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FORAGE PRODUCTION AND USE

CHEMICAL
PRESERVATION
OF FORAGES:
Techniques
and
Economics
C. A. Rotz and J. W. Thomas'

Amajor problem in the production of quality hay has
always been the time required to dry the crop in the field
to a moisture content suitable for storage. Rain fre-
quentlyoccurs before the hay is dry, increasing loss and
decreasing quality. Research data show that 20 percent
of the hay crop dry matter can be lost by the time the
crop is placed in storage, even in good drying conditions.
Adverse drying conditions often cause 30 to 50 percent
loss and, of course, very poor conditions can cause com-
plete loss of the crop. Certain nutrient losses are often of
the same order or greater than dry matter loss. Field loss
is directly related to the length of time the crop is in the
field and inversely related to the moisture content of the
crop as it is baled. In other words, the quicker the hay is
baled and the wetter the hay is when baled, the lower
field losses will be.

Products that improve or maintain hay quality during
storage are commonly termed preservatives. They are
normally applied during the baling operation but may be
applied during handling or storage. Major chemicals used
as hay preservatives are propionic acid and other acid
mixtures. Other materials used as hay preservatives in-
clude anhydrous ammonia, urea, sodium diacetate and
bacterial inoculants.
- The major benefit of any hay preservative is reduced
harvesting and storage losses. Leaf loss can be excessive
when alfalfa is harvested at a moisture content below IS
percent. Even at optimum moisture for baling-IS to 20
percent-losses are high as leaves shattered by the baler
are dropped to the ground. Baling at a higher moisture
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content -25 to 2S percent-reduces the loss of high
quality leaves and cuts field curing time. Special treat-
ment is needed, however, to prevent the development of
mold, which causes heating and loss of hay during
storage.

Chemical preservatives work primarily as fungicides to
prevent the development of fungi (molds ). Sufficient acid
may also inhibit bacterial growth. Bacteria added as
inoculants to hay are supposed to grow and produce
compounds that inhibit the growth of fungi and undesir-
able bacteria. The bacteria used to date produce lactic
acid, but lactic acid has no antifungal activity.

Chemical preservation of forages should not be con-
fused with a process called chemical conditioning. Chem-
ical conditioning occurs when a chemical that speeds
drying is applied to the crop as it is mowed. Different
chemicals and processes are used for these two treat-
ments, but the benefits of each individual treatment will
be additive when both are used on the same crop. More
information on chemical conditioning can be found in
Extension bulletin E-1995, "Chemical Conditioning of
Forages: Techniques and Economics."

Equipment and Procedure
Hay preservatives come in three major forms: liquid,

granular and pressurized liquid. Each form requires dif-
ferent application equipment.

Liquid materials are generally acid mixtures. Propionic
acid is recognized as the most effective acid for hay
preservation. Acids sold commercially for hay preserva-
tion often include other acids or compounds blended
with propionic acid. Bacterial inoculants can also be
mixed with water and applied as liquids.

A spray system mounted on the baler is used to apply
liquid materials. Atank with a 50 gal capacity is adequate.
It can be mounted on either the baler or the tractor.
Other components of the spray system include pump,
line filter, pressure regulator and nozzles. Spray systems
designed for this purpose can be purchased for about
$800 to $1,000.You can also buy individual components
to fabricate a system.

Uniform distribution of the spray material throughout
the bale is important for best results with the treatment.
Nozzles are normally mounted just behind or over the
baler pickup for best coverage of the hay as it moves into
the baler. A flooding type nozzle is often used to improve _
coverage and distribution.

Propionic acid should be applied to hay in proportion
to the amount of moisture in the hay. When hay is in the







average if the treatments were used on all hay under all
conditions.

This analysis shows that propionic acid treatment is
not economical because the cost of the treatment
exceeds the expected benefit gained by reducing losses.
The price-of the chemical will influence this estimate. The
price assumed-65 cents/lb-was based on a marketed
nay preservative. If the propionic acid is bought directly
from a manufacturer at 45 cents/lb, the farmer will'jusf
br-eakeven.

Propionic acid should not be used on all hay. It can be
used to get into the field a little earlier, but as hay dries
further, the treatment can be discontinued. Other times
when an acid treatment should be used are in the eve-
ning, when hay is no longer drying, or when rain is antici-
pated. When used only under these conditions, the
treatment can be more cost effective.

An analysis for anhydrous ammonia shows this treat-
ment to be very economical. The high economic benefit
is primarily due to the increased protein obtained with
the treatment. This analysis as-sumes that the protein
provided through the nitrogen in the ammonia is as bene-
ficial to the animal as any other protein source. (This
assumption has not been proven.) Even without the pro-
tein benefit, this treatment is more cost effective than
propionic acid, primarily because of the lower cost of the
chemical.

The cost not considered in this analysis is the cost of
safety. Anhydrous ammonia is a hazardous material. The
cost of a serious accident could well offset any economic
benefit obtained with the treatment. Likewise, the treat-
ment must be assured to be safe for the animals. Losing
animals could again be very costly and outweigh any
benefit from the treatment.

Summary
Chemicals can be used both to speed the drying and to

improve the preservation of hay. Different chemical
treatments are required for the two processes, but both
treatments can be applied to the same alfalfa

For preservation of high-moisture hay, only propionic
acid and anhydrous ammonia have been shown to be
effective. Applying these chemicals during or imme-
diately after baling can preserve hay up to 25 to 30
percent moisture. The major benefit is reduced leaf loss
at harvest, which results in a higher quality hay. In addi-
tion, anhydrous ammonia treatment will enhance the
protein content of the hay.

Propionic acid treatment costs about $15/ton of hay
treated. It can be economically used only when condi-
tions make it difficult to get hay dry.

Anhydrous ammonia treatment costs about $9/ton of
hay. The added protein of the ammonia makes the treat-
ment beneficial on essentially all hay. This assumes,
however, that the added protein is beneficial to the -
animal, that the material can be handled safely, and that
it poses no threat to animal health when it is fed.

Table 1.
Average cost/benefit of using
chemical preservatives to bale
high-moisture alfalfa hay.

No Propionic Anhydrous
treatment acid ammonia

BENEFIT
Crop yield (Ib/ a)
Harvest loss (%)
Harvest yield (Ib/ ar
Harvest crude

protein ~%)-
Storage IQsS(%)
Storage yield (Ib/a)
Storage crude

protein (%)
Gain in feed value'

($/a)
($/ton -

·3000
20

. 2400
3000 3000

15 15
2550 2550

17 17
8 5

2346 2423

17 19

.-- 16
5

2280

ADDED COST
Equipment ($/ton)
Labor ($/ton1
Chemical ($/ton)4
Total treatment cost

($Iton)
NET RETURN
($/ton)

1.002

.70
13.00

14.70 8.50

-4.05 19.20

'Based upon a dry matter value of 4 cents/lb and a protein value
of 29 cents/lb.
21ncludes initial cost of added equipment depreciated over five
years and used to bale 250 tons of hay per year. Does not
include a cost for corrosion of baler parts.
3Cost of plastic cover @3 cents/ft"
4Chemical costs were assumed at 65 cents/lb for propionic
acid applied at 20 Ib/ton and 12.5 cents/lb for anhydrous
ammonia applied at 40 Ib/ton of hay.
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