
Chemical conditioning of mixed
legume-grass hay

S. BEAUREGARD1, P. SAVOIE2, and D. DESILETS1

xDepartement de genie rural, Universite Laval, Sainte-Foy, PQ, Canada G1K 7P4; 2Agriculture Canada, c/o Departement de
genierural, Universite Laval, Sainte-Foy, PQ, Canada G1K 7P4. Contribution no. 269, Lennoxville Research Station, Agricul

ture Canada. Received 9 November 1988, accepted 24 May 1989.

Beauregard, S., Savoie, P. and Desilets, D. 1990. Chemical condi
tioning of mixed legume-grass hay. Can. Agric. Eng. 32: 81-84.
Chemical conditioning of hay consists of spraying an aqueous solu
tion of potassium and sodium carbonates on the crop at the time of
mowing. It is known to increase the drying rate of legumes, especially
alfalfa, but it has very little effect on grasses. Chemical conditioning
was applied on a relatively pure alfalfa stand, on mixed alfalfa-grass
and on pure grass (predominantly timothy). Under good weather con
ditions during the first cutting, the first-day drying rate of pure and
mixed alfalfa increased by 13 and 9%, respectively. Timothy did not
benefit from chemical conditioning. Over a 2-d period, the difference
between pure and mixed alfalfa vanished; overall increase in the drying
rate was 10%. During the second cutting and under humid weather,
chemical conditioning had no positive effect on alfalfa. The treatment
is very sensitive to weather and to management regarding the rate and
efficiency of application.

INTRODUCTION

Field hay drying usually requires 3 or 4 days of good weather
to evaporate excess water for safe storage (Savoie et al. 1984).
Haymaking lossesare generally proportional to the field-curing
time and can be greater than 30% (Rees 1982). Mechanical treat
ments such as conditioning, raking and tedding can improve
the drying rate and save perhaps half a day or even a full day
of drying (Pattey et al. 1988), thus reducing the risk of getting
rained-on, weathered hay. However, each additional mechan
ical treatment shatters leaves and can cause substantial loss.
Savoie (1988) showed that a single tedding treatment in rela
tively dry alfalfa (40% moisture content) was responsible for
8% dry matter loss in addition to a drop in quality from 21.2%
to 20.2% crude protein.

Chemicalproducts that increase the drying rate of forage have
the advantage of causing no additional mechanical loss. Tullberg
and Minson (1978) were the first to report enhanced field drying
of alfalfa sprayed at the time of mowing with a potassium car
bonate (K2C03) solution. Rotz et al. (1982) sprayed a potas
sium carbonate solution on alfalfa, clover and bromegrass in
the laboratory; they measured drying rate increases of 42%,
20% and 0%, respectively. Chung and Verma (1986) also noted
the absence of effect of potassium carbonate on another grass,
ryegrass. Rotz et al. (1984) determined that roller-conditioners
help spread the solution over the crop. Moreover, the chem
ical was more efficient on thin windrows in second and third
cuttings, under good weather conditions (Rotz et al. 1987).
These authors used a 2.8% K2C03 aqueous solution applied at
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a rate of 470 L/ha during first cutting and 280 L/ha on later
cuttings. Potassium carbonate is innocuous to animals and does
not alter the quality of alfalfa (Johnson et al. 1983).

Practically all of the alfalfa grown in Eastern Canada is mixed
in various proportions with grasses, most notably with timothy.
The "conditioning" effect of alkaline carbonates is most evi
dent on alfalfa and is negligible on grasses. It would be useful
to know the efficiency of chemical conditioning on the drying
rate of forages of various mixtures of alfalfa and grass.

The objective of this study was to measure the field drying
rate of a mixed alfalfa-grass hay treated with alkaline carbonates
at mowing. Sub-objectives included an assessment of the effects
of yield, climate and the proportion of grass in the mixture,
on the treatment response.

METHODOLOGY

Three fields from the Deschambault Research Station (Quebec)
were chosen for the experiment: a practically "pure" alfalfa
stand (cultivar Saranac), a mixed alfalfa (cv. Dekalb) and
timothy (cv. Climax) stand, and an originally pure timothy (cv.
Climax) grass stand. Chemical conditioning was applied at three
dates during the first and second cuttings (18, 19 and 20 June
and 4, 6 and 12 August 1986).

On each date, a 37-m wide by 50-m-long plot in each field
was mowed in 12 side-by-side 50-m-long windrows. A Vicon
KM 281 2.7-m-wide disk mower with rubber roll conditioners

was used. Because of slight overlap between windrows, the
actual average mowing width was 2.6 m; windrow width was
1.7 m. Three side-by-side windrows formed one experimental
unit (EU). Two EU were treated with potassium carbonate at
mowing and two EU were not treated. Treatment was ran
domized within the four EU in each plot.

Chemical conditioning consisted in applying at the time of
mowing a 3% aqueous solution of alkaline carbonates (K2C03
and Na2C03) in the form of a commercial powder (ProDry,
American Farm Products, Ypsilanti, MI). It was sprayed at a
rate of 400 and 300 L/ha during the first and second cuttings,
respectively. A 450-L tank was placed on the tractor frame.
The solution was sprayed through five nozzles spaced 500 mm
apart on a boom installed between the mower disks and the
roller-conditioners, at 670 mm above the ground.

Immediately after mowing, two forage samples from each EU
were gently lifted and deposited on a 0.90-m by 1.20-m wire-
mesh screen for subsequent weighing and measurement of water
evaporation. The samples were taken at two random distances
along the middle windrow of each experimental unit. Trays were
weighed at approximately 3-h intervals between 10:00 h
(mowing time) and 20:00 h on the first day and between 09:00 h
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and 20:00 h on the second day. A 500-g forage sample was
collected near each tray at the time of mowing to estimateini
tial moisture content. Another sample was taken directly from
each tray at the end of the 2-d experiment to measure final
moisture content. Samples were oven-dried at 65°C for 72 h
in accordance with ASAE standard S358.1 (ASAE 1987). The
dry matter on each tray was the average of estimates of dry
matter based on initial and final moisture contents.

Theforage yield of eachplotwasestimated by chopping four
randomstripsof 5 m by 0.6 m, and adjusting for moisturecon
tent. Crop purity was determined by hand separation of two
1000-g samples taken from each plot at each date of mowing.
Samples were composed of several random grab subsamples.

Water evaporation from each forage sample in the field was
converted into a drying coefficient. This coefficient represents
the combined effects of environment, crop physiological status
and treatment on drying. Since the environment and the crop
were relatively uniform on a given date in a given plot, differ
ences in the coefficient reflected differences in the treatment.

The drying coefficient was calculated in accordance with the
model used by Rotz et al. (1984):

- -i in (H)

where:

k is the drying coefficient (h_1),
t is the drying time interval (h),
M is the final moisture content (g/g), and
M0 is the initial moisture content (g/g).

This model is slightly different from the one used by Pattey
et al. (1988). These authors assumed an equilibrium moisture con
tent (Me) of 0.15 g/g; whereas, the above model implicitly
assumes Me equal to 0. As indicated by Pitt (1984), the estima
tion of the drying coefficient during die wilting period (M >
1.0 g/g) is not sensitive to the choice of equilibrium moisture con
tent. This is also true when k is estimated over a long drying period.

The drying coefficients were calculated for the first day of
drying (k{) and for the first 2 d of drying (k2) excluding night
time (12 h were subtracted). These periods correspond to about
9 and 21 h of drying time, respectively. Analysis of the two
coefficients allowed an assessment of the persistence of the
treatment.

During the first cutting, the experiment consisted of three
forage crops ("pure" alfalfa, mixed alfalfa, grass), two treat
ments (chemical conditioning, control), three dates (blocks),
two replications at each date and two samples in each
experimental unit. A total of 72 trays were used in a split-split
block design. The first and second splits were dates and crops.
During the second cutting, the same experimental design was
used except it was reduced by one crop since grass yield was
insufficient to justify harvest.

RESULTS

During the first cutting, the drying conditions were excellent
with much sunshine and no rain. During the second cutting,
two out of three replications were rained on; the total sunshine
was reduced on account of cloudiness (Table I).

The Saranac alfalfa field was relatively pure, containing only
22 and 11% grass during the first and second cuttings, respectively
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Table I. Average daily climatic conditions during the hay drying
experiment

Temperature
(°C) Radiation

(MJ/m2/d)
Rain

(mm)
Wind

Date Max. Min. (m/s)

First cutting
86-06-18 20.0 5.5 21.2 0.0 3.9

86-06-19 21.0 4.5 26.0 0.0 2.5

86-06-20 23.0 3.5 20.0 0.0 2.5

86-06-21 24.5 4.0 24.0 0.0 1.4

Second cutting
86-08-04 22.0 10.0 13.1 1.2 1.7

86-08-05 25.0 13.0 17.3 0.0 1.2

86-08-06 25.5 14.5 13.2 0.0 1.1

86-08-07 22.0 14.5 6.3 4.4 1.6

86-08-08 23.0 17.0 9.7 0.0 2.6

86-08-12 21.0 9.5 16.5 0.0 1.6

86-08-13 23.0 6.5 19.6 0.0 1.6

(Table II). The Dekalb alfalfa field was closer to a half alfalfa-
half grass mixture, containing 63 and 47% grass in the first and
second cuttings. The Climax timothy field contained about 60%
timothy and 40% other grasses (quackgrass and Kentucky blue
grass). The initial moisture content of alfalfa was relatively high
between 4.0 and 4.9 g of water per g of dry matter (80-83%
on a wet basis). At the first cutting, alfalfa was at the bud stage
and timothy at the heading stage; at the second cutting, alfalfa
was in full bloom.

Drying coefficients during the first day are reported in
Table III. During the first cutting, the chemical treatment
increased the drying rate of "pure" alfalfa (Saranac) and of
"mixed" alfalfa (Dekalb) by 13 and 9%, respectively, but it
had no effect on timothy (actually a 2 % decrease of the drying
coefficient). The treatment effect was statistically significant
(p = 0.047). There was also a significant (p = 0.024) triple
interaction between treatment, mowing date and crop. The treat
ment was more efficient on "pure" alfalfa but the efficiency
was not uniform over several days and cuttings. For example,
on 18 June, the treatment increased the drying rate by 31%;
whereas on 20 June, the treatment decreased the drying rate
by 4%. During the second cutting, the chemical treatment had
practically no effect on the alfalfa drying rate.

Table IV illustrates the effect of chemical conditioning over
a 2-d period. Coefficients were calculated on the base of total
diurnal time only; 12 h were subtracted for nighttime between
the first and second day. The treated alfalfa dried 10% faster
than untreated alfalfa in the first cutting, but only 3% faster

Table II. Dry matter yield, purity of stand and moisture content
of the forage crop at mowing.

Yield

(t DM/ha)

Purity
Moisture

Forage % alfalfa % grass content (g/g)

First cutting
Saranac alfalfa

Dekalb alfalfa

Climax timothy

Second cutting
Saranac alfalfa

Dekalb alfalfa

3.1

3.6

4.0

2.1

2.3

78

37

0

89

53

22

63

100

11

47

4.37

4.00

3.46

4.65

4.90
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Table HI. Drying coefficients (h ') calculated over a 9-hperiod on the day of treatment
application

Mowing date Average
Forage Treatment 86-06-18 86-06-19 86-06-20 coefficient

First cutting
Saranac alfalfa T 0.130 0.117 0.110 0.119

U 0.099 0.099 0.114 0.104

Dekalb alfalfa T 0.135 0.132 0.153 0.140

U 0.124 0.138 0.123 0.129

Climax timothy T 0.121 0.130 0.159 0.136

U 0.140 0.142 0.134 0.139

Second cutting 86-08-04 86-06-08 86-08-12

Saranac alfalfa T 0.131 0.082 0.126 0.113

U 0.136 0.071 0.138 0.115

Dekalb alfalfa T 0.166 0.085 0.127 0.126

U 0.162 0.086 0.119 0.122

Table IV. Drying coefficients (h'"!) calculated over a 2-d period (excluding nighttime)

Mowing date Average
coefficientForage Treatment 86-06-18 86-06-19 86-06-20

First cutting
Saranac alfalfa T 0.109 0.105 0.103 0.106

U 0.093 0.089 0.107 0.096

Dekalb alfalfa T 0.113 0.110 0.115 0.113

U 0.099 0.108 0.103 0.103

Climax timothy T 0.096 0.101 0.113 0.104

U 0.099 0.102 0.101 0.101

Second cutting 86-08-04 86-06-08 86-08-12

Saranac alfalfa T 0.067 0.045 0.105 0.072

U 0.063 0.040 0.103 0.069

Dekalb alfalfa T 0.084 0.044 0.099 0.076

U 0.082 0.044 0.095 0.074

in the second cutting. There was no difference betweeen pure
and mixed alfalfa. The treatment effect was statistically
significant (P = 0.001). The triple interaction (treatment,
mowing date, crop) was also observed over a 2-d period
(P = 0.025).

On the basis of good weather conditions observed during the
first cutting, chemical conditioning would save only 2 h of
drying after 2 d. For example, alfalfa mown at 09:00 the first
day would benefit of 22 h drying by 19:00 h on the second day.
Considering an initial moisture content of 4.2 g/g (80.8% on
a wet basis), the final moisture content calculated from equa
tion (1) would be 0.373 g/g (27.2% wet basis) in treated alfalfa
(k = 0.110 h"1) and 0.465 g/g (31.8% wet basis) in untreated
alfalfa (k = 0.100 h-1). Untreated alfalfa would require an
extra 2 h of drying to reach the same moisture content as the
treated alfalfa. However, this could sometimes mean postponing
hay baling to the following day and risking nighttime rain or
dew on the hay with subsequent losses.

A linear correlation analysis was performed to identify other
sources of variation in the drying coefficient (Table V). Initial
moisture content and windrow thickness negatively affected the
drying coefficients. Each of these two factors explained more
variation than chemical conditioning itself. In the second cutting
especially, chemical conditioning had no influence on the drying
coefficients. The more humid conditions of the second cutting
annihilated the effect of potassium carbonate on alfalfa drying.

Table V. Linear correlation coefficients between 1-d and 2-d drying
coefficients (kj and k2) and other independent variables

First cutting Second

k,

cutting

Variable k, k2 k2

Initial moisture

content

Windrow thickness

Chemical conditioning

-0.46

-0.71

0.19

-0.34

-0.38

0.33

-0.59

-0.64

0.01

-0.27

-0.81

0.05
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DISCUSSION

Rotz et al. (1987) reported that chemical conditioning increased
the drying rate coefficientby 25% during first and fourth alfalfa
cuttings, and by 55% during secondand third cuttings. The data
presented here includea few occurrencesof drying rate increases
of 18% over a 2-d period (first cutting alfalfa 18 and 19 June,
Table IV). During the first day, we also noted a 31% increase
in the drying rate (Table III). However, on average, the increase
was in the order of 10% over a 2-d period. The potassium car
bonate solution may have been sprayed unevenly on some occa
sions. The suction effect of the disk mower could be respon
sible for the lack of uniformity in spraying and in the drying
response.

The alfalfa-grass mixture responded as well as the relatively
pure alfalfa to chemical conditioning. This would probably not
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be the case under very favorable drying conditions for alfalfa.
A grass-alfalfa mixture would be expected to respond at an inter
mediate level depending on the proportion of grass (0% increase
in the drying rate) and alfalfa (between 10 and 55% increase
in the drying rate).

The potential reduction in field curing time is proportional
to the increase of the drying coefficient. A 10% increase over
a 2-d period means that drying time can be reduced about 2 h
(based on 21 h of daytime between mowing at 10:00 h on the
first day and harvesting at 19:00 h on the second day). For
example, a crop initially at 80% moisture wet basis (4.0 g/g
dry basis) will reach 33% moisture with k = 0.10 and 28%
moisture with k = 0.11 by the end of the second day. If the
strategy is to harvest hay below 30% moisture and barn-cure
the wet hay, then it is possible to save a night and a few hours
of exposure on the third day. However, in many practical cases,
a 10% savings in drying time would decrease the exposure time
only a small portion of the total harvest period.

Rotz (1985) considered the economics of chemical condition
ing. At a price of $2.20/kg for potassium carbonate, which is
the current price in Eastern Canada, the treatment costs $17
per hectare at an application rate of 200 L/ha. Benefits from
decreased loss during field curing and increased quality were
estimated at $18, $15, $25 and $23 per hectare for the first,
second, third and fourth cuttings in Michigan based on simu
lated results over a 25-yr period. Chemical conditioning is eco
nomically beneficial only in later cuttings.

Since a smaller response to the one measured in Michigan
(Rotz et al. 1987) was observed in these experiments, the eco
nomicviability is doubtful. The results also indicatethat drying
improvements are not observed uniformly with chemical con
ditioning. The application level is likely to require fine adjust
mentsas a function of yield and purity of stand. Crop yield and
initialmoisturecontent negatively affected the drying rate and
overshadowed drying improvements observed with chemical
conditioning.

CONCLUSIONS

1. During the first cutting, under favorable weather conditions,
chemical conditioning with an alkaline carbonate solution
increased the first-day dryingratecoefficient of purealfalfaby
13%, of mixedalfalfa-grass by 9%and of pure grassby - 2%.
The drying rate increase persisted over 2 d but differences
between pureandmixed alfalfa werenotobserved. Theaverage
drying rate increase in alfalfa over 2 d was 10%.
2. During the second cutting, under more humid weather con
ditions, chemical conditioning did not improve the drying rate
of any crop.
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3. Drying improvements with chemical conditioning were
uneven during the field study. Higher crop yields and a higher
initial moisture content decreased the drying rate. Variable
yields and initial moisture contents frequently observed in the
field explain the uneven response to chemical conditioning.
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