysed to compare treatments
was thedrying coefficient obtained from thefalling ratedrying
model (Pattey et al. 1988).

M-Me
- exp(-fo)

Mo-Me

where:

M = moisture content dry basis (d.b.),
Me =equilibrium moisture content (d.b.),
Mo - initial moisture content (d.b.),
k = drying coefficient (h~ ), and
t = drying time (h).

For each forage sample, an average drying coefficient was
obtained based on all observations in the interval where moisture
content was above 20% (wet basis, or w.b.). The equilibrium
moisture content was set constant for the eight trays in the wind
tunnel and varied between 4 and 7% based on the fastest drying
forage trays.

Another measure of drying rate used was the time for a
sample to reach 20% moisture (w. b). This time, called T20,
was compared between treatments. To allow comparison with
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Fig. 3. Schematic view of the parallel wind tunnel.
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climaticdata, drying was also expressedas water evaporation
required for the sample to reach 20% moisture. This pan
evaporation, calledV20, wasestimated as the productof dry
ing time by the average water evaporation rate in the
controlled environment.

RESULTS AND DISCUSSION

During the first cutting, forage was mowedtwice, on June 20
and on June 27, 1988. Alfalfa was at the mid-bloom and
full-bloom stages respectively while timothy was at the late
heading stage. Average moisture contents at mowing were
69.1% and 74.9% (w.b.) for alfalfa and timothy.

During the second cutting, forage was mowed on July 25,
August 1 and August 8,1988. Maturity ranged between mid-
bloom and full-bloom. The forage contained 84% alfalfa, 12%
grass and 4% other crops. The average initial moisture content
was 80.5% (w.b.)

First experiment

The drying coefficients observed during the first experiment
(first cutting) are reported in Table I. Superconditioning in
creased the drying coefficient by 194% in the series tunnel and
by 79% in the parallel tunnel. The effect was much greater in
low density mats (0.55 kg DM/m2) than in high density mats
(1.14 kg DM/m2). The low density mats had a drying coeffi
cient of 0.536 h"1 and the high density mats had a drying
coefficient of0.228 h'1. This interaction is illustrated on Fig.
4. The effect of density was much smaller on the non-macer
ated forage. Thus superconditioning enhanced drying to a
greater extent on low density mats.

The exact thickness of mats was measured by placing the
mat between two light flat plates. The alfalfa mats were 7.5
and 12.0 mm thick for the 0.55 and 1.14 kg DM/m2 densities,
respectively. The timothy mats were 16.0 and 25.0 mm thick
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Fig. 4 Interaction between forage density and maceration
treatment (first cutting).

for the same two densities. Although timothy was more diffi
cult to flatten than alfalfa, it had a similar increase in the
drying rate after superconditioning. The interaction between
crops and superconditioning was not statistically significant (p
= 0.084). The treatment enhanced the drying coefficient of
both alfalfa and timothy by an average of 199% at low density
and 62% at high density.

The drying coefficients of superconditioned forage were
higher in the series tunnel compared to the parallel tunnel. The
water evaporation rate was slightly higher in the series tunnel
(0.50 mm/h versus 0.44 mm/h) but insufficient to explain the
relatively large difference inthe drying coefficients (0.467 h"1
versus 0.297 h" ). Trays in the series tunnel were suspended

Table I. Drying coefficients (h*1) during the first experiment (average of four trials)

Crop

Series tunnel

Alfalfa

Grass

Parallel tunnel

Alfalfa

Grass

Difference = ((S-C)/C>100

116

Density

(kg DM/m2)

0.55

1.14

0.55

1.14

Average

0.55

1.14

0.55

1.14

Average

Treatment

Superconditioning

(S)

0.567

0.252

0.752

0.273

0.467

0.355

0.194

0.449

0.190

0.297

Control

(C)

0.133

0.136

0.204

0.150

0.156

0.165

0.125

0.208

0.147

0.162

Difference

(%)*

330

90

277

78

194

115

55

116

29

79
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during drying to avoid fatigue of the weighing strain gauge.
Trays in the parallel tunnel lay on the weighing surface during
drying. Hence there was moisture diffusion both upwards and
downwards in the series tunnel, but only upwards in the parallel
tunnel. This observationpoints out the usefulnessof suspending
foragemats on a relatively high stubble (8 cm or more) so that air
will be able to circulate both under and above the mats.

Mat cohesion was not measured, but the grass mat was
obviously more porous and less cohesive than the alfalfa mat.
In laboratory trials this did not pose any problem since the
mats were contained in trays with small perforated surfaces for
water diffusion. In the field a non-cohesive mat will crumble

within the stubble and cause important losses. It is necessary
to improve the cohesion of grass mats either by working in
mixed alfalfa-grass crops or by improving the maceration-
press effect on grass.

Second experiment

Table II shows the drying coefficients observed during the
second experiment in the series tunnel. Compared to the con
trol, superconditioning increased the drying coefficients by an
average of 334% (k = 0.633 h"1 versus k= 0.146 h'1). As
expected, the drying coefficient was higher at the lower den
sity (k =0.634 h'1 at 0.33 kg DM/m2 versus k=0.439 h'1 at
0.54 kg DM/m2). No significant difference (p > 0.05) was
observed between the three pressure levels (Fig. 5). There was
a slightadvantage in increasingthe pressurefrom 140to 210
kPa; however beyond 210 kPa, there was no further improve
ment in drying rate.

Table II also reports the expected time to reach 20% mois-
ture(w.b.), usuallyconsidereda safe storage moisturefor hay.
Thecontrolforagerequired25 h of constantdryingconditions,
which would mean about three days of good drying weather.
The superconditioned forage required between 4.7 and 5.0 h
for the low densitymat and between6.7 and 7.7 h for the high
density mat. TheT20periods werecalculated for eitherfullor
partial spreading of theforage juiceon themat. Even if all the

0.7 n

^ 0-6 -

0.5

o
o 0.4

at
c

>»

Q 0.3 -

0.2

100

0.33 kg DM/m2

0.55 kg DM/m2

—i—

200

—i

300

Fig. 5.
Compression pressure (kPa)

Effect of compression pressure on the forage drying
coefficient for two densities (second cutting).

juice were spread back onto the mat, the drying time would
increase at most by 12% (less than an hour). So nutrients in the
juice couldbe recuperateddirectlyon the upper surfaceon the
forage without an important delay in drying.

The, wind tunnel used to simulate forage drying in the
secondexperimenthad an evaporationrate of 0.50 mm/h.The
drying timewas converted into a moregeneralamountof pan
evaporation (V20) required to dry hay to 20% moisture. The
control forage required about 12 mm of accumulated evapora
tion to dry as hay whereas superconditioned forage required
only 3-4 mm of evaporation (Table II).

Table III shows average daily evaporation from a class A
pan at selected sitesacrossCanada. In June, July and August,
most sites average more than 4 mm evaporationper day. Thus
superconditioning has the potential to make hay in a day
possible in the summer months. Superconditioning will re-

Table H. Drying coefficient, drying time T20 and pan evaporation V20 toreach 20% moisture during the second
experiment

Treatment Drying Standard

deviation

Method 1* Method 2**

Density Pressure

coefficient

T20 V20 T20 V20

(kg DM/m3) (kPa) (h-1) (h-1) (h) (mm) (h) (mm)

0.33 Control 0.146 a1 0.053 24.31 12.2 24.31 12.2

0.33 140 0.611b 0.081 5.02 2.5 5.34 2.7

0.33 210 0.659 b 0.113 4.69 2.4 5.04 2.5

0.33 280 0.632 b 0.061 4.67 2.4 5.14 2.6

0.54 Control 0.137 a 0.045 25.23 12.6 25.23 12.6

0.54 140 0.401 b 0.071 7.73 3.9 8.21 4.1

0.54 210 0.462 b 0.098 6.71 3.4 7.21 3.6

0.54 280 0.452 b 0.097 6.72 3.4 7.39 3.7

Calculations based on experimental results (partial recuperation of forage juice).

Calculations based on no juice loss.

1 Different letters indicate asignificant difference byDuncan's multiple range test (p=0.05).
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Table III. Average daily pan evaporation (mm) at selectedsites across Canada (Environment Canada 1978)

Site May June July August September

Vancouver, BC 3.7 4.4 5.1 4.0 2.7

Summerland, BC 5.6 7.5 8.7 7.4 5.0

Calgary,AB 3.3 6.4 6.7 5.9 4.1

Edmonton, AB 6.4 6.5 5.9 5.1 3.5

Winnipeg, MB 5.8 7.4 7.3 6.4 4.4

Windsor.ON 4.6 5.9 6.5 5.3 3.7

Ottawa, ON 4.1 5.7 6.0 4.7 3.2

Amos, PQ 4.6 5.2 5.2 4.5 2.4

Duchesnay, PQ 3.9 4.4 4.5 3.4 2.1

L'Assomption, PQ 4.0 4.9 5.4 4.4 2.6

Ormstown, PQ 4.0 5.1 5.5 4.3 2.9

Ste-Anne-Bellevue, PQ 3.9 6.1 6.2 5.2 3.3

Royal Road, NB 2.7 4.3 4.7 3.9 2.5

Truro, NS 3.4 4.5 4.8 4.1 2.8

quire two wilting days on average in spring and autumn but it REFERENCES
should contribute greatly to reduce total wilting time and the
risk associated with hay harvest.

CONCLUSIONS

1. Superconditioning increased the drying coefficient of
both alfalfa and timothy by 199% in a thin mat (0.55 kg
DM/m2) and by 62% in a thick mat (1.14 kg DM/m2),
compared to conventional conditioning in a controlled envi
ronment.

2. Drying increases were similar for alfalfa and timothy.
However the timothy mat was less cohesive and more suscep
tible to crumbling and eventual field losses.

3. No significant difference in drying performance of mac
erated alfalfa wasobserved formatforming pressures between
140 and 280 kPa. Low pressure had the advantage ofrequiring
lesspowerto run the compression belts.

4. Thetimeperiodto bringalfalfamoisture downfrom 83%
to 20% (wet basis) was 25 h(or 12.5 mm pan evaporation) for
normal conditioning and between 4.7 and 7.7 h (2.4 and 3.8
mm evaporation) for superconditioning. Superconditioning
has the potential to make hay in a day, by mowing in the
morning and harvesting in the afternoon under good drying
conditions (at least 4-5 mm daily panevaporation).
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