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LIST OF SYMBOLS

A correction factor defined in Equation (2.5)

C : material constant

EXP _ exponent to the base of natural logarithm

Hr, hr houf

K drying constant, Hr—‘

M : instantaneous moisture content, percént dry basis

Me *equilibrfum moisture content, percent dry basis’

Mo l initial moisture content, percent dry basis

MR moisture ratio, defined in Equation (2.2a)

n material constant

rh equjlibrium relative humidity, a decimal

T temperature, °R

VPD . mean saturation vapor pressufe defi;it, millibar

wb : weight of héy battihg samb]e, prior to running it ;hrough the
pickup unit

W2 ' weight of lost material (the portion of hay batting which was

not picked up by the pickup unit)

(o =x) statistical significance level, x = probability of type |
error
8 elapsed time, hour



CHAPTER |
INTRODUCT I ON
Re]evance of the Research

Hay is the most important harvested feed for livestock; average an-
nual production in the United States is about 130 million metric tons.
In the state of Oklahoma, there are approximately 0.72 million hectares
of cultivated land used for producing hay crops. The market value of
hay produced from this land was estimatéd at slightly over 210 million
dollars in 1977 (Agricultural Statistics, 1978).

Alfalfa, sometimes called the ''queen of the forage,'" is one of the
most important forage plants in the United States. |t has the highest
feed value of all commonly grown hay crops. Alfalfa produces more pro-
tein per hectare than any other crop for livestock (Dale et al., 1978).
In 1977, about 1.2 million‘tons of alfalfa were harvested in Oklahoma.
This amounts to about 40 percent of the total harvested forage (Agricul-
tural Statistics, 1978).

If harvested and handled properly, alfalfa will produce two and one-
half times as much protein per hectare as soybeans, two times as much
protein as corn silége, and three times as much protein as shelled corn
(Dale et a[., 1978). Economically alfalfa competes well with the grain
crops. |

Just these few references are adequate to indicate the importance

of alfalfa as a cash crop and a high protein feed. A major limiting



factor in élfalfa production is the losses caused by the mechanical har-
vesting operations and bad weather.

In the curing of high quality hay, proper dryiﬁg of the crop has
been an important consideration, because in humid reéions it is difficult
to completely field cure the forage withou% some rain dr dew damage.
Rains-redQCe the quality of hay by leaching the nutrient and by bleach-
ing. The loss of feed value, in weather-damaged hay, can vary from 25
to 40 percent (Kurtz et al., 1968), and is a major concern to forage
producers. Quality is also reduced through extra handling, causing leaf
and‘stem losses.

Freshly cut alfalfa is a living material, sin;e the_plant cells con-
tinue respiration and plant enzymes are active as long as air is present
and there is sufficient moisture available. Losses of dry matter amount-
ing tb 5 to 15 percent of the total crop have been fdund to occur from
these fermentation losses during normal field drying (Pederson et al.,
1960) .

During the period of curing élfélfa.hay, the raté of moisture loss
from the leaves is more rapid than fhe rate of moisture loss from the
stem. The principal impediment to rapid drying lies in the geometry and
structure of the plant stem. The leaf has a Iargékarea with numerous
openings relative to its volume. The stem is roughly a circular cylin-
der, giving a small surface area, and is covered with a more impervious
epidermis and cuticle perforated with fewer stémates (Bagnall et al.,
1970). This characteristic difference in thé rate of drying of two con-
stituent parts of the plant results in overdry leaves, while the stem
contains more moisture than is safe for storage, normally 25 percent (dry

basis). By the time the moisture content of the stems is lowered to 27



to 33 percent, that of the leaves may be as low as 12 to 14 percent.
When the leaves become overdry, they are susceptible to shattering loss
in the ordinary process of taking the hay into the storage.

Salmon ét al.k(l925) reported.that over seven seasons of cutting,
an average Qf‘l9 percent of the leaves were lost when alfalfa hay was
haryested by mowing, natural curing, and raking. This figure was consid-
. erably larger when the hay rgceived one or'moré rains while still in the
field. In this connection, it should be stated that the leaves are the
most valuable parts of the hay crop. Although leaves méke up about 50
percent df the dry matter, they contain approximately 75 percent of the
digestible pfotein, 90 percent of the carotene, 60 percent of the digest-
" ible dry matter, but only 25 percent of the crude fiber in the whole
plant (Bohstedt, 1944).

Becausé of weathef risk and intreased loss of carotene, protein, and
dry matter with extended field exposure, the time interval between cut-
ting and storing of alfalfa hay should be reduced to a minimum and the
‘'slower drying rate of the stém should be speeded up to.approach that of
the leaves.

A great deal of progressvhas been made in the development of forage
‘conditioners. In common usage, the term ''hay cqnditidning“ refers to any
form of mechanical treatment of freshly cut hay in the field that is used
to increase the natural drying rate. The conditioners crack the hay stem,
exposing more area for moisture loss and thus speed the field-curing
rates of férage crops. The presenf comme;éial conditioners may be put
into two general classifications: the corrugated roll ({crimper) and
the smooth roll (crusher). The crimper, because of its corrugaged

rolls, cracks the stem at regular intervals while the smooth-roll unit



crUshés the stem along its entire Iehgth. Tests at a number of agricul-
tural stations have demonstrated that hay crushed immediately after mow-
ing dries considerably faster than untreated hay. Labératory tests with
various mechanical, chemical,.the}mal, and electrical treatments applied
to alfalfa indicated that crushing the stems to increase the amount of
exposed surface is one of the most effeﬁtive ways to-increase the drying
rate (Priepke and Bruhn, 1970). Pedersen and Buchele (1960) found that
only when the stem surface was nearly disintegrated by hard crushing (so
severe that it caused juice to appear on the stem surface) did the rate
of evaporation for the stems approach that of the leaves.

Bruhn (1955) found that the drying rate is essentially in direct re-
lation to the degree of crushing. He indicated that up to a certain
>point, roll pressure very definitely affects the drying rate unless other
factors mask out the pressure effects. Observation of potential clipping
losses (the clipping was indicated as the precent of separation of leaves
and sﬁall stems determined by screening the sample through a 51 mm mesh
poultry netting) and of actual losses by picking up missed material after
windrowing and baling indicated that losses due to conditioning with a
mower-conditioner may be greater than from mowing Qithout conditioning by
1 to 4 percent 6f the yield (Kepner et al., 1960). Crushing alfalfa
under high pressure, 5.3 kg per centimeter of roll length (30 1b/in.),
results in an extremély high drying rate, but it has little practical
value because of excessive clipping losses during subsquent handling
(Bruhn, 1959). While not all of the clipped leéves and stems will be
lo§t during‘pfck up of the cured crop, it is logical to believe that the
losses will be essentially in proportion to the clipping.

'To make this method of harvesting (crushing under high pressure)



practical, a method of curing hay in the fiéld should be designed to re-
constitute the crushed crop back into a windrow in a form that will save
all the leaves and promote rapid curing to reduce the possibility of
rain damage. This would be done by hard crushing and then binding all
components«of_the treated crop together. The‘sticking of the separated
leaves and small stems may be accomplished by bonding agents and pres-
sure.. NQmerous binders are available and several have been tested for
che?r effect on rice straw cubability (Waelti and Dobie, 1973). Dob%e
(1975) reported that most grasses cube reasonably well with the addition
of 5 percent'of a good binder, provided it is well distributed on the
material. The more difficult-to-cube grasses may require 7.5 percent of
binder to produce gbod cubes.

Dry binders can absorb some of the juice résulting from hérd crush-
ing.of alfalfa stem and may make a batting that will hold all components
of the hay together during field curing ahd during baling. Information
on the effect of binders on drying rate and final form of Hard crushed
alfalfa is needed for designing more effective forage harvesters. Speci -
fic information on this topic is not available. The present study was
underiaken to obtain information on the effects of adding binders to
hard_crushed alfalfa on the drying rate of alfalfa and reducing crop

losses.
Objectives

The specific objectives were as follows:
1. To evaluate the effects of hard crushing on drying rate of al-
falfa and clipping losses of leaves and small stems.

2. To investigate the possibility of making a continuous batting



from hard crushed alfalfa (including separated leaves and small stems)

by applying different bonding‘agents and pressures.

3. To evaluate the drying rate and durability of the forage batting

as influenced by combinations of rol! pressure, binder type, and binder

concentration.



CHAPTER 11
REVIEW OF LITERATURE

“Hay is grown on more than one-half of all the farms in the United
States, with the area averaging about 20 percent of the total harvested
crop lana. "Forage harvesting and handling fs complicated by the nature
of the product. Hay is a crop of great bulk and may contain 65 to 85
percent water when harvested. For storage, it must be dried, either
naturally or artificially, to a safe moisture content of 20 to 25 per-
cent (dry basis). Long loose hay orkextremely loose bales can tolerate
slightly higher moisture content without serious damage.

Alfalfa is often a difficult crop to harvest because of the differ-
eﬁtial drying rate of the leaves and stems. By the time the stems have
reached ‘a moisture level sufficienf-for storage, the leaves have been
overdried. This excessive drying of the leaves only serves to increase
shattering losses in subsequént operations. The possibility for harvest-
ing hfgh-quality hay in humid regions is generally low, because the
period of time:bétween rains is leés than the gime_fequired to cure, har-
vest, and store the hay.

Traditionally, the substantial difference in leaf and stem drying
rates has led to ﬁany attempts to fncrease the drying rate of the stem.
‘For example, stems have been subjected to mechanical dewatering (Chancel-
lor, 1964), heat blanching (Thompason, 1952), hot water blanching (Chan-

cellor, 1964), steaming (Byers and Routley, 1966), removal of epidermis



or cortex (Bagnall et al., 1970), twisting, chopping, and crushing
(Pedersen and Buchele, 1960). The principal objective of all methods
was to decrease the field curing time and thus minimize the possibility

of loss due to bad weather.
Mechanical Treatment

Tests at a number of agricultural research stations have demonstrat-
: ,ed that hay crushed immediately aftér mowing dries considerably faster
than untreated hay.. Geographic location also tended to have a bearing
for some mechanical treatments on their hay drying rates.

Early development work with forage crushers, as a means of acceler-
ating the drying rate of alfalfa, was conducted in California (Bainer,
1931) during the early 1930}5 with a machine designed and constructed by
E. B. Cashman. The early machine was a self-propelled unit and cbnsisted
of a platform and draper very similar to those found on the ordinary
graih'binder of that period with a set of rubber-covered steel rolls. The
lower roll was held rigidly in place while the upper roll floated under
tension provided by two springs. Two revolving brushes tended to keep
the rolls free of any crushed hay. Ten hours after cutting with this
machine, the cfushed'hay contained 23 percent ﬁoisture (wet basis) while
the regular cut hay contained 46 percent.

Reed (1932) found that crushed sonean héy dried very rapidly and
that in 2.5 houfs'itbhad reached a moisture content of 30 percent (wet
basis), while the uncrushed sample still contained 3&!7 percenf moisture
at the end of 14 hours.

Zink (1933) obtained similar results by passing the alfalfa between

two rolls which were held in contact with each other by means of



springs. One of the rolls was made of steel while the other was of
steel covered with rubber. He reported that the crushed alfalfa had
.reached a moisture content of 25 percent ! hours after cutting, while
the uncrusﬁed hay had not yet reached 25 percent moisture content until
on the second day or about 23 hours after cutting. The process provided
fdr a more equal drying rate of leaves and stems, and increased the dry-
ing fate by stem bleeding and by increased evaporation through the stem
fractures. Although Zink reported that under eastern Kansas conditions
cruéhing.appeared to insufe.a'moisture-content sufficiently low to per-
mit storage of alfalfa hay the same day that it was cut, little accept-
ance of the crushing method was noticed until the middle fifties.

In 1926, an investfgation was made of the relation of the drying
rate of alfalfé leaves and stems (Kiesselback and Anderson, 1926). The
re5u1ts indicated that under laboratory conditions, first cutting alfal-
fa hay, when at 20 percent moisture content, was composed of leaves con-
taining 12 percent and s;ems containing 27 percent moisture. Zink
(1933), under field curing conditions, obtained similar results. He
found that when there was 30 percent moisture within the hay, the leaves
had only 16 percent while the stems had 38 percent.

By crushing Iarge—sfemmed hay, such as Johnson grass and sudan
grass, Jones and Dudley (1948) found the time required for field curing
could be reduced from one-third to one-half that of crushed hay. They
observed that the moisture content of uncrushed sudan grass was not low
enough to bale until the morning of the fourth day, or 72 hours after it
was cQt, while the crushedvrequired ohly 27 hours to cure and was;baled
on the éecond day after cutting. ‘They also indfcated that the leaves of

uncrushed hay were overcured and shattered before the stems cured.



A study made by Bruhn (1955) of alfalfa indicated that high pres-
sure, high roll speed, multiple rolls, operating the second set of rolls
slower than the first set and feeding the material to be crushed into
the rolls in a very thin uniform layer all contributed toward more effec-
tive crushing and higher drying rate. He found that the forage fed once
fhrough thé machine with two sets of rolls had dropped to 25 percent
moistﬁre in a little over four hours, and that which made an additional
-pass through the two sets of crushing rolls dropped to 25 percent mois-
ture in about three ‘and one-half hours. He also pointed out that two
pairs of crushing rolls operating at moderate épeed, pressure, and rate
. of feeding produced a drying effect comparable‘to one pair of rolls
operating at high pressure, high speed, and low rate of feeding. How-
ever, the two pairs did Iesé damage to the crop in the way of clipping
and stripping than the one pair when operated for high performance. The
results also .indicated thatkoperating the second péir of cruéhing rolls
slightly slower than the first pair seems tb increase the effectiveness
of the ﬁrushing with no apparent increase in clipping and stripping
losses.

Boyd (1959) conducted field tests to determine the drying rate and
figld losses of alfalfa and timothy-brome hay which had been conditidned
with.a crimper; a crusher, or a flail-type forage harvester. Results in-
dicated that flailed material dried at a greater rate than the other con-
ditioned materials. He also reported crushing is somewhat more effective
than crimping and it can reduce drying time by about 30 percent. Pickup
losses of approximately 7 percent of the total yield for uncrushed alfal-

fa, 11 percent for crushed and crimped, and 14 percent for the flailed



material were reported. Similar results were reported by Sutherland
(1959).

Bruhﬁ (1959) Studied the c¢ffect of delay in the crushing operation
and indicated that delaying the crushinq just meant a drying rate simi-
lar to uncrushed material during the delay and then a drying rate after
crushing comparable to crushed material of the same méisture content.
Double crushinglwith a delay between the first and second crushing pro-
duced .a very high drying rate with a consideréble'jump at the time of
second crushing; He also reported that tHe clipping of leaves and small
stems from the main stem was inversely proportional to the rate of tra-
vel and the thickness of the mat of matcrial passing between the rolls,
and the increased drying rate was in‘direct relation to the clipping.

Casselman and Finham (1960) comparcd the field-drying rate of alfal-
fa hay which had been flail-cut, mowed and crimped, or just mowed. The
flail-cut material, which was placed in windrows by the flail unit, dried
to 20 percent moisture content (wet basis) in 28 hours, whereas the
crimped alfalfa required 53 hours and the untreated about 77 hours.

Similar work has been carried on with a crusher and crimper in
California (Kepner et al., 1960). The results indicatea that, in general,
conditionina usuélly reduced the field curing time by about two days.
They pointed out in the second cutting, however, showers occurred after
the conditioned hay had been baled and while the control was still in the
windfow, thus increasing the difference in curing time to four days.

They also reported that field losses due to conditioning exceeded those

without conditﬁoniﬁg by an average of 1.1 percent of the crop with the

crushervand 3.6 percent of the crop with the crimper.

By applyfng different treatments to the alfalfa plant, Pedersen and
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Buchele (1960) concluded that faster drying was obtained when the stems
were hard crushed or when the stems‘were penetrated several places per
Jinch of lengthl);Lower rates were recorded when the stems were twisted,
crushed, or cut in pieces 6f 2 inches in length. They also reported
that as hard crushing was applied, the stem dried faster than the leaves.
It is thus evident that a.complete breakup of the ;uticle causes the
stems to dry faster than the leaves.

A laboratory experiment was conducted by inserting a vapor barrier
between the hay and the soil. Results indicated that the effects of
‘evaporation froﬁ wet soil was eliminated and the time necessary to dry
the hay to storable conditions was reduced. fhey also pointed out that
hay mowed before 10:00 a.m., crushed, and placed on black polyethylene
sheets, dried to a storable moisture content of 20 percent (wet basis)
before 4:00 p.m., and was harvested the same day as cut.

Fairbanks and Thierstein (1966) reported that crushing the alfalfa
probably increases the rate of carotene losses during field curing; how-
ever, because of the increased rate of drying and reduced drying timé,
the carotene cénteht of the crushed hay at time of storage will be equal
to or higher than that resulting from other conditioning treatments.
Theyvalso indicated that alfajfa may be cut, conditioned by crusher, and
baled the same day in eastern Kansas when weather conditions are satis-
factory.

Geographic location appeared to have an effect on the flail mower
treatment. Hall,workinglin Ohio (1964), found hay with that treatment
dried quicker than crushed Hay. However, Kurtz and Bilanski (1968) found

dissimilar results in Canada. They reported that the quickest drying



13

rate was demongtrated by the alfalfa hay which was treated by the mow-
crushed process.

Hellwig (1965) indicated that the rotary mower severely altered the
physical formﬂqfdbermudagrass and gave a more rapid rate of drying than
the crusher or ctimper. However, the loss of one-half or more of the
yield made this method undesirable for making Hay.

Single stem samples were scraped with a sharp knife (Bagnall et al.,
1970) and dried to.determine the effect of removal of the surface layer
of cells on dryingbrate. Light scraping removed the translucent epider-
mis and heavy scraping removed the bright g?een cortex. The drying rate
for lightly scfaped samples was significantly higher than that for con-
trols, and the drying rate for heavily scraped samples was higher than
for the lightly scraped samples and controls. He concluded that princi-
pal reétriction to stem drying is in the epidermis and cortex, and that
complete removal of these can substantially increase the drying rate.

Barrington ahd Bruhn (1970) investigafed the effect of existing
mechanical forage harvesting devices on field curing rate and relative
harvesting losses, and reported that roll-type crushers were highly suc-
cessful in increasing the field drying rate of both alfalfa and hybrid
sorghum sudangrass. Harvest losses resulting from use of these machines
were relatively shall. They also indicéted that conditioning a forage
crop with flail mower-type equipment can result in a high drying rate,
but usually also results in a high harvest loss.

Under laboratory conditions, four sets of different types of crush-
ing rolls Qeretevalﬁated by Straub and Bruhn (1975). " They concluded
while increased pressure tends to increase drying rate when both rolls

are driven, it may tend to have a negative effect if only one roll is
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driven. They also reported that conventional rolls (spiral steel bar
roll against a ti-cord ro]l) did poorest at low roll pressure. However,
as roll pressure was increased, both the conventional rolls and ti-cord
rolls produced a treatment which gave faster drying rates than the rub-
ber-coated intermeshing rolls.

The objective to incfease dryiﬁgvrate and digestibility of coastal
bermudagrass was achieved by a tandem roll mower crusher (Hellwig et al.,
1977). They indicated that in the southeastern United States, one day
saving in drying fime may be the difference between recovering 90 per-
cent of the hay and losing all of it.

The effect of five different types of forage conditioning rolls,
two levels of treatment (one or two passes of material), and three levels
of feed rateon the drying rate of alfalfa hay were investigated under
laboratory conditions (Aviki and Batchelder, 1979). The results indi-
cated that: .

1. The most effective type of roll was the steel crimper roll that
on the average dried hay about 1.75 hours faster than plastic cord roll
treated hay.

2. Alfalfa hay treated twice dried about 0.5 hours faster than
that treated only once.

3; An in;rease in feed rate generally resulted in an increase in
drying time required for all rolls except for the plastic cord rolls.

4. Under simulated condition$ harvesting alfalfa in one day, even

for the best treatment, was not possible.
Chemical Treatment

Tullberg (1965) investigated the use of a chemical agent to keep



the stomata open and studied the effects of this treatment on drying
rate. Alfalfa samples were treated with sodium azide 0.0005 in tartrateA
bﬁffer 0.01 m, pH 4.5, both by immersion and spraying. It was found

that this treatment kept stomata open to an aperage'width of 4 y at 40
percent moisture content, while untreated samples had closed stomata at
60 percent moisture content. Whitney et al. (1969) found that leaves
with stomata open to any extent dried significantly‘fagter than did

those with completely closed stomata.

By use of sodium azide as an agent fo promote the drying rate of
alfaffa, Mears and Roberts (1970) found that in low temperature tests
all drying rates wefe increased with the treatment and increases became
more pronounced at higher insture contents. It mu;t be pointed out,
however, that sodium azide is toxic and the residual material in the
drying alfalfa may:be dangerous.

A chemical treatment was applied by dipping the cut alfalfa into an
analytic reagent grade of carbon tetrachloride for a few seconds (Priepke
and Bruhn, 1970).> Theksblvent seemed to have an effect on the fatty
acid esters which are the basic component of cutin. This allowed more
water to be removed.from the alfalfa in the first drying period when com-
pared to the untreated samples. The dfying rate was alsd increased due
to the lower resistance of exposed surface to water movement. They re-
ported that the drying rate of alfalfa, crushed and then dipped in a car-
bon tetrachloride solution for a few seconds, was much greater than that
obtained when each treatment was applied individuélly.

Tullberg (1976) treated Iucerne>by rapid immersion in potassium car-
‘bonate solution under- laboratory conditions. Results indicated that the

maximum drying rate occurs at concentration in the order of 0.18 m.
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Increased potassium carbonate concentration did not reéult in further in-
creases in drying rate using this treatment method. In field experiments
_déne by Tullberg again, the results have supported the laboratory re-
sults. He féund that hay treated with heavy application (300 liters per
hectare) of 0.18 m potassium solution will dry more rapidly than that
squected to severe mechanical conditioning. At lower applfcation rates
(200 liters‘per hectare) the potassium carbonate treated hay was signifi-
cantly drier than untreated material, and also appeared to be substan-
tially drier than hay cut by mower-conditioner.

Furthermore,.chemicals have been applied to reduce thg field curing
time by incre;sing the maximum allowable moisture content for safe stor-
age. ~AlFa]fa‘hay baled at 32 percent moisture content (wet basis) was
treated with anhydréus ammonia at one percent level of the weight of the
hay and lost 5.2 percent less dry matter than did untreated alfalfa
(Knapp et al.; 1975) . |

Manby and Shepperson (1975) applied propionic acid at a two percent
level by weight and concluded that if it can be uniformly distributed,
it will inhibit mold development on hay having up tor35 percent mcisture
content.

Similar results have been reported by Bush (1977). He indicated
that an application of 70 percent propionic acid plus 30 percent forma-
lion at a rate of one pércent of the weight of the hay and with the hay
stored at 30 percent moisture content will result in a quality approxi-

mately equal to that of any baled hay under ideal conditions.
Heat and Steam Application

Alfalfa stems were subjected to heat blanching by Thompson (1952).
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The results showed that heat blanching of green alfalfa speeds the sun
drying rate by increasing the rate of water loss, and preserves carotene.
It also gives a product in which carotene is more stable than in ordin-
arily dried material and probébly preserves nutrients ordinarily lost by
respiration after cutting.

In a study conducted by Byers and Routley (1966), the alfalfa sam-
ples were crimped or steamed—crimped‘immediately after cutting. The re-
sults indicated that steaming speeds the movement of water from alfalfa.
Crimping plus steaming further increases the initial drying rate, while
after a limited time drying rate increases. This indicates that the dry-
ing rate is limited to the decreasing permeability of the cell wall cyto-
plasmic membraﬁes and stomata action.

Preliminary tests were conducted to determine the effectiveness of
applying an open flame to alfalfa on F}eld drying time (Person and Soren-
son, 1970). Application df a flame to standing plants or to plants after
they had been cut resulted in a significant reduction in drying time.

S?milér work has been carried on by Priepke and Bruhn (1970). They
reported that for the heated plants, because of initial water evapora-
tion, the initial dryiﬁg rate was higher than untreated samples. They
also pointed out that the improvement of dryiné rate can be attributed
mostly to surface alteration.

Heated rolls were used to crush the alfalfa at 182°C and 138°C
(Priepke and Bruhn, 1970). The results showed that about 18 percent of
the water was evaporated ering.the treatment by the heat from crushing
apparatus. The main effect of this treatment was the crushing, but indi-
cation at the 182°C level was that the drying was improved by the heat

k affecting the alfalfa's physical structure. They'concluded that the
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heat may Have had the effect of melting the cutin to expose some of the
stem surface which has less drying resistance.

A report by Priepke and Bruhn (1970) evaluated the effect of micro-
wave treatment on drying rate of alfalfa. The samples were first crush-
ed and then placed in a commercial household microwave oven for five sec-
onds. The results indicated that the drying raté of alfalfa samples
with this treatment was greater than that obtained when each crushing

or microwave treatments were applied individually.
Hot Water Blanching

In a study conducted by Chancellor (1964), chopped alfalfa was im-
mersed'three‘seconds in boiling water and then the blanched material was
placed between two flat plates and pressure applied. With this method
he removed up to 83 percent of the water content from alfalfa while
about 15 percent of the dky material Qas lost.

Bagnall et al. (1970) reported that immersion of stems of alfalfa
for three to tWenty seconds in water at 60 or 93°C increased the dfying
rate of the stem while ofhér temperatures and exposure times had no sia-
nificant effect. They also indicated that hot-water blanching did not
increase the drying rate sufficiently to justify the cost of time and
equipment, esbecially when water absorbed during blanching was considered.

In another test, the blanching treatment was performed by dipping
vthe cut alfalfa into boiling water for ten seconds (Priepke and Bruhn,
1970). The results indicated that the samples took in 28 percent more
watér than wasvorigina]ly in the alfalfa during the treatment which
greatly delayed the drying time even though it had a higher drying con-

stant. They pointed out that the hot water blanching may have softened
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the surface, lowering its resistance to water movement, or the heat may

have broken down proteins, lowering their water holding capacity.
Crop Losses

The loss of leaves while curing and handling accounts for a consid-
erable loss of nutrientvvalue of the final‘product. The amount of leaf
loss is extremely variab]e. It is influenced by a number of factors, or
combinations of Factors; depending both on thebmachine uséd in hay mak-
ing and the clfmatic conditions while the hay is being handled. The loss
of ]eaves has been noted.by many investigators. Salmon et al. (1925)
found fhat in over seven seasons of cutting, including four stages of
maturity in each of the subsequent crops, an average of 19 percent of
the leaves wasklost. This loss was found to vary from 2.3 percent to as
much as 34 percent. In this study the leaves represented 51.1 percent
of the crop at the one-tenth bloom stage.

Zink (1936) observed the field drying rates of leaves and stems and
concluded that as alfalfa hayvapproaches 30 percent moisture (wet basis),
there is considerable danger of losing the leaves. He also indicated
thét leaf shattering occurs when they approach an air dry condition of
approximately 10 percent moistﬁre and apparently have a rather narrow
range of moisture content when they are susceptible to separation from
the main plant.

Shepherd et al. (1947) calculated yield totals for different hay
management systems at different timés during the harvest system. They
mowed the alfalfa at quarter bloom, it was rained on twice, and baled it
at éO percent moisture content. They indicated that 36 percent of dry

matter was lost dufing»this process.
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Daum (1958) has shown that the strenqgth of attachment of alfalfa
leaves to the stem is influenced by the moisture content of the stalk,
with the force necessary to remove the Ieaf from the stem decreasing
rapidly below a stalk moisture contént of approximately 40 percent (wet
basis).

An extensive review of losses is contained in Hall's book (1957).
He reports losses in field cured hay ranging from 23 percent under the
most favorable condition to 54 percent. According to the USDA (1954),
the total loss of hay crop in the United States is 650 million dollars
per year.

Losses of 5 to 15 percent of the dry matter have been found to
occur from respiration and enzyme action during normal field curing
(Pedersen and Buchele, 1960).

Field losses were compared between the flail-cut and crushed pof-
tion of the field on second cutting alfalfa by Hall (1964). He reported
that the losses for the flailed alfalfa amounted to 14.1 percent of the
total yield and the loss fof the crushed alfalfa was 11.6 percent of the
total yield.

A study was made by Vigiva Raghavan and Bilanski (l973)lto find the
effecté of tension, bending, impaét, and vibration on alfalfa leaf loss
for different hoisture contents at different stages of maturity. Overall
results indicated an increase of ieaf loss due to mechanical forces at
low moistures and older stages of maturity of the plant.

Dale et al. (j978) developed a computer simulation model (Hayloss)
of alfalfa harvest losses incorporating the effects of climatic informa-

tion, plant species, and different machinery systems. Using the same
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input data as Shepherd et al. (1947), hayloss gave a 34.2 percent total

harvest loss as compared to 36 percent for Shepherd's data.
Drying Mechanism

The mechanism by which moisture is moved from biological materials
has. been described by Barre (1938). Moisture will move as a vapor from
regions of higher partial vapor pressure to regions of lower partial
pressure. The rate of this movement is propoftional to vapor pressure
gradient- and iﬁversely proportional to the resistance to vapor movement.
Thus, the process can be considered one of diffusion. To incréase the
drying rate, it is necessary to increase the vapor pressure gradient or
decrease the registance to vapor movement. Heat and mass transfer prin-
ciples show that the shorter the distance through which the moisture dif-
fusés, the éreatef the moisture diffusion rate will be. In an élfalfa
stalk, this distance is shortened by cpndftioning the stalk in such a way
as to split the étaik Ionéitudinally. Thus, more of the stalk is exposed
to the drying medium and the distance through which the moisture must
diffuse is reduced due to splitting of the stalk (Hall, 1964).

Studies of the drying rate of biological materials have shown that
the rate of drying is proportional‘to the aifferences between the final
equilibrium moisture content and the instantanedus moisture content.

Mathematically, this is given by:
-—-—=K(M‘M) . ‘ (2.])
e

after separating variables and integfating within proper limits, the

solution is obtained as:

MR (moisture ratio) = EXP (-K0) (2.2a)
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and
(M=) |
MR = Tﬁ;frﬁgy | (2.2b)
whefe
M = instantaneous moisture content of material; dry basis;
Me = equilibrium moistﬁre content, dry basis;
Mo = initial moisture content, dry basis;
K = drying constant; and
o = elapsed time, in hours (Hall, 1957).
An alternative form o% the equation often used is
MR = EXP (-Ko") | . (2.3)
where both n and K are material constants (Hill et al., 1977). They

used this equation to predict drying time of alfalfa and concluded, under
conditions of steady vapor pressure deficit, the moisture ratio of dry-

ing alfalfa could be represented at any time 6 as

0.8

MR ) (2.54a)

EXP (-Ko

where

K

0.007 (VPD) + 0.1164 | (2. 4b)

and VPD is mean saturation vapor pressure deficit expressed in millibars.
A correction factor "A' is usﬁally incorporated in Equation (2.2a)
for better agreement with drying data, and the equation of this simple

model, as mentioned by Henderson and Perry (1966), becomes:
MR = A EXP (-Ke) } (2.5)

where A and K are experimentally determined for particular applications.

Based on the empirical observation, it is known that the moisture
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content of a biological material asymptotically approaches its equili-
brium with a given environment. Henderson and Perry (1966) have used a
general formula to relate the variables in the equilibrium moisture re-

lationship for a number of biblogical materials. The expression is:

1= rh = EXP (-cTM)) B -, - (2.6)
where
rh = equilibrium relative hum}dity, a decimal;
T = temperature, °R;
Me = equilibrium moisture content, dry basis; and
c,n = constants which depend upon the material- and the temperature.
Hill et al. (1977) determined the equilibrium moisture content for

alfalfa at different relative humidities and from that calculated the
valQes of constants ¢ and nvfor alfalfa to be 0.851 x IO-Q and 1.013,

respectively.



CHAPTER 111
MATERIALS, EQUIPMENT, AND METHODS
Fresh Hay Supply

Alfélfa'grpwn oﬁ the Oklahoma State University Agricultural LExperi-
heht Station farm near Chickasha was harvested by a Jarri moﬁer.‘ The
cut material was approximately 25 cm long. An area of about 580 square
meters of alfalfa was selected and divided into seven equal plots to sup-
ply fresh hay for.seven days of experiments. This was a second cutting
for this hay.

In order to provide the same age alfalfa plant For repeated runs of
the different treatments, each plot was harvested about 30 days prior to
the test to provide élfalfa with the same growth period for each treat-
ment to be run. Harvest for conditionfng’tests‘was done when alfalfa
~was at about 1/10 bloom.

- For a typical day;s.run, a plot of alfalfa was mowed after the dew
had evaporatéd. The harvested a[Falfa was placed into a box and covered
by plastic to prevent moisture losses during handling from the field to

the conditioning laboratory.
Bondfng Agents

Numerous binders are available; two different bonding agents (Orzan
G and Nutri-Binder) were used to hold all components of crushed alfalfa

in this series of tests. Orzan G was previously determined to be among

24
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the most effective of those bonding agents tested by Waelti and Dobie
(1973). Dobie (1975) reported that most grasses cube reasonably well
with addition of 5 percent of brzan G, provided it is well distributed
on the material. The more difficult-to-cube grasses may require 7.5 per-
cent of Orzan G to produce good cubes.

szan,G is a light brown powder, an organic spray-dried lignin ex-
tract consisting chiefly of ammonium lignin sulfonate, wood sugars, sul-
phur, and nitrogen in the form of ammonia. It is completely soluble in
water and its solution AOes not settle upon stahding. A typical composi-

tion of Orzan G used is shown in Table 1.

TABLE |

SOME PHYSICAL AND CHEMICAL PROPERTIES OF ORZAN G*

Solids Content by Oven Drying, % 95.
pH, 25% Solution : 5.
Bulk Density, kg/m3 | : 496.
Base Displaced Ammoriia, % NH

3
Total Nitrogen, % N2
Reducing Sugars, % as Glucose
Total Sulfur, % S

Ash, %

w O O O N w N O O

Sodium, %

O O N O o0 VU

—

Calcium, % >

“|Information adapted from product information bul-
letin, Crown-Zellerbach, Camas, Washington (1977).
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Nutri-Binder is a product of Progressive Grain Processing Corpora-
“tion made for animal feed manufacturers. It is a tan colored powder con-
taining principally grain products with 8 percent protein, 2 percent fat,

and 3 percent crude fiber.
Equipment and Facilities

Conditioning System

The existing conditioning system, designed by Batchelder et al.
(1979), was médified by adding two pairs of feeding belts, abmixing de-
vice, bonding agents distributor, and eliminating the stainless steel
conveyor chains. A brief description of the system is presented below.

The conditioning system consisted of a pair of conditioning roll
stands (Figures 1 and 2). A pair of smooth steel rolls 20 cm in dia-
meter by 45 cm long were mountedkin each stand in such a manner that
material could be fed horizontally. The lower roll position was fixed,
while the upper roll was mounted on pivoted members which allowed it to
float. Loading was applied by the top roll. Roll pressure was applied
by attaching weights to the pivoted upper’support. Two 22.6 kg moveable
lead‘weights for eaéh of the roll stands were used. The pipe frame to
which the weights were attached could also be moved longitudinally to
chénge the moment which affected the pressure on the upper roll. The
roll pressure is expressed in force per unit Ienéth of the roll and
could be varied from zero to approximately 16 kg per cm of roll length.
An adjustable stop was provided to limit the downward movement of the
upper roll in relation to the lower roll.

Since the moveable lead weights could not be applied directly above



Figure 1.

———f- -}
© | o N
—Do' -
The charging belt E. The first catching beTf
The feeding belts F. The feeding belts
‘The set of crushing rolls G. The set of Batting rolls
The moveable weight H. The final catching belt

Schematic Diagram of the Forage Conditioning System

Lt
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the line of contact of the crushing rolls, it wa§ necessary to calibrate
the conditioning system to provide different roll pressﬁres. In order
to éécomplish this, a special lifting frame was designed and attached to
the upper:roll to determine the forces appliéd. This frame consisted of
a yoke which was hung at its center of gravity fromva load cell. The
other end of the loadvcell was atéached to a rigid frame. A digital
force in&icator (Revere, R-100) was used for this’calibration measure-
ment. The location of the weight on the pipe frame was marked for dif-
ferent ;oll préssures so that it was eas* to set up the system for de-
sired roll pressure_during application of the treatments.

Roll pressures of 12, 14, and 16 kg per linear centimeter of roll
‘length for‘the first set of rolls (crushing rolls) were applied. The
sécond_Set of roils (batting rolls) served to put all components of the
crushed alfalfa and the binder‘together to make a more stable hay bat-
ting.v The roll pressures for the second set of rolls were 3.5 and 5.0
kg per linear cm. The peripheraf velocity of the rolls was 1.3 m/sec.

A positive drive for each roll provided for proper matching of rolls at
all times and thus did not require that the drive forces for one of the
rolls be applied by friction forces through the forage material being
fed through the rolls.

The conveying system consisted of five conveyors:

1. Charging belt (A, Figure 1). Forage was arranged on this belt
~as desired for orientation, quantity, and depth. An éir-operated clutch
connected the charging belt to the second conveyor chain drive.

2. Feeding belts (B and F, Figure 1) are essentially identical in
size and function. Each roll stand has two endless belts which assist in

feeding forage through the crushing rolls and prevent losses of crushed



30

material, especially leaves and small stems. The hay went between the
two Belts.

3. First catching belt (E, Figure 1). This was used for catching
‘the samples after the first crushing rolis as well as for feeding mate-
rial,throygh the mixing device after a bonding agent was applied.

L, Fiﬁal éafching belt (H, Figure 1). This conveyor served for
recéiving the material from thg second set of rolls and was stopped for
ﬁaking samples from the conditioned hay.

The conditioning system is hydraulically driven.. A hYdraulic power
supply unit of 3 liters per second at 10 MPa is shown in Figure 3. An
electric motor of approximately 45 kW powered the hydraulic system. The
céntrol panel (Figure 4) has switches to turn on, in sequence, the appro-
priate solenoid-operated valves. These valves 5upply oil to variable
(pressQre compensated) flow control valves which in turh control gither
the conveyor or roll drive hydraulic motors. Four hydraulic motors were

used to drive conveyors and rolls.
Shaker

The oscillating screen box (Figure 5) presently used in this study
was similar to the system designed by Finner et al. (1978). The screen
was'é standard 5 cm-mesh poulfry netting moﬁnted on a 80 cm x 56 cm x
3.5 cm wooden frame. A three-phase electric motor attached to a variable
spéed drive was used to drive the system. This enabled the speed of
oscillation to be varied err a range of 30 td 140 rpm. The shaker
served to determine the amounts of crop losses after being crushed at
different levels of roll pressure. A tray was placed in the scréen box

to collect the material passing through the screen.
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Controlled Environments

Two controlled environments were used in this experiment. A drying
chamber was degigned to dry 40 samples of alfalfa of 150 grams each, under
controlled temperature and relative humidity conditions. . A 28.3 cubic
meter per minute Aminco-Aire unit for supplying‘air at controlled temper-
ature and humidity levels was available for the present research work,
and it was connected with an insulated environment chamber (Figure 6).
.The_drying chamber Had a capacity of 8.6 cubic meters with an overall
diménsion of 1.93 x 2.4k x 1.83 meters. With the Aminco-Aire unit, the
humidity and temperature control is obtained by controlling the water
temperature énd the air temperature (dry-bulb temperature). To achieve
control, air is drawn from the drYing chamber -through a»massive spray of
fine water droplets. 'The water femperafure_is controlled by a refrigera-
tion heat exchange.syStem. Heat and water vapor are exchanged between
the water dropfets and the stream of drying chamber air. This continued
rapidly‘until equilibrium is reached and the dew point of air has been
fixed. THe air is then heated to the desired dry-bulb temperature in an-
other section, and returns to the drying chamber.

The inlet air duct was mounted on the top of the drying chamber and
an air diffuser was used to distribute the conditioned air uniformly in-
side the chamber. The return duct from the drying chamber was connected
to the Aminco-Aire unit; thﬁs, the conditioned air was constantly circu-
lated. The rate of airflow.was 28.3 cubic meters per.minute.

| The air and water temperature wasytontrolled by setting the adjust-
able knobs for air and water on the control panel. Selection of the re-
qﬁired water temberature for a degired relative humidity at a given dry-

bulb temperature was made using Figure 7.
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The loss of conditioned air each time the environment chamber was
opened for transferring samples into the chamber was minimized by attach-
ing an isolation cabinet to the front side of the chamber, so that the
samples were first carried into the cabinet and then after closing the
cabinet door were moved into the drying chamber.

The dryinévchamber was developed to simulate‘uniform field drying
conditions. The air. temperature was adjusted to maintain a mean dry-
bulb temperature of 35°C and the water temperature was adJQSted.to cool
the'wéter to about 11°C. This cokfesponds to a relative humidity of 30
percent, which simulates a good field drying condition typical for
Oklahoma.

Dryihg conditions were kept the same for ail treatments so that the
relative response, the drying rate, could be determined for each treat-
ment combination. |

The'teﬁperature and relative‘humidity level inside the drying cham-
ber were continuously monitored with a pre-calibrated hygro-thermograph
in addition to a thermometer installed in the chamber. The controlling
mechanism described above could normally maintain temperature levels
within +1°C of the set point, and the relative humidity within +2.5 per-
cent of the desired level. Any deviation from these limits of tempera-
tufe and humidity vafiation was recorded on the hyqro-phermograph, and
appropriate corrections were made to avoid experimental errors.

For another portion of the study, an air-conditioner and a humidi-
‘fier wefe installed in a laboratory room to maintain the air temperature
and relative humidity df the room at the desired level, This controlled

environment served to store the hay samples taken for a batting durability
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test and to maintain the samples' equilibrium moisture content at a de-

sired level.v

Weighing and Recording System

The weighing and recording system consisted of a chain conveyor
with 30 sprockets mounted on a horizontal frame located in the drying
chamber to carry the sambles to and from the weighing system (Figure 8).
A three-ﬁhase electric motor drove this endless chain conveyor. Forty-
two L-shaped carriers, made of 0.3 cm x 2.5 cm steel flat bar, were
~welded to the chain conveyor links'3Q cm apart from each other (Figure
9). Special moveable hooksvwere designed to carfy the hay samples. The
base of the hook was made of aluminum in order to reduce its weight and
two small cylindrical magnets were embedded in the base of each hook
(Figure 10). The magnets served to hold the hook and sample on the car-
rier during the trénsfer of the hay Samplés to the bottom weighing scale.

The chain conveyor was run with a constant chain speed of 42.5 cm
per minute. It took half an hour to complete each éycle. The weighing
system consisted of a catcher (Figures 10 and 11) which was hung from an
electronic bottom (and tdp) loading balance. The motion of the catcher
during the transferring of the hook and hay sample from the carrier was
limited by four adjustable screws which were mounted on a fixed frame.

The weighing sensor (Scientech, Inc. model 222—003) was connected
to a control which provides power to operate the weighing sensor and has
a digital presentation of weight showing large numbers, easily visible,
reading to i999.9 gr maximum. Full 2 kg tare is instantly available by
pushing thevfaré button on the control. |

A calculator intefface (Scientech, Inc. Series 202), designed
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specifically for use with fhe_Hew]itt Packard HP97 programmable printing
calculator, served as a data receiver which operated direﬁtly from up to
six full digits of parallel Binary Coded Decimal (BCD) output of the bal-
ance (Figure 12). Data may be entered by use of the 'enter'' button on
the Scientech calculétor interface. - Remote data entry is done by a re-
mote switch which is operated mechanically by a small lever welded to one
of the sprockets (Figure 13). The lever pushes the remote miéroswitch
after the hay samples have transferred to the catcher; at this time the
HP97 calculator prints the sample weight and a sample identification.

The carrier then proceeds to pick the hook and the hay sample back up.
The sample continues to rotate for another half hour before it is weighed

again.

Durability Test Device

The durability test device consistea of a hay baler pickup unit and
a belt conveyor. The unit was mounted on a frame with adjustable height
with respect to the belt conveyor (Figure 14). A variable speed system
was used to drive the baler pickup cylinder. A 20-centimeter-wide con-
veyor belt, running at constant speed of 2.2 meters per second was used
to carry the. hdy batting samples to the pickup unit. A 20-centimeter-
wide, Astro-turf»sheet‘was glued to the bélt surface to simulate the
field condition. In drde% to control the belt and pickup cylinder speeds
independently of each other, a different electric motor was used to drive
the conveyor belt. . The periphefal speed of the pickup cylinder was
slightly faster than the conveyor belt speed. A floating cross-conveyor
auger served to move the hay from the pickup unit into a box. That por-

tion of the sample which was not picked up from the belt by the pickup
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unit was collected in a tray, weighed, and the losses were recorded.

Batt durability was related to these losses.

Other Eqdipment and Facilities

Two single pan balances were used for weight measurements. One of
these had a sensitivity of 0.01 gram and it was used for checking the
sample weights for all moisture content determination‘tests. The other
baianée with sensitivity of 2.0 grams was used to weigh the amount of
freshly cut hay to be run through the conditioning system.

Three drying ovens with heater controls for maintaining a set tem-
perature were used for determining moisture conteht of all fhe experimen-
tal samples. The control of the oven was set to maintain a teﬁperature
of 103 +2°C for moisture content determinations.

After running the hay sample through the conditioning systém, a
nylon net cloth with two spring clips was used for wrapping each sample.
The nylon nets and clamps were carefuiiy prepared to have equal weights.
Aluminum pans, 30.0 cm x 14.3 cm x 8.3 cm, were used for the ''bone' dry
processing of each sample.

About 200 trays were used to catch the hay batting samples for dura-
bility tests. The tray was made of a 90.0 cm x 50.0 cm x 2.5 cm wooden
Aframe and the bottoﬁ screen was méde from nyloﬁ mosquito netting (Figure

15).
Experimental Plan and Procedures

Plan of Experiments

The expériments were conducted in three groups in the following se-

quences:
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1. Drying rate tests

a. Determination of drying rate of alfalfa for four levels of
roll pressure (0, 12, 14, and 16 kg per cm of roll length)
at constant temperature of 35°C and constant humidity of
30 percent. No binders were used in thesé tests.

b. Determination of drying rate of héy batting for three levels
of crushing roll pressure, first set of rolls (12, 14, and
16 kg per cm of roll length), two binders with three levels
of each binder (4, 6, and 3 pércent), and two levels of bat-
ting roll pressure, second set of rolls (3.5 and 5.0 kg per
cm of roll length). The drying condftions wére the same as
mentibnedin 1.a above.

2. Clipping losses test: Determination of amounts of crop losses
affected by crushing roll pressure. Four Ievéls of pressure, as mention;
éd fn‘part 1.a above were used (no binder).

.3. Durability testf Determination of durability éf hay batting
affected by crushing roll pressure; binder type, and batting roll pres-
sure. Three levels of crushing roll pressure, two binders with three
levels of each binder, and two: levels of batting roll pressure, as men-
tioned in part 1.b above, were used.

The experiments wefe conducped in a ran&omized complete block design
with five replications.

For a tybical day's run, the drying chamber air temperature and re-
latfve-humidity was éhecked. The weighing aﬁd recording system was cali-
Brated by hanging known weights on the carriers, running the system, and
recording the results. _The HP97 calculator was programmed to subtract

the weights of net cloth, spring clips and hook from the total weight and
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therefore to record only the net weight of the hay sample and its identi-
fication.

‘The randomization for each day was provided to every one of the
working team. Labels for identification of samples also were provided.
A plot of alfalfa was mowed fn the morning after the dew héd evaporated.
The harvested alfalfa was placed into a box and covered by plastic to
prevent moisture losses during handling from field to laboratory. Mea-
surements were made for the proper conveyor feed rate, and the same sam-

ple weights of the crop were used for all treatments.

Drying Rate of Crushed Alfalfa

According to the randomization, the forage conditioning system ad-
justments for each specific treatment Qere made. Freshly cut alfalfa
was spread over the charging belt at a density to simulate 2800 kg of
dry matter per hectare. Thisvrepresgnts an average yield for Oklahoma
(Caddel and Taliaferre, 1979). This also would represent a feed rate
;ondition for a windrower héving conditioning rolls that would extend
full width of the cutter bar. The conveying speed would be equivalent
té a forward speed of 8 km per hour for the windrower. All treatments
received this same weight and feed rate to provide a standardized basis
of comparison for alj treatments. The weight of material used, based on
an assumed moisture content of the forage of 80 percent (wet basis), was
600 grams per treatment. The arrangement of hay on the charging belt
was such that the alfalfafblants Qere fed with the stem end first and
perpendicular to the roll's axis. The treated hay was stopped on the
first ;atching belt and a‘sample of 150 grams was taken for a drying

test. The sample was encased in a nylon net cloth, the end clamped with
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spring clips and placed temporarily under a plastic cover to reduce mois-
ture losses until four treatments had been collected. All samples were
tﬁen moved to drying chambers and hung from the hooks which were placed
on the carriers (ngure 16). The chain conveyor was turned on and
weight recording was done as samples were placed in tﬁe drying chamber
to determine fhé samples' initial weight as soon as possible.

| Drying gonditions were kept the same for all treatments so that the
relative response and the drying rate could be determined for each level
éf treatment.- Conditions in the drying chamber were maintained at a
mean dry-bulb of BSAC and relative humidity of 30 percent. These condi-
tions weré similar tovgood Field drying weather.

The variable characteristics of the alfalfa could only be controlled
within ranges. Each plot of alfalfa was harvested about 30 days prior to
the test to provide alfalfa with the same age for eaeh treatment to be
ruh. The plants were chosen from the same plot so that characteristics
such as initial moisture content, chemical analysis, and growth progress
would be similar. Other parameters such as feed rate, conveyor speed,
and drying chamber air velocity were held constant for all treatments.

Every effort was made to distribute the temperature and humidity-
controlléd air uniformly inside the drying chamber and minimize the tem-
perature.gradiént. The chain conveyor was running constanfly during the
test, therefore moving the samples continuously inside the chamber helped
to eliminate the effects of a temperature gradient.

The chain conveyor cdmpleted a cycle in one-half hour; thus the
weight and subsequent change in weight of each sample is recorded auto-
matically with respect to time at 30-minute intervals on the HP97 calcu-

lator output.
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Equilibrium moisture contents of all samples were determined after
vthey attained equilibrium with air inside the drying chamber. Attainment
of hygroscopic equilibrium with air inside the chamber was indicated when
the samples ceased to change weight. The weighing process in the drying
chamber was continued until the next morning. The samples then were re-
moved from the drying chamber and placed in£o the aluminum pans for sub-
sequent drying to a ''bone'" dry condition. The accuracy of the weighing
and recording system was checked by weighing each sample with a scale
sensitive to 0.01 grams. The samples were then transferred té a forced
air oven maintained at a temperature level of 103°C. The samples usually
reached minimum weight within a 12-hour period, but 22 hours of oven dry-

ing time was allowed to all samples before recording the dry weight data.

Drying Rate of Hay Batting

The drying rate for the hay batting samples was determined in a
method similar to the one described before for finding the drying rate of
crushed alfalfa. The same amounts of alfalfa were spréad over the charg-
ing belt and according to Eandomization, the crushing roll pressure,
binder type and its level of concentration, and batting roll pressure
were chegked.' The samples were Stopped on the fifSt catching belt to
apply a measured quanfity of binder and to mix conditioned alfalfa with
the binde?. There was no quantitative measure of the uniformity of this
mixture. The material stopped on the second catch belt and a 150 gram
sample was taken for a drying test.

.The sample was encased in a nylon net cloth and the ends clamped
with spring clips, as described earlier. The samples then were trans-

ferred to the drying chamber at the beginning of each new cycle of the
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chain conveydr to record the samples' initial weight as soon as possible.
About teﬁ samplesbwere.transferred to the drying chamber every 30 min-
utes.-_The loss of conditioned air each time the drying chamber was open-
éd for transferring the samples into the chamber was minimized by the
attached isolation chamber on the'Front side of the chamber.

The temperatdreAand relative humidity of air inside the drying cham-
ber were monitored during the experiment.

Thirty-six samples were prepared for the batting drying test every
day and they were partially dried in the drying chamber, with weights re-
corded each one-haif hour. These samples then were dried in the air

oven, as described earlier, at 100°C for a period of 22 hours.

Clipping Loss Tests

To determine tHe effects of the degree of crushing of alfalfa as cut
(at high moisture) on separation of leéves and small stems, a duplicate
samplg was caught right after the first set of rolls (crushing rolls).
The clipping loss tests were without binders. These sémples (about 200
grams) were placed on the screen of the shaker and were shaken to sepa-
rate all components lesé than 6 cm in length. These separated components
inCIdded leaves, .petioles, and stem tips, and were considered to be a
potential clipping loss. This method was found to give essentially the
same fractions as picking out by hand all of the long stems (Bruhn, 1955).
The sfroke and speed of oscillation were 5 cm and 120 rpm, respectively.
| The cliﬁping loss fractions and the remaining treated fractions were
phen separatély oven-dried to determine their bone dry weight, so that in
determining the clipping loss, both the clipped fraction and the gross

sample would be at the same moisture content at the time of loss
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determination. The percent of separation and that lost was calculated
on the 20 percent moisture content (wet basis). The weight of samples
at 20 percent moisture content is equal to 1.25 times the bone dry

weight.

Durability Test

The durability of the batt was determined by taking an alfalfa sam-
ple (about 300 grams) immediately after the sample for batting drying
rate study was collected. The samples were caught on a tray, as describ-
ed earlier, and transferred to the controlled environment laboratory
room and were allﬁwed to establish hygroscopic equilibrium with air at
desired temperature and humidity levels (ngure 15). The temperature
‘and relative humidity of the room were set at 26.5°C and 70 percent, re-
spectively. Under this cbndition, using the following equation by

‘Henderson and Perry (1960);
n
1 - rh = EXP (-cTMe)

the equilibrium moisture content of the samples (Me) would be 25 percent
dry basis (20 percent wet basis). In this equation, rh is relative
humidity of the air inside the room; T is the temperature in °R; c and n
are material cohstanf having values of ¢ = 0.351 x IO_h; and n = 1.013
for alfalfa (Hill et al., 1977).

For the durability test, the samples were weighed and then placed
on the batting test device conveyor to carry them to the pickup cylinder.
That portion of the sample which was not picked up from the belt by the
pickup unit was caught in a metal tray and was considered as the amount

lost. .
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The durability of batting was defined as:

W, - W

Durability = b—w-—9 x 100
b

where wb is weight of sample at 20 percent moisture content (wet basis):
and'wE is weight of lost material or the portion of the hay which is not

picked up by the pickup unit.



CHAPTER 1V
RESULTS AND DISCUSSION
Drying Rate of Crushed Alfalfa (Without Binder)

The drying curves of crushed alfalfa at different levels of crushing
roll pressufe afe'shown in Figuré 17. It is apparent from these curves
that hard crushing significahtly speeds the movement of water from alfal-
fa. This could be the result of crushing the stem .in such a way as to
split it longitudinally. Thus, mbre of the stem is exposed to drying and
the distance through which the moisture must diffuse is reduced due to
splitting of the stem. For all the cases treated or untreated, in the
first region of curves, high ratesAofkevaporation of water was noted.
About half of the water in the alfalfa was removed in this region for
crushed samples.  For the drying condition brevailing in this work, the
duration of this region was typically fwo hours for the crushed samples.
For the non-crushed samples, the first drying region was influenced most-
ly by the sfomatal opéning where water was quite .free to evaporate. After
this period, the drying rate decreased considerably and stayed nearly
constant until equilibrium with the surfqunding air was obtained. This
part of the drying curves was essentially a dfffusion process. After
about eight hours, thé drying rate for the untreated samples decreased
even more. This region of slower drying was probably ﬁhe result of the
" water being tightly bound and would require extra energy above the normal

diffusion process to remove it.

52



- 53

400
Pressure Levels, kg/cm
3 1 .
%0 e =00
o =12.0
o 300_0 A =140
;3 o =16.0
= 950 °
-EF 2
2 . e
Sooo- e
‘ @
P °
5 i .
S 150 o )
= a .‘.
of b o
100 a g a ® e .
o Q ®e
o & ®e
501 | c §§ : Storage Level
_______ gg_g_g__é.é. _
C) | 1 ] | 1 | 1 1 N
o I 2 3 4 5 6 7 8 9 10

Figure 17. Drying Curves for Alfalfa at Different
Levels of Crushing Roll Pressure (No
Binder Used)



54

The degreé of crushing influenced the drying time. Figure 18 shows
the time required for different levels of crushing roll pressure to
cause hay to reach a 25 percent moisture content dry basis (20 percent
. wet basis) which was considered as a safe storage moisture level.

The results indicated that with hard crushing it would be possible
to dry the hay to a storable moisture content within the same day as the
hay was cut. This moisture level was reached after 6.2 hours of drying
for the hardest crushed samples, and after 6.7 hours and 7.0 hours for
second énd third levels of crushing roll pressure, respectively. On the
average, hon—cfushed samples did not reach 25 percent moisture content
(d.b.) in less than 29.3 hours.

Since hard crushing caused some juice to appear on the alfalfa stem,
it had some effect on initial moisture content (Figure 17). To overcome
the difficulties of analysis due to varying initial moisture content, a
method of comparing the drYing rate data from a common initial basis had
to be found. ‘

One way of describing a phenomenon depending on various factors was
to express the relationship of the factors in a mathematical model. A
simple and useful mathematical model describing the drying process of the
biological materials may be recalled from the review of literature (Hall,

1957). The model was:

MR = EXP (-K8) (2.2a)
where .

(M- M)

MR = Tﬁ;ﬁ;ﬁ;y

(2.2b)

The above model reduced the moisture content data, M, to a non-dimensional
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moisture ratio, MR, and eliﬁinnted the initial moisture, Mé,and the final
equilibrium moisture, Me, in the process. The dependent variable MR was
expressed‘as a function of a single characteristic parameter K and the
time 8. The parameter K, called the drying constant or drying index,
could describe the rate of moisture removal from alfalfa in terms of the
rate of approach towards equilibrium. The data of moisture content shown
in Appendix A were successfully fitted to the above model by using a sim-

ple transformation for utilizing linear regression techniques, so that:
tn (MR) = -KO~ ' (2.2¢)

The linear regression analysis for fitting the transformed data to the
linear model showed a generally high correlation cpefficient (Rzz 0.970).
The null hypothesis of K = 0 could be rejected in each case at a confi-
dence level of 99.9 percent (i.e., o <0.001), and the coefficient of
variation of the data points were generally in the range of 5 to 20 per-
cent.

After the‘computation of the value of K for a set of data, the re-
gression line representing the data set was established, and the mathe-
matical model of Equétion (2.2¢) was then re-transformed to the exponen-
tial form of Equation (2.2a). This re-transformation made it possible to
plot a prediction line for the moisture content data from the regression
coefficient K and from the known values of the initial and equilibrium
‘moisture contents‘of a particular sample of alfalfa. Figure 19 shows an
example of regression line and moisture prediction curve for the drying
expériment.of alfalfa. The agreement between the moiéture content data
points and the corresponding points from the fitted curve were similarly

close in all cases. The high correlation of the reqression lines and
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the close agreement between the data and the fitted exponential lines
were indicative 6f the appropriateness of the mathematical model chosen
for describing the time dependen£ moistqre content value of a thin layer
of alfalfa subjected to a constant temperature, relative humidity, and
airflow rate.

The values of the drying constant, K, obtained from the crushing
experiments éf alfalfa are shown in Table |l. An analysis of variance
was perFormed_én the K values to test the statistical significance of
variation due to the different levels of crushing roll pressure. The
analysis is shown in Table I11. The very high statistical significance
of roll pressure on drying rate confirmed, with the known characteristic
of alfalfa, that the dryiné rate is a function of the degree of crushing.
Duncan's test was performed to compare each treatment mean with every
other treatment mean. The results showed a significant difference be-
'then the crushed and uncrushed samples' drying rate. Although there was
no significant difference between drying rates of crushed samples at the
95 percent confidence level (i.e., a = 0.05), the average values of K
shown in Tabie Il indicated that the drying Eate was a function of the
degree of crushing. The average K values &nd the corresponding straight
lines illustrating the drying model Ln (MR) = -Ko for this experiment
were plotted in Figure 20 to show the effect of roll pressure on drying
rate of alfalfa. The lower K values indicated a slower rate of approach
towards equilibrium.

The equilibrium moisture contents of the samples were determined
after they had attained equilibrium with air inside the drying chamber.
Attainment of hygroscopic equilibrium with air iﬁside the chamber was

indicated when the samples.ceased to change weight. For the non-crushed
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FOR THE CRUSHED ALFALFA
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Crushing Roll Vaiues of K (hour'l) Average K
Pressure (kg/cm) for Five Replications® (hour ~ 1)
0.0 . 0.092 0.111 0.097 0.099 0.100 0.099
12.0 0.585 0.379 0.620 0.395 0.336 0.436
14.0 0.593 0.465 0.421 0.636 0.399 0.502
16.0 0.493  0.566 0.491 0.694  0.480 0.545

*“Values of K found from statistical fitting of experimental data to

the model MR = EXP (-K9).

ANALYSIS OF VARIANCE OF THE DRYING CONSTANT K

TABLE 111

- FOR THE CRUSHED ALFALFA

Degree of Sum of Significance
Source Freedom Squares F Ratio Level
Corrected Total 19 0.55892
" Crushing Roll
Pressure 3 0.41266 15.05 0.0001
Error 16 0.14626

*Probability of error in rejecting a null hypothesis of significance

of the source of variation.
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samples, this did not happen within 24 hours. Therefore, a separate test
was conducted to determine the equilibrium moisture content of‘the un-
treated alfalfa and these data are included in Table II. For this test
thevweighing process in the drying chamber continued for 72 hours. The
'equilibrium moisture was determined and compared with similar work done
by Hill et al. (1977). The results showed relatively good agreement be-

tween the data found for the two experiments.
‘Drying Rate of Hay Batting (With Binder)

All K values obtained from this experiment are shown in Table |V
and Table XI, Appendix B. The analysis of variance of the values of K
for hay batting experiments is shown in Table V. The significances of
the Crushing rol'l pressure, batiing }oll pressure, binder type, and
fnteraction of these three factors were tested. The null hypothesis of
no effecf could not be rejected for either cruéhing roll pressure or bat-
ting roll pressure. But in the case of the bindef aléne, the nuil hypo-
fhesjs could be rejécted at a very high confidence level (0 = 0.0001).
Interactions between the factor- were not found significant except for
interaction of batting roll preséure and binder, which was found signifi-
* cant at o = 0.05..

Since the crushing roll pressure, batting roll pressure, and their
interaction were not found significant, averages over all crushing roll
pressures and batting roll pres.ure at each binder level could be com-
puted. The average K values and the corresponding moisture ratio lines
are shown in Figure 21. Since the F ratio in Table V was found signifi-
cant for the binder type factor. Duncan's test was performed to compare

each binder level mean with every other binder level mean. The results



TABLE 1V

CALCULATED VALUES OF THE DRYING CONSTANT K
FOR HAY BATTING (WITH BINDER)*

Crushing Batting ~ Percent Average K (hour~T)
Roll Roll Binder

Pressure Pressure Level Nutri-

kg/cm kg/cm Used Binder Orzan

12 3.5 b 0.439 0.366

6 0.365 0.333

8 0.404 0.319

12 5.0 4 0.563 0.304

6 0.512 0.350

8 0.462 0.340

14 3.5 4 0.506 0.344

6 0.485 0.315

8 0.484 0.379

14 5.0 4 0.512 0.327

6 0.483 0.319

8 0.533 0.346

16 3.5 4 0.465 0.383

6 0.463 0.323

8 0.526 0.307

16 5.0 4 0.490 0.318

6 0.590 0.295

8 0.447 0.336

*Values of K found from statistical fitting of experimental
data to the model MR = EXP (-K8).
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showed a significant difference between Orzan and Nutri-Binder effect on
the drying rate of alfalfa. There was no significant difference among

the levels of each binder even at the 90 percent confidence level (a =

0.1).
TABLE V
ANALYS'IS OF VARIANCE OF THE DRYING CONSTANT
K FOR THE HAY BATTING
Degree of Sum of Significance

Source Freedom Squares F Ratio Level™
Corrected Total 179 2.38891
Crushing Roll
Pressure (A) 2 0.00822 0.61 0.5472
Batting Roll
Pressure (B) | 0.00773 1.14 0.2875
Binder Type 5 1.10568 32.58 0.0001
AxB ' 2 0.13506 1.00 0.3723
A x Binder Type 10 0.05966 0.83 0.554k
B x Binder Type 5 0.09516 2.80 0.019]
‘AxBxBinder Type 10 0.06976 1.03 0.4232
Block | 4 0.07901 - 2.9l 0.0238
Error 140 - 0.95015

‘ *Probability of error in rcjecting a null hypothesis of signifi-
cance of the source of variation.

Figure 22 shows the effect of adding a binding agent to hard crushed
alfalfa on the drying rate of the crop. The lower K values indicated a

slower rate of approach towards equilibrium. The value of K was affected
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by both types of the binding agents. The binders caused a reduction in
the value of K, as shown in Figure 22, implying a rgduced rate of mois-
ture transfer. The reduction in the values of K for Orzan was more than
for Nutri-Binder. The slower dryfng rate seems to be a result of the
adhesfon effecf due to bindihg agents which stuck the material together
and ma&e‘ft less.fluffy.v Thus, fess air could flow thfough the hay sam-
ple. Orian had more adhesion effect than did Nutri-Binder, and even with
Smalf amounts of juice on the alfalfa stems, caused by hard crpshing, it
made very strong glue. Thefe was more reduction in the value of K for

the hardest crushed samples. This seems to be a result of mofe juice
appearing on the alfalfa, due to hard crushing which absorbed more binder
and made for less fluffy material with Orzan. Although the binders caus-
ed a reduction in the drying rate, it was apparent from the data in Appen-
dix A that binders also caused a reduction in the initial moisture content
of.the samples. This-redQction'for Orzan again was more than that for
Nutri-Binder. So, even with a lower value of K, for some combinations of
factors, the hay batting (with binder) moisture content reached the stor-
able moisture content in iess time than did the crushed (withou; bindér)
samples. The reduction in initial moisture content was in dfrect rela-
tion to the percent of bindér added to the samples.

The time required for the hay batting to reach 25 percent moisture
content (dry basis) for different levels of bonding agents is shown in
Figure 23. The graph indicates that samples freated with Nutri-Binder
requfred less drying time than those treated with Orzan. For both agents
af the hiéhest level (8 percent), the samples required slightly less dry-
ing time than at the 4 and 6 percent levels of bindefs. However, these

differences were not statistically different within a binder type. As



67

§§§§§§§§

T

)
[ b
o
<
a
,n.
o ‘=
N
O |
o 2
74 3
1 1 1 | | _
> © T~ TS) s <

14 “Gp 3AnySION % G2 AdIYOY 0 Bwi]

Binder Levels, %

Distribution of Time Required to Approach

25 Percent Moisture Content (d.b,) Vs.

Figuré 23.

Different Levels of Binder for .Hay Bat-

" ting



68

mentioned earlier, this could be the result‘of a greater reduction in
initial moisture‘content due to higher amounts of binder. The samples
treated at the higﬁeét level of Nutri-Binder approached a safe storage
level after 6 hours and 15 minutes of drying time, while the samples with
Orzan at the same level of binder required 7 hours and 45 minutés. The
maximum variation in time to reach 25 bercent ﬁoisture (d.b.) based upon
avefage values aue.to the different Ievelsvdf each binder was about 15
minutes, that is, within a binder type.

The data in Table [V indicated that the maximum value of K (averaged
over five replications) was‘related to samples_which were treated at 16
kg/cm crughing roll pressure, 5.0 kg/ém batting roll pressure, and 6 per-
cent of Nutri-Binder. This value of K, aé shown in Table IV, was 0.590.
Under this cdndition, the samhles‘reached a safe storage level after 5
hours and 36-minutes.

There was no significant difference between the efféct of two levels
of the_batting'roll pressure on the drying rate of hay batting. But
values of K averaged over all other factors showed that the drying rate
at a higher level of pressure was slightly higher than that at a lower
level. This is in agreement Qith<the previous results'that'drying rate

is a function of the'degfeé of crushing.
Potential Clipping Losses- (No Bindér)

The c]ipping losses of crushed_alfalfa Were measured'by the shaker
system described under research equipment. The separated components were
mostly leaves,kpetioles, and stem tips which.may have been caused from
excessive crushing pressure.

The clipping loss results are shown in Figure 24. It can be séen
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from the graph that the percent of separation of leaves and small stems
arce in direct relation to the deqgree of crushing.  Looking at the data
in Table 1|1 énd Figure 20, it was apparent that the increased drying
rate, as well as the fncreased losses of leaves and small stems were in
direct relation to the degree of crushing.

More than 27 percent of the hay was separated by the shaker system
as leaves and small 'stems at‘the 16 kg/cm roll pressure. It‘is to be
‘expected that the loss components will inclﬁde leaves and clipped stems
bossibly 5 cm in length or less; While not all the components less than
5cmin length will be lost during the pickup of the cured crop, it is
logical to believe that the [osses will be essentially in proportion to

these components.
Pickup Losses for Crushed Alfalfa (No Binder)

The calculated values of losses from the pickup unit, described
under research equipment earlier, for crushed alfalfa are shown in Table
Vi. It may,be recalled from the déscription of the experimental system
that the hay samples contained 25 percent moisture (d.b.) during these
evaluations. For these experiments the samples were prepared in the same
manner as were the hay batting.

An ‘analysis of variance was performed on the pickup loss data to
test for statistical significance of variation due to the different levels
of crushing roll pfeséure. The analysis is shown in Table VII|. The very
high statistical significance of roll pressure on the pickup losses was
in agreemént with é-p?eviousjétatement that loss is a function of the de-

gree of crushing. Duncan's test was performed to compare each treatment
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TABLE VI

EXPERIMENTAL VALUES OF THE DRY MATTER LOSSES
FOR THE CRUSHED ALFALFA (NO BINDER)

Crushing Roll Values of Dry Matter Losses (%) Average
Pressure (kg/cm) for Five Replications® (%)
0.0 2.0 2.1 3.0. 1.2 1.7 2.0
12.0 . 4.1 15.5 146 15.0 14.3 4.7
14.0 _ 15.6 17.4 19.9 15.8 17.6 17.3
16.0 20.1 20.9 21.3 22.8 21.9 21.4

*Values Qf.dry matter losses found from pickup unit éxperiment for
crushed alfalfa.

TABLE VI |

ANALYSIS OF VARIANCE. OF THE DRY MATTER LOSSES
FOR THE CRUSHED ALFALFA (NO BINDER)

Degree of Sum of F Significance
Source Freedom -Squares . Ratio Level =
Corrected Total ‘ 19 1068.028
Crushing Roll
Pressure 3 1048.876 292.08 - 0.0001
Error 16 19.152

*Probability of error in rejecting a null hypothesis of signifi-
cance of the source variation.
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mean with every other treatment mean. The results showed significant
differences between all levels of crushing roll pressure.

The percent of losses aQeraged over five replications are shown for
different levels of roll pressure in Figure 25. For uncrushed samples,
2 percent pickup losseé were noted. thle it may not happen in actual
 field operation, it is an interesting point of consideration. The maxi-
mum amount of pickup loss was about 21 percent and was associated with
the hardest crushed material. This is about 6 percentage points less
than that thainéd from the clipping loss test which indicated that not
ball small components of the crushed hay wfll be lost during pickup of
the cured crop. The amount of loss for roll pressures at 12 and 14 kg/cm
levels were IhApercent and 17 percent, respectively. These amounts also

were considerably less than those obtained from clipping loss tests.
Pickup Losses for Hay Batting (With Binder)

All measured values of pickup losses For.the hay Batting are shown
in Table VIl as percent of original weight. ‘Analyses of variance were
~performed to test for stafistical sighificance 6f variation due to dif-
ferent féctors involved in making hay batting. The analysis is shown in
Table-]X. The significance of the crushing roll pressure, batting roll
pressure, binder type, and interactions of these three factors were test-
‘ed. The null hypothesis of no effect could not be rejected for batting
roll preSsure.' But in the case of the binder type, crushing roll pres-
sure, and their interaction, the null hypothesis could be fejected at a
very high confidence levgl (a<0.001). From the data in Table VIII, it
was aﬁpérent that the batting roll pressure level affected losses in a

slightly different magnitude at the different crushing roll pressure
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TABLE VI

DRY MATTER LOSS FOR HAY BATTING (WITH BINDER)*

Crushing ' Bétting Percent Percent Loss of Dry Matter
Roll Roll Binder
Pressure Pressure Level Nutri-
kg/cm - kg/cm Used Binder Orzan
12 3.5 L 8.4 5.2
- 6 8.5 4.5
8 8.3 4.4
12 5.0 4 7.9 5.2
' 6 12.8 L2
8 7.2 4.9
14 3.5 4 10.3 7.3
6 9.4 5.0
8 11.9 L 4
14 5.0 4 11.0 6.1
6 .9 5.9
8 11.4 5.2
16 3.5 4 10.2 7.0
6 10.8 5.4
8 11.1 5.5
16 5.0 4 7.2 6.5
: 6 9.7 - 5.6
8 9.8 5.0
“Values of dry mattef losses found from pickup unit experiment for
atting.

hay b



ANALYSIS OF VARIANCE OF THE DRY MATTER LOSSES

TABLE IX

FOR THE HAY BATTING (WITH BINDER)

75

" Degree of Sum of F Significance

Source Freedom Squares Ratio Level
Corrected Total 179 1485.2331
Crushfng Rol |
Pressure (A) 2 58.9184 12.61 0.0001
Battiﬁg Roll:
Pressure (B) ] 0.4302 0.18 0.6685
Binder Type 5 907.1791 77.67 0.0001
A)<B.' 2 19.5447 4L.18 0.0172
A x Binder Type 10 84,4085 3.61 0.0003
B x Binder Typé 5 29.8704 2.56 0.0299
A x B x Binder Type 10 43,3265 1.85 0.0566
Block 4 14.4981 1.55 0.1907
Error 140 327.0578

*Probability of error in rejecting a null hypotheS|s of signifi-

cance of the source of variation.
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levels. The cohputed significance level of the crushing roll pressure x
batting roll pressure interaction (¢ = 0.017) was lower than the signifi-
cance level of the crushing roll pressure factor alone (a =.0.000I), and
the apparent interaetion might be due to the random error occurring dur-
ing the experiments.

Sinée the F ratio in Table IX was found to be significant for the
crushing roll pressure factor, a Duncan's test was performed to compare
eech pressure leve] mean with every other pressure mean. The results
showed no significant difference between the effect of crushing at 14
kg/cm and ]6.kg/cm on the amount of dry matter losses. But the effect
of crushing at 12 kg/cm resulted in significantly lower losses than that
of the two other crushing levels. Figure 26 shows the effect of degree
of crushing on the amounts of the pickup dry matter losses for crushed-
only alfalfa.and also hay batting with binder. It is apparent from
Figure 26 that adding a bonding agent to crushed alfalfa reduced the
pickup losses. For the hardest crushed samples (16 kg/cm), the amount
of the dry matter loss was about 14 percent points less for the hay bat-
ting with binder. THe reductions for other levels of crushing roll pres-
sure were about 8.0 and 9.5 percentage points per 12 kg/cm and 14 kg/cm
roll pressure, respectively.

Hard crushing caused plant juice to appear on the alfalfa stems and
this activated the Nutri-Binder and Orzan binder to make a strong glue.
TBe binder, in combinationvwith batting roll pressure, bonded all compo-
nents of the trea;ed crop together, that is, the separated leaves and
small stems were stuck to the main alfalfa stem. That portion of the
crop which was not picked up by the pickup test unit was collected and

analyzed to determine the fraction of leaves and other separated
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components in the combination. For the hay batting, leaves made a small
percentage of the total loss and the separated component included mainly
small stems. However, for_crushéd material without a bonding agent. add-
“ed, by observatio& it appeared that the leaves made a very high percent-
age'of.thé tbtél'lésses (figure 27).

Batting roll pressure (the second set of rolls) did not have a sig-
nif%cant effect on the amount of dry matter loss. However, the mean
values of dry matter loss due to batting roll pressure, averaged over all
the other factors, éhowed a trend toward slightly less loss for the high-
er level of the pressure (5.0 kg/cm). This possibly was a result of bet-
ter bonding of the material together with higher roll pressure (which
tends to make a better hay bat).

The Duncan test was perfofmed to compare the effect of different
binders and their different application levels on the amount of pickup
losses. vFor Orzan, the maximum amount of dry matter loss in the pickup
test occurred at the 4 percent level. There was a significant difference
betwéen the effect of the 4 percent'level and the two other levels of
Orzan. The minimum loss was related to the 8 percent level of Orzan.
However, there was no significant difference_between the 6 and 8 percent
levels. - Figure 28 shows the effect of different levels of the binders on
the amount of dry matter loss. It is apparent from Figure 28 that the in-
creased rate of Orzan reduced losses.

There was a significant difference between effect of the Orzan and
Nutri-Binder on the amount of crop losses. In all cases, losses with
Nufri—Binder were more than that from Orzan. As previously stated, this
is due to the better adhesion of the Orzan which made a stronger hay bat-

ting than did Nutri-Binder. Figure 28 shows slightly different results
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for Nutri-Binder és compared to that'forFOrzan. The minimum loss for
Nutri-Binder was related to the samples treated at the 4 percent level
of binder.l The Duﬁcan test‘showed a significant difference between the
effecf of the 4 percent level and the two higher Ievels‘of Nutri-Binder.
However, there was no significant difference between the effect of 6
and 8 percent levels.

.Thé analysis of losses of dry ﬁatter in ghe pickup test for hay bat-
ting with Nutri-Binder showed that losses included some amount of»dry
binder itse]f‘for samples which were treated at higher levels of Nutri-
Binder. Thislihcreased the amount of losses and could be a result of
the poorer adhesion effect of the Nutri-Binder. Orzan apparently was
activated with lower amounts of plant‘juice. The juice caused By hard
crushing was not sufficient for the higher amount of Nutri-Binder (more
than 4 percent) to make a good boﬁding. This tends to explain the dif-
ferences between the results obtéined from Nutri-Binder and those ob-
tained from Orzan.

The minimum dry matter 1oss, averaged over all other factors, was
at the 8 percent level of Orzan with a numerical value of 4.9 percent.
With a special combination of treatments, even less dry matter loss can
be achieved. The data in Table_VlII indicated that the minimum value of
loss, avéraged ovér five replications, was related to samples which were
treated at‘IZ kg/cm cfushingvroll pressure, 5.0 kg/cm batting roll pres-
sure,'énd 6 percent of Orzan. This value of loss, as shown in Table

VIIl, was 4.2 percent.
Durability of Hay Batting (With Binder)

The durability of each individual hay batting.was determined from
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the previously defined equation:

Durability index = 100 (W,_ - W_)/W

b 2, b

=
1]

b weight of sample at 20 percent moisture content, wet basis,

prior to running it through the pickup unit; and

=
1]

weight of lost material (the portion of‘the hay which was not
picked up by the pickup unit).
The ddrability index was used to determine how well thevhay.batting would
withstand handling. All values of the durability index, averaged over
five replications, are shown in Table X for the different treatment com-
binations. Althéugh the above equation does not establish levels for.hay
batting quajity, a durability index rating of 90 to 95 should be consid-
ered ''good,' and 95 or above 'lvery good.ﬂ

Figure 29 shows the effect of adding a binder to hard crushed alfal-
fa on the durability of resultant hay battiﬁg. All additives were effec-
tive in increasing hay batting durability as compared to no binder.
Nutri-Binder had less effect on batting durability than did Orzan. The
samples with no binder added did not produce acceptable hay batting dura-
bility. The bindgrs caused an increase in the value of the durability
index, as shown in Figure 29, imb}ying an increased stability of the hay
battfng.‘ As previously stated, the increased values of the durability
index due té Orzan seems to be a result of the better adhesion effect of
this binder which made for a very étable hay batting. Figure 30‘shows a
hay batting sahple made by adding Orzan. |In most cases these battings
maintained their original form even after passing through the pickup

unit.
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TABLE X

DURABILITY INDEX OF THE HAY BATTINGS

Crushing Batting Percent Percent Durability Index

Roll Roll Binder .
Pressure - Pressure "~ Level Nutri-

kg/cm kg/cm Used Binder Orzan
12 3.5 hy 91.6 94,8
6 : 91.5 95.5

8 91.7 95.6

12 5.0 4 92.2 94.8
6 87.2 95.8

8 92.8 95.2

14 3.5 4 89.8 92.8
6 90.7 95.0

8 88.1 95.6

1 5.0 k 89.0 | 93.9
6 90.1 94 .1

8 83.6 94.8

16 3.5 4 89.8 - 93.1
6 - 89.3. 94 .7

8 88.9 94.5

- 16 5.0 L 92.8 93.6
6 90.4 94.5

8 90.2 95.0
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Orzan produqed a very good hay batting index of 95 or more percent
durability witﬁ additive levels of 6 to 8 percent. Figure 31 shows the
_effect of different levels of binders on the durability of hay batting.

. For all levels of 5inder, Orzan had a higher durability than did Nutri-
Binder. It js apparent from Figure 31 that the increased rate of -Orzan
increased the durability of hay batting.

The results for Nutri-Binder were slightly different. Unlike the
Orzan, the 4 percént additive level of Nutri-Binder produced a more
stable hay batting than did the 6 and 8 percent levels. The Duncan fest
showed é‘significant difference between the effect of the 4 percent level
and the two higﬁe? levels of Nutri-Binder. However, there was no signi-
ficant difference between effect of the_6 and 8 percent levels. The
juice on the alfalfa stem caused by hard crushing was not sufficient to
make a good bond at the higher levels of Nutri-Binder. " It may be that
an excess of Nutri-Binder prevented cloge contact between the crushed hay
particles and thus prevented better bonding for the higher levels of
Nutri—Binde;.

The most stéble hay batting . was broduced for a combination of treat-
ments of 12 kg/cm crusﬁing roll pressure, 5.0 kg/cm batting roll pres-
sure, énd 6 per;ent of Orzan. 'This value of the du?ability index, as

shown in Table X, was 95.8 percént.
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CHAPTER V
SUMMARY AND CONCLUSIONS
Summary

The effects of different degrees of crushing of alfalfa on the dry-
ing rate of the crop and the amounts of separation of leaves and small
stems were investigated. Four levels of crushing roll pressure (0, 12,
14, and 16 kg/cm) were used (no binders were used in these tests).

In another test, 36 treatment combinations fnvolving three levels of
crushing roll pressure, two levels of batting roll pressure, and two
"binders each at three levels were evaluated as to the effect of these
treatments on producing a hay batting. The drying rate of the hay bat-
tings and their durability were also investigated. The three crushing
roll pressure levels wereFJZ, 14, and 16 kg/cm and two batting roll pres-
éure levels were 3.5 and 5.0 kg/cm. Two types.of bonding agents (Nutri-
Binder and Orzan) each used at three levels (4, 6, and 8 percent by
weight), were also a part of the 36 treatments. The data for the loss of
moisture in alfalfa samples while in the drying oven were fitted to an
exponential mOdél and drying constants (K) were determined. The data
from the pickup}losses were used to calculate the hay batting durability
index. This index was used to determine how well the hay batting would

withstand harvesting.

88
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Conclusiohs

Hard crushing of alfalfa significantly increased the drying rate of
the crop as compared to no crushing (no binder used). There was no sta-
tistically significant difference among drying rates of the crushed sam-
ples at the o = 0.1 level. However, the values of K, averaged over all
other factors, indicated that the drying.rate was in direct relat}on to
the degree of crushing for these no-binder tests. |

The drying rate of hay batting treated with a binder was found to

be affected by the type of binder used. An analysis of variance of the
computed values of K showed that the differences in binder type was high-
ly significant (@ = 0.0001). The bindersvcaused a reduction in the

value of K, implying a reduced rate of moisture transfer. The reduction
in drying rate for Orzan was more than for Nutri-Binder. However, bind-
ers also caused a reduction in the initial moisture content of the alfal-
fa and this was related to the percent of binder added to the samples.

The effects of the crushing roll pressure and batting roll pressure
on drying rate were not statistically different for the samples using
binder. However, the average values of K indicated that drying rate of
alfélfa with binder was a function of the degree of crushing.

The maximum value of K for the hay batting, averaged over five
replications, was related to samples treated at 16 kg/cm crushing roll
pressure, 5.0 kg/cm batting rdl] pressure, and 6 percent of Nutri-Binder.
Under these conditions, samples reached a safe storage level of 20 per-
cent moisture (wet basis) after 5 hours and 36 minutes of drying time.

The separated component;, caused from excessive crushing pressure,
were mostly leaves, petioles, and stem tips. Clipping losses were in

direct relation to the degree of crushing and the more than 27 percent
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clipping losses were associated with the highest level of crushing roll
pressure.

Pickup losses for crushed alfalfa (no binder) were less than clip-
ping losses (from the freshly cut alfalfa in the sﬁaker test) at all
levels of crushing roll pressure. The losses from the.pickup test were
a function of the degree of crushing. Binders significantly reduced the
amount of pickup losses.b Orzan was more effective than Nutri-Binder and
increased rates of Orzan reduced losses.

Both additives were effective in increasing hay batting durability
as compared to no binder. Nutri-Binder had less effect on durability
than did Orzan. The samples with no binder added did not produce accep-
table hay batting durability. Orzan produced a very good hay batting
index of 95 or more percent durability. The increased rate of Orzan in-

creased the'durability.
Recommendations for Future Waork

The mechanism for mechanically applying the binders to crushed
alfalfa should be designed and.developed. Orzan GL-50, the liquid form
of the Orzan G, could be sprayed directly on a standing plant of alfalfa
in the field a few days before harvesting. This method of harvesting
should be investigated. However, since Orzan absorbs moisture from the
surrounding air very rapidly, the effect of overnight humid air and dew
on the performance of this binder should be evaluated.

The nutrient contents bf the hay batting after baling should be
determined for a better understanding of the effect of binders. Feeding
trials with dairy cows or other ruminants should also be considered.

Crushing factors should be found for more levels of roll pressure to
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compare the effect of hard crq;hing with those roll pressure which are
acceptable .in field operation on the drying rate and losses of alfalfa.
Since the batting roll pressure was not a significant factor, the drying

rate and durability of the hay batting should be evaluated without using

the second set rolls, that is, the batting rolls.



REFERENCES CITED

Agricuitural Statistics. United States Department'of Agriculture

(1978), 266-271.

Aviki, F. S., D. G. Batchelder, and G. MclLaughlin. ''Forage Dry-
ing: Conditioning Rolls, Feed Rate and Number of Passes.'
The American Society of Agricultural Engineers, Paper No.

79-1039 (1979).

Bagnall, L. 0., W. F. Miller, and N. R. Scott. 'Drying of Alfalfa
Stem." Transactions of the American Society of Agricultural

: Engineérs, Vol. 13, No. 2 (1970), 232-236 and 245.

Bainer, R.. "Preliminary Trials of a New Type of Mower.' Agricul -
tural Engineering, Vol. 12, No. 3 (1931), 165-166.

Barre, H. J. ''Wapor Pressure in‘Studying Moisture Transfer Prob-
lems." Agricultural Engineering (June, 1938), 247-249.

Batchelder, D. G., F. S. Aviki, N. Galili, and G. McLaughlin. 'A
Laboratory Hay Conditioning Research System.' The American
Society of Agricultural Engineers, Paper No. 79-1036 (1979).

Barrington, G. P., and H. D. Bruhn. '"Effect of Mechanical Forage-
Harvesting Devices on Field-Curing Rate and Relative Harvest-
ing -Losses.'" Transactions of the American Society of Agri-

~cultural Engineers, Vol. 13, No. 6 (1970), 874-878.

Bohstedt, G. Nutritional Values of Hay and Silage as Affected by
Harvesting, Processing, and Storage.' Agricultural Engineer-

iﬂg_(Sgptember, 1944), 337-340.

Boyd, M. M. 'Hay Conditioning Methods Compared." Agrichtural
Engineering, Vol. 40, No. 11 (1959), 664-667.

Bruhn, H. D. ''Status of Hay-Crusher Development.'' Agricultural
Engineering, Vol. 36, No. 3 (1955), 165-170.

Bruhn, H. D. 'Performance of Forage-Conditioning Equipment."
Agricultural Engineering, Vol. 40, No. 11 (1959), 667-670.

Bush, L. 'That Foul-Smelling Hay May Be a Thing of the Past."
Stillwater (Okla.) News Press (May 13, 1977), pp. 20.

92



(13)

93

Byers, G. L., and D. G. Routley. "Alfalfa Drying Overcoming Natu-
ral Barriers.'" Agricultural Engineering, Vol. 47, No. 9

(1966), 476-477 and L85.

Caddel, J. L., and C. M. Taliaferro. 'Alfalfa Variety Tests in

Oklahoma 1972-78.'" Oklahoma State University Research Re-
port (May, 1979). .

Casselman, T. W., and R. C. Finham. ''How Effective Are Hay Condi-
tioners?' lowa Farm Science, No. 15 (1960), 3-6.

Chancellor, W. J. '"Blanching Aids Mechanical Dewatering of For-
age.' Transactions of the American Society of Agricultural

Engineers, Vol. 7, No. L (1964), 388-395,

Dale, J. G., D. A. Holt, and R. M. Peart. '"A Model of Alfalfa Har-

vest and Loss.' "The American Society of Agricultural Engi-
neers, Paper No. 78-5030 (1978).

Daum, D.: R. "A Study of the Leaf Shattering of Hay Caused by
Mechanical Handling." Pennsylvania State University, 1958.
Cited by G. F. Hall. 'Flail Conditioning of Alfalfa and Its
Effect on Field Losses and Drying Rates.' Transactions of
the American Society of Agricultural Engineers, Vol. 7, No.

4 (196h), L35-438.

Dobie, J. B. ‘''Cubing Tests with Grass Forage and Similar Roughage
Sources.'" Transactions of the American Society of Agricul-

tural Engineers, Vol. 18, No. 5 (1975), 86L-866.

Fairbanks, C. E., and G. E. Thierstein. ''Performance of Hay Condi-
tioning Machines.'" Transactions of the American Society of
Agricultural Engineers, Vol. 9, No. 2 (1966), 182-184L.

. Finner, M. F., J. E. Hardzinki, and L. L. Pagel. ‘''Measuring Parti-

cle Length of Chopped Forage. Grain and Forage Harvesting."
The American Society of the Agricultural Engineers Publication,

1-78 (1978), 265-269 and 273.

Hall, G. E. '"Flail Conditioning of Alfalfa and Its Effect on Field
Losses and Drying Rates.'' Transactions of the American Soci-
ety of Agricultural Engineers, Vol. 7, No. & (1964), L35-438.

~ Hall, C. W. '"Drying Farm Crops.' Agricultural Consulting Associ-

ates, Inc. (1957).

~Hellwig, R. E. '"Effect of Physfcal Form on Drying Rate of Coastal

Bermuda Grass.' Transactions of the American Society of Agri-
cultural Engineers, Vol. 3, No. 2 (1965), 253-255.

Hellwig, R. E., J. L. Butler, W. B. Monson, and P. R. Utley. "A

Tandem Roll Mower-Conditioner.|' Transactions of the American
Society of Agricultural Engineers, Vol. 20, No. 6 (1977),
1029-1031.




94

Henderson, S. M., and R. L. Perry. Agricultural Process Englneer-
ing. 2nd edition. New York: John Wiley and Sons, 1966.

Hill, J. D., 1. J. Ross, and B. J. Barfield. ''The Use of Vapor
Pressure Deficit to Predict Drying Time for Alfalfa Hay.'
Transactions of the American Society of Agricultural Engi-

.neers, Vol. 20, No. 2 (1977), 372-374.

Jones, T. N., and R. F. Dudley. ''Methods of Field Curing Hay."
Mississippi Experiment Station Circular 137 (1948). Cited by
H. D. Bruhn. '"Status of Hay-Crusher Development.' Agricul-
~tural Engineering, Vol. 36, No. 3 (1955), 165-170.

Kepner, R. A., J. R. Goss,'J; A. Meyer, and L. G. Jones. ‘'"Evalua-
_tion of Hay Conditioning Effect.' Agricultural Engineering,
Vol. 41, No. 5 (1960), 299-304. ‘

Kiesselback, T. A., and A. Anderson. 'Alfalfa Investigations."
Technical Bulletin 36, Nebraska Agricultural Experiment Sta-
tion 1926. Cited by F. J. Zink. 'The Mower-Crusher in Hay
Making.'" Agricultural Engineering, Vol. 14, No. 3 (1933), 71.

Knapp, W. R., D. A. Holt, and V. L. Lechtenberg. ''Hay Preservation
and Quality Improvement by Anhydrous Ammonia Treatment." Agro-
nomy Journal, Vol. 67 (1975), 766-768.

Kurtz, P. J., and W. K. Bilanski. 'Mechanically Treating Hay for
'~ Moisture Removal.'" Canadian Agricultural Engineering, Vol.
10, No. 2 (1968), 60-63.

Manby, T. C., and G. Shépperson. "Increasing the Efficiency of
Grass Conservation.' The Agricultural Engineer (Autumn,

1975), 77-83.

Mears, D. R., and W. J. Roberts. 'Methods of Accelerating forage
Drying.' Transactions of the American Society of Agricultural

Engineers, Vol. 13, No. L (1970}, 531-533.

.Pedersen, T. T., and W. F. Buchele. !''Hay-in-a-Day Harvesting."

Agricultural Engineering, Vol. 41, No. 3 (1960), 172-175.

Pedersen, T. T., and W. F. Buchele. 'Drying Rate of Alfalfa Hay."
Agricultural Engineering, Vol. 41, No. 2 (1960), 86-89 and

107-108.
Person, N. K., and J. W. Sorenson. ”Cohparative Drying Rates of
Selected Forage Crops.'' Transactions of the American Society

~of Agricultural Engineers, Vol. 13, No. 3 (1970), 352-353.

Priepké, E. H., and H. D. Bruhn. "Altering Physical Characteris-
tics of Alfalfa to Increase the Drying Rate.' Transactions
of the American Society of Agricultural Engineers, Vol. 13,

No. 6 (1970), 827-883.




(42)

(43)

(44)

(45)

(46)

95

Reed, R.'H. .“Results of 1931 Artificial nying Studies.' Agricul-
tural Engineering, Vol. 13, No. 12 (1932), 69-70.

Salmbn, S.C., C. V. Swanson, and C. W. McCampbell. '"Experiments

Relating to the Time of Cutting Alfalfa.'" Technical Bulletin

15, Kansas Agricultural Experiment Station 1925. Cited by

F. J. Zink. 'The Mower-Crusher in Hay Making.' Agricultural
- Engineering, Vol. 14, No. 3 (1933), 71. :

Shepherd, J. B., L. G. Schoenleber, W. H. Hosterman, and R. E.
Wagner. ''Relative Efficiency of Four Methods of Harvesting
and Preserving Forage Crops for Dairy Feed.'" USDA, 1947.
Cited by J. G. Dale, D. A. Holt, and R. M. Peart.. '"A Model
of Alfalfa Harvest and Loss.'' The American Society of Agri-
cultural Engineers, Paper No. 78-5030 (1978).

Shepperson, G. 'Dry Conservation of Grass." The Agricultural

Engineer, Vol. 29, No. 2 (1974), 40-43.

Straub, R. J., and H. D. Bruhn. '"Evaluation of Roll Design in Hay
Conditioning." Transactions of the American Society of Agri-
cultural Engineers, Vol. 18, No. 2 (1975), 217-220.

'Sutherland, G. ''Discussion on Drying Rates and Field Losses in

Hay Conditioning Methods.' Agricultural Engineering, Vol. 40,
No. 11 (1959), 671.

Thompson, C. R. '"Effect of Heat Blanching on Alfalfa.' Agricul-
tural Engineering, Vol. 33, No. 1 (1952), 19-20.

‘Tullberg, J. N. '"An Investigation Into the Effect of Stomata Con-

trol on the Drying Rate of Alfalfa.'' Unpublished M.S. thesis.
Rutgers University, 1965. Cited by D. R. Mears and W. J.
Roberts. 'Methods of Accelerating Forage Drying.' Transac-
tions of the American Society of Agricultural Engineers, Vol.

13, No. b (1970), 531-533.

Tullberg, J. N. '"The Effect of Potassium Carbonate Solution on the
Drying of Lucerne; 1.' Laboratory Experiment (in_preparationL

1976.

U.S.D.A. Losses in Agriculture. ARS 20-1 (1954).

Vijaya Raghavan, G. S., and W. K. Bilanski. 'Mechanical Properties
. Affecting Leaf Loss in Alfalfa.'" Canadian Agricultural Engi-
neering, Vol. 15, No. 1 (1973), 20-23.

Waelti, H.,‘ahd J. B. Dobie. ''Cubability of Rice Straw as Affected
by Various Binders.' Transactions of the American Society of
Agricultural Engineers, Vol. 16, No. 2 (1973), 380-383.




96

Whitney, L. F., H. M. Agrawal, and R. B. Livingston. ''The Effects
of Stomata Opening on High Temperature, Short Time Drying of

" Alfalfa Leaves and Orchard Grass.'' Transactions of the Ameri-
can Society of Agricultural Engineers, Vol. 12, No. 6 (1969),
769-771.

Zink, F. J. '"The Mower-Crusher. in Hay Making.' Agricultural Engi-
neering, Vol. 14, No. 3 (1933), 71.

Zink, F. J. ‘'Moisture Content at Which Alfalfa Leaves Shatter."
Agricultural Engineering, Vol. 17, No. 7 (1936), 329-330.




APPEND IX A

CALCULATED MOISTURE CONTENT (WB) FROM ORIGINAL
DATA FOR HAY. BATTING (WITH BINDER)

AND CRUSHED-ONLY ALFALFA

97



~

*sbujpesy jJjo uojieo)jiyusp] 40} ||| obed.-asg

FRESA PWESE NUTR Om2  rep 0.0 W2.5 Wl.0 Wl.5 %2,0 02,5 %3.0 K3.5 40 Wie5

12 3e5 CeCC ColA 1 74,8313 6be2482 S9eC11( 5264235 89,.C437 A€.7143 43,4848 A4(Ce981C 38.(€399 3I5.C174
1z o8 CeCC CocCo 2 TCe#b1e 6038223 5542502 5CeB8621 48,6486 46.8789 A3,7721 4z (588  36,92CS 37.61¢7
12 Jot CoCC CoCa 3 7307415 65.4741 5846281 53,4840 5148102 50,1292 44+3001 41.0687 37,9421 34.687¢
1z 3¢5 Ce CC 0. Ca 4 70e14C2 6(e5472 5346307 4849143 4643385 44,551 41.721C 39.2€6€3 3€e77%1 38,3612
12 EXR Ce CC Cula 5 TCodETC 6202792 STe718E 5346638 S1.4€73 4G,172€ 16-979¢\ 44.21€1 42.;085 25,5218
12 365 0+00 Ne0b 1 TZe (717 6502462 5844551 S8,(416 51.28%2 47.7€SC 45;3297 4208981 ACeCECZ 37.71%22
12 3.5 CeCC Qo Co 2 78.C1C9 6447874 58,5419 53.36€0 50-39C6 47.95€8 45,0216 4z.(CS1 3!;9!23 36-2516
1¢ 3f5 Ce (C 0Oa(6 3 725181 6346364 56,6161 £146324 49,1741 46,6667 44,0559 41,4348 35,0244 36,5C76
1< 3e% Co (L Colb L3 73e¢5725 5448891 49,4475 45,8580 44,0367 42.C886 40,1961 38,3838 365318 34,6429
1z 3e5 Ce LU CotB 5 7148621 55e15C3 5348745 S5CeGC998 4840249 4545459 A44CC9C 41.86CS5 3IC.€13% 17,2647
12 3.5 0.0C N.08 1 7009656 636517 5540675 S0¢8C(9 AT BTEB 45,2926 42,55C(1 4(€.1947 ;37.4C9( Ja, 8425
12 3.5 CeCC 0.C3 2 7243748 62419C5 . 54,5767 4941C26 h7c3075 AR.7888 43,4473 3545395 747743 36e27€1
1z 3o £ CeCC OoC8 3 - T0eS231 5%¢083C 5247472 A484ICEC 46,0661 42.€9C5 " 41.,4€C4 35,2811 35.0173 3407586
12 3.5 Ce CC Co(B L] 72.4765 578451 S2,(C1R3 ,‘5'3262 4644688 44,4208 42,4642 4(.4328 3843255 3642972
1z a5 ‘CACC Ce €Y 5 7200699 502645 5248357 4940927 AT.C65C 38.489€ 43,13(E !l-((l7' JEeBE2( 3;-7168
12 T3, 0.04 0,00 1 TAe2741 6666375 5948681 5S8448043 5149546 4943351 46.6387 42,8881 41.(217 37,9479
1z 35 Ce C4 0. CO ) 2 7B4C371 6845039 6169952 55.8C11 52.5926 28.9€33 45,2991 41,4991 !7.é21£ 33,7479
12 2.5 Co Ca ‘C-CO El 75¢C€B81 6Ee5C02€ 6249555 58s6441 5€e22C1 5308462 £1,26%5C HELEETE 457776 A4ze5SC7
12 345 Ca (& Co(C L] T6e3C1% 6561C71 62¢6350 ET¢5406C 587712 5348776 A8.9676 459375 42,62C2 39.4(46
12 et (e (4 Co(CO 5 78474849 67.889C 53,407z 301947 a9,84C(8 4643373 42,831z 3¢,2C64 25,845z Iz.4(2e
12 3e5 Coe (E CoCC 1 T7e1711 67e39298 624035C 5S4e8021 505698 AT7T.5038 44,3018 41,8760 394122€ 35.85¢5
12 3.8 Ce €6 0a(O0 2 75.8668 67.8442 62.1131 57.4341 53,9559 52,(c27¢C 58-9943 4642121 42,6454 35.522C
1z 3eS G CE  OaCC 3 72,9152 €4.C435 5S56eBECE S51e66(5 4BeB221 A€e238C 43,4537 4C.£133 32psC12€ 35,3€1€
12 3.5 NsC6 04CO L TO0edY26 6142C58 55¢5(15 S514383C 49,1657 4649838 44,5288 42,1519 39,9474 37,4829
12 365 fe (6 N.CQ0 5 7500999 676471 6102835 Ste5€21 54.C581 5104916 A8,9C71 4€.c644 43,5C45 aCe725C
12 Je & CeCE CotO 1 76e72C6 6Hte316€ 6Ce571a 55,2529 S0e7143 87,3282 44,2645 4C.5247 13708372 33.90€0
12 3.5 s (8 CalC 2 7345836 6teC526 6047107 557718 5341477 S5Ce8481 A7,561C 48,7143 4C.553C 38,3758
12 3% CeCt Cotc 3 7408641 6Ce0B6EZ 594742 S0e7324 AT,CET2 43.47€69C 40e5145 3€e5676 22.€6S1E 3Ce32¢2

86



a8s

u

3]

1C

11

13

14

1¢

17

18

1

26

27

2t

"
.
o

D
.
u

3.5

3.t

3.5

s

NU Tk
Ce CL
Co CC
Coe CC
N400
Ce CC
€e CC
Ce € (
fof(
CaCC
o CC
Ce CC
0.00
Coé(
Ce CC
Ce CC
Co Ca
NeOa
Ce Co
Co (o
Co Ca
CeCE
CeCt
Ce Co

Ce Ct

CeCE
CoCe

Ce CE

)
x
~

CoCa

Co (o

CeCe

OeCa

Co Cu

CeC6

Ce Co

CeCo

Ce (6

Ce Co

Ce (8

Ne N

Ce €8

Co Cd

Ce (8

Ce CC

04090

0. CO

Ce(CC

Ce CO

0400

Ce CO

Ce CC

Ce CC

Ce CC

Ce CC

Ce CC

ReEP

N

ud.0

3Zetclc
3542191
2tletb 18
3240609
37.0425
35.C734
33,7391
334592
3246380
354 C649
32,7695
34,2715
32.€211
34,2985
34467012
34,3718
c3.8286
3347C35
36e 1€24
27,2517
33e524y
2644937
32.7(55
34,9929
3843855
2CeBc17
254C€71

234395

5.5
2¢e35€1
3ce9a12
2te518%
2940063
3843511
3.01S7€
3(e853¢
31.50e38
3Cen818
32,705¢
2¢462356
3zec2¢5

3(e5432

2547541
37406C52
3ce9427
2£e521¢
3(e46CS
33.6449S
3C.1954
3c0¢563
3505172
2te57148
21e78¢EC

24,.18C3

wc.0
2fe.7191
3Ce8876&
254 238¢
<Te5527
31e746C
294557¢
28¢ 1134
29.C78¢
2847013
304265¢C
2604957
284948C2
29e549¢
267387
3C. 1521
284785(C
2067921
33.815¢€
2946565
22¢ 48138
275574
3043922
c7e6243
c9.8CC2
32457a5
25.43€C(
28.4065¢

2147759

w6, 5
23,5€56
27.8481
2ie3laC
2542508
29.C429
27.1C€2
2545859
20047C6
2648975
27,8499
i8e4zH8
27.8182
26e3240
ZdeCEOS
26 CE27
Zoe 1628
1646667
1Ce8129
2646549
1504373
25+ CEaC
2742541
2540€C0
27.385¢C
3C.4833
22e1213
2500000

19¢C372

W7.0
21+2CEC
25.49C2
1975(C5
231959
26+2436
28,.€212
23e38CC
c843856
2408976
2548408
2146758
2547948
285614
26.1299
25.8443
234 24CC
12+8(€S
27.6€8¢C
cleCEEC
16 66€7
22,7171
23.9825
22,6378
2408355
zT7 9383
19227
2148182

164853y

W1,5
12.38(C7
22.8426
1702448
2048850
23,4875
2ze71EA
15.958¢C
22402713
23,0014

22.9584

15¢€262

23.8CC4

2245859

23e750¢

23.6CC€

2Cea562

1(e€ 145

24,5361

214CC46

14,8022

150 8€14

211111

2Ce 0452

2202785

2507537

17¢2€€2

1846975

14.7465

a2.0
15.€106
194346
1Se25CS
1848748

20.81C3

- 2CeSEE8S

17.8679
19,8297
21,0072
204587
17.4¢64
Z240(39
2C.9C3C
2240556
Z1.2168
17.8875
TeTEC
z21.29¢3
1€.77¢3
12.50CC

16.5€65

1840135

17.S541

150G€5C

c362€C7

1a,6CAC

15,8696

1247358

W8.5
13.4571
17.54C7
12e€4€5
17+ (€€6
1792869
1€ec7%2
1€.8122
176€955
19.1458
18+ 1€€9
1£e2%43
18,8139
15.CC68
2C.0306
19.C7¢C5
1407€51

702464
1844855
15,6151
1Ce 7649
14,742 C
15.8768
1. 8458
1703555
21e2€32
1ce€SE2
12.6811

114271¢

9.0
10,9785
15 (838
11.€7CS
15 €16 ¢(C
I%e C198
1%e458¢
15,3333
15461 1€
17,0695
1602475
13.2CE€EL
17+ €34¢
11.!62;
1841534
17.C772
12.€147

€eSTE€7
15,4734
1347157
869598
1203727
12.2(2¢
12.815¢
1%.CESE
19¢ CAT7E
1C. 2€9€
104208E

Je75€1

e
7.90123
7.12831
7.875€§
7426141
7.327¢9
€.0€314
8419277
g.casce
7.26351
7eaC741
Tet2€te
7Te€7442
T.254¢¢C
741C4€0
7433945
TeC?72317
6a7(554
68721
7.238€1
7.C79€5
7021525
TeCEE(E
7.09z2¢
7e113€2
7.42574
7.75401
Te154z4

7T.72C€7

66



(85

<9

3c

aC

at

42

43

a5

a6

a7

a8

a9

50

FrESA

PRESH

et

3.t

LIR ]
Calt
e Co
Co CC
0.00
Co € (
Ce CC

Co CC

[}
(o Ca
Co Ca
Ca (8
0.04
[
Co Ce

Co (£

CoCt

N.06

Ca (6

ar2

CeCC

0e CO

Ce (o

D04

O Co

70 Ca

Co (#

Ce (b

Ne00

Qe Co

CeC6

Ce €6

Ce (8

0,08

0e CY

Ce (8

Ce CC

Ce CC

ceCa

Cs(C

REP

10,0
72e¢282¢
75.43C8
7349365
7246215
72.88¢C1)
72632477
T1.5647
73.€717
72.2638
73.2835
7CeAt9E
73.2(€57
7Ce7540
716291
7242C3a
7201167
TCa288C
TaetESN(
7426t
75.9373
7408753
767001
74.C716

7%e1(26

T4 8428

7C.3768

75.20886

715733

w35
6241913
666667
H76 1886
bEeClaa
6740721
6L.44("%
59.823%
65.24C2
6Z.3764
64 46583

6Ca6C9E

6E,7 342

58¢8C7S
57.8A85¢8
5343848
5249157
62.4352
67.1€6C3

£023722
6441988
6541571

6be1051

67e58¢€¢
G6ze3431
£cedC32
63,7452

f3.1749

l,0
55,4825
58.6327
61.438¢
2Ce AL
61.2C7¢
£9.96Ca
53.199¢
59.a7CS
57.187¢
STe€CSZ
5446361
59,4622
ag.5e€2
52,4085
57.2917
5745351
57.c158
61,2535
5746000
53,3686
5741256«
6Cat4C7
52,2381
62.318¢
50,1385
5r.872C
54,0810

Sa.837;

Wle.5
49«8146
S52e¢ 1448
STe3481
S548¢C11
Sbe7352

£5.847¢C

49438¢C2.

55,8758
EP XL RA)
524213
50;2132
S4.7866
43,4307
4941770
5<e5463
£3.C286
53.2258
5543218
517110
48,9298
S1s226C
537415
4bel14a31
£7e52€3
39,7993
£1,8C€C8
459809

4847211

W2,0
a6.85€6
48,6331
55,2723
53.65C1
54,4471
53.7228
A7.4812
53,6131
49,8771
49.€£7589
4841777
523114
4aC.€E8P8
2649957
50,0609
S5C.AE1S
51.2878
52.218¢C
46 4135
a0.27¢7
47.6262
5Ce1466
4242556
55,2626
34,1865
50,5572
A3ar28C

45.C292

Wao5
4347673

44,9C74

51.5588
4545556
5141(C57
a7.3588
A47.C35¢C
45.€333
49.8C79
3e.247¢C
45,2328

4745€32

47.5c87

45.3CC7
49,1228
48,7025
35.9367
44038513
4603722
37.5€1C
52.6658
29.8246
48,5294
39.4558

ACec8137

%3.0
40.6433
aC.a96c
45.729€
49,4111
49.4667
49,2462
43.5484%
A6e7cC2
aa.75¢3
YR ITY)
43,5464
A7.24C9
1547735
4245581
45.Ca02
as.271¢
aT.zca7

AT.E286

41.3646

31.323¢C
aC. 328
42.178665
212.6788
50.1370C
Z5.CCCC
461538
15,8289

29,5583

3.5
37.5385
3644769
a7.483¢C
47.0855
4E.T7697
4E.5120
~}.~s16
A4ei577
42,4542
41..556
41,0622
44,7887
32.€€3%

36.9C27

3242064
2703663
3€et3E7

37.55€2

c3Ce81(C8

4€.7057
2C. 7048
437577
32e2(24

LI TR ALY}

¥i4e0
34.621¢€

212.2581

44,.505%
39.3564
41.812¢
39.€a85¢(
386 2CHE
38,8441
419259
2Ce597¢

39,7561

26,7944

3C.Ea7¢
43.C628
4z CCCC
41.9207
23,4272
3%.€78¢
3.5517
27.6813¢€
42,9467
1T7.24 14
41.%1€7
Z84.853¢

33.174E

Whe 5
3143029
27.87¢8
aze72(C
aze6112
41,2403

42,0373

3743402

3¢e22€E

37,2212

15.4€8C

362745

39,13¢4

28.£551

17.€61€

4Ca97€9
35.77¢€4
2ks5178

19¢55¢C¢

2¢e 1282

éGe16€7
24.7(%9
41,572¢
14.(811
Ic.CLEC
25.€1¢¢

25e55( 1

00l



{as

9

4C

41

a2

43

FRECA

1<

12

PRcSb

Ny TR

e (L

Co CE

Ce CC

Co CC

Co CC

Ce CC

0.00

CeCC

Ce CC°

Ce €L
CoCC
Co Ca
Cefa
CeCa
Ce Co
CoCo
CeCo
ce CE
CeCE
Ce (E
Ce Ct

Cer ¥

IRz

N. (C

0.C0

CeCo

Ce s

Cofla

Ce Co

Ce (6

NeCH

e Co

Ce (8

Ce CC

fe CC

Ce (C

Co (C

0400

fEP

(]

u5.Q
z2342¢td6
23e8800
4Ce 2477
4Ce2(93
384376 ¢
39.43C3
3€e27Cs
36e6282
34,5154
328742
33.€735
36e4€EE
2608281
35.4248
33,8710
33.8164
3e. 7324
37.2712
23-‘§*C
1645485
254 3465
cheT7EYR
c1e472s
29,€17¢
1145479
3646295
c2e7458

Zbe5551

1947753

37¢84%22

37.8882

3546537
3606771
3242425
34,106¢
3201121
25456399
21,2689
31,6717
24439C2
33,5126
31.3233
3141558
36e58EC
3ae32(C€
214281C

14.111¢

2(e56C7
1649873
3€l.C281

te5477
3a4,058¢C
1€.8218

2241811

220€667
15429234
3449C73
354275¢
3245623
38,C0946€
31,0430
30.9C28
c9.4118
2648156
284765 ¢C
31,1072
22e2aC8
31.578¢
2846957
2841469
34,29CC
31.2Can
15¢7€C8(
112065
189247
1687 Ca
16e339¢
31,4501

Te5284
3144759
17,2414

2042652

w6, 5
202358
1343495
3243993
13,2220
2Ce33(C9
21e75¢€8
2649855
2842883
27¢1429
24,4231
2604943

28432¢4

2Ce1C31 -

Z28e092C9
257240
25.67ui
32.€212
279159
124C€92

90206
1602222
13+42€0
13431863
2847€71

74550
2941277
15¢C643

17¢451C

W7.0

17.576¢
10.5263
29.8182
3Ce55%6
2646525
28,9982
2648657
2504682
2443(C03
21.7123

24.CaC1

2544753

18.7¢63
27,3529
22.5323
2248893
29¢6517
25.641¢
9e5012
845492
13.73¢C0
11.2272
11.3164
24, 16€7
605767
2647311
1208325

14 .6 (4S5

1.5

1547€7€
8422062
27+ 1€98
28e3154
2348956
2€a8117
2446154
23,3141
21.988%
1849691
219554
2245862
1646667
25+ 2648
19.9219
2C. 2488
27.62C6
2245873
Se(£92
€e¢0729
119159
&e€C22
S9.6471
21.72¢CA
64935
24,2328
11.5479

119247

['1:9¢]
12,9¢&121
Te5€97
25e482€
$Se65CE
213693
caeCelc
2245908
2143439
19.€€2¢C
17 CL8E
19+4€9C
2041625
14,3646
22e(52C
1742287
17.8CCC
250385S
1949575

8e€323

75516

1CeCc2S

8.1C21

79137

18.5€8¢

£e2500

2149554

9e7744

9e(713

W8s5
1152C€
Te¢7519
2z248CCC
22e07€5
1844546
2147C54
2C41954
1844426
1742418
1445351
17.4229
175616
12.758¢C
21e(C863
1442259
12.5%5CS
2241445
1€.4(C8¢C
€e1Gc8
Te3451
845272
1e€CE7
7¢4659
l5o151§
64,0052
19.6113
€e€2¢a

7,4725

49.0
1C.177C
Te%13(
15¢917C
cCe2187
16¢ 3355
16.C381
12,3333
164 €338
14,0222
12 (531
1541118
15,1518
11,4286
1%e 148§
116€27
13.1C78
2049051
14,1323¢C
Te7482
7e1(52
Te271¢
Te1C2E
TeC21E
12eC772
57562
1744225
Te21€8

Se€(5a

7072727
TeC2125
7:.21154
Te152%8
Te1(78s
7elz€a0
7416657
TeMQTEE
Te27272
731122
TelazEE
7.109CC
1-CC(§C

Te142¢€

Te23CE2

Tea3242

7.051z€

7.371(1
7e25Sc?
EeBECIE
€.€E6217
Eel4c22
6e79€12
7e84B1C
5511€1
€e57CEA
Ee7257¢

Te18C18

(0l



59
6

61

64
€5
6¢€
6?7

68

FRESA

PRESH

o

o

o

NUTR

Co (E

Co (8
Ce Ce
Co ((
Ce CC
0eCC
Coe CC
CeCC
Co CC
Ce CC
Ce 00
Ce CC
Co CC
Ce C(C
te ¢

Co €L

IR2

Ce CC

T N0

felC

Ce CC

Ce (&

Ce (9

R L

O (4

0o (o

Ce (6

Ce (O

Je b

Te (6

‘Ce (B

Ce (d

Lo (8

CoCd

Ge (B

Ce (4

N4+00

CsCC

CeCC

Ce (¢

Ce (G

0.00

0. CC

0s CC

Ca €C

REP

"

a0

77748
738833
7344375
7775131
78024845
71.6C33
73.n268
Tce73496
7305414
718013
717212
71.399;
7003447
7Co 4657
7143C7s
7Ce72AC
7T1e33%80
7Ce3517
7Ce9€77
762162
T6e5€25
75. €9S¢C
7€e 9545
7T6s5E8s
7245913
7062923
7309245

7345355

4d.5

AGe15(C¢
H6Se1406¢C
6leo9b¢€
7C.1C2)
hee 1552
€8403952
550108
6443872
6£4C85¢(C
b3.53C2
6Ze9EIE
63e3245
63,0397
bze21t5
bce5401
€CoC3aS
6ze805
6Ce2463
EaqaC3CE
68+21618
b7e483%
6€.CC1¢<
67.559€
6Ee582¢C
63457b8
61,9338
62e814€

£Aa4,411%

“l.0
€2eC2CS
5T.461(

558162

‘62a7740

5848816
564961
5947336
5Te745¢(
€8,8172
5647k
5742755
£T.142S
5762CCC
STeC61€
5242353
5541691
S4.042¢0
53,4979
S8.TT 1%
6Ce€9C7
ble148t
58.€3CE
5G4 1566
€1e4773
552874
56s€4€8
53.€4Ct

SEef1C2

WleS
£7.21(7
S1e4612
43.552€
FoedSa2
£3.6465
5543895
55.4422
c2.7€8¢C
£4,3226
£1«7919
€¢e(833
52e8814
53.C07¢C2
S€3e443C
4407619
£1.61¢3
44,3302
48.81C9
€a45Ca1
£3.€232
500781
£leG4t3
5246536
5509168
AB.4768
Slech (M
4548156

£(e5155

%2,0
53.617¢C
48,3764
45,7698
53.5354
5047227
53.5¢39
53.1C26
SCe18€3
£1.9112
48,9596
50.C€EC3
50,5924
508 (A6
51,4509
at.4141
49.1785
4641035
46,5721
52.8428
5Ce7€92
5243481
2846370
49.2515
53.112C
42.8781
49,5381
41,7683

47,3251

W24 5
51¢22912
45435(5
42,4153
50,0000
479167
§l.2252
5(e875¢C
A7.5131
4505472
A46.4698
4707273
40845185
fB-EBlI
4C,4583
380 1CG8
47.152€
43,0141
43.9961
A4G.582¢8
47,2264
45,8889
45,2599
45,8106
SCeCCCC
4(. (616
27.476¢C
37.5217

43,9416

W3.C

4€s.C127
4z26 1212
Zéo2&57
4642437
44.8529
48.859¢
aB.ag28
44,6897
47.C1CS
44,1C19

45.74CS

4601935 .

4Ee=CCC

47.5C07

1546577

4544118

4007589

41.6C21

At %aC1

44,2358

45.1£1C

41.5987

416523

4649484

2€4541€

48,9€22

23.%€52

aCe3727

w3.5
Na,58GE
38.88(C
JEe(CES
42,3571
42,5727
AESETEE
AEs 1€44
4 1.5€82
4443652
4145966
4246593
430€51%
44,3423
42,2896
32,4459
4242069
3640597
39e165E
A€, 2158
ACe7A(T
4(ed3233
3842759
37.6838
4246877

Ja. (€78

114e0

41,5027
15,7582
33,Ca76
3844321
39.9C38
43,%11¢
a2, 77€E

2GeCs78

41,6168

368.9458
3G6.65¢C1
4107598

42.CC54

42.1€1¢

2843951

41,24 (12

3541562

J€e959€

2641122

33.3333

Who5

37.8227
32e74€%
ZS.E7€12
56-552!
3743957
41, €201
41.1€77
I6ecaEC
38,5671
3645287
317.8137¢8
36,6527
3S.71€3
4CeS52¢7
25.777¢C
1G.34¢€4
3ie01Ca
34,5876
41,574€
I3.E34E
3408281
J1.54€¢€
2949587
264871°%
ZBe8GCE
17.8821
2245152

29,7989

¢ol



cAs

57

S5¢

65

€€

67

ce

6%

TC

71

72

7€

77

78

78

ec

81

82

FRESA

1

14

14

)

18

i

1

PRESE

-
.
o

CeCe

Coe CC

Co C(C

Ce CC

7,00

CaCC

o O (

CeC

0. CC

e CC

Ce CC

Co (C

CoeCC

€sCC

CeCC

Co (4

QeCa

Ce Ca

Okz

Ge CU

Co (G

Ne CC

Ce CC

CeCa

Ce C3

Co (o

e CA

Ce €6

Ce (6

e (b

0e06

Ce C6

Ce (8

Ce C3

Ce (8

CeCo

Co (3

Ce CC

0400

w2.0

34.3373
c%e779a
cbe 779 C
3Ce€(3a
Ja.8558
3342842
2345937
33.4492
36e17C2
33.8C9%
35.814¢C
37.4813
376053
38e7¢€09
2248137
36487107
29,6€1C
32.2339
33.,961¢C
2Ge74C5
3Cedb 17
284 4(CC
2601424
33.6595
543359
34 .580d
195789

2€e2SF¢

5.5
31.0127
2€eb 755
244C777
2€.8182
SE;IEcl
390671
3te097€
30.50¢6
32,2192
3Cev€CE
32e7922
3c.2040
3542496
363766
159211
34437CE
2te530E
2945950
3645817
2Ee2C55
27e521¢
Se2€1C
2Ze5%45
3Ce2469
22037C2
3240373
1€eCaaC

220851€

V]
2T e6548
307525
2149CCC
2345154
<Se5113
33-5453
32,8028
cTe6173
3Coa12
<a.5§59
3Ce 1855
2Ze553¢
33-0é03
334965
1741429
33.Caa7
2445455
2T +6800
3a,CCo4
224675¢
23.€72¢
2241735
1Ged774
2609397
2Cs?77358
2Je4(22
18,5419

15.£33C

6.5
2349535
2143652
1547125
2Ce4938
2649006
30.4493
1c.9215
2541866
27,6438
26,6638
278746
1C.73C9
30,9677
11.571¢
14,5263
3¢, 8495
21,9925
2544125
31,4425
T8.8940
2¢c.3233
19,1874
16,2963
23,6486
18,7851
2649231
12,3853

172414

u?.0
18 «4539
184 85€C
18.C29»
17.4359
24.0891
27.931¢C
28.2847
22.58€9
za.71C4
23,4862
2545396
28.135¢5
2845476
29.2107
11.93¢Ce
2B8.5(54
1907292
23.2598
28 .7879
1645877
17.C€ET?3
167442
13.7405
20,4225
1645226
23,6018
17, 538¢

18 .6€E7

w75

16,7939
1€,7756
15.368¢
1502632
2145481
24,6847
25.8491
2€e2783
2z2.CCC¢C
2101720
227612
2€43251
2643139
2€.8174
Se1722
2649291
17.33¢7
2143913
26+3C66
12.8712
12.(982
14.558¢
11.7187
173171
12,5381
2(.8337
BeB3CS

12.5285

n8.0

13.2€2¢
140622¢
33.686%
1302075
19.0065
2104286
2342422
18,1€32
19.2547
19,0291
2043846
284C437
Z6.6479
z4012C¢

Tel273
446753
15.8478€
19,5730
i1e5(C€1
111111

11.7E47

12,2546

9.6C00

139594

12.3€7a

184 (212

Te?7255

106577

#8,5
1¢et557
TzeTE54
11.5269
11.53¢5
17.0354
1841996
2¢e5256
1E. 7563

1€.66¢7

1640966

18, (198

2(e€749

2243818

21.€263

Te3cCES

21.7%538

12,1799

17.6685

209346

Co(a3c

EeCCCC

1(e 2757

€e3784

11.(236

1(.1€617

14.58(5%

TecB16

Se2159

19,0
7.8872
1Ca G557
1Ce 3211
1€ €55¢
14,5786
15 Ca (7
18 125
12,5776
14, (GES
14.3737
1501625
1% 12€(
2Cea461
19.1(71
E«EENT
2(.Cd€(
11.512¢
1509851
18+ 1818
€e87€2
T.cCE1
8e43SS
Te8E04
8e13(1
BeEEEA
11e 8552
T+ (SEL

Bel2aC

e
€.837€1
E.82527
6e235(1
T.2C4€1
Te17€22
TeT1131Y
TeCS22(
Ee74419
TelaZEE
7033333
758929
Te=3EEC
Tarst2s
7¢17211
EebHEET
6e451€1
€e9SCET
6e8Ca132
Ee€c2t2
Es€312¢C
€e75€76
7.7216€
7.377C5
74122265
TelfcCE(
Eoa23c8
6.825:7

Te24€28

€0l



ee

87

8e

as

95
9¢
97

98

1C(
102
102

103

1c7
1C8
1CS

11 ¢

FrESA

14

14

14

14

PRESH

35

3.2

N TR

Ce C6

Co (-

e (e

(e (8

NeCEt

Ce €5

Ce CC

Ca € (

_felcC

Ce0C
Ce CC

Co C(C

€t
Ce C(C
Se.CC
CeCC
Ce C(C
Ce € (
CaCa
Ne0A
Cs Ca
Co Ca
(s (o
Ce (€

felt

Ca (o

Ce Ca

Ne0a

Ge Co

Ce(a

Ce €&

Te (b

Ce (€

O« b

Ce (8

0.08

Ce (8

Nelu -

0400
0. CO
cuce
Ce CC
Ce CC

Ca.CC

w

w

]

HO,0
7543250
78.773¢
TeeT335
7243554
727085
T2.956%
7CeTEaCS
Teoea(19
72.€899
7T1.0588
72,0819
71.5892
T1.69C»
71.6125
7C.22C5
71,6851
7242712
72e59524
T1e 1585
7Ce 8155
TCobeC(
75.3711
77.5136
7243948
7643537
77.278%
Ta.2304

Tbec781

0.5
£7.567¢
bteba_E

6£.7241

6<e3511€E

6802792

6342747

bcedlc?

6a,CHY Y

6502136
6148838
64.5581
Eaq124E
62415497

62e91(Cs

6Ce39%2
5ca1402
6(e95(CE
€ESec712
T0«3671
64,8197
67,0487
65.93C7
bEe7825

6beiT51

#1l.0
tfe.8b9¢E
©€eSuSc
6Ce6299
581524
56¢957%
55e€82%
£Fe2CS(
58e7(C2a

S9et324

553102

58435C3
S8.764%
5607514
5745313
573705
58.5C2¢
5540C55

S 1.4472

£2.434)
55.C781
55e757¢
64,8287
588631
L2e7€1a
£84 1454
Ste8(B8(

£8e1227

Wl.5
5507748
ATe57€9
S6e8T AN
47,7679
£lez225
£Ce 1256
51e571€
544 CE64
55,2189
5048671
539414

S4e1%26€

‘E1.1137

£2.9213
T7.0359
54,0444
4347469
47.5277
S1.379¢C
4T.5578
5Ce9(72
£0el7<c5
600282
£3e8242
52e1458
€1e312C
5Ce32C9

50.5682

¥2,0
53e €29
44,0124
5442334
aa,05(a
4B. 1144
471272
487673
51e7449
524,892€
48,6054
517119
SCe.3CC1H
37{‘§|1
5Ce1555
51.5991
5243810
44,7297
46eCC21
49.%22¢
4a5.4018
4807179
4642435
57«61 684
él-‘((Z
48,%07%
4T.6489
47 e 3a€y

AT 43525

2.5
5Ce 1385
40,397s
518C72
4140015
44.7368
A4,1€32
47.C37¢
48,7212
5Ce €759
46¢3344
49.1925
a7.8%86
4641935
48.4C793
45,4994
5C¢1217
41.4Ca(
43,4783
47451912
4ce8745
46,3869
4Cea5€8
5449045
48.3871
43.t27°%
43.771¢
A5.E741

43,9614

W3.0
a7.13€€
31649527
49.4311
27.8C8¢
41.2271
41.CS7%
44,8828
47.1673
48.249¢C
43.9314
46.814¢C
44,35A8
43.648¢€
AS.ESS(C
47,3318

47.8272

41572
AB,ECCC

405577

4575995
4Ced )
319.8198
43.5€6¢C

39.0896a

W3.5
aZ.8378
32.5843
ns.acﬂs
3402577
I7.€5€2
37.€717
4ze7657
44,6133
A5, EE16
41.62(9
A4.2C19
41.£5365

4(.S308

4201475

4501651
QS-Q?S*
Ja,<7€2
39.2232
A2.4€79
3841266
41,6984
33475c8
AaE.5198
4245387
Ja,a1C6
3546455
16, €130

35.5116

W40
4Ce €519

29.6875

44,9794

1CeSS32
34,2€€8
24,518¢
40,4000
420219¢(
42243

202722

39, 314¢
3Ce8712
AS,60EE
4Ce2CS2
32,2200
3144168
37.278¢

322957

Wi 5
2701728
26436Ce
a1.349¢C
27.€4¢1
3(eael8
31.5¢€29
IB.5140
39.15¢2
aCe€z8C
374€37¢C
19,2273
36,6512
34,9454
17.528¢
40.8CE3
aCes767
ZSe11¢1

JE.2428

36.8122
27e2228
42,4248
27.4¢C22
25,5657
27.2321
Jac€cEN

CBeE3Aa

7ol



CHrS

85

a7
8y
8s

90

96
‘97
98
9y

1CC

10z
1035

114

176
107
-108
1C9
11(

111

14

14

14

14

14

14

14

18

14

A TR
Nefec
Cece
ol
Ce 8
Ce CE
5. 0¢
CecC
o CcC
G
€. Ce
0eC0
T
CoCC
ot
tetc
coct
Co CC
Ca C L
0400

Ce CC

feCa

Co Cc

el

2 CL

ar2

Ce (C

€. CQ
C.CC
Ce CG
CeCC
Ne 00
Ce (o
Co (o
Ce (A
Co (a
poon
Ce C5

Ce 6

Ne00b
Co (8
Coe (y
Ce CC

Ce (C

"

n

ud.0

32,707
23.24C9
A7+5CCC
2445318
26e TEYC
<HBeB8S30
3546539
327.Ca37
374947
34,7158
3be7852
3442857

33,5487

35.A8346°

38.3152
3240665
264 3C63
3245897
37430688
21143320
34,2857
2500513
2ys Ca24
Ia.8262
2441753
23.Ca1z
31,2611

z5¢4E18

#5.5

3‘-C971

2Ce00CC
3asc04a0s
Z1e44Z5
21,2692
25,9328
31,9734
34,3656
35,2273
3ceCEGC
33.9257
3147957
3Ce8a58
32.28¢(2
3248757
35.4331
23,2645

31eC3ac

35,1495

28.,0831¢
31e007€
2z.0085
2a,042¢
31.7406
2(¢3233
1€e3237
55.5669

2¢c0 1877

#6.0
262 €AC2

17.8C82

32e4324

18475CC

19,8795

23e5L57

31etS518

31,6865

3243725

97521

31,6054

2943515

25.5559’

3Ce972¢

2.78665

2Ce5825

2847671

33e052¢C

-Zte€C41Y

£G.0123
19. €687
21.3278
28.5984
l7c2662
15, 483L
ZSsccoC

17¢535%

46,5
23.24¢9
1446919
29,0780
16¢2162
17.C478
2C.7585

2904553

2849CCT7

2945¢53
2747211
2849931
26.9841
26,3251
2544983
31,3162
30,1533
17.54C3
P TR R R )]
3c.814C
445981
2604000
17.2336
27,0625
25,9259
1403921
1245654
2¢.2€62

1be 1426

W1.0
éCeCCLC
11.23CC
2546506
14,0725
1447426
18448 (5
iTe1987
26e422C
2545193
2543070
26,7025
2443102

24.1818

264 362¢C

2961722

27 +5618

115|6701

2443CE6

283133

2244793

2308411

14,9184

22.6630

23.(€7€9

122137

1Ce21%1

132(67

13,8614

7.5
16466867
S¢3199
2243301
12.2CCs
12e€91¢
164 €677
2641256
2343270
23.5632
224CC72
2349777

2244719

21.7613€

2440942

26465565

24,7706

1301635

2(+5C85

212229

13+ €952

18.6732

2Cen771

1€+ 3896

Eeag32

17.3C77

1Ce7€62

8.0

13,8756
TeSz84
1846592
J.8a3s
1c. 7382
194 €E93
c2e52c2
20.7510
2€.5179
2CeSECT
21.7672
19.7€74
19.GE1E
21,5739
Za.acc:
22.0532

11CB7C

1a.i175
18e5E41
11,1922
18.69C7
17.8€a%

8.971¢

749590
13.4228

Bet2c11

W8,5
1161111
Tea55¢C
150743
846168
§e31€2
120262 ¢
2(e4€206
17.827%
17,562¢C
16.2€92
16 17¢CC
17,5299
177515
19,8853
22.1:&9
15.4459
€s5C87
174 4€C3
2242451
1€e ESED
16.C564
946535
11,4¢€71
1£.2542
e2581
T.,47%2
11.4416

TeG5365

49,0
e.860C8
Ee G767

11.3082

8.2CC5

7.8522

1€ 181C

184 131¢

15,0424

14,1935

16417 3€

17 C3€5

1%.51C2

16.CGEE

17.6843)

19.629¢

17.C(AC

TesgE 1l

15,1712

19.73€C2

1. (3€%

1345338

B8eC6CS
teC5%€
1148642
Te0C€1
Te2222
9. 1545

Te88EE

We

Te21649

€.6EC58
7.175¢3
7.2093¢C
6e758z%
6.6210¢
Te174€9
6+915€4
6.88889

€e36175

" TeC2C48

TeCasacs
7ea14Z¢E
5.928E5
EeZLC(C
6e5CACT
Te594¢a
BoCESLE
6.97€74
€.75€7€
6,9¢279
Tel1942a

Te2CCCC

S0l



115
116
1172
118

115§

12¢&
129
13¢
131
132

133

135
13c

137

139

1a(

1E
1€
16
1€
1€
1€
16

16

16
16

1€

Ce CB
CoCE
Ce tE

Co CE

Ce CC
o CC
Lo CC
Q.CC
CeCC
e CC
(e fa

Ce (o

Lo Ca

CaCa

Qe Co

Co o

0.Ca

Qe o

Ce Co

Ce (b,

Cet6

D.Cob

0.C6

Ce Cb

Ce (8

‘Co 8

D408

0. C8

Ce €3

REF

w

(L]

)

X

Y]

3]

FNY
72.7357
7Cs6EBS
75¢0065
72e4436
7CeCiag
73694y
7341691
750153y
TaBATS
T4.7€CE
7245357
7CeSC90
73.438¢
7Ce7917
TCe2171
Ta.T7102

7Ce4396

T2.5C17

7Ce 3510

70.809¢&

71,2437
72.113¢
TCo 1743
7C.a561
75.0518
764386 ¢C

7503283

W05
bas490(
bcebaSa
6741052
6441314
ble3CeE
6Se08CA
Bce5554
h2e¢4155
66e5162
65-;237
6442306€
556567

€549631

6Ce3041

6(e5631
6648157
6€1e¢196E€
Ste22%E
63 162€
61.29C2
600372
58,1375
5¢s 145€
LIRS Y )
6CabbES
52e9361
6%4C3CE

bteb9TE

%l.0
572961
558974
5908930
560493 (

56e778C

$Be2691

S5Ze657(
53,0193
57.3¢72
58.C2C%
57,4737
£3.735¢
60,0207
52,6687
52,7895
6042784
564C92E
S£CeGC7a
S5449a%51
56.153¢
55,2481
51,9¢C¢
54.117€
5603735
55.€25¢
53.599¢C
6246219

SGe831¢

Wle5
£14699C
S1eC251
5442125
52¢(785
féet3za
5240829
4543278

461219

50e86C9

£1.7€47
£244146
49,9068
55,5683
48.8C17
£Co7255
£543€12
£1.9577
AT74C€EA6
495,63 34
Si.5454
51e399¢C
AT.7174
€C.5166
S2e12084
5Ce2294
45.2200
57.3%a8

€3.u7¢C

2,0
48,5123
48.5€40
511719
46.C228
4Ge56C]
49.5449
al.4cCc%
4243704
47.151C
4942827
49.563¢C
aB.CC28
5342044
466515
48,2136
5245575
49,9243
nE.?ZCJ
46.8223
5Ce1€29
4903521
A5.4649
43.%27%
49.3976
47.26€1

4048197

W, 5
45.4Ca7
45.579¢
AT .8442
42448375
Ak.aCte
a6eaCHB
37.575€
38,7402
A8 .5441
4€e2S6S)
46.€214
4548525
5008883
48,4048
4504658
45.797¢
47,6355
43.052¢
A4,(655
48e2AC(E
A7¢3¢C30
43,3451
A€ TA3T?
47.C183
44,7134
3547651
S1.4(8S

47.82832

W3.0
42,1512
A4Je.CacEn
A4,84544
29,5524
A0.%5E40
42,9412
1346717
34,9498
41,5748
4241€3¢C
43.81(8
4347126
48.1233
4243313
42.2C€2
46¢9c42
4542252
41,0675
415121
A6.6EET

4€,21C€3

ACeA2EAN -

48.7110

48,2702

42.2¢39

21 1(€9

48,1982

44,8223

V3.5
38,9571
4Ce 1947
01.€377
3te 2497
4ze332€
39.375¢C
2%« £23¢C
31.2721
3Ee3721
3Ce4CES
4(e 5257
A1.542]
As.e1ai
4(e2C36
aCe7527
44,422
42, (3¢4
38.67CY
3848972
44,Ca51
42,1518
38.€48¢C
42,7765
42,0328
3€.2CC7
2€E.E2¢6C
a4.€228

41.5£712

11440
35,4942
37.0(09¢C
27.18%$
3z.3cCC2
15,6433
3546551
264 €277
27,6552
15,4782
3742448
37¢Sa 1€
3S.5¢€87
43,171
37.9128
g, 4262
3. €178
4C.8C82
36.€511
36.8341
At1.83€7
41,3542

J€e2914

40,5627

39.528¢&

3€.7241

27241582

41,22€5

JEeLSa2

[L73%]
3241976
3404012
33,2628
25.89¢¢€
30.59%e
32.1578
ccediz2
Z441031%
3245425
32,352%
34,9436
37e41¢88
3J8.06E8
35,6759
JEeaS124
374G%CG
JBeakca
3406618
33,7641
aCe LC(C
3ve(117
Jas27¢2
3J8.47CH
37.C572
23.841%
1€+ 14 (€
27.€12¢C

1543261

901



ces

113

174

11¢

11¢

117

118

118

12¢

121

122

123

12¢

127

12€

129

13¢

1131

134

135

13¢€

137

13¢

14 C

FREDA

14
1e
14
14
1~'
14
14
1s
1€
1€
1€
lé
1€
1€
1€
VE
16
16
16
1€
1¢
16
1€
1€
J€

1¢

PRESH

o

Co CE

[P

CeCB

o C&

Co (E

CeCE

0,00

CeCC

Ce CC

Ce CC

CeCC

CoeCC

Ce CC

Co CC

De.00

Ce CC

Ce CC

Co T C

Co CC

C.0C

CeCC

CoCa

Ca (4

-

.
-
»

Cel4a

Co Ca

Ce CU

Ce (C

700 .

0 CQ

CeCC

ot

Ce CC
Ne0a
Ce Co
F-CQ
Ce (o
CeCa
Ce (6

Ce (b

Ce (8
Ce (&

Ce €8

0eC3
Ca €O
Co CC
CeCC
N.CO

Ce CC

[

wl.a

24eET3E
31.5287
cCeS1213
2beM184
3349239
2404133
18, Ba (s
éCe7739
2947343
31.2849
J1.871¢
35.35¢CH
37.5&06
33,709
33,6858
35(263
35.6(28
32.459»
31.C¢%2a
368421
JE. 7625
319051
36e 1461
3a4.375C
3Ce56CC
1A.~55§
3841603

3éeCLCC

¥5.5
25.a4b82

28.2137

2442188
15.5172
176935
2645347
27.7886
2Ee99c2
33.1437
3a.844¢%
31.4869
3142989
3201755

3242353

3¢.1935

27.943¢
3540827
Ja.8F11
29093854
32e3844
3ze.C5HE
2€.3828
1165512
10,1519

28.8845

o, 0
2241135
25.€871
22.155¢
2Ce3455
2943338
2Ce0162
12.88R%
15¢25CS
23,9754
2547545
ZEeCCT72
3Ce882s
32e1(53
2942233
294C792
2803784
3Ce7927
28.C585
c5.859C
3247434
32e4€10¢
2748861
31e€72
£%eC323
«5.6849

GeS23E
2647510

2547796

WS, 5
19.26948
2242423
136551
17« CCCC
25.17C1
177566
1Ce7CH2
12¢5E43
21+564A5

22438€33

‘2341639

28457 14
294582
27.0186
26+5886
Z6eC95E
2949383
25089C4
23.5075
3C.3817
3Ce51ES
25.0886¢C
2846920
2603158
23+ 0496

7ea2359
2c<e9911

c248942

Wt.0

15.0338
19.6262
15.3499
14.7844
2247686
14,5374

86247
1Ce7798
19445615
£1e65€1
20.472a
2645625
26-7(;5
24.5586

2441796

z3e2a71

2641789
21.8¢28
21,1538
28.C757
28,2875
2841325
26.5452
PERLI]
2p.22¢6

741579
19.6536

2Ce 1342

w7.5

1245275
16.9884
12,3832
12,4472
15. 2661
11.4155
341967
848952
1792C4
1545452
177186
24.3156
23.5686
22,1858
2148861
éc.sse1
23.825%
2145942
1848119
25.2459
2642579
2z.Ca21
24,4411
2Ce61EE
17.49CS
6.21813
1606667

17.£52¢C

n8,0

10.962¢
14.5129

c.gseg
1¢.7527
16.€3C5

8.7055

7.9812

Te6C1C
13.3178
144977¢C
1009474
22,1854
17415
20.2037
19,7441
17.73€4

2144533

193741

1643265

2248426

c8e 2208

<CeJENZ

c2+1198

17.7936

14.5669

6.4767

144179y

15.4C28

w2,5
845245
12,2449
7.4C74
SelcCa
116466
6.7208
T.T647
701566
12.2621
11.(843
12.3€42
2¢. €680
16.E679
18,4028
17,4812
12.€618
16, €721
17.151¢€
14,4050
2¢.2797
2:.063¢C
16.75( ¢
15.€513
14.7601
11.7886
€.2338
11.7€47

12.1287

9.0
TeC083
9,853
6eSa7¢
8.288¢
Ge8361
;.66!3
Te5472
EeS537€
Se%1éz

1Ce €5 3E

10,0222 °

17.9756
154 BESE
150 (7 14
15.C87¢C
12.%16¢
17« CCRE
15. (72 C¢
12.0172
17.9856
2Ce23¢€
172117
174 15€$
12,1672
Se C147
£.585¢C
Sea4aLE

11s 1G4 ¢(C

we
6e79157
EoTza%Y
€ed£37S
TeST228
6e77SEE
6295444
Te328€1
€a714¢€2

Te2500C

Ta12644
6.CCCCC

Tea1€.7

6;!9&59
T28CCC
6e19E25
TeCaae?
TeaaSz1
6e172¢4
Ee2CCCC
.87 (EN
TelAZEE
6e.2EECY
686522
Ee744]32
€sT5€E2E

Tez7272

Lol



tas

141

182

14¢€

147

1%

1€2

1€3
164
165
1€¢
167

1€E

te
16

3¢
16
1€

1€
ae
ae
16
1€
Y3
ae

1€
1€
as
a€
1€
*E
a€
1£

1€

ELd

[
.
wn

W
.
o

w
.
B

-
.
o

(™
.
w

NUTE
NeOn
Ce CH
CeCt
Ce (O
CeCt
OeCét
Co (&
Co CE
Ce CE
e (8
Ce CC
Ce CC
CeC

0.00

CeCC

CeCL
Ce C(

Co CC

CeCC
Ce CC
Co (C
CoCC
beoc
Co C(C
Co (4

Ce Ca

‘fe A

LY 4

Ns 00
a.co
CeCC
Ce CC
CsCC

N.00

ceCC
fe (C
Ne CC
CoCn
Qe Co
Celn
0.04
CoCa
Ce CO
Ce Co
CeCo
0.05
O« Ch
Ce (3
Ce (8
Ce €8

Oefy

REP

[

W3,0

THhelB12
7244(91
7é.9€93
Tae 741
Tas5€EE L
755297
756646
74.31€9
7104384
T0e YEAN
T1eB414
71.8447
53.!5C1
7541362

7Ce. (828

716317

70.8799

72.578s

72.3805

7T1.0(3C

T2e?713¢

71.3398

7Ce7(30

72.2158

7T4.C136

76e7a1C

7687 C0

77.581%

3.5
6585778
Blegny?
6te1715
5lenb22
€4.751C

S£.1751

‘635072

€4.092F€

6247678

6:.4579

6446712
59.15¢3
5542174
6€e235¢
63,6139
€4.34CA
61.5385
63.9862
57,5647
6LeB 40
6Ee2281
55,871
6Ces27a
6a.5a1s
£5.3043
bEe2CTC
SE.ZCTC

€5123CC

#1,0
59eN8S0o
55;3991
58e750C
54,9464
57+ 1595
57.1257
57 23455
tEe€321
S5.4487
560€699C
594325
54,9955
5941667
S584€16E
5845915
50804325
57+581¢
57+¢C513
53+%7(C3
5Se711€
SE7e178€

5444256

Sa.ECTE

5863420

587473

£6e193a

02.565(

612221

#le5

£242572
5141543
£3,9235
4801881
£1.8325
4648053
5Ce2786

£Ce2€a6

50e8841
S4e5771
S3ebR(C2
CaeyE18
Sme3573
5443246

S5ce0858

S1,7831
49,5276
ajes€(C1
?7.16(6

E4e7945

12,0
4906392
4841955
£1.2315
44,6559
49.1C3¢C
A1.7886
sb6e875¢C
a6e€6EET7
4609466
SCeCCCL
5341320
A§o6075
52.13€8
S51eC(E7
52.98%1
52.6558
5245732
29.5€6C9
47 4619¢C
49.5730
£Ce154C
48.3458
Af.881C
5te3317
5143376
44,7833
58,9738

5Ce2€58

H2,5

46,7988
As.€C22
“E 5714
40,6593
4602778
38,2759
s2.88(C
43.11€6%
43,9516
47,5294
48,5890
AT.25Ta
45,5455
a8.227¢
5¢e7262
5045313
5C.8882
4649657
A5.6262
48,2495

47.€6902

46e 1624

4642877

48,7245

4847926

ACeG545

5243546

87,2842

3.0

430426C
413594
4545790
367893
4302846
1401512

2Ge.28%7

40.8511
44,9383
46e2821
460 CCA3
46,5253
4502593

43,0172

48,2716

49,1342
4403213
43,6819

4€.127€

4541567

44,3038
48,2E40C
461126
lE.leé
27.22€3
49.56C1

43,0052

H3.5

Ale (304
ACeAdnns
42.5355
32,8597
4(e2567
J1e4176

3L.443C

JLecAcE

37.8539
4243721
4440587
A0.C716
8403972
Ace7C(2
4. €1C2
4602131
47.5846

41.€CC46

42022023
42,1548
32«55C7
457813

It EREG

1i4e0
2€. 1970

37,2858

40,2715
28,8136
37.5212
ZEo a0 €
31.7acCC
32.120¢
34,8438
EATE I RY)
41,5621
az.1965
21.6E€7
15.769¢
Ae, 667t
43.682¢
47.486¢
3E.5C%E
19,5322
a1.2.0Ca
3§.1496
4Ce€99¢
aC.C25¢
aC.62(a
AC.0C%€
2€.C72:
33,2039

32, B€77

Whe5
3i.8046

35.05€5

3Ee557€
1%.1822
4Ce2€c8
JreSA(E
3643€C(2
41.6727
40e985S
IZ-25(1
TR R T
37,3322
IveZtad
Jb.TELE
38.(282
27.52%7
37.77¢S
27,6825
255411
37.4545

29952¢€2

gol



CBS FRESA PRESHB NUTR QR2 REP 5.0 5.5 w6.0 W5 W2.0 w7.5 W8,0 1845 ¥9,0 we

14} 1E 2e 8 Ce (E Ce CC i <%0 2089 22,7837 21.,74PC Tde 8272 16 1(58 13.1241 1Cea7a17 Ee 1576 Te€ET2C Te1ECES

182 1€ 345 .06 0.00 2 3245503 30420483 27 «6978 254131297 2246523 1592(3 1744528 14, E2(E 1262271 €Ee72E%8
143 16 35 Ce Ce Ce CO 3 Ja.2193 31e25CC 2R420CS5 254283C 22.5Cag 1508381 169811 14,998 124 €CCC TeCAZLE
1aa 1€ 3.% CaCt Co(C L] éle250C Tee3%8E 154 (562 12¢5CC0 1C.826€5 8ea746 73529 - 64E965 6.56€E7  6.435€0
185 1€ 3% Caft  ColC 5 3148515 2849575 2641048 23,4927 214036C 18.4(35 1603636 14,2191 125891 7.C7(C71
14¢ 1€ 10e CeCe Co(C 1 2242427 15.55C¢€ 17¢221C 14.5€44 13.52€6 11.2861 Be2(51 ‘705692 7e452¢ 7eC122¢C¢
147 1€ Je% 0.02 0,00 2 2348200 2048826 17,7819 14.3€65 11.6337 7e4yag7 Te?7515 Tezl27 T.€312 6.78E%1
148 16 3. é.cs Ce C0 3 2542485 2148295 1379C% 16eC7148 12.5¢€2¢C 1Ce5C(5 ‘Be7275 7o 1ECS 6-93(7 6469515
14% 1¢ 2e% CeCE  CofC ) 28e 4734 25,26HR 22.2C1% 193424 16.€6CCC 140C2CE 116525 Celaze 7¢3332 64915€s
15¢ 1€ 3a5 Co (€ CoCC 5 J2e€3T1C 3(e529E 2T7e261€ 24en(638 21438(» 18.1651 15 (476 11.8577 8e979€ 6449895
191 1€ et C-Cf CoCa 1 36.802s 34-32§C 31.647¢ SB.8E25 2647483 2843682 2148284 1€.2678 17,1527  7.(CS5524
152 1¢ teC CeCC Cota 2 ’38.0021 3548151 33,989k 3142282 29,5775 27,2158 2409249 22,4206 2(e127€8 TeC€22(
152 1€ 5;t CeCC CocCa 3 3602602 3343333 3Cs8965 ¢T6753 24,9042 222222 19.€721) 1€.7728 10,5569 T.2:8¢€1
154 1€ €ol CaCC Cota L) 34,2342 3145157 2848495 Z6eb%5A  ZNe11E4 21.E41° J9e€(3E ‘;;42(8 186 5CS2 TelcatE
155 16 Sal 6-00 Ne0a ‘ S 3Ge4231 37¢<68E 36848597 3145217 294213135 2t 13LT 23e3(a2 2(e3571 174 1CE3 7415789
156 16 So Ce(C Ceoceo 1 33.8321 26e3222 33.8C72 2140855 éEo!7€l 25¢4448 :2.81361 154 L8252 17. €297 7T.06S24
157 1€ Ze Ce(C Colp 3 41e5(36 3Ce974ac 32,0764 3040544 3347094 3147852 29.3232 27,3570 25.27€2 é-QJCEQ
15¢€ 1k Sef (;(( Ce Co 3 33-5531, 3CeY278 2746978 2545556 22.9885 2Ce396¢C 169421 1545462 1247982 7437227
156 1€ el Ca (L Cofé . 351317 12.1177 2Ce8B824 ZBeaCa 25,3533 Zae.ClzZ €1e¢G(33 1Cea7CA 171474 7416122
16C 1% } S5e0 Ce00 0Oo4Co 5 37e1da0 34 008% 3202350 2Y9eTI1TT  STeZ2(8 2045614 21e4547¢ 15,5578 1€e 7250 Te2%4a¢(
101 1€ S5eC CeCC Cot8 1 32.1597 31425CC 2742212 258189 23.3C€8 2(e940€ 17.,91C4 t£.27(2 12e€9RA TeCCAE2
1€2 1€ el CeCC CuCy 2 la.239) 2244022 3Ce6990 23e8235 2645554 242567 22.061¢ 15.4676 1741233 T.1C172
1€3 iﬁ Sel Co (L CotB 3 35,6584 J3.6RTE  I147109 29,5282 2T742C13 25.4423 2304711 2146582 1946181 6.4EAES
1€4 1€ el CeCC Cotb L] 28,74C3 31,7887 (942497 Z€.5C82 23.5741 21.1765 18.£23S 1€ecS5CC 140 1C2€ 7427227
168 16 50 0.0 0.08 5 38.70N9  2.,0285 29,1280 203969 23,9084 217213 19. 678 12.€723 14e822( Te.2EY1EE
16€ 16 Sel €. Cs CefC 1 cce5225 18467651 15489 24 122449 ICe€aCa 8eC2308 TeS2€S Tet22¢C €,7751 €.Sz114
1€7 1€ Se CoeCa Cu(C & 37.9C61 33,4462 3(C.Ea%Z cTedB26 cs8a%E14 1646262 17.859¢% 1442178 Sa»S8T7E B.02129
158 it Sef (o Ca /Co(C 3 €5¢5(TY Z1e2a1 17.CbS4 13.0 146 1Ce 3261 7.8212 7.8212 743C3a Te (422 6.779€6

601



cas

17¢

171

| 3

173

174

175

177

1TE

178

18¢C

FRESA

i€

BQESH

w

o (L]

w

o

o

3

AuTw

Ce (A

Co (o

fe

Co 6

Ce (o

Co (€

Co (€

fe 2

Ce(E

Ce CE

NeNE

1.0
7T1e053C
71.8C219
73.15¢€3
The0155
735172
74.25(2
TasoTi
T2ee9748
7543731

TQ0eB2C9

TCe7354

73.8320

Wl.5

£2e576¢
63.5231
€4¢59 10
0T7.5070
62e7184
64,3157
6547674
€5.5CR3
6541064
50.068¢C
€Ce3952

€245737

#l.0
foa1211

Sce€ERTS

61e1173
5243573
“A.E153
S8. (866
563876
5941216
539216
S4e1294

52:963¢C

Wle5
S1,17€5
£5241CcB
48,4415
5543273
42482706
47,5524
£C43316
51.348¢C
5342186
49.4(8(C
4946175

45.8¢37

w2,0

Ao ETSC
49,5695
43.125¢C
5240661
ACe832¢C
43,€6C5¢
49,2414
S1eACTE
50.3820
4741316
474133¢C

43¢52C7

1i2e 5
45eGE€2E
46.8223
39.C285
48.9730
3648421
35,4184
4547227
49,1077
46,4602
A4 .64C8
2446579

37.84867

#3.0
43.3060
44,2177
Jae2€7C

AS.625¢C

32e7456

3t.2332
AZed1CC
AEe49€C
44,1538
4169753
2ze23(E

3leS68EB

Vi3.5

4046295

41.5121

J2.216C

4241527

28.8889

3t.3187

38.9718

43.7€77

4045892

3G, 35488

39.%8Ce

3Ce216G8

f( e O
27.7811
38.7 145
29e¢Caa8
21842979
254 14€2
2;.3256
35e4386
4(.G52c€
37.6289
3€e7429
37.€219

2€.4479

¢3.1557

317454

37e08EC2

33.c2%¢

3a.C812

34,33C2

cze7181

oLl



cas FrFSa

189 1€
17¢ 1€
171 1€
17 1¢
173 1¢
174 16
17¢ 1€
176 1€
177 I3
178 1€
176 16
18¢ 1€
0BS
PRESA
PRESB
NUTR
ORZ
REP
Wt
We

PRg Sn NLTSR

£ To (&
E Co Ca
S Ce Ct
< Ce (c
5 Qe o
5 Ce €5
H CoaCE
5 (o L E
L. Ce CE
-] CeCE
5 Ce CE
5 Co CE

a2, 2

REF

w

u5,0
22418495
3ze786€Y
2¢e7176
3Cey5sm
18,2979
193718
2202651
LETRR E-N
3Ce857%
20+9828
31.3988

1842797

45,5
QsS4 tc
2GeG 145
19629CS
cTeCaa(
15,0482
16 46667
c4eTuan
324€2C5
2570669
iBeST14
28.4858¢C

15642637

#6,0
cbed(78
é7.C403
174C843
2341788
125285
14.1876
21,2¢75
2543398
zS.CCaC
25,6329
25.8842

13.8CC9

Observation number associated with a

Crushing roll pressure, first

Batting roll pressure, second

Nutri-Binder (%)

Orzan G (%)

Replication number

Moisture content, wet basis, at elapsed time t (t = 0.0 to 9.0 hour)

set of

set of

6,5 W?.0 Wi.5 8,0
24,1318 Z21.4C1E 186275 1€s1€1€
2443582 2240532 1942913 1646667
1443529 120773 9.4527 Te3791
1648157  15.72€S  13.217C CoE4aE

Se8562 8457 14 Be13a¢ 706923
11493718 1Ce (719 B8s7591 Te4C74
18,5401 154 56€23 1247%€c 1CeETSE
2543759 2202092 19,1446 157113
€2e73S5 19,5122 1645517 14,5882

©Z2e9509 2042037 17,1076 14.8551

2342945 2Ca5172 1749715 152574

1163622 Se715€ TeZ243 Te29¢3

particular piece of data
rolls (kg/cm)

rolls (kg/cm)

Equilibrium moisture content, wet basis (%)

48,5
13,5417
14,4050

741429
7e826¢

Ted€99

7e1782

BazZCA

13.3188

12.52C12

1246354

1243574

TeC722

49,0
1CeG842
12,3932

69C54
7e.4ac8
7T.24€0
€.9479
7.0707
949773
1Ce5611
1C.133€
9.9€C9

€EeCAEC

we
Te15€¢€
7T.0294¢
6466667
TecCCCC
Te(217¢
Ge71€642
Te2047¢
Ts0257€
7-;6]!3
€e93I(ES
6e68C1E

€s€E1T7EEL

Lt



UB>

PRESA

2

12

12

12

12

14

14

1A

is

16

16

16

PRESH

NUTR

arRZ

REP

1.0
78,1335
R0.3010
78.65490
7343710
79.1580
7847291
7841955
79.0366
77.7170
74,5728
7645085
79,5470
7844793
78,4932
7642599
73.6413
7848540
TTe7929
7841293

75+9450

Wd.5
Taa278b
74487 0c
7443590
7449405
Ta.5791
7Tne2247
7143337
7 0. 00090
7045510
6843135

T0.7024

7142633

71.5184
691855
7040261
6542952
69,6070
6946179
6743046

5B.4968

Wl,0
7143649
7240388
T1.6895
T2e8908
71.56165%
6240525
657725

613267

- 6842935

63,0219
6243068
6340645
65,4684
6043535
64.2116
5741271
61,4907
62,2248
5649106

617486

Wle5
579960
6807630
54 ¢6869
70s4120
6843770
54,1126
611922
58,2222
5941990
5308950
55+4149
5945658
6Ne5T721
53,0643
5946019
$1.50605
5540073
561828
4845437

565217

42,0
6645973
67,0103
67.0213
6941707
66.5158
49,6835
58,6788
50s4808
5003588
5646434
512308
5649986
584 0132
49, 1909
5649825
49,2147
5243010
5209582
43,0141

53.7037

W05
6507217
6542593
6541685
6Te7551
684.6784

=
46,0102
561210
86,5398
5344950
53.7888

47.6033

- 5347267

5540355
44,8155
S5443Ce6
46.4088
49,0969
49.3789
39.4286

5067042

#3.0

64.53Cs

6341242

63.2701
6603472
62.67C0O
4146514
53;29'3
4242430
5004559
51.938¢C
43,1900

5047438

52,1870 -

40.53C3

518085

42.5185

LITRXY XY

4641157

34,9693

4T.6831

3.8
5341038
61.0811
6103466
6407715
60e5744
3840117
50.3888
38,0762
47,2892
49,1108
39,5038
47,1631
48,8710
3600489
4842759
80,2157
41483386
42,5084
30+5677

44.1786

W4a0
6145569
589158
59.3!7b
6341702
58¢4598
3440289
AT ,5329
33,6910
43,7931
4643203
3545591
43,7736
45.6261
J1.4410
45.153¢
3742168
383639

38.9513

2640465

4 0.7783

Whe5
594264

5647568

57.1823

61.5104

5603584 °

30e 1099
4442308
2946128
400293C
43.405¢C
31.681C

3849344

‘4241533

2741462
a1.723¢
33.9012
34,3220
35,3175
2240588

3741634

(49



URS

10

11

13

14

15

17

18

19

20

PRESA

n

12

12

14

14

14

14

16

16

16

PRESYH

NUTR

ML

0

REP

u5.0
53223
58,0457
554 0725
59.7G06s
54,0335
2542181
4140351
2547212
308217
40.4800
27+ 1264
3549140
3840847
22.8501
}5-2526
3047143
30.6488
31.368s
18.2519

33.7121

u5.5
564385y
224 3179
52+ 8150
57.9787
5167572
22.8155
37.3281
21.7722
33.6049

2743737

23,6145

3245792
34.6392
19n250é
3449057
2607325
2643050
eT7e7162
154255

J0e 0000

W60
Sa4.725n
50a3484
50.6369
55« 1720
4959171
1342893
34.07209
18+ 4697
36.1927
34,3915
18.,9258
2848782
31{3653
1644898
31.4115
240188
23¢2073
244180610
13+ 1148

2043158

#6a5
53. 0015
4841081
4944193
5842692
43.1100
1lo.3158
3041969
15e 3425
274 Qb9
30.9833
161376
284 TATS
2742936

13,2597

2748283

21.1382
1R.6352
20.8738
10,9284

22,5664

w7.0

S51e 1816
45208647
46-1806
5245526
4643588
13.5870
27 0023
124 2159
28,0093
27,6265
12.4309
2005333
2346145
11,5493
2441758
17. 7966
14+ 3646
17.6768
Je 1829

18« 9815

W7.5
4943691
43,7500
[ETRELSY
5007788
44,7898

11,4206

23413257

101744

214 0654

24,3902

9.6866

15 0997

199495

97701

2046897

149123

1209213

14,4357

78261

156627

W8, 0
07,5490
42,4000
4202719

496 1143

43. C189

Fe 1429
19,8492

840357

1842957

20.6823

7+3099

1203529

159151

Bea548
168675
11.6173

865546
11,6531

T«5561

12,5000

WB.5
A€o N508
40,3727
40. 154848
a7.4210
41,2851
. Te5581
1505206

Te7612
1549794
1T «5166

670647
1045105
13.3880

Te9179
13-5336

84906

Te7381

Y YT

7.2886

346162

#9.0
44,2708
3849831
38,4921
4527576
39,8406

T.2886
13,0790
T.4859
1347566
14,0878
bea897
Tea53s
1€.19863
Te5671
10,1562
7.8385
Te84627
T.6487
7.0175

T.3947

We
495652
7.09677
7413563
7.05882
7.07692

Te01754

‘5499708

6092771
7212251
653266
6021302
7T.16511
7. 03812
Te3T463
7.00809
T4177¢3
7.18563

T«38636

“6aTasBT

691489

et



APPENDIX B

EXPERIMENTAL VALUES OF THE DRYING CONSTANT .AND DRY

MATTER LOSS FOR HAY BATTING (W!TH BINDER)
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TABLE XI

EXPERIMENTAL VALUES OF THE DRYING CONSTANT K FOR HAY BATTING

Crushing Roll Batting Roll Nutri Binder Orzan Values of K (Hour _]) Average K
Pressure (kg/cm) Pressure (kg/cm) (%) (%) For Five Replicationss* (Hour ~1)

12 3.5 0 4 0.427° 0.319 0.419 0.345 0.321 0.366
0 6 0.356 0.383 0.362 0.275 - 0.293 0.333

0 8 0.370 0.348 0.315 0.276 0.288 - 0.219

4 0 - 0.381 0.578 0.339 0.386 0.511 0.439

6 0 0.420 0.382 0.374 0.320 0.333 0.365

8 0 0.458 0.400 0.486 0.445 0.627 0.L40o4

5.0 0 4 0.307 0.293 0.335 0.302 0.283 0.304

0 6 0.340 0.351. 0.388 0.327 0.344 0.350

0 8 0.399 0.278 0.376 0.367 °~ 0.281 0.340

4 0 0.364 0.611 0.709 0.530 0.603 0.563

6 0 0.569 0.380 0.750 0.297 0.568 0.512

8 0 0.500 0.474 0.425 0.437 0.477 0.462

14 3.5 0 4 0.369 0.315 0.315 0.367 0.357 0.344
0 6 0.358 0.3 0.306 0.294 0.278 0.315

0 8 0.595 0.275 0.399 0.332 0.294 0.379

4 0 0.484 0.491 0.513 0.579 0.464 0.506

6 0 0.489 0.345 0.630 0.516 0.h446 0.485

8 0 0.597 0.335 0.557 0.501 0.432 0.484

5.0 0 4 0.299 0.336 0.337 0.330 0.332 0.327

0 6 0.346 0.345 0.320 0.271 0.314 0.319

0 8 0.513 0.296 0.265 0.331 0.326 0.346
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TABLE X! (Continued)

Nutri Binder

Values of K (Hour _l)

Crushing. Roll Batting Roll Orzan Average K
Pressure (kg/cm) Pressure (kg/cm) (%) (%) For Five Replications¥ (Hour ~ 1)

4 0 0.549 0.421 0.368 0.585 0.640 0.512

6 0 0.447 0.577 0.465 0.397 0.532 0.483

8 0 0.515 0.374 0.492 0.676. . 0.611 0.533

16 3.5 0 4 0.452 0.428 0.410 0.289 0.338 0.383

v 0 6 0.313 0.332 0.381 0.299 0.291 0.323

0 8 0.398 0.288 0.273 0.306 0.274 0.307

4 0 . 0.345 VO.398 0.719 0.438 0.426 0.465

6 0 0.541] 0.376 0.380 0.614 0.407 0.463

8 0 0.600 0.614 0.555 0.484 0.378 "0.526

5.0 0 4 0.321 0.254 0.353 0.374 0.289 0.318

0 6 0.308 0.230 0.376 0.276 0.289 0.285

0 8 0.379 0.290 0.284 0.360 0.370 0.336

4 0 0.637 0.421 0.630 0.389 0.376 0.4390

6 0 0.618 0.513 0.677 0.636 0.508 0.590

8 0 0.393 0.439 0.377 O 0.653 0.447

.373

“Values of K found from statistical fitting of experimental data to the model MR = EXP (-K8).
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TABLE X1

DRY MATTER LOSS FOR HAY BATTING (WITH BINDER)

Average

Batting Roll Nutri Binder Orzan Values of Dry Matter Losses (%)

.Pressure (kg/cm)

Crushing Roll
Pressure (kg/cm)

For Five Replications=® (2)
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TABLE X11 (Continued)

Crushing Roll Batting Roll Nutri Binder Orzan Values of Dry Matter Losses (%)

Average

Pressure (kg/cm)  Pressure (kg/cm) (%) (%) . For Five Replications® (%)
16 3.5 0 4 9.7 7.1 6.0 8.2 3.8 7.0
0 6 7.5 5.4 7.3 3.4 3.2 5.4

0 8 3.7 7.8 5.5 5.2 5.4 5.5

4 0 7.5 8.5 11.0 11.6 12.5 10.2

6 0 10.6 11.0 12.2 1.4 8.7 10.8

8 0 10.8 9.8 11.9 11.2 11.8 1.1

5.0 0 i 6.7 6.5 5.5 L6 9.0 6.5

0 6 7.3 5.6 6.4 3.9 4.7 5.6

0 8 7.7 7.2 2.8 2.6 L7 5.0

4 0 - 9.2 10.8 6.1 L7 5.2 7.2

6 0 12.6 10.1 6.9 10.0 9.4 9.7

-8 0 10.9 11.1 8.0 9.2 9.8 9.8

*Values of dry matter losses found from pickup unit experiment for hay batting.
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