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REASONS FOR STUDY

Interest in artificial dehydration of hay and other forage crops has in-
creased considerably in Oklahoma during the past few years. The possibilities
of dehydration apparently have stimulated the interest of individuals with sur-
plus capital to invest in new industries., Livestock feeders are interested in
the possibilities of getting a high quality feed through dehydration.

The Oklahoma Agricultural Experiment Station has received many letters and
visits from persons seeking information concerning dehydration of hay and other
forages. Some of the guestions asked by these individuals concern:

1. Types of dehydration units available,

2. Initial cost and operating expenses.

3. Installation.

4. Principles and methods of dehydration.

5. FPeeding value of dehydrated alfalfa meal in comparison with sun-cured -
hay for various types of livestock.

6. Proper meadow management when alfalfa is cut for dehydration.

Since very little information has been compiled in regard to dehydration of
hay and other forage crops, the author was assigned the task of bringing together
available information which could be used in answering inquiries. This informa-
tion was obtained by:

1. Reviewing research data on dehydration.

2. Personal correspondence with owners of dehydrators in Oklahoma and

elsewhere,



3. Contacting manufacturers of variocus dehydrating units.
4. Personal visits to locations in Oklahomz where dehydrators were in

operation,



HISTORY AND GENERAL DESCRIPTION OF DEHYDRATION

More people are dependent, fully or in part, upon forage crop production
than upon any other class of crops. Forage is the very basis for a large part
of our livestock and allied industries. The hay crop alone has an estimated
annual farm value of approximately $700,000,000 (18). It also has been esti-
mated that the United States farmer recovers not more than 75 percent of the
value of the hay crop produced, due to difficulties and lack of efficiency in
harvesting, curing, handling, and storage practice. Proper curing is necessary
if losses are to be reduced to a minimum,

Several methods of artificial drying of forage crops have been in use for
a number of years. In 1909 alfalfa was dried in Missouri by machine, and in
1910 native Louisiana grasses were dehydrated. From these areas the practice
spread elsewhere., Many systems were tried and discarded. One of the earlier
machines carried the green forage on a wire apron conveyor through a drying
chamber where hot air or furnace gases were circulated by fans., Crops like
alfalfa and the grasses were dried whale, but the coarser crops were crushed
or chopped for proper drying. Various drum types of dehydrators were con-
sidered experimentally. In these dehydrators the chopped or shredded material
was exposed to high temperatures for a short period of time,

The same principles are involved in our dehydrators today. The progress
made by commercial, federal and state agencies has been rather slow until recent
years. Commercial concerns have become interested in artificial dehydration of

forage crops and have improved the equipment in many respects, The purpose of
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dehydration is to convert the raw material, at its best stage of growth, into
the highest priced finished product, and at the same time minimize the risk of
crop loss at harvest time.

In general, artificial drying, when properly carried out, will eliminate
the numerous hagards present under ordinary hay making procedures, These
hagards that normally occur may reduce the quality of forage. This artificial
drying process helps retain the plant nutrients, a large number of the vitamins,
and, in some forages, unknown nuirients that are important in the diet of animals.
By dehydration, excellent forage in large quantities can be produced in some sec-
tions where climatic th may be a problem in hay making. It is quite
evident that dehydration would be of much more value in areas of high rainfall
than in the drier areas. In areas where farmers have access to a dehydration
plant, the gamble in hay msking can be reduced to a minimum, Less storage space
is needed for the finished product and the ease in feeding dehydrated forage is
an added convenience.,

The average fmur is interested in the home made kind of feed; the forage
and hay crops which he can process for his own profit and advantage. Hay and
other forage crops can be dried artificially, independent of sun and weather,
and in this way feed of a superior quality can be assured. This is especially
true in the more humid areas, where rain and dew often play havoc with hay, some-
times ruining it completely. The main object of dehydration is to preserve the
feeding value of forage crops. -

Interest in artificial drying of forage crops in Oklahoma has increased
considerably during the past few years, mainly due to the increased acreage and
the possibility for further expanding the acreage of alfalfa. The reduction of
cotton acreage, which has limited the supply of high protein feeds, also has
stimulated dehydration. In the higher rainfall section of Oklahoma, hay making
is a gamble with the weather, especially along streams and rivers where rich,



fertile fields are subject to overflow. High rainfall and humid conditions
cause losses of food nutrients in alfalfa hay due to exposure, Farmers in
those sections are interested in new methods of curing hay to avoid losses
that normally occur under regular hay making processes,

Although dehydration has numerous advantages, some of the disadvantages
 which are listed should not be overlooked.

l. The expense involved in dehydration. The studies that have been made
are not sufficient to fix definitely the cost of drying.

2, At the present cost of dehydration, it appears that when field losses
are greater than 25 to 30 percent, and if at the same time the prices of hay
are relatively bhigh, then artificial drying may pay.

3. Morrison (25) reports that if the temperature gets too high during the
process of dehydration, and the hay is charred or burned, digestibility may be
decreased considerably, especially that of the protein; some of the unidentified
nutrients are dutroyold.

4. Vitamin D is generally much lower in dehydrated hay than in sun cured
hay.

Some progress is being made toward a plan for sun curing hay between 40 and
50 percent moisture and then placing the hay in a barn so equipped that air,
heated if necessary, can be forced through it to complete the drying. Since less
expense is involved, this method of mow-curing is worthy of consideration in
storing hay on the farm in Oklahoma.



PROBLEMS IN CURING HAY AND OTHHR FORAGE CROPS

For many years farmers have been concerned with losses in hay which
ordinarily oceur by the regular field curing method, which until recently wae
practically ihe only method ever used in preparing hay for storage. Losses
usually are due to:

1. Loss of leaves (that portion of the crop richest in dry matter, pro-
teins, vitamins and minerals) which usually occurs under ordinary conditions of
field curing of hay.

2. Lloss of valuable constituents of the hay as the result of leaching
and over-drying, which may at times in certain localities account for as much
as half the value of the crop.

Loss of Leaves

Leafiness and color are correlated with carotene and protein content, as
the leaves contain a much higher percentage of these important nutrients than
do the stems, The retention of leaves and green color are the two things most
important to the producer. 3Since the leaf color and percentage of lsaves are
important in hay quality, the best method of haying will be the one that saves
the most leaves and then retains the green color.

Loss of leaves is reported by several investigators (8,20,25). They
found that for average conditions of drying and handling hay in good weather
the loss is approximately 20 percent of the total quantity of leaves. When
it is considered that 65 to 80 percent of the total protein of the alfalfa
plant is in the leaves, and that the leaves also represent one-half of



the dry matter of the plant and the major portion of the minerals and carotene,
the loss of 20 percent of the leaves represents a loss of approximately 20 per-
cent of the total nutrients in the hay.

It has been reported by Kiesselbach (21) and others that the change in the
leaf percentage of alfalfa ranges from 57.3 in early stages to 33.3 with advanec-
ing maturity. The leaf losses which appear in full bloom stage probably can be
attributed to disease, insect injury, adverse weather conditions, lodging and
natural leaf shedding with maturity. It has been shown that 2lfalfa leaves are
roughly twice as high in percentage of protein as are the stems of the same
plant, while the stems have a crude fiber content about three times that of
the leaves,

The composition of the leaves and stems changes with age as is indicated
in Table 1. The change in the stem is much more rapid.

Table 1. Percentage of leaves of alfalfa and timothy and their change in
composition at different stages of growth.

Proportion Leaf Stem
of total Crude Crude
welight, Protein, Fiber, Protein, Fiber,
Stage of growth percent percent percent percent percent
Alfalfa (39)
Prebudding stage 58.5 32,83 12.47 19.46 30.94
Budding Stage LB.4 28.38 13.19 13.57 42,88
Early Flowering
Stage 42.1 24,57 13.94 11.03 46.49
Timothy (16)
Headed 38.22 11.6 24.3 bady 33.8
Just past full bloom 20.5 11.0 25.0 3.2 5.7
10 percent of heads
straw colored 11.5 9.0 25.0 2.9 43,0
Heads mature 10.0 6.6 25.9 2.8 41.6

Studies in Kansas (10) report leaf losses during curing varied from 2.3
to 34.0 percent. This loss is 1.2 to 17.4 percent of the total ecrop and a

proportionally larger part of its nutrient content. These data compare well



with those of many other investigators, who report 30 percent or more loss
of leaves in alfalfa during the curing process.

Data reported by Grandfield and Throckmorton (10), shows the percentage
of leaves in alfalfa hay varies from 41.6 to 53.4, depending on the stage of
maturity at time of harvesting (Table 2).

Table 2., -~ Effect of stage of maturity of alfalfa on yields of hay,

percent of leaves and protein, and total protein produced per acre., (Average
for 8 years.)

free hay per Leaves Protein Total Protein
Stage of acre in hay in hay Per Acre
Maturity
= Tons _ Percent Percent Pounds
Bud Stage 2,427 53.4 19.78 960
One~tenth bloom 2,931 51.1 18,92 1,109
" Full bloom 3,037 LB8.4 17.63 1,071
Seed Stage 2,647 41.6 16,04 849

From these data, it is evident that the highest percentage of leaves is
obtained in the early stage of growth, but that the largest amount of protein
is obt.;inad when alfalfa is cut in the one-tenth to the full bloom stage.
Since 65 to 80 percent of the protein in the alfalfa is in the leaves, it is
important that the alfalfa be cured in a manner so that the leaves will be
retained, Alfalfa can be dehydrated immediately after cutting. New-mown hay
contains from 70 to 80 percent moisture, depending on the atmospheric condi-
tions and stage of growth when cut. Handling hay at a high moisture content
avoids shattering of the leaves,

Overdrying alfalfa hay in the field is probably the most common cause for
the loss of hay quality. If hay is too dry when handled, the leaves shatter and
a high percentage of nutrients is lost.

Loss by Exposure

The exposure of forage to the sun and weather in field curing should be

as brief as possible, as these are the chief factors in the destruction of

carotene, a source of vitamin A, in a feed. It was reported by Wall (38) that



in order to secure a high carotene content, hay should be removed from expo-

sure to sunlight and weather as rapidly as possible. lHowever, there are a

number of other factors causing the carotene content to vary in dried feeds.
The average carotene values which may be expected in Oklahoma feeds

are summariged by Wall (38) in Table 3. High values were found with young,

Table 3. - Range in Carotene Value of Oklahoma Feeds. (Effect of
drying and storage on carotene.)

G'P-ma bry ﬁilil)

Carotene Carotene Carotene

Green Dried 6 mo. storage
Kind of Feed High Low High Low High Low
Bermuda 375 225 185 100 85 30
Alfalfa 390 200 200 80 9 20
Sorghum 165 75 90 35 K 10
Johnson grass 90 60 50 20 20 7
Soybeans 250 100 40 65 120 25
Hungbeans 200 120 100 45 70 25
Wheat 300 180 140 70 80 25
White clover 185 90 65 L5 25 15
Sweet clover 100 80 55 35 » 15
Big Blue Stem 120 70 60 30 20 7
Little Blue Stem 100 65 55 30 20 7
Switch grass 80 50 45 25 15 5
Bye grass 320 200 160 105 0 35

green, fast growing plants, grown in the spring or fall when soil moisture
was plentiful. Low values in general are for more mature plants, and for
plants grown during the summer when rainfall was slight and the temperature
high. These values were in all cases for plants that were still green and
had not been seriously wilted by exposure to sunlight or drought.

Keim, Hathaway and Davis (13) working on the carotene content of twenty-
four grasses native to Nebraska found that the carotene concentration of most
of the grasses was moderately high during the growing season and declined to
a rather low point by late November. The carotene values observed d\-xring the
periods of greatest concentration varied from 511.6 p.p.m. (Sandhill Bluestem)
to 122.6 p.p.m. (Northern Reedgrass). These values ranged from 60.7 p.p.u.
(June grass) to 1.6 p.p.m. (Little Bluestem) during the period of lowest

concentration,
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Sun curing and artificial drying both cause losses of carotene, but the
artificially dried plants contain approximately seven times as much pro-
vitamin A as the brownish-green field cured plants (8,15,30). Freshly cut
alfalfa contains about 390 parts of carotene per million parts of dry matter
in the hay (33). Approximately 90 percent of the carotene may be saved by
proper drying.

Bleached hay contains little or no carotene. As much as 65 percent of
the carotene may be lost in as little as 30 hours of normal field exposure;
it is necessary to bring hay to an air-dry condition in the shortest possible
time to retain the carotene content.

The necessity and importance of carotene in the well-being of farm
animals has frequently been discussed in the literature., The vitamin A con-
tent of milk and eggs increases as the carotene in the diet of the producing
animals is increased. Unfortunately, carotene is lost by oxidation during
storage of dried alfalfa meal. Smith (32) found that only one-fourth of the
pro-vitamin A remained after hay was in bales for 12 months. Wall (38) re-
ported a loss of approximately 50 percent of carotene might be expecied under
average conditions between the newly made dehydrated hays and those that had
been stored during the winter months until May. The loss can be lessened by
packing in good, reasonably air-tight bags and proper storing, but this is not
practical for farm storage.

The vitamin D content is higher in sun-cured hay, while vitemin E is |
present in larger quantities in artificially dried hay.

Exposure to weather for 96 hours without rain did not affect the vitamin G
content, but 0.68 inches of rain removed as much as 50 percent of this vitamin
(17).
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(uilbert, Fead and Jackson (23) showed that losscs from leaching may be
as high as 67 percent of the minerals, 35 percent of the carbohydrates (nitrogen~
free extrast), and 18 percent of the protein. Only a glizht loss of fat was
sobed. Hay steored with bigh melisture content undergoes very serious deterior-
alion, and often its feeding value is destroyed completely. These losses are
probably due to the re :spiration proeess of the living plant cell amd te the
activity of micro-orgonisms, Respiration eontinues for some time after the
sreen plants are ecut unless the plants are dried iumedizt ly' The losses due
to normel respiration in the field sre largely conbtrollsd by the rate and
efficiency of drying. Since the plant cell lives for several hours afier
sutting, respirastion conbinuss and loss of dry matter due to £his process is
reporbed Lo range from 3 to 13 percent of the totzal dry wéight. Bacteria

24

sud enpymes alse begin scllon immedictely, tending to destroy the plant,

o o



TXPRS OF CEHYDRATORS

3ince designs of dehydrators vary widely; the initial cost, fuel
reguirements, oporating tewperatures, und operating conditions also vary
considersbly. Prospective buyers should investigate very thoreouzhly the
dgifferent types of units available before buying. Detailed spscifications
and recosmendations based on the buyer's requirenents will be furpished by
manufacturers.

Several types of machines heve been developed for the rapid artificial
drying of hay by using heat from fuel oil, zas or coal furnsce. They may be
clasgified as (1) conveyor type (2) rotary drum and {(3) pneumatie drier,
There are many variations within sach type. Uriers are sade in capacitics
usually ranging from 3/4 tons to 3 toms per hour. The dehydrated forage

may be blown direetly to a storage structure, or it may be pulverized wilh
2 hammer mill for the purpose of sacking or pelleting.
Apron=conveyor Drier 1/

In the apron~conveyor itype of drier the 3 foraze is loaded on an
endless scereen-wire apron and conveyed through a drying chamber where hot
air or furnsce gasecs are eirculatsd through the layer of forage by means of
fans. Flgure 1 shows the drylns process and how the molshturs-laden eir is
allowed to cseape into the atwesphere, o general the drying of whole plants
of grasses, ¢lovers, and alfalfe is satisfactory in this type of drier; there-
fore the uvsual farm haying equipsent say be uped for harvesting., The aprons

N

conveyor drier operates at a relatively low temperature, 2509 to 350° V.,

1/ In all instances where the word "drier" appears in this thesls, it has

reference {0 a dehydrator.
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making it neeessary that the forage be exposed to the furnage gases from 15
to 45 minutes, according lo the molsture content. The temperature of the

hay remains much lower than that of the surroundine pases, dus to the cooling

effeet of evaporation.
Drum Oriers

Prum driers in general eonsist of lapss eyiindrical stsel shells mauﬂtedv
on rollers so they can be rotebed, Dellles or flights are usnally fastuoned
to the interior of the shell so that the material is pieked up and falls back
as the shell rotates. The chopped grecn forage is fed into the drum =t the
furnace and is drawn through the shell by an cxhaust {en as indicated in
figure 2.

The drum drier, when ussd for . ig wvoually classed as 2 high teapers-~

ture mechine, which necessitates a short peried of exposure to prevent charriag

or burning the hay. Purnsece gases enter the machine at 1000 to 15G0° P. and
leave at 150 to 2509 F. The time of drying is about 1 to 5 minutes, depending
on the indtial moisture contsut of the forage. The high exhaust temperature
represents & considerable loss of heat, which tends to reduece the thermal
_efficianqy,

For the drum type units, the ecrop iz usually harvested with a pickup type
cubber which mows, conveys, cuts the material into one inch lengths, and blows
it into a truck or itrsiler following alongside the maehine. ilowsver, the forage
way be cut, windrowed, and picked up with hayloaders, and then hauled to the
plant. snd echopped with a stationavy chopper before it is dehydrated,

This type of drier may have one, two, oy three drums; but the principle
of operation is the ssne in &ll of then,

In the single-drum drier the chopped hay passes directly from the furnace
end to the discharge end, These driers are usually from 40 to 60 feet in

length and from 7 to ¥ Fest in diameter,
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The double drum drier has one drying chamber inside the other. This unit
may be shorter than the single drum unit beecause the use of multipie drums
inereases the length of the drying chamber as compared to the length of the
wiit.

In triple drum units, as shown im Figure 2, the material movss through
the ecenter shell, back bhrough the seeond aad owt throush the third, thus
traveling approximately three Limes the length of the drier before it passes
to Lhe exhaust fan.

Drum driers occaglonally are placed ou espscially sguipped railroad cars
8o they can be moved to different locations and sot up for operations on a
siding or spur. Une manufacturer makes a portable drum type unit mounted on
a rubber~tired chassis for field use.

Poeumatic Driers

The pneumatlie drier hay so moving parts, the chopped maberial being
carried through the unit hy ﬂ9v1n~ air. An upward current of furnace gases
dries the hay in suspension. The forage is earried in suspension on &
cushion of air from the time it enters the drying chamber until it is dis-
charged. The lighter portions of the forage are carried upward into the
zones of lower btemperature and veloclty more rapidly then the heavier,
undried portions. The rate of movement of the purticles is poverned both by
the rate of zas admission to the drying tower and also by the positions of
& sel of bailers whieh converge the siream at various points and thersby
inersuase the gas veloeity. The green masterial is exposed to a Bzl
temperature of 8500 F. in the first eycle of the process., In the second

eycle the temperature is decreased considerably to iéd burning the



15

¥, . .h\,..
7 SN A S P /4 \ \
S OAP unshm.ta\&\..\q :\\ fa t¥ Ew hl / \ \N

- e e | :
—— _
N
ey L)°
- 7 N\\h e "4 — . . .nwiﬁ
i

) » @012&31& |V
2270 oy — |g,

Bty 277 0) N DD4L)



16

‘wbss i .
: 20 w20 U\n\.ukw .su.v.\\n. uh;..oknu..\;\.h. \bn\.“m Evv.\xb..hﬂ_va\n\-\umx ﬂmu&

u\n\m\m\uv,xm% ME \AF-
W LT & — = | ﬁq Sy
S
m. - ﬁ —— .AJJ/I - o~ p »~

K S~

2IeNINy T

N ===

NN



location

It is essential to locate deshydratien units (1) sdjacent to 2 railroad

and (2) in an eres where sufficient alfslfe is available.
By locating the unii and warehouse alongslde a railyead, it is very

& 2,

convanient to wnload drying cquipment abt the point where it is to b2 installed.
Also, 1% is convenient to ship direct from the drier without recuiring stors.
prior to shipment. The operastor can eliminate extre hsndling of meal by having
the sacking floor and the worchouse floor on a level wilk ihe railroad cor floor.
Buildings, including warchouses, should nob only be plananed for convenience,

but also be well comstructed with fireproof material, since fire is a coasbant
hazard when dust acewnulstes. Smoldering meal, storted by burning foraze or &

gpery from motal, bas caused fires several days afber the material was storsd.

s

x £ b

Some locations mny be objectionable to nearby resideants, bacause of the
odor and dust given off when the plant is in operstion,.

slso, sinee it is ssssatisi to avoeid long heuls, the plent shouid be
logsted in an arsa where 2 sulficient amount of hay is growa. Approximately

1,000 to 1,600 acres are rogulrsd. A dry or wet season will have sg important

(_ve

bearing on the acreage., In dry years a miuch larger sereage will ve reguired.

Lm

djustmonts must be made to sllow for cuttlngs retained by the ferser,
sdeguate reserve fiold equipment zust be svailable at all tiwmes, since

bracidowns occur frsguontly. This is wnderstendable considering thaet station~

ary and mobile sguipment is in operation from 18 to 24 hours each day. A

2

well-gquipped pepalr aad service shop is nseessery to keep mechdnery in sood

& o

gorkiition.



Cost

In general, some of the best dehydration ovens will cost approximately
15,000, Hobile squipment such as trucks, treilers, ficld choppers, mowers,
snd tractors will cost in excess of 010,000, 4 pood high~ecapacity set of
grinders sble to operate continuously will cost approximately 55,000. Iust
eollectors, which are a necessity, probably will cost 55,000 or more dopend=
ing on the design desired, 4 total investment for bare neesssitiss to
properly coanstruct and install s complete drum Lype dehydration wmit would
be approzimately 050,000. Host plants, installed and with all necsssgery
sguipment purchesed, will cost from 130,000 to 575,000.

Althouzh the eguipment for dehydration is sxpensive, as & rule lhe best
obtainable is the cheapest. This is obvious since effieicncy depends upon
guality and totsl prodaction. If any part fuils during operation or does
not have sufficisnt capacity, the enbire plant is affected.

he following outline shows the requiranents cnd approximste cost of &

i

typiezl alfalfs dehydration will, (Acknowledgment is made to the frneld Drier

Company for wost of this informotion.)



Operating Costs
Total Costs =~ Dry ton basis Approximately  530.00
Fael - 9,000 cubic feot matural ges: 1,000 B.T.U./cubic foet

465 gallons fuel oil: 148,000 5.7.U. /oubie faet.
G‘Zﬁw per 1,000 cu. ft. - - R.25

Power- 2,900 cubie feet naturel gas: 1,000 B.T.U./cubic feet
54 Hloc. hepe Thé watis =
1 kilowatt =

254 R.p. 1u9 hLlU ut

189 kilowatt at .02 = ‘ 3.78

Bags 20-100# alfalls meal bags ‘ 2400
for plant_ 7 v , .75

iver lor Bsrvestor 7 <15

=3 lo”d on trailsr , . 75

3 bringing ali&lla to arier 1.5

2 cutter‘ 7 Y
2 Yarehouse men » 150

¥ise ell«necus ~ Gasoline, oll, lubricaiion, insurence depreclstion,

repairs, ete. , , 4 5 3,00

1y
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Initial Cost of Bguipment

Field Eguipment

2 Field harvesters @ §1,275. 8 2,550.00
2 Tractors & 4944, _ , 1,888,00
5 L-liheel trailers @ 2199, _ ' 995.00
& Trailer bodies & $200, 1,000.00

3 1} ton pickeup trucks © ol,i10. _ 3,330,090
Drying Equipnment

2 Cutiers

1 Dryer §12,000. : o 22,500.00
2 Hammermills

2 Sifters

Hisesllsneous

Freight_ | % 700,00
Unloading - Installation , ] 200.00
Firebrick for furnace 450,90
Installstion of firebriek ‘ 125,00

- Foundation & building for drier  3,500.00
Yarehouse ) , 35500.00
Electric Wiring, ete. B 1,500,900
Puel oil tank o ' 900,00

Total | 43,738,00

Puel And Power Reguircuments

Fael - Fuel 0il - Approx. 60-65 gallons per hour base on
140,000~148,000 B.T.U. per gallon.
Natural Gas - approx. 9,000 eubic feet per hour based on
1,000 B.T.U. per cubic fest
Coal - Approx. %00 to 1,000 pounds per hour,

Power -~ Hleciric = 25 h.p. for the chopper
43 h.p. for the drier
12% h.pe for the breaidown hampermill
130 hepe for the regrind hommermill
2 Bep. for sifter

Katural Ges ~340 cubic feet per hour for chopper engine
440 cuble feet per howr for drisr engine
1220 cubic feet per hour for breakdown hammermill englne
900 cubie feet per hour for regrind hermermill engine



The following information was taken from a preliminary report om
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commercial dehydration of livestock fesd. This report was prepared by the

personnel of the industrial division of the Georgla Power Company at

sblanta, Georgia,

Danital Investment:

Real Estate for plant site
(2 acres © 2100 per acre)
Cleaver - Brooks dshydrator
Freight on ecuipment
Fouudations for equipment
Unlosding and installing
Power Yiring and waber supply
Frame shed over dehydrator znd warshouse

1
1

Field Bquipuent:

2 Tractors & §1,200
1 Tractor @ $800
& L=Wheel trailers, with bodies
2 Howing satlachments
1 Hay choppsr with drive
2 Hay pickups
|

Miscellaneous 10%

Total Investment

& 200.00
19,003.00
700,00
2,000..00
TA3.00
1,500.00

2,900,900

526,100.00

$ 25400.00
900,00
300,00

1,000.00
650.00

£ 26,100.00

$ 6,050.00

¥ 6,050.00

32,150.00

LR

34215.00

% _35,365.00



Based on processing 3500 tons dry produst per year - 234 days operation.
(Vihen plant does harvesting and hauling)

Operating Expenses:

Labor ~ two 8-hour shifis - Plant 8 cen
Field & men
Total 16 men

12 men at 5 per day snd 4 men at § 19,656.00
| %@»per day :

Puel 3500 tons @ 42 per ton 7,000.00
flectric Power -~ 3500 tons 2@ £1.25 per ton h,3?§.§ﬁ
Bagging - 3500 tons € §2.70 per ton 9,450.00
Water and repairs - 3500 tons @ 25¢ per ton 875.00

Total % 41,356.00 § 41,356.00
Per Ton 11.80

Fixed Expenses: \

Labor - 1 Supervisor ¢ 3,600.,00
Interest on £35,365 @ 5% 1,768.90
Bepr@@iatioa $26,100 2 103 2,610.00
Bepreciatian & 6,050 @ 208 1,210.00
Taxes - 3% on §10,000 300.09
Insurance 4% on $20,000 300,00

| Total % 10,288,00  #$10,288,00
2er Ton 2.95

Total Expenses

51y H44 .00

| Total cost per ton & 14,75

1If bagging is omitted, dedust §2.70 per ton.



When farmer harvests and hauls green product to plant. {Based oun processing

3500 tous dry product per year; 234 days operation.)
\

Operating Zxpenses:

Labor - Two & hour shifts at plant; 8 nen

2 men 8@ $6 per day and

6 men @ $5 per day 5 9,828.00

Fuel ~ 3500 tons 8 $1.50 per ton
Electric Power - 3500 tons @ 51.50
Bagging - 3500 tons 2 §2.70

Water snd Hepairs -~ 3500 tons & 25¢

Per ton

Fixed HExpensess

Labor *fSupervissr

5,250.00

?‘s{}s{) tgg

2875.00

$ 30,653.00

8.75

3,600.00

$30,653.00

interest on 35,365 @ 5% 1,768.00
Depreciation $26,100 2 108 2,610.00
Taxes 35 on 8,000 240,00
Insurance L% on §R0,000 £00.00
5 9,012.00  § 9,018.00

Per ton

<.37

739, 317.00

| Total cost per ton il.32

If bagzing is omitted, deduct (2.70 per ton.



ATIONAL PROCRIURE

Plants may be owned ond monaged several different weys. The owner of
a dehydrating unit might be a private individusl whose profit would come
from the fee that he would charge farmers on a per~ton basis. The farmer
would retain the meal for feed or sell it on the market. & farmer who
operates on 4 large scale might purchase a plant te process the hay and
other forages grown on his own acreage, The processed feed would be fed
to his own livestock or sold on the open merket. A farmers' co-operative

might purchase & machine to dehydrats the products growa by its merbers.

willing company wight install n dehydrator and purchase hay and other
forages from loecal farmers., The eompany could dehydrate such products and
sell them on the open market or incorporate them into thelr mized fecd.

The conventional type driers of a common size ordinarily produce 2,000
tons of alfaifa meal during a four-month season. Un the basis of three or
four eubttings, it will be necessary for the operator to have access to 1,000
to 1,600 acres of alfelfa in order that a sufficient amwount of green hay will
oe supplied. & plant of this type, which has & production output of three-
guerters of a ton per hour, 20 hours & day, would produce frumll,SQS to 2,000
tons of dried hay in 100 to 120 days, which would be a aormal sesson,

Kormally, dehydration plants are operated on two 2 or 10 hour shifis
during the haying sezson bo produce the larzest possible output per unit of
investwent. &lwmost all companies in Oklahoms have thelr oun f@cilitiés for
hondling the entive crop. The mscreage is lsased prior to harvest and the

contractors take the responsibility of the entire crop. The producer ls paid
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on drijeight bagis. It is necessary that the contractor schedule cutting

and otber field work to provide a constant supply of forage at the dehydrator.

Weather conditions csusing impassable roads, soggy fields, snd other contingen-

cles zceount for a number of undesired shubtdowns.

It is the desire of the plant vperator to cut the alfalfa in the pre-bud
stags, as it has:the highest percentagﬂfﬁutritioﬂal content at that stage and
a higher leaf content is obtained., Hodern field eqﬁi@ment should be used so
that the meterial ls slevated from the mower direet to a trailer znd dranse—
ported at once to the drier for processing. #Another method might be usead;
that is to cut the hay in the fieid and haul it in lovse and then chop it
with = sﬁatiéma:y chopper vhieh is set up alongside the dehydrating uniﬁ.

In most of the modern plants it is necessary that the hey be chopped
inte a?dcﬂifable length, which varies from one-fourth inch to pae and onge
h&lf.iﬁches. For most drum type driers, hay chopped to & sne-fourth inch
dengzth is desired. - o

The green hay 1s eleveted directly from the chopper to the feed hopper

pius a small amount of excess zir, are led inte the ianer dren (in the case

of & triple rotary drum) together with the hay cut to one-fourth inch, The

hey and geses pass through the inner drus, back through the seeond, sud through
the outer drum to the exhaust fan, directly inte a collector where the molsturew
laden éir @scapés to the atzcsphere, After the dried msteriasl cools; foreign
material, such se mstal or stone shouvld be removed by # speclal deviee before
the hey enters the hemeermill. The hay may be trensierresd to storage or
hamaﬁr¥milled into meal snd sacksd. The spejects®, or materisl that does not

pass through e 3/64 sereen, is reground in o second heamernill aad sereencd
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to sec%nd and third grade meazl. To obtain lsaf meal, it is necessary to
pass tﬁis material over a sifter to separate the stems from the leaves.

Qﬁainarily, baled hay can be stored with 25 percent moisture or less,
When finely chopped hay or meal is stored in sack or bulk the air eirculs-
tion is reduced and to aveid spolilage in storage tne molisture contzat must
be reduced vo 12 peromt or less,

Sévefal preceutions are necessary to obtainm fair spzed of drying and
to secure quelily, fuel economy, and thermal efficisncy above 60 percent,
Bechdel, Clyde, Cremer and Williams {4), expevimanting with a rotary-drum,
high-temperature drier, obtained the best results by adjusting the burner
for full fire, A tesperature of l,h59°2£6 1,500% F, wss necessary to
evaporate one ton of water per hour, Svaporation prevented the hay from
re&eﬁi&g any such btemperature. Peeding to full capaeily was necessary te
utilize the full capasity of the furnace, It was found very important to
d:y’tﬁe»material properly, sinee over-drying destroyed quality and under-
drying caused the material to change color im storsge and a musty odor
developed. It also is important, these subhors report, to avold excessive
speed of gases in the drder; the operater could obtain this econtrol by
regulating the spesd of the exheust fan. In this experiment, best resulis
were obtoined when the exhaust [an was operated a little below 1,100 revo~
lutions per minute instead of 1,350 rocommended by the manufaecturer. The
sir eurrenit was still sufficient to zove hay steadily through the drier.

To reduce the cost af band1ing and the cost of dehydrating a ton of
alfalfa with fuel oil, Beehdel, {lyde, Cramer and Williams (4) believe
Tield Qiltiag should be investigated more extensively. Freshly cubt alfsifa
usually has 75 percent molsture or more. Seventy~{ive gercami moisture

requires the resoval of 5,240 pounds of water st the drier to produce one
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ton of hay having 10 percent moisture. If the crop ls allowed to dry to

&2 percént moisture in the fleld, the drier mast then remeve only 2,500
I

pounds of water, or less than half as much as in the case of the freshly cut
hay. With this reduction in moisture the scost of dehydration is eut in half
as shown in Table 4.

Table 4. ~— Resulls in dehydration of freshly eut zlfalfa and alfalfs
wilied in the fisld,

flfalfa tifalfs
freshly cut _wilted
Hoisture as received, percent TheB 59.5
Thermal efficiency of drier, percent 58.9 58.2
Fuel oil per ton of dried hay, gallons 64..8 31.6
Time required per ton dried hay, minutes 176, £7.

These suthors report there sesmed to be litile loss in feeding value
after & few hours of field'dryiﬂg. Probably the moisture couid gzo below
60 percgent before the loss of value in the hay would approsch the large
saving in processing. However, the crushing of hay did not lower the cost
of dehydration, although it alded field curing imsensely and might be valu~
able in connectlon with artilicial drying.

Green alfalfa hay that comtains 75 to 80 percent molisture requifes
wach eﬁpense in handling. The bulky forage contains an execessive awount of
water which requires extra trips to be made in hauling the product to the
dehydrétors. If alfalfs hay is allowed Lo wilt in the field to 60 percent

.
I

moisture or less, the total weight is reduced cousiderably. {Table 5).



Table 5. -~ The approximate weight of naj to be handled at various
f moisture contenta.
i

|

Foisture Treen weight Pounds of water One ton of
Content 3 plus moisture to be premoved hay 10%
Moisture
85 12,000 10,000 2,000
20 9,000 7,000 2,000
?5 75240 54259 2,000
) 6,000 4,000 2,000
: 65 5,140 3140 2,000
&0 Ly 500 : 2,500 2,000
55 44000 2,000 2,000
50 3,600 | 1,600 2,000
B 3,200 1,200 2,000
40 3,000 1,000 2,000

The weight of green materisl to be handled is an ilmportent facter,
o y A T . I >4 Je-4 ) -~ - - . % vy 4 ke X N ki
Strong sturdy equipment and zood roads are neeessary in transporting the
heavy loads of hays Dirt rosds and soggy {ields during reiny westher sre

also factors that should be considered,



DEHYDRATION ACTIVITIES I CHLAHOHA

Several dehydration plants in Oklahoma were vigited te determine the
method of handling the hay, how the hay was purchased, and the cost of dehy-
dration., The units and their loeation zre shown in Table &,

11 of the plants visited have their own equipment to harvest snd dehy-
drate the alfelfa hay. The hay is usually contracted from the farmer in the
ficld, and the farmer is paid on dry weight basis depending on the guality of
the hay. The quality is usually based on the protwin content,

There is only one dehydration plent ia Oklabhoms thet dehydrates alfzlfa
before it is chopped to short lengths. This unlt is & conveyor type located
at Pauls Valley, Oklahous, whichiwas owned and opersted by the Pecos Valley

#illing Company for over 1O years.

Host of the debypdration units in Oklzhome are the drwn type and are used
to dehydrate alfalia hay after 1t is harvested and ihe material hae been cub
or chopped. Host of the units are used Lo dehydrate both green slfsifs and

sun-cured hay, ¥Few or no advantages are gained ia the dehydration of sun-
cured alfalfa hay.
Table 7 gives the average price received by farmers for loose alfslfa hay
y years as reported by K. I, Blood, igricultural Statisticlan in Charge,
Bureau of Agricultural Zconomiecs, U. 8. . 4., Okdahoma City, Cklshoma. Prices
received by farmers for baled-hay, sun-cured alfalfa meal or dehydrated alfalfa
meal were not availeble. Prices in Oklabiome, as elsewhers, vary with the guality

and supply of hay. Weather condition: is the Rﬁlﬁ factor causing the supply to

VETY.
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1
fable 6, - Location of Alfalfa Dehydratien Plants in Uklahoma.

Tonkawa, Oklahoma
{North of Tonkawa)

Hame ; .
of Hame and danufacturerts Type of
Couaty Logation of plant of Equipment ehydrateor
Alfalfa Waldo Alfalfa [illingz Company Heil Company Drum
Cherokee, Oklanoma Milwaukes, Wisconsin
{Two units)
Ingersoll Alfslfs ¥ill &, Bdward Smith Drum
Ingerselil, Oklahoma 218 Hidwest Bullding
Oklahoma City, Okishoma
Schoeb Alfalfa {iiling Company Helil Company Dram
near Burlington, Oklahoma lilweukee, Yisconsin
Blaine Greenfield Alfalfa Hill As Bdward Smith Orum
‘ Greenfield, Olklahoms #18 Hidwest Building
Oklahoma City, Oklahoms
Caddo Anadarke Alfalfa Hill A, Bdward Smith Drum
: inadarko, Uklahoms §18 Kidwest Bullding
Oklahonz City, Owlanoma
Canadian Waldo Alfalfe Milling Company Hell Company Drum
Bl Reno, Oklahome riluavkes, Wiscousin
Cleveland &1falfa Dehpdrating Mil1 Borden 3teoel Company Drum
‘ Foore, Oxlahoma Qikdahoma City, Oklahoma
Garvin Pecos Valley Alfsifa Hilling Co. Conveyor
Pauls Valley, Cklahona
Lindsey Alfalfis Mill Ao ward Smith Drum
Lindsey, Oklahoma £18 ¥idwest Building
Oklshoms City, Oklshoma
Grady Alfalfa Mill A. Hdward Smith Drum
; Verdon, Oklahoma 218 Hidwest Building
Oklahioma City, Oklahoma
Grant Tonkewa Dehydvating and Heil Compeny rum
Product Sompany Milwaukee, ¥Fisconsin
Lamont, Oklahoama
Consumers Cooperative Howard Company frum
Pond Oreek, Oklahoma
Kay 21k Valley Dehydration #Mill Howard Company Lrum



ringfisher
!

Muaskogee

Qsage

Payme
Pottawatomie

Sequoyah

Yagoner

¥ashington

Table &, (Continued)

Chickasha Valley Mill
Sumpter, Oklahoma
(North of Blackwell)

Tonkews thjur&tlnf gad
Products Company
Tonkaws, Oklahows

Hermessey Alfalfa Eill
Hennessey, Oklahoma

foal Graln Company
Seuth Cherokee
Muskogee, Oiklashoma

Paeirfax Hill
Fairfax, Oklahoma

Agronomy Famo
Hear Perkins, Uklahoma

Wed, Small and Compsny
Shewnee, Oklehoma

Lee Kelly Dehydrating Hill
West Fort Smitlh, Arksnsas
and Hoffel, Oklabous

Choska Alfalfa Bill
Loweba, Oklahoma

{9 miles south)

We A, Hent Alfalfs i1l
Dewey, Oklaboma

A. BEdward Smith
818 Hidwest Building
Oklahoma City, Oklahoma

Heil Company
Hilwaukee, Wigconsin

Cleaver-bBrook
Hilvmakee §, Wieconsin
Heil Company
#ilwaukes, Wiseonsin

fieGehee Cowmpsny
Board of mrade Bu11u1na

(321

Lansas City 6, Vissouri

J. B. Beaird
Coupany, Iac.

‘Wl J. .Jiﬁ&ll lt.v:ii ‘cé‘g
Keodosha, Kansss

Heil Dryer
Hilwaukee, Wisconsin

Heil uryer
Milwaukee, Wisconsin

31

Drum

LT

Lrum

Dram

Drum

drum

Upum

Drumn

Drum

Hrum



Table 7. -~ The Jeason iverage Price Aeceived for Alfalfs Haey by
Farwers frow 1935 to 1947, inclusive.

TEAR SEASON AVERMES PRICE

1935 2 10,60
1926 16.20
1937 13.2¢
1938 G410
1939 11.00
1940 B.60
1941 3¢90
1942 11,10
1943 19,50
1944 16.60
1945 16,70
1946 Hot Aveilable

1947 ot Available
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Hosb of the owners of the denydrabing plants believe thsei the cost of hay

plus the costs of dehydration in 1947 actually renged from 535 to $45 per ton.
The market for the finished product has raagsd between 7530 and 070 per ton imp
1945, 1946, and 1947. Price is deterained by the guality and desand,

Table 8 shows the vroduction and the overags wholessle prise recsived for

sun~cured and dehgdrated alfsifs meal for the years from 1943 thwrough 1947,

inclusive. This report wes relessed June, 1947, by the U, 3. Devartument of

Afgrieulture, Production snd Merketing Adwinigtration, CGrain Hrench, washington 25,

“ﬁo Gq
Table 8., - Tons of Sun~oured and Dehydroted Hesl Produced in the United
States and tub sverage kholesale Price for Sun-cursd snd
Dehydroted Heal in Dollers per ton, bagged at Kansss Uity.
fate Sun=cured meal Dehydrabed mesl Sun=-gured menl
.Aver@ge whole- 174 Protein 205 Protein
sale price per iverage : Average

ton, finely ground wholesale Wholesale
Tons ‘ , Tous price psr ton  Tons price o2y Lor
1943~-4h 421,600 & 39.50 245,500 7 55.15 Lot 51.;&;
1944=05 491,100 §3,65 377,330 60,30 Availe 56, 64
1946-47 481,500 43435 562,500 59,30 e _ 52,33

(Soures) Heport relessed June, 1947 by the U. 5. 3. A. Production and
Hariketing Adnministration, Grain Breoach, Washington, . (.

There have becn a lasrge nuesber of forage dehydration plants pleesd in opera-
tion the past two yeaps in the United Statezs. 43 the pumber “ﬁcre 15E6, competi-

tion will beeome greater and the merket for the final product will orobebly

deeresge,

The bulk of the aifslfa that is dried is made inte nesl.

for alislifa meal at present are the menufacturers of mixed feed., Luring the
period from Juns, 1945, te Hay, 1946, asbout 1,100,000 tous of alfeif: meal were

produced, of whieh about 45 percent were [rom dehydrated mesl, It wes ssiimoted
that 1,300,000 tens of alfelfs mesl were produced from June, 1945 to MHay, 1947.
The average oubput of alfalfa meal before the wer wesg about 300,000 te 400,000

tons per yeor.
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Individuals who are interested ln establishing dehydration units in
leahcmaéara concerned with the return on thelr investment. It is estimsbed
that an éverage seagon for the dehiydrating of alfalfa in Oklzhoms woyld be
approxisately 120 to 200 dsys. The wroduction for the average unit in Oklahoma
is approximately 2,000 fons of alfalfa meal per seascn. Table 9 indiestes what
the return on the investment would be at verious mergins of profit, at different
market levels.

Table 9, -~ The Return on Investment for Processing 2,000 tens of alfslfa
at various margins of profit at different markel levels,

Pergent Profit Market ' - Deller Return on
on 2,000 Tons Price , Profit Investment
4% ¥ 30.00 b 2,400.00 6.85
8 e 4800.00 13.6
10 " 6,000.00 17.
15 “ 9,000, 25.4
20 b 12,000.00 33.9
25 | " 15,000.00 2. b
L5 43,00 3,205,002 D
g u 6,400.00 13,
10 “ B,000.00 22.6
20 B 16,000.90 L5.2
z5 0 20,000.00 5645
4 53,00 L4y 00000 113
8 “ 8,000.00 22.6
10 t 19,000,00 28.2
15 ® 15,000,00 L2,
20 " 23,000,00 56.5
25 B 25,000,200 _ 70,7
4 60,00 4,800.00 13.6
g/ # 9,600,00 27.1
10 " 12,000.00 33.9
15 L 18,000.00 50.9
203 i 2&-,0@0 1’00 67 - "'}
25 " 30,000.00 BL. 8
4 70,00 550000 o 1%.8
é L 11,200,390 31.7
19 ' " 14,000.00 39.6
15 n - 21,000.00 59.4
20 u 28,000,00 792

25 n 35,030.90 99,
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';ti%m market price for dchydrated feeds in the futurg will doubtless
range };i;etween 2 low of $30 to 3 high of ?;70 per dry ton., The xmrket price
the }.a#.t few yeers hos ranged from \£5i) to #72 per dry ton. A net profit of
10 pereent on the prevailing market price of dehydrated meal should give a
sstisfactory return on the investment, and at the same time will leave
enough margin of profit to the farm operator to interest him in having his

grecn product processed.



FEEDING VALUE OF i

One of the maln questions coneerning dehydrated forage is, how doss

o

the mechine~dried product compsre with flesldecured hsy as feed? Tae fact

that sifalfs as a dehydrabted or sun-cured meal, 1s so wildely used in the
menufacture of mixed foeds shows that Lie nlzh velue of this crop in terms

zppresisted by both manufactursr and purchsser,

of antwmal nutrition is highly :

The feeding value of forege is influenced by & number of factors. In-
resbigators are well aware that s very significant loss of carotens ocours
in alfalfs when exposed in field ecuring or left in storsge six to cight months.
Livtle informatien is avellable conceralng the deteriopation of aother guali-
ties of slfalfa during storage. Carctene and some of the other faclors that
influence the feeding value are discusszd in the following pursgrophs,

it is evident that the nubritional value of hoy is affected by 3 nugbor
of factors. In bhe grading of hay, the physical factors of quality included
in addition to the hey class are: (a} shtege of maturity when cut, (b) percente
ags of leuves, (¢} percentage of gresn color, (d4) percentage of forsign materiel,
{2} condition as to scundness, (f) courscacss of shaus, and (2) sroma. ¥hile
these physical factors are related to, and generally go zlony with, the nulri~
tional value of the hay, they can be used only as a general guide.

43 hay plants advance towarda m&turity, the percantage of protsin decreases

whide the percemtage of fiber incresses. There is s decline in bthe pesreentage

T

of ash and its comstituents. The trend and reletive megnitude of these changss

are presented in Table 10,
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Table 10, ==~ wif»ct @t Pimw uf Chﬁtl iz upon the chenical composition

Stage of Protein Pat, W-free  Fiber, - hgh
maturity Percent Parcont nxurﬁ vt Peresat Pereant
o ) ! Pereent
Prebloom 2L.98 2.93 2.92 S 25.13 11.34
initial bBloon 23,03 3.03 L0.67 25.75 10.52
1/10 bloon 19.24 3.0z .35 27.09 10,27
1/2 bloon 18,84 290 39,45 28,12 13.69
Full bloom 18,13 2.9Y9 38.70 10.54 §,26
Seedstace , 14,06 2435 39.01 3645, 733

Slmilar results neve been reported for Red clover, ilsike elover, and
wany other forage plsnts.

NPy 3 PO B O 3 D
best msagured by thse

pote
th

Habritional valus from a feeding peint of view

3

dizestibility of the forage and its protein, ecsrbolipdrate, minersl and
vitawin content.
Table 11, compiled from data by Morvison (25}, shows a couparison of

the nutrisnt composition of some of the most important hay grasses and legumas.

Toble 11, - Averasze compesition and dizustible nutrients of sowme coumon
forage crops for bay (25).
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ir genersl, the stage of growih or dovelopment of the herba

and the method of curing have wore influence upon the feeding
resulting hay than do the specles or vardelics of crops conteined in the hay.

The stage of growbth has & very merked influonee on the yield of ﬂay snd its

W

nubtritive composition. The paletabllity ond dipestibility of the forage is
alss grsatly influenced by the time of cutting. The yleld of wost peremnisl

herbage plants increascs rapidly aurinyg the

el zrowth, is



fairly comstant during the flowering pericd, and deelines thersafter. In the
case @fﬂdnnu&i and blennlal plants the decline following flewering is much
less ma&keda

| Feeding Tests

The following experimental tosts were conducted at the Panﬂsylv#aia
State follege (4): |

L. Dehydrated versus sun-cured oat and pea hay.

2. Uehydrated versus sun-sursd oat hay.

3. Sun-cured versus dehydrated willed hay (Timothy and clover hay).

L. Silage versus dehydrated green gorn.

5., Dehydrated versus sun~cured red clover.,

6. ©Dehydrated versus sun~curad alfalfa for milk produstion.

It was reported (4} thet in each of the six feeding tests, except number
three, there was evideace of superior {esding velue in the product that wasg
dehydrated as compored with that of the ssime hay fizld-cured in the sun., The
sﬁn¥curéd hay was of excellent guallly when cureﬁ without raiﬁ; Tﬁe rosuliy

obtained were significent.

In test number 3 of the experimmnis mentloned above, the rosulis were
contrary to the other tests. The lwenty-four Holsteln yearling helfers,
twelve for each kind of hay, wers fed for & period of 121 days. 4 conceabrate
ration low in carotume was chosza purposely to affard s resl opportunity for
the content of gsrotene in elther hay to show up in the feeding test. The
heifers on denydrated hay made an averagze gein of 1,433 pounds, whereas the
gorresponding figure {or those on sun-gured hay was 1,554 gb,eds. Tas
unfavorable results probably were due to overhesting of the hay axd oxida- -
tion of the carcltene to the extsnt that there was not enough vitasin 4 for
best growth and well-belng of the heifers. The protcein content of the
vari@uﬁidehydrateé hays ranged from 2 to 2.2 percent higher than the corre-
sponding sun-cured hay. However this difference alone was nel encuzh to

account for the superior guality indicated by the feeding test.



It was reported from t;e results obtained at the Pennsylvania State
College that the most plausible explenation of the improved quality of
artificially dehydrsted hay was the higher carotene (mother substance of
vitamin A} content,

Gnell (34) also proved that both calves and steers zained faster on
machine~dried soybean hay than on chopped soybean hay., £ 10 percent galn
was in fevor of the machine-dried meel. The value of sechine-dried soybean
hay was 59 to 71 percent more than chopped soybean hay. Calves geiting
unciopped hay either consumed or wasted about 47 pereent more hay than
calves getting chopped hay., Nachine-dried hay wos more palatable than field
cured hay and & 40 pereent saving was in favor of the machine~dried product,

Research workers (24) at the western lashington ixperimental Stotlon
fed chickens in two groups of 60 birds zach & ration of dehydrated alfalfz in
their mash for 336 days. Laying production averaged 62.2 percent, mortality
was but 20.8 percent, znd feed consumption totaled 79.43 pounds. 4An sgual
number of birds in the swme experiment, setling dehydrated alfalifa in their
mash plus succulent greens, averaged 65.6 percent laying production, 21.7
percent mortaiily, and consumed #3.1% pounds of feed. inother group, fed
a rotion of succulent greens and wo dehydrsted alfalfa in the mesh, had 65.8
pereent production, 21.7 mortality, snd conswsed 80.11 pounds of feed. Zgg
guality also was better with the retion of dehyirsied alfalfa in the mash and
ao succulent greens, due to more uniforw yolk color. High quality dehydrated
alfelfa is a valusble addition to feed beoecause it supplies carotene as a

source of vitamin 4 ond slso contoins vitaming of the B coxplex,

Newlander (27) substituted dried young grass for 2ll of the concentrates
in the rations of dairy cows and fed full amounts of hay and sllage. This

substitution of dried grass for the hay in the ration resulied in an inecreased
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wilk flow. Camburn (7) fed machine-dried younz grass to two groups of mileh
COWS, ﬁogether with two-thirds of the ususl allowsnce of hay and silage, in
camp&risaﬁ with grein and the uwsual allovance of hay and silage. The milk
production, bubtter fat, and solids-not-fat produced by thez two rations were
egsentially the same. On the basis of total digestible nutrients consumed,
the machine~dried grass ration was st least equal to or possibly wsore effi-
clent than the grain ration.

Feeding experiments ot tho Illinols Station {22) showed that & basal
ration composed of ground yellow corn, wheat flour mlddlings, soybean meal,
tankage, fish meal, fcrtifiedrcod~liver, and minerals was mutritionally
inadeguate for weaned pigs that had bzen continuscusly in dry lot. The addi~ .
tion of alfslfa meal inersesed survival and proved to be the wost adequate
vitamin supplement fed. The pigs fed the basal ratiou hed abnormal develop~
ment of feet, legs and gaits; and zlso showed dermetitis and sowe loss of hair.
The zbmormalities were much wore appsrent before the pigs reached 75 pounds
in weight. In one test, the six reguired B vitamins (Bj, Bz, niacin, panto-
thenic aeld, By, and choline) were added in excess of the pigs' requirements
to this basal diet. It was significant thai the pigs fed alfslfa meal geined
ghout as repldly and were more neorly normal in thrift, feet, lezs, gaits, and
skin, than plgs fed the six B vitamins 1o the erystalline form. The alfelfa
meal was apparently supplying meterial in additioa to the B vitasalns known 1o
be r%qpired by plgs.

Chopping, cheffing, cuttlng, or grinding benefits heys (6) by reducing

]

wastes and by inereasing the amount of stems consumed. Tho coarse steamed hays

G

were benefited most. Soybsan hay for dairy catile was bensefited es much as 20
pereent by chopping, whereas chopping did not improve slfelfa hay for dairy or
beef cows. Chopping hay for horses was unprofitable. Jrinding had the dis-

advantage of maiking the feed dusty.



Chemical Analysis

Russell {30} reported that alfalfa dehydrated oy

process contained seven times as much vitamin 4 as hey from the same field

<

cured under conditions that resulted in the logs of meost of ths color. The

2.

hay artificielly dried comtainced only & swall amount of the sotirechitie

vitamin. Urying ealfeifa lexves ian the sun without sxposurce Lo dew or rain

increased the antirachitice wvalus.

Hauge end Aitkenhsad (15) found enzymes play an important role in the

estruction of vitamin A. ical drying with either hot fusl gases or

hot alr was squally effective in preserving the vitemin £ content of alfalfs.

High tesporatures and sunshing were shown not to be destructive to vitawin 4.
Gonditions fevoring enzymatic aclivity lowered the vitamin & content of elfelfes.

Hotheway, uavis, snd Graves (12) found slfalfe hoy dried Lo an firdrier to have

twice as much vitawin 4 as elfelfa hay cursd in the fleld in sbocks for eisht

days. Machine drying tended to pregerve the viitamin 2 content to ¢ grester
degres than field curing, These authors reported thet the dry mabtter, czlelum
and phosphorus of ariificially-dried alfalfa hey woes as available as that of
field cured hay or hay portly dried in the field and dried in the machine drier.
The high temperature, from 420°C. to 535°C., for forty secconds to which hey was
subgitted in the drying process apperently oid not affset the digestibility of

the aobtrizents studied.

Sudth and Brizgs (33) of the srizoms txperiment Station cured zlfelfa in

n the field for veryving lengths of tims. 48 con~

Fosd
=

the dark snd spread it ouw
pared with that cured in ths dark, «1felfe hay sprsad out for two aad three-
fourths hours in the sun lost from 20 to 33 percent more of the vitamin & cone

tent. 4iralfa left on the fiesld over night had lost 75 perceat of its

vitawin A.
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Alfalfa left in the field from 11:15 £, ¥. Lo 12:00 Hoon the next day had
lost 8ﬁlpareemt of its vitamin 4. The alfalfa cured in the dark wss defi-
sient iﬂ vitamin D, but that exposed to the sunlight from 11:15 &, ¥, ome
day until 12:00 Hoon the next day had wild peleifying powers.

& series of studies (4) revenled that dehydrated aifalfa produced at
the Pennsylvania 3tabe College possessed carotsne ranging from 70 to 106
_microgfams per graik, whereas the corrssponding figurss on sun—cursd alizlfa
from the ssme source ranged from 11 to 84. In these studies very little
carctene was lost in storsge during the winter months bub it was reduced as
mach us 50 percent during the summer. Alfslfa hay, sow-burned as s result
of high moislure, was found {o contsin only 1.3 sicrograms of carotene per
Zrai.

Some experimental. work has been done on the value of the grass julee
factor. . B. Hart (L4} of the Visconsin station reported thot this factor
can be preserved by gulek drying, as in the Hell drier, The grass julce
factor in dehydrated forage may play an important role in the superier autri-

tional velue.

Digestion Trials

Hewlander and Jones (28} dried lswn clippiags in a machine drier
{Airdrier}, and comparsd the digestibilities of these with {resh lawn elip-
pings ag feed to dairy cows. They state: "Dizestion trials with dairy cows

fed solely on artificially-~dried young grass and on fresh zreen grass
indiceted that both are highly digestible and sesentislly equally
digestible. Un 2 basis of 90.17 percent dry matier, the totel dipgesti-
ble nutrient conbents of the dried grass was 64.37 percent, of the
gresn grass 63.36 percent®.

Digestlon trials with cattile (6} showed rother conclusively that chaff-
ing, cutting, or griading of hays has little affect upon the digestibllity

of the nutrients, BSome of these trials showed & depressing affect upon dijgesti-

bility, probably due to the faet that a considerable gortiom of the finely



ground materizl wmay find its way direet inte the trus stomseh and hence may
net be regurziteted for rusinstion. Henry and Forrison {25) cvote Ladd as
finding that cooking decreased the digestibility of ithe probein of comn
meal, clover, and cotbtonsced mesl.

Hetabolism trials conducted by Suell (34) st the Louisiana isgrisultural
Experiment Statien with stesvs which were fed pecehine-dyied soybzan foruse
and fizld cured soybean hay indieated that the maehine drying epporentiy
caused the hay to retain the protain, ether sxbrach and nitrog

but eaused a degrsese in the crude fiber end agh of soybean hay. ilthough
maehine~dried hay wes higher in ecrude protein than [ield-cured soybean hay,

the nutritive value of its protein scomed slighily less than Lhe nubritive

Ly
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value of tho proteinsz of cut soybezan hay. Hschine drying reduced thz digesti~
bility of the crude f{iber, bul apperently hud no alflect on the di
or mubritive preopertiss of the elher sxbract, the nitrogon frec exiracht, or
&5l
Alfelfa Hesl
Commercial grades of alfelfs msal are based on the grades of hay from
which they are mede. Color, lesfiness, soundness, and freedom from forelen

1 zlfelifa

material are imsportent factors of the highest jred
hay and meal. Grading by the above [actors is not enough when the nubtritional

valuegs are considered.

41falfs meel may be a groduct fron [isld cured or dehydrsied alfalfa,
The guslity of the mzal depends entirely on the hay ussd. I made fron high

guality hey, the seazl will be a high protein feocd which is used largely in

the making of mixed feed.
£lfslfa leaf meal is defined by the associztion of imerican Feed Control

Qfficials as the ground product consisting chiefly of leafy meterial sepsrated

from alfalfe hay. It 1s mede by separating the lesves from the stems., It



must be reasonably free from other crop plants and weeds and pust not con-
tain over 13 percent of crude fiber,

Barly studies made by Steenboek and reported by iries, Lester and
Othmer (3) showed that carobenes aré intimately related to vitawmin 5y and
are therefors called nro-vitamin 4. OCertain forms of caraténe are trans-
formed to vitamin A in the humen organism., Because of their highly unsatur-
ated naturs, carotenes are easiiy pxldized by atwmospheric oxyzen. Jince
carotenes are subject to oxlidation, the keeping qualities are therefore
limited, Taylor and Russell (35) determined the stability of esrotenes in
plant tissues, by storingz chopped and artificially dried alfalfa hay in bags.
After three months in storaze {in ithe late summer) 50 percent of the carce
tenes originally present were lost. Ho further loss occurred during the
winter; but sn additional 25 percent was lost during the following summer
season. The carobenes in a sample of ball-milled, artificlally dried alfelfs
hay, were preserved for s period of twenty wmonths when the hay was stored in
vacuo in the dark at O to 5°C.

Fraps and Kemmerer (19) reporbted the effeet of storaze on earotenoid
constituents in elfalifa. £ sample kepl at § degrees Centigrede for 8 months
lost 33 percent of the crude carotene. another sample stored at 37 degrees
Centigrade for the ssme length of time lost 78 percent carotene.

Some of the important vitamins and vitemin-like compounds known to be
present (36) in alfalfa meal aru:

Vitsmin &: Dehydrated alfalfa meal is oue of our richest sources of
vitamin & smong fesdstufls used in feeding poultry. The best grades contsin
about 60 times as much as new yellow corn.

Vitesdin By (or thismin): Oehydrated alfalfa weal contains more vitawin By

than corn, mile, barley, or vhest, and almost as much as osis.
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Vitamin Bs {or riboflavin): Dehydrasted alfalfa meal is one of our

richer sources of riboflavin. The best grades contain about as much as
dried siim wmilk,

Vitamin € (or sscorbie acid): Fresh alfalfa contzins four times as

muvch asecorbic acid as citrus julee, Jehydrated alfalfa meal is not so rieh
in ascorbic acid as is fresh alfalfa,

Vitamin & (or alpha-tocopherol): A4zong the common feedstuffs, dehy-

drated alfalfs meal is one of our richest sources of alpha~tocophersl; it
contains sbout one-fifth ag much as an egual weight of whestegerm oil.
Vitemin K: Dehydrated meal is sn unusually rich source of vitamin .
Choline: Dehydrated alfalfa meal contains as much or meorz choline as
the common greins.
Hisein: DBehydrated alfalfa meal contains about zs much niacin as barley
and wheat and much more than any other grain eereal,

Pantothenic acid: Dehydrsted mesl is amonz the richer sourcss of panto~

thenie acid. It contains from three to five times as much as the common graias,
somevhat more than dried skim milk, and sbout as much as dried buttermilk.
Dehydrzted alfalfa meal contsing many mineral eleients, ineluding caleium,
phosphorus, magneaiwn, sodium, chlorine, potassium, sulphur, silicon, and msny
easential trace mineral elements; manganese, iodine, iron, copper, cobalt,
and ginc. It contains more caleium than any of the other common feedstuffs
of cither plant or animal origin @xespt soybean meal,
Titus reported (36) that in addition to supplying vitaming and minerals
essential for normal nutrition, high guality slfalfe mesl makes a worthwhile
contribution to the total digestible nutrlents and protein of the feed. It

supplies from 30 to 4O perecent as such total digestibvle nutrients, and from
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35 to 70 percent more protein as the ceresl grains. It also contains nsarly
as much arginine as dried skim milk, alwmost as much lysine as dried whey,
nearly twice as much methionine and cystine as any of the ceresl grsins, and

only siightly less tryptophane than dried skim wilk or linseed meal.

gredes

Table 12 gives the percentags and composition of agh in different g
of alfalfs meal. The cuasnbity of wineral elements in the tlssue of plants is

Table 12. -- ZAsh content and eomposition of ash frowm alfelfs meal (5).

Percent ' Pounds
Ash Per Ton
Leaf-moal : 11.5 . 230
Stendard mesl 9.1 180
Stem meal 728 156
Composition
of &sh
Potash K0 23.5% 54
Lime Cad LO.T 93.6
Soda Na,Q X.7 3.9
¥agnesia Hgd k.9 11.3
Phosphoric icid P 05 3.5 9.5
Sulfuric icid HZSQA 5.7 i3.1
3.0 29

Chiorine €1

not wniform. UGifferent species of plante aznd different organs of the sem
plant vary greatly in the content and composition of thelr mineral mather.
The mineral elements are shown in the tuble as oxlides, although in the
original plant materisl these elements oxisted In other forms as orgenic
end inorgsnic compounds of unknown composition.

Tabls 13 givss the average composgition of the tws grades of dehydrated
alfalfs meal: stoendard mesl, which contains 15 to 17 percent prolein, and
lenf meal, which contains 20 to 24 percent protein and less than 18 parcent

fiber (11}.
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Table 13. -~ Compositiou of Alfalfa ¥esl.

Leaf meal

Urude Protein L&, 124
Hitrogen-frse ixtract 39.17
Crude Fiber 16.30
gruds Fai 2.85
Hoisture a4l
Sruge Agh _ 1l.55

A partial list of the minor constituents of alfalfa is shown in Table
14. Alfelfa seams to be an excellent scurce of these constituents, however,
extraction method at present is & costly item. Oriffith, intonsom, Larwin,
and Udwister (11) reported that if these minor constituenis in s1lf=lfz could
be exiracted and purified econemically, their volue al ten cents per gram
would excesd several times the preseat markel value of dehydrated alfelfa woal.

Table k. == 4 partisl list of the minor constituents of alfalfa {ii).

Fat 3Sclubles Deloiie Grans/Ton
Chlorophyll 3,000 2,730
Aanthophyll 425 382
Carotene 300 273
Phytol 1,000 900

Vitamin 5 ' 253 225
Sterols, waxes, fsts 45,090

YWater Solubles

Vitamin ¢ Giboflavin Thiauin
Choline Pantothenie fcid Kiaein

Folic Acid , ' Amino fcids



MEADOW MANAGEMENT

Proper mseadow menagement for alfalfs is essentisl for the vroduction of

hizh quality bhay.
Soil fertility is an important facter in weadow management for alfalfa

production in Oklshoms, The fertility of the soil is a major factor in making
alfalfa the excellent feed that it is for growing young animsls,

Alfalfa acrvage as well as the tonnagze could be inecrsasged in central and
eastern Oiklehoma by proper soil mansgement, The proportion of calcium decliines
as one goes from soils of the west to those in castern Oklashome waere alislfa

is growa with difficuliy. Hot omly is bhis true with logumes, but crops in

enerel decline in caleium in this traverse from west to easst, ‘The conbents

09

of ealcium, phospnorus, amd potassium in soils go down, with the calcium
content deelining most rupldly., Uornally, soils in eastern Cldehoms are defi-
cient. in the three elemenis mentioned; however, this condition can bz corrsctad
by the addition of limestone and comuercial fertilizers. Soll tests should be
made varly enough so thet one cam spply the necessary fertilizers. With proper
soil trestment, zlfalla will grow on well=drsined soil that has sufficient
caleium, phosphorus, and p@tassium for normel plant development., According to
ilbrecht (2), one of the coutrolling foress im deterndning whether legume
erops like alfalfa are highly proteinaceous or wmore nearly only carbonzceous
is the ratio of ecalcium to‘patassium‘in the soil.

The soil intended for alfalfa should not be contaminated with weeds and
grasses. Bbetter stands and meadows with less weed competition sre usually

obtained in Oklahoms from fall sowing. Vhers alfalfa is sown in the spriag,
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weeds usually appesr in abundance., A4ttewpls to improve poor stands by rosced-
i;g,genérally have been unsuccessful. Wormally, it is better to plow up un-
satisfaclory stands, grow a cultivated crop on the land for a year or two,
and then reseed to alfalfa. It is difficult to produce & good crop of high-
grade alfalfa hay on meadows with thin stands. Invariably such meadows are
invaded by weeds and grass, and the hay produced ils cosrse and of low leaf
percent. Alfalfa plants produced in 2 thin stand are relsilvely coarse, and
the'p@rcentage of lsaves is relatively low. For high quality alfalfe hay,
meadows should be kept free of trash, grass, weeds, and old hay.

Uenydration conbtractors prefer to cut aliclfs in the prebud or bud
stagze. wtaze of cutting has sn important besring on the lomgeviiy of the
meadows and the quality of hay harvested. In most instences for dehydration
of hay slfalfa should be cut when one~-tenth te ene-fourth in bloom, or when
the growth starts from the crown irrespective of the bloom, Parker reported
{29} that the growsr will sain 1itile if any increase in tomnsge by allowing
the erop to stand te meturity. He stated that in the early stage of maturity
the leaves usually constitute 45 to 55 percent of the total weight of the
plants, snd the stem is not Oddﬂctlsndb Ly hard aand woody. Usually the highest
qu&iity hay is obbtained when it is cut in the pre-bud or bud stage. However
the yearly tonnage is ususlly greater when the cubling is done at one~tenth
to one —au&rtvr bloom. 4 continucous practice of pre-bud and buuustag eutting
often weakens the vitality of the crowns and roots, shorteas the life of the
meadow, and causes an inecresse of grasses and weads in the msadow. Alfalfa
sut in fuil-bloom stage and pod-stage usually is much lower in the percentage
of leaves and the stems are more woody than when harvested sarlisr, The
carotene contont le azlso much lower in alfzlfa hay cut at late stages than

in that which is hervested in esrlier stapges snd cursd properly.
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Nelson (26) indicates that fregueat eutting of alfalfa in premature
stages results in depleted roat-reserﬁes. The yields of hay for a three
year average from different stages of culting were as follows:
Sud stage . . . . . 1.8 Ton
1/10 bloom. « . « . 2.7 Ton
Full bloom. . « « . 3.5 Ton
Jeed pode o« « - « « 3.1 Ton

ﬂepleted.root reserve caused slow recovery of the plant zrowbh after
cutting, low yield of hay, incrcasad weed infestations, and retardsd root
growth., Chesical znalysis of alfslfs roots has shown that ths nitrogen and
carbohydrate reserves of the roots were decrsased when the crop was cut early.

?ﬁ@ results of experiments conducted over a period of eight years at
fansas by Selmon and Swanson (31) indicated an important relation of reserves
to eutting trestment. They found thet when slfulfz was cut at stases less
mature‘than full bloom, the longevity of the stond and the yield were appre-
ciably reduced. Plants cut at the full-bloom and seed pod stages were capable
of maintaeining themselves over a considerable perioﬁ of years. OCutiing at
immature slagss thinned the staad and 1owefaé the yield. 1t was also pointed
out that alfslfs should be cut when one~tenth to ons-fourth of the crop is in
bloom in ordsr te produce good hay, £1fzlfs that has put forth new shoots
from the crown should be cut without rezard to bloom. Alfalfls that is allowed
to stand in the field until after full bloom leses many lsaves and the stems

betome hard and woody, lowering the feeding volue snd the palability of the hay.

This statewent is supported by the results of experiments made at the Lansos
Stage sxperiment Station (31) in feeding steers, and reported bslow:
Time of Cutting Feed Reguired to Produce

100 Pound Gain on Steers
Bud 8Bage « o « 5 4w s s v s e e oo s 1,028
1/I0 DLOOME. « v + & 4 = « = » o« & » « 2,086
E“’dil bl@@ﬂln * s W 5 e @ P o® & ¥ € e w 2,163
Suocd BHEEC. .4 + v ¢ o o o 2 2 ow s o« & 3,910
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Albert (1) found that in the first year of eutting the largest yields
of hag were,9btaineﬁ from plunts cul at one-tenth bloom zud at flower bud
st&g@s; In the second year of cutting the largest yields of hay were ob-
tained from plante cut at relatively wmzture or full bloom stages. Also
eutting the top growth of plants at reletively ismature stagss retarded root
development to a marked degree. ‘The percentages of total nitrogen and
reserve earbohydrates teaded o Lo lower in roots of plants eub al imumature
stages, in centrasi to the rools of plants cut at more mebture stages. A
higzh eonbent of roobl reserves and the initiabtion of new rost growth szem
to be correlated with a relatively slow rate of top growbh., Small swounts
of late fall top zrowth have a proncunced influenee on winter killiag of the
plants and slows ﬁcwﬁ early spriang growth. Also, Loukel, Braber, HNelson,
and Albert (9}§raparted that eutting alfelfs plants frequently or lmsaturely
late in the sdason caused & continuous reduction of the orzanic root resarve
without its replenishment for subsequent growth, relarded the increase in
the size and welght of roots, and decrsases Lhe vigor and production of the
new top growth. The plants also go into winter dormency low in orgenic root
reserve and high in moisture, which mey cause them to suffer govere winter
injury.

Lower crude fiber and higher protein content of alfalfa hay have besr

ze of leaves, In & regent investlgstion

cerrelated closely with the percentag
st the Nebrasks Station (37) it was found that plunts differ remarkably in
leafiness sven thnough in the same stage of growth. In oae test, in which
the leaves were removed from the stem, dried, and weighed; the leafiness
V&ried‘from L0 to above TO percent in different plants. In & test run in
1940, similar r@sﬁltﬁ wers obtained., This study was made to determine the

percentage of leaves at three different stzges of cutting. The results
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obtained showed the percentage of leaves averaged 40.6 for the first cutting,
53.2 for the second, and 46.0 for the third. The totel leaf percentage aver-
aged from 43.3 to 49.3 percent, Some of the strains showed a uwniformly hiszh

percentage of leaves for all cuttings, while others wore uniformly low.

To help waintain s meadow free of weeds and grass and to protect the life
of the stand, alfélf& should not be postured wotil efter the firet yesr. It
should never bhe pasiured closely as gresing of the crowns often results in
hi¢;ln& the plants. {atile should never be allowed sccess to o field when the
ground is wet or frozen.

If elfelfs is cultivated, a sherp cutting tool such as & dise should not
be used beceuse the disc hes a tendeney to split end desgtroy the crown. The

¢ a modified form of the

F'b
el

spring tooth harrow or the slfelfs horrow, which
spring tooth, is the best type of Implemsnt to use, cspecially on finc tex-
tured soils. The spike tooth harrow does egnally as well on eoarser textured
soils. The main object of ihis operation is to destroy weads end grass sorly
in thez spring just belore the alfalfs starts spring growbth, While this pro-
cedure has been tested under controlied experiments, it iz Jdoubtful whether
the practice will psy in zrecs vhere the meadow is used for bay. In the drier
areas Qultivatian may igcrease the ssed yield,

Cultivating 21faifs early in the sprins is a common practice in western
Oklshome. A uumber of farmers in this area whe practice renovating their
alfalfn meadows esrly in the spring were conlacted relative to their opinion
of the practiece. A1l were of the opinion that renévating s1f21f5 meadows
early im the spring, at the proper time, destroyed 2 1at of winter annusl
pragses and weeds without injuring the meodow. They were af the opinion that

»

the guality of hay was increased by following this pr@ctice.



PARTIAL LIST OF MANUPLCTURHERS OF DEHYDRATING URITS
Dehydrotion drums can be purchased for verious ampunts. A one drum

plant, if ecorrectly consiructed throughout, will require an iavestuent of
at least 230,000 for bare necessities including essential auxiliary equip-
ment. Plants cost between §30,000 and $75,000 after they sre finally
established and fully equipped. The prices listed below for different
units are subject to change., To this equipwent must be added the harvest-
ing lmplements, trucks, tractors, foundaiion, bullding to house the drier,
warchouse, bulk fuel oil storage tanks, slectric power, and firebricklfor
fmrnacé.

Some of the manufscturers of dehydration units can furnish all sux-

iliary eguipment necessary. Uthers can furnish the informstion in rezgerd

to the best type of eguipment necessary for the unit,

The fullowing is a partisl list of menufacturers, together with some
descriptive materisl from literature provided by the compsnies. The mention
of these firms does not imply any particulsr endorsement.,

Pneumatic‘Typés

L. R; Christie Company

17 cast 42nd Street

Hew York 17, M., ¥,

The pneumatic unit manufactured by the {hristie Company has a cspacity
of one and ohe-half dry tons per hour. The price of this unit is §9,750
f.o.b. Hagerstown, Marylend, complete with structural supports, driving motors,

feed conveyors, sutomatic teunperature controls, and oil burning apparatus.
» > 5 i)
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This price does not include cost of field equipment, foundations or brick
work farithe conbustion chamber, for which cemplete plans znd specificstions
are furnished on receipt of an order. ODrying costs depend prineipally on
moisture conditions. Issuming 75 pereent initial moisture, the fucl oil
consumption is 60 gallons per ton of dry product, or its equivalent if.
another fuel is used. The company docs not manufacture any of the auxili-
aries necessary for field operations, such as chopping machinery, pulverizers,
and bagging mechinery.

The Formith Corporation
Wiehita, Kansas

The Formith sirflow Dehydrator will produce 2,530 to 3,000 pounds of
dry materisl per hour. The material travels approximetely 274 linear feet
throush the unit, suspended in heated zivr. Mobterials are in contact with
more than 30,000 cubic fest of hested sir per minute, This long travel
permits each parbicle sufficient time to zive up its moisture to the surround-
ing air. The large volume of air is more than suffiecient to absorb and cerry
away the moisture conteined within the matsrials being dehydrated. %The Formith
Dehydrztor has no moving parts. The pracéss is simple in operation. The unit
is self-contained and offers low operating temperatures, which should tend to
preserve the vitamin and pigmgnt properties of the alfalfe. The capacity of
thvis unit is one and ane—half.ﬁo two tons of dry forage per hour.

This unit couplete with burners, L40-volt eleetric motors for power,
electric controls and other neéessary equipnent to mske a complete instella~
tion sells at £18,500 f.o.b. faetory at Vichite. This price does not include
field eguipmant.

A Forster # 8 Heavy Imty Hammer !Mill direclt comnected to 2 150 h.p.,

WiD-velt eleestric motor sells at £5,200 f.o.b. factory at kichita,
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Q. ¥W. Randolph Coupany

Toledo, Ohlo

The Ramdolph Company nanufactures two units, the Randolph Junior and the
Handelph Semlor. In th&'Junicr.mmdel, the material to be dried is eleﬁated
to one end of the unit and passes through & feeder which is equipped with a
metal trap bto eliminate any wmetal from the material being dehydrated. From
the feeder the material is forced into the dehydrator by a fan supplying hot
air direct from the furnace. Iifter entering the dehydrator, the material is
picked up by a specially designed lmpeller which keeps the material in complete
'suspaﬁsion as it passes from one seetion of the dehydrator to the other during
thé~ﬁrying Process,

The Handolph unii is capablé of dehydrating one ton of meal per hour
from freshly cut alfalfa hay with 75 percent moisture content. The furnace
is eguipped with & stoker for using soft coal. It wasy be fired with oil or
gas if desired¢

The fandolph Senior is of the same principle as that deseribed for the
Junior, execept for a greater capaclty whieh is obtained with a larger furnace
and the addition of one section to the dehydrator body.

The writer wes wnable to obtsin the cost for the dehydrators deseribed
above.

Eet#ry brum Types

American Process Cowmpany
Lebanon, Pa.

The American Process Company manufsctures a conventional iype of direct
heat, single-drum, rotary drier for drying hay. This unit is similar to the
other rotary deisrs. 7The drum is éncircled by heavy steel tires on which the
drum is supported and rotated by rollers wounted on bases bsnsath. The cost

of this unit could not be obtained,
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Arnold Dryer Company

3000 ¥W. Hontana St.

Milwaukee 1, Wisconsin

The Alrdrier, a stutionary Fodel SD-8-24 alfzlfe dehydrator, is mony-
factured by the Heil Company of which the irnold Company is a subsidiary.
This unit is & triple rotary drum type. The mixture of furnace gases and
tanpering air enters the drier at a teaperature around 1400° F. and lezves,
with the moisture, betwesn 200° and 250° F. Three sizes of machines are
made, having evaporating capacities of one, two, and three tons of water
per hour. |

In round figures a dehydrating plant completely equipped would amount
0 $21,000 f,0.b. Milwaukes, Viscomsin. The total price of necessary equip-
ment will run between @SQ,@éO and 580,000 depending upon the type of building
erected, ete.

A porteble dehydration unit, whieh is a rotary multipass direct fired
drum type m@untéd on & rubber~tiréd steel frame chassis, is also manufactured
by the irnold Urier Company. The price of this unit is 47,500 f.o.b. Lilwaukee,

3

¥isconsin. This price does not include field equipment.

Cleaver-8rooks C()i’ﬂp any
[ilwaukee 9, Wisconsin

GCleaver-Brooks Compuny manufsctures a triple rotary drus type which has
a capacity of approximstely one ton of finished product per hour. Hest is
applied to the drying drums by o direet fired Jubtch oven type furnace. &
special designed oil burner is used.

The capital investment, including real estate for plant site, & Cleaver—
Brook dehydrator, freight on eguipment, foundations for eguipsent, unloading
and installing, power wiring and water supply, frame shed over dehydrator and
warchouse, would be approximately @26,1@9; The price of field ecuipment is not

included »



Jdo B, Beaird Company, Ine.
shreveport, ia.

The Hodel =700 Challenger, wanufactured by the Heaird Soapany, is a

machine primarily desizned for operstion on forzge crops. 1t iz a3 compact
unit, completely asscmbled on one steel skid, sad inecludes all nccessary

motors, blowers, cooler, cyclone, znd sacking devieces which sre nccessary
Jor operztion on this lype produet.
Provided there is adeguate clectric power (2Zi-wolt, 3-phase, 6l-cyele),

the [odel =700 CHALL

Guil Denyarator, eomplete with cleetric drive and burner

eguioment for natural zes, bubtane or propune for processing alfslfe and oiher

foraze crops is priced at 05,635 f.o.b. Shreveport, lLoulsiana,

4 fuel oil burner is svailable for 5206 additional. In ths absence of
sufficient electric power, the mschine wmay bs sguipped with an isternsl cou-
bustion eagine ab additional cost.

The sbove gost dovs not include the neceseary egulpmesnt for ficld

narvesting.

ﬁcﬁehe@ Comnmany
Board of Trade Building
Eankua City 6, Hissouri

Thage Helehee Company serafuetures two sizes of dran dehydrotors. The

Peiid36, was the orizinsl pleee of caulpment ond is fer "profes—

sional users® such as fecd mills or coopercstive organizations. 1t has a

)

very hi

and requiras o sizeshle investment in auxiliasry couip-
ment sueh as field harvesters, trucks for transporting

i

12, sacking, and storage faecilitiss. Ihe large plant

3
o

k

¢

sells for (22,825, The Lot¢; investaent for insbslloation of the larse
plant wouls be close to [70,000. This would iuclude the anscesssry souip-

sent rogulrsd for the opuration of & dehydration nlunt.
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The P-1036 was designed as a 12,000 pound evaporation (or.a tuo-ton pér
hour) dehydrator. The company clazims reports of thfee tons and more per-hour
average'far a long period of operation. |

The P-828, which is a small plant, sells for 515,960 f.o.b. Kansas City,
 Bissouri, with a total investment of approximatély £40,000 for complete instal-
lation, whkich ineludes the necessary @guipmenﬁ required for operation of a
dehydraﬁian plant.

fieneral American Transportation Gorpﬁratian

Louvisville Drying Hachinery Company Unit -

NHational Theatre Bldg., 5th & Walnut St.

Louisville 2, Kentueky

This company can furnish a complete plant or the drier slone. The drier
can use either sasg or oil as a fuel. The interior construction is such that
the'drying gascs are in contact with the hay at all times. This allows the
use of low temperzture gases which stands for high carotene content and low
opzrating costs., The drier comes complete with combustion chamber, gas or
oil burners {refractery for the combustion is not included), drier drive unit,
exhaust fan with drive motor, ductwork, and cyclone.

This company manufactures plents with three different capacities, as
follows: The small type, which is 54 inches in diameter and 40 feet long;
the medium type, which is 6 feet in diameter and 60 feet long; and the largs
typs, which is 8 feet in diameter and 62 feet long. (Prices are f.o.b. cars,
Sharon, Pa.)

The smell drier hss a capacity of 800 to 1,200 pounds per hour of dry
meal ot wbout 10 percent woisture. The price on this size plant complete,
using gas a fuel, is 16,475, or using oil is 217,680,

The medium size drier has a capacity of 1,800 to 2,530 pounds per hour
of dry meal at about 10 percent moisture content. The price on this size

‘plant complete, using gss as & fuel, is $21,900, or using eil is $23,100.
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The large drier has a capacity of 3,000 to 4,000 pounds per hour of dry

meal about 10 perccent wolisture. The price on this size plant coapleie, using
gas as a fuel, 1ls 028,940, or using oil is 229,940,
Prices quoted above do not include freisht, unloading, rigsing, foundas~

tions, building site, or field eguipment. These ltoms would asount 4o 30 or
> % ¥ i &
k) pereent of the total investmsut.

Conveyor Belt Type

Proctor & Swertz, Inc,

Seventh Street and Tabor foad

Philadelphia 20,

The Proctor & Swarbtz Company monufactures a couveyor belt drier whieh,
when Tully eguipped, represents an investumendt between 553,000 to £103,000.
G. Black, a representative of the Proctor & SHwartz Compeny, reporits that
the coupany lnstalled s aumber of conveyor iype driers several years age
and that they operated very satisfactorily. Howsver, thelr recent experience
indiestes that o rotary drus drier is considersbly less sxpansive than the
conveyor type drier,

Fuller Drier Company
Hazareth, Pean.

Conveyor-uelt driers manufactured by Fuller drier Company are asde in
capacities up to ten or twelve tons of dried material per hour. The cost of
this equipment, complete and ready for operation, would be approximately
550,000 to $100,000.

Pellet &ills

Foen s e

Craig Lspy

California Pellet Hills

Fa

2nd Unit Sante Puilding
allas 2, Texas

Some interest hes been devolad to pressing dehydrated wmesl into pellets.

The California Pellet Mills have designed a wachine for this purposse.
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The Califernia Pellet :Hill Company meskes two sizes of machines; the
Haster Model Californiaz Pellet Kill, the smaller msachine in the California
iine, and the heavy-duty California Pellel Hill,

The rated capacity of the Master liodel California Pellet Xill is 30 to
40 bags an hour on 3/16 inch pellets, snd somewhat greater capacity on
larger sizes. Some users report an hourly capacity of 45 to 50 bags an
hour in the larger sheep and catble size pellets. HMsterials being pellsted,
consistency of mash, and local operating conditions jgovern to a large extent
the capaeity of ihe machine,

The price of the Californis Haster dodel Pellet 1ill equipped with
feeder, mixer, 30 h.p. bullt-in open wotor and open sbarter with push button
ainieter unit for 3-phase, 60-uyels, 220/440 volt current is approximately
54956

The heavy-duty California Pellet Mill, furnished for 50 h.p. operation,
has about twice the capaeily of the master wodel. Tﬁe rated capaeity of this
maehine is 70 to 90 bags an hour in the 3/15 inch peliets, but higher capacity
is possible, depending upon the apove listed goverﬁing factors,

The price of the Californis heavy~duty Pellet Hill with a feeder, mixer,
base, v-belt drive, motor base plate, of new construction ineluding open goar-

head drive for mixer and feeder with starter is approximately £5,548.



SUMMERY ARD COMCLUSION

Interest in srtifieial dehydration of huy aad other forage crops in
Oklzhoma has incressed during the past few ysars. The Oklahoma Aigricultursl

sxperdment Stotion hes received HaRerous inguiriss coneerning various phases

of dehydration of forazge crops. 7This puper reporis & survey made to bring
together information which could be used in snswering inguiries,

Although dehydration of forage crops is velatively new in Oklahoma, it
hss been going on in the United Ztates sinee szbout 1409, Experiments were

first conducted in arcas where hay-making wos 3 tremendous gamble with the

weather., ILster these experiments spread elsewhere. iehydration planits have

)

been installed in the western irpigeted areas where an asbundance of alislfe
hay is brodnced. Before the dehydrator came inbo use, hay produced in ithis
area was ugually sold commerecially in the bale,

Ian general the purpose of dehydretion is to convert the raw materisl,
at its best staze of growth, into the highest priced finished product and
&t the same time migimize the risk of crop loss at harvest time. bthen cut
hay is exposed to the wealher for & prest lengtn of time, important nutrients
are lost,

The most comzon zethiod of suring hay is by curing it in the sun. The
disadvantage of this method is the uncerisinty of the weather for curing.
Uverdrying in the field causss many of the leaves to shatter when the i wey is
handled. In ordsr to retain a high carotene content and other valuable nutri-

ents Jost Ly leaching, hay should be ramoved from exposure to sunlight and



weather as rapidly as possgible. Seversl investigsltors report that green
alfaifa conteined twiecs the caroiene content of dried slfelfa.

To overcome the 4ifficuitiss in curing of hay and to producs a bsther
product, new machinery has been developed wo cure alflalfe ond other forage
by dehydrating the freshly cut hay in a current of hested air. This m ethod
eliinetes the adverse affects of weather alter cutting.

The three cammon types of dehydrators are (1) apron-conveyor, (2) drum
and, (3) pneumatic. Principles of three dehydrators are described previously.

There are many varieties of ecach type.

location of the dehydrator is lamportant,., 4 dehydrestor locuted near a
railroad makes it convenient for shipplug meal direct from the drier without
requiring storsge prior te shipment. The plant should be located im an zeea
vhere a sufficient amount of hay is grown to avoid leng hauls. /Approzimately
1,000 %o 1,600 acres are usually required, The weather condition will have

an important bearing on Lhe acresie neesded.

The cost of dehydration ovens will vary bul may cost spproximately
$15,000. Pield squipment such as trucks, trailers, field choppers, wpwers
and tractors will cost in exceas of 010,000, Nost plants installesd and with
all necessary squipment purchssed will cost from (30,000 to U75,00D. Dehydra—
tion equipment is sxpensive, but as 2 rule the best obtalnzble is the chsapest.
Failure of scuipment during the operating ssason is expensive.

Lehydrators may b owned and operated by privste individuals or firams or
by @ group of farmers 58 & cooperative. The dehydrated mesl may be utilized
for privaote feeding or sold on the opsu msriet. The chief morket for alfalfa
meal 2t presenbt is the mixed feed industry. During ihe period Irom June, 1945

o Bay, 1946 aboub 1,100,030 tons of alfalfs meal wes mede In the United States
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of which about 45 percent wes from artifieially dehydrated hay. Production
of alfaif& meal for the same perlod in 1946 and 1947 was estimated at
1,300,000 tons. The average output of alfalfs meal befors the war was about
300,000 to 400,000 tons per year.

Alfalfa hay for dehydration in Cklshoma is usually contracted for in the
stend and the producer is paid on the dry weight basis, The owners of the
dehydration plants prefer to do the harvesting sinee it is very important to
provide & constant gupply of forage at the dehydrator for maximam efficiency.
Jehydration plants are usually opsrated day and night if weather and supply
of forage parmit, in order to produce the largest possible putput per unit of
investaent.

The green forage may be dried whole or chopped to cnc-fourth inch to one
and one-nalf ineches in length, depending on the type of unit used. The green
matariai is clevated to the drying chamber where it is mized with furnuce
gases for dehydration. Althoush the dried meterial may be stored whole or in
the chopped form, it is usually hammer-milled into a meal and sacked.

£11 of the plants visited in Oklzshoma have their own cquipment to harvest
and dehydrste the alfglfa hey. The alfalfs hay is contracted from the produder
and is paid for on dry bessis depending on the quality. The guality is usually
based on the protein content.

#ost of the dehydrators in Oklehomz are the drum type and are used to
dehiydrate alfalfa hay after it is hervested and the meterisl has been chopped.
The type of units and the area whepe they are located are shown in Table 6.

Experiments with artificially dehydrated forage crops generaslly indiezte
that if directions are properly followed a feed of very good quality and high
patritive velue will resuli. This process ensbles the producer Lo rewove the

hay from the field immedlately, before any apprecisble loss oeccurs. Un the
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other hand, a nusber of experiments prove that if drying is done at extremcly

nigh temperatures it mey have an adverse effect on the fecd.

Y

High quality 21fz1lfa mezl is an excellent feed and is especially valuable

i

for swine and poultry. Pouliry and swine consume only o small amount of rough-
age, which makes alfsalfs meal econoumical to feed. The ruminanbt animels can
utilize lower quality {eed wore sconomically since they resuire a lsrzge volums,
It has been pointed out by many sxperimenlers thet the feeding walus of
properly dehydrated alfalfs bay is supsrior to corresponding sun-cured hay
even whea the latter is cured under fovorable conditions., Whan alfalfs is
prapcrly dehydrated it is a rich source of protein, czleium and vitamin &
and a fair source of phosphorus. For the production of hizh quality meal it
is necessary that the unit used b2 designed and operated properly. Improper
design or operation cun destroy the quality of the product. For detailed
information concerning cost installation and design of various units, it is
suggested that the manufaclurers be contacted, 4 pariial list of dehydration
manufacturers is given in the text.

Lehydration is a process to retain the moxiwum food nutrients. So, to

obtain high guality dehydrated meal, the raw product must be of high cuelity.

In order to produce hizb quality slfalfa hey, o good stand, free [rom Lrash,
weeds snd grass is necessery. The producer should keep in mind that ropest-

edly eutiing alfelfs in ths pre-bud or bud stage has a tendeney to doplete

the root reserve. This causes a very slow recovery and o reduction in yileld.

femoving the vegetative growth late in the
time to build up weakens ihe plant and makes it more susceptible to winter-
killing. The plants are also slow to recover in the spring. The proper time

to cut alfalfa, for maxiwum yisld of good quality hay aznd to aveld the above

mentioned factors, appesrs to be one-tenth te one-fourth bloowmabsge.



It is econcluded from this study thet dehydrstion units for drying alfalfs
have a very limited use in the dry sections of Cilshome except where lrrigstion
is available. High quality sifzlfe hoy usually cea be msde by ordinery methods
in this arsa. Furthersore, westher conditions ﬁprmally are favorshic for alfslfa

o

seed production during late July, &

ust gnd early September. Occaglonslily

waather conditions in certaln sress of Oklahoma causce serious damsgs

« B >

the dehydration wnit may be profitable provided it ls properly mans

e

The large invests neat required for dehydrstion snd field scuipment liwits
its ownership to those who have szceess to 2 large capital. The cost of drying
aay artifielally is much higher than that of cutiing it in the field and sllow-
ing it to field cure. The igitisl cost of a dehydration unit plus the fuel and
power reguired o proc2ss 2 ton of hay has more or luss limited the use of the

1

anit. &lse, keen compelition with other proteinaceous feod

Y

It appears from tixis study that dehydrators are impractical for use on
average farms iz Oklshoms because bhe investment is large sad the perlod for
dehydration is short. Uhen portable driers or sucller stetionary units are

1 can be

proven satisfactory and supplied at a reasonable cost,. ﬂliulic mez
produced at much lower cost. In order for the oparator to oblain the maxi-
wun profit, it wiil bo nccessary for him to have access to meterial to
defiydrate most of the yeer,

proguce

Farmers ian some szctions of Dklohoma can, without daliydrating

e
LS 4

4

alfelfs hay which is In direct competition on the

market with debydrated alfalfe meal. Although the cost of drying is at preseat
too high for debydreted hay to compete with sua-cured hay in dairy feeding the
dehydrated alfalfz, et a cost much higher than sun-cured slfalfa hay, is much

in demend for pouliry snd swine reiions,
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In general the main cause for the slow development in artificial drying is

the extresely hizh cost of eguipment, the high cost of drying, and the faet that

large driers are rather unadaplable to iacul farm condition.
It is the writer's opinion thet if dehydration of slfslfe and otber arage

is to be profitable 2 low cost unit must be designed. Furthersore, thne overhead
might be reduced by using bthe unit to lower the molsture content of grain and
other crops for proper storage. It 1s reasonable to cssume that if dehydration
were highly profitable dehydrators would be more wldely distributcd than they
are in arseas where hay-making is & gomble with the westher each season.

Those who are consideriag the pessibility of installing a dehydrétian
plant should give carsful consideration to the invesiment involved, capacity

e

of such a plant, the awount of hay svailable, and the possibility of operating

n

the plant & sufficiently long period Lo justify the high overhead involved.

The guality of product is a very important fazctor beseause buyers are not paying
prenium prices for an inferior guality mesl. Thers is much difference in the
guality of meal produced by the various dehydraztion mills. In Oklshoma the
season for dehydration of alfulfs is very short; therefore consideration should
be given %o sweel potatoes and to other forages to exiend the dshydration
period;

It would not be wise to let s sales prowoter sell a lot of machinery
witheut making very carefﬁl invegtization. Before planning too ilr ahead, it
would be advisable to visit some other sections of the country where dehydrators
are established and find out more about methods and preblans ianvolved in the

dehydration of 21fz21fs hay. First hend information is very valuzble,
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