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REASO S FOR S'l'UDY 

Interest in artificial dehydration of hay and other forage crops has in

crca.aed considerably in Oklahoma during the past few yea.rs. The possibilities 

of dehydration apparently have stimulated the interest of individuals with sur

plus capital to invest in new industries. Livestock feeders are intereeted in 

the possibilities of getting a high q,uality 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 ot the questions asked by these individuals concern: 

l. Types ot dehydration units available. 

2. Initial cost and operating expenses. 

:,. Installation. 

4. Principles and methods ot dehydration. 

5. Feeding 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 bas 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: 

l . Reviewing research data on dehydration. 

2 . Personal correspondence wi~h o.wers of dehydrators in Oklahoma and 

elsewhere. 



3. Contacting ma11u!acturers of various dehydrating units. 

4,. Personal visits to loeation.s in Ok1tth0ll1£l. where dehydrators were in 

operation. 



HISTORY AND GE;NERAL DESCRIPTION OF DEHYDRATION 

More people are dependent, .fully or in part., upon forage crop production 

than up0n aD,Y other cl.ass of crops. Forage is the very basis for a large part 

of our livest.oek and allied industries . The hay crop alone has an estimated 

annual tarm value or approximately $700,000,000 (18) . It also bas been esti

mated that the United States farmer recovers not more than 75 pereent of the 

value o! the hay crop produced, due to difficulties and lack of efficiency in 

harvesting, curing, handling, and storage practi.ce. Proper curing is necessa.r,y 

if losses are to be red~ced to a minimum. 

Several ethocts of artificial drying of forage crops have been in use tor 

a number o! years. In 1909 al!alta 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 earller 

machines carrie the green forage on a wire apron eonveyor through a drying 

chamber where bot air or funiaoe gases were cirmµ.ated by fans . Crops like 

alfalfa and the grasses were dried whole, but the coarser crops were cru.shed 

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 tim.e. 

The ame 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 ba.ve improved the. equipment in many respects . The purpose of 



4 

dehydration is to convert the raw material, at its beat at.age of growth, into 

the highest priced finished product, and at the same time mini.miz_e the risk ot 

crop .loss at barV"est time. 

In general, artificial dr,yi.ng, when properzy carried out, will eliminate 

the numerous hazards present under ordina.17 hay king procedures. These 

hazards that norm.ally occur may reduce the quality of f ora.ge. This artificial 

dr,ying process helps retain the plant nutrient-s,. a large nwab r of the vitamins, 

.and, in some forages, unknown nutrients that are 1111:porta.nt in the diet o! animals .. 

By dehyclration, excellent forage in large quantities can be produced in .s e sec

tions where climatic conditions y be a problem in hay maki.ug. It is quite 

evident that dehydration would be ot much more value in areas or high rainfall 

than in the drier areas. In areas where !armers have access to a dehydration 

plant, the gamble in hay uking can be reduced to a minimua. Less storage space 

is needed tor tb.e finished product and the ease in feeding d hydrated forage is 

an added convenience. 

The average farmer is interested in. the home de 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 artificiall,y,,. independent or sun and weather, 

and in this way teed of a euperior quality can be assured. This is especially

tru.e 1n the more humid areas, where rain and dev often play havoc with ba.y, some

times ruining it completely. Tbe me.in object of dehydration is to preserve the 

feeding value of forage crops. 

Interest in artificial drying of forage cropa in Oklabo has increased 

considerably during the past few years, mainly due to the increased acreage and 

the possibility for further expanding the acrea e or alfalfa.. The reduction of 

cotton acreage, which has limited the supp),3' of high protein .feeds, also has 

stimulated dehydration. In the highi!r rainfall section of Oklahoma, hay making 

is a gamble vi.th the weather,. especially along streams and rivers where rich, 



fertile fields are $ubject to overflow. High rainfall and humid conditions 

cause lo ses ot food nutrients in alfal.fa hay due to exposure. Farmers in 

those sections are interested in new methods of curing hay to a.void losses 

that normally occur under regular y making processes. 

Although debyd.ratio bas numerous advantages, some of the disadvantages 

which are liated should not be overlooked. 

1 . The e_xpense involved in eb,yci.ra.tion. The studies that have been made 

are not sufficient to fix definitely the cost of drying. 

2 • • t the pre-sent cost or dehydration, it. ppears tll t -when field 1osses 

are greater than 25 to 30 percent, and if at the s e time the prices of hay 

are relativeq high, then artificial drying y pay. 

J . Morrison (25) reports that if the temp rature gets too high during the 

process of dehydration, and the hay is charred. or burned, digestibility may be 

decreased considerably, especially tha.t of the protein; some of the unidentified 

nutrients a.re destroyed. 

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

hay. 

So e progr ss is being made toward plan for wn curing nay between 40 and 

50 percent moisture and then placing tbe hay in a barn so equipped. that air, 

heate if necessary, can be forced through it to complete the drying. Since less 

expense is involved, this met.hod of mow-curing is worthy of consideration in 

storing hay on the farm in Oklahoma . 



PROBLEMS IN CURI m HAY AND OTH~ FO .. ·o~-CROPS 

For many years tanners have been concerned lid.th losses in hay -which 

or inaril.y occur by the regular field curin· method, which until recently was 

praotieally ~he only .ethod ever used in preparing hay for storage. Loss$ 

usually are due to: 

1. Loss of l av s (that port.ion of the crop rich st in dry WAtter, pro

teins, vitamins and cine-rals) which usually occurs under ordinary conditions of 

field curing of hay. 

2 . Loss of valuable constituents of the hay as the result of 1 ching 

and over-drying, which may at times in certain localiti a account for as wuch 

as half t1 value of the crop. 

Lo-es or Leaves 

Leafiness and color are eorrel.ated with carotene and protein content, as 

the leaves contain a much high.er percentage of these important nutrients than 

do the stems. The retention ot leaves and green color ar the tw things :most 

important t.o th producer. Since the leaf color and percent.age ot 1 aves are 

important i.a hay quality, the b st ethod of haying will be the one that saves 

the mo6t lea es and then retain the gr en color. 

Los of l eaves is reported by several investiiators (S,20,25) . They 

found. that for average conditions of drying and bandlln.,. h.ay in good weather 

th loss is appro:rlma ely 20 percent of the total quantity of leaves. Uhen 

it is considered that 65 to 80 percent of th total protein of the alfalfa 

plant is in the le ves, and that the leav s also represent one- halt ot 
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the dry matter of the plant and the major portion of the minerals and carotene., 

the loss of 20 percent ot the leaves represents a loss of epproximately 20 per

cent of the total nutrients in the hay. 

It has been r ported. by Kie salbach (21) nd others that the change in the 

leaf percentage ot alfalfa ranges from 57 . 3 in early stages to .33 • .3 with dvanc

ing .maturity. The leaf losses which appear in .full bloom stage probably can be 

ttributed to dis se, insect injury., adverse we ther conditions., lodging and 

natural let.tr shedding with maturity. It has been shown that alfa.l.t' leaves are 

roughly twice as high in percentage o! protein as at'"e the st.ems of the s e 

pl.ant, while the st shave crude fiber content about three tim s that of 

the leaves. 

The compo-sition of the leavas S...'ld st s changes with age a is indicated 

in Table 1. The change in th stem is much more rapid. 

Table 1. Percent.age of' leav s of alfalfa and timothy and their chan,ire in 
composition at diiferent stages of growt.b. 

~ ~ 
Crude Crude 

Protein, Fiber, Prot in, Fiber, 
ercent ercent er cent .... rcent 

Al!'al!a 39) 
Prebudding stag 58. 5 32.83 12.47 19.46 J0 . 94 
Budding Stage 48.4 2s • .3s 13.19 lJ .57 42 .88 
Early Flowering 

tage 4,2 . l 24.57 13.94 11.03 46.49 

Timothy (16) 
H ded .38. 22 11.6 24.3 4.4 JJ . 8 
:Early bloom .29. 3 U .6 25.1 4.8 39.7 
Just past f'ul.l bloom 20. 5 ll.O 25. 0 3. 2 40.7 
10 percent of heads 

straw colore 11.5 9.0 25 .0 2.9 43.0 
Heads mature 10.0 6.6 22 -2 2. 8 41.6 

Studies in Kansas (10) report leat losses during curing varied from 2. J 

to 34.0 percent. This loss is l . 2 to 17.4 pore nt of tbe total crop and a 

proportionally larger part of its nutrient content . These data co pa.re well 
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with those of many other investigators, who report 30 percent or more los 

ot leaves in altalta during the curing process. 

Data l."eported by Grandfield and tbroclcmorton (10), shows the percentage 

of leaves in alfalfa hay varies !ro 41. . 6 to 53.4, depending on the stage or 
maturity at time of harvesting {Table 2) . 

Table 2 . - Effect of stage of maturity of alfalfa on yields of bay, 
percent ot leaves and protein,, and total protein produced per a.ere. (Aver ge 
tor 8 years. ) 

Stage ot 
Maturity 

Yield of Moisture 
tree hay per 

acre 

Tons 
Bud Stage 
One-tenth bloom 

· Full bloom 
Seed Stage 

Leaves 
in hay 

Percent 
53 . 4 
51. l 
48. 4 
41.6 

Protein Total Protein 
in hay Per Acre 

Percent Pounds 
19.78 960 
18. 92 1.,109 
1.7. 63 l.,071 
16.04 849 

. From these data, it is evident that the highest percentage of leaves is 

obtained 1n the early stage or growth., but that the largest amount of protein 

is obtained when alfalfa is cut in the one-tenth to the full blo 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 manner so that the leaves will be 

ret ined. Alfalfa. can be dehydrated im111ed.iatel.y after cutting. aw-. ow hay 

contains from 70 to 80 percent moisture, depending on the atmospheric condi-

tions and .st g of grovth vhen cut . Handling hay at a high moisture content 

avoids shatt ring of the leaves. 

Overdrying alfalfa hay in the field is probably the t com.on cause for 

the loss of bay quality. It hay is too dry when handled, the leaves shatter and 

a high percentage of nutrient 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 o.f vitamin A, in a feed. It was reported by Wall (38) that 



in order to secure a high carot ne content, hay hould be removed from expo-

sure to sunlight and we ther ae rapidly as possible. However, there are a 

number of other f ctors causing the carotene content to vary in dried feeds. 

The av rage carotene values which may be expected in Oklahoma feeds 

are summarized by 'all (JS) in Table J. High values were foWld with young, 

Table 3. 1ge in Caroten Va.l.u of klahoma Feeds. (Effect of 
dr.,ing and stor g on carotene.) 

Kind of Feed 
Bermuda 
Alfalfa 
Sorghum 
Johnson grass 
!,oybeana 
lungbeans 

Wheat 
wnite clover 
Sweet clover 
Big Blue Stem 
Little Blu St 
Switch g~ as 
Ige grass 

Carotene 
Green 

High Low 
375 225 
390 200 
165 75 

90 60 
250 100 
200 100 
300 180 
1S5 90 
100 80 
120 70 
100 65 

SO 50 
320 200 

(p.p.m. Dry Basis) 
Carotene 

Dried 
High Low 
185 100 
200 80 
90 .35 
50 20 

1.40 65 
100 45 
140 70 

65 45 
55 35 
60 30 
55 30 
45 25 

160 105 

Caro ten 
6 mo. storage 

lii4>h Low 
85 30 
90 20 
40 10 
20 7 

120 25 
70 25 
80 25 
25 15 
JO 15 
20 7 
20 7 
15 5 
70 35 

green, fast growing plants, grown in the spring or fall when soil moisture 

1: s pl ntitul. Lo value in , nere.l are for more ture plants, and for 

plants grown during the summer 'When rainfall was slight nd the t perature 

high . These values vere in all cases tor plants that ~ere still gr en nnd 

had not been seriously 'Wilt d by exposure to sunlight or drought. 

Keim, Hathaway and. vis (1.3) lworking on the carotene content of twenty-

four grass s native to Nebras a found that the rotene concentration of most 

of the grass s was .oder·tely high during the growing scaaon and declined to 

a rather low point by late November. The rotene values observed during the 

periods ot greatest concentration varied from. 511.6 p.p •• (Sandhill Bluestem) 

to 122.6 p. p.m. (Northern Reedgrass). 1'h s values ranged from 60.7 p. p .m. 

(June grass) to l.6 p. p.m. (Little Bluestein) 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 pl.ants (8,15,30). Freshly cut 

alfalfa. contains about 390 parts of earot.ene per million parts of dry matter 

in the hay (.38) . 1 pproximately 90 percent of the carotene may be saved by 

proper dr1ing. 

Bleached hay contains little or no carotene. As ch as 65 percent of 

the carotene may- be lost in as little as JO hours ot normal field exposure; 

it is n c ssar, to bring hay to an air-dry condition in the shortest JX)esible 

time to retain the carotene content. 

'l'he necessity and importance ot carotene in the well-being of farm 

animals has frequently been discussed in the literature. The vitamin A con

tent or 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 alfaU'a meal. Smith (32) found that only one-fourth of th 

pro-vitamin A remained after hay was in bales for 12 months.. Wall (38) z:e
ported a loss of approxima,tely 50 percent of carotene might be expe..cted under 

average conditions bet een 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, re sonabl.3 air-tight bags an proper storing, but this is not 

practical for farm storage. 

The vitamin D content is higher in sun-cured h :y-, while vitamin Eis 

present in larger quantities in artificially dried hay. 

Exposure to weather for 96 hours witho11t rain did not affect the vitamin G 

content, but 0 .68 inches of rain r oved as cb as 50 percent of this vitamin 

(17). 
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Gtiilbert, Mead and Jackson (23) showed that lossas from leaching may be 

a.a high as 67 perct.'rtt of the minerals, 35 percent of the c..1.rbohydrates (nitrer~en

free extraet), and lS pareent of the protein.. Only a slight 1.(>ss .of !''at was 

noted. 0:;a.y sterecl with high lf.oist:ure oontf51nt undergoes very serious deteriot'

ation,. arid often its feeding value .is destroyed completely. These losses are 

probably due to the :t'GSpiration. prt,c.est, of the living pl.rA:nt eoll and t(J the 

activity .of miero-org~nisms. Re.spiration continues for some tim!t! a!'ter the 

green plants are cut ~1l0ss th0- plattts are dried. immoofo,tely.. The lo.sses due 

rwx,n"'1l res1,iratiort in the field are largely controllod by the rr.te and 

e!"fieiancy o:t dr-.;ring. Sinee the plant cell liVfi:$ for several hou:rs after 

~utt1;1.g, r0spiration oontinu.es .a.nd loss of d~y rriatter due to thl$ process is 

reported to range from 3 to 13 percent of' the total dr:.r wei,iht. Bacteria 



TYPE$ OF =·""·"·;'""""'~"" 

Since desi~$ of dehydrators V'.,;,ry: wid.ely; the initial eost, fuel 

requ.iremeieits, opera.ting tempera t~r{)),s, und op~~rating conditions also vary 

e011s:iders.bly. Prcspeeti:ve buyers should in1n:?stigate very thoroughly the 

dif'f.~rent types of units a.va.U~ble l>efore buyt:::.ift• Detailed s1J0eific2:t.ion$ 

and reeotime.ndations 'based oJl thlii buyer's requirefile1:1t.s will D~ furrushed by 

manu!.acturers. 

Several types of m chine;s have been d~veloped fer the rapid aI't.ificial 

drying of hay by :us:i:ng heat from tu.el oil, gas or coal furnace. 'l'hey may be 

classified as (1) conveyor type {2) rotar-.r cirura and (:'3) i:irieu17tatio drier. 

There are matiy Vat"iation.s within eaeh type.. Driers a:re uJade in capacities 

usually raz¥Jing from 3/4 to:n.s to 3 t.or,s pe.r hcm.r. The dehydrat,ed forage 

uw.y be blown dir--cctly to a storage atrtict:ure., or it may be pulitedIIed with 

a ,h.!;W.,mer mill for the pur-pose of sacking or pellet.ing,. 

Apr()n-oonve;ror ilri.or y 
In tb.e .a.pron .... oonveyor t;rpe of'. drier t.he groan £orag0 is loaded on an 

endless serfien-wire apron .and conveyed t.hr<>ugh a dr;:ring ehnm'l:xer where hot 

fans. Fi,§'1re 1 show~ the deyin.~ proc~s~ a.n.tl how the fuOisturo-lacten ,1dr is 

allo,,,red to eeea;)e into the at;.11oephere. In ge11cral the drying of whole plants 

o! grasses,. clovers, and alfalfi§i i~ sat:Lsfaetory in this type Qf drier; there-

:Core the u.aual farm haying equipmt1.:nt may be u.sed for harv;,;;sting. 'l'he apron

conveyor drier oper.a.tes at a relatively low ta.ttpera.tu.re, .250" to :350° 'F.,. 

}:/ In all il'1stanees wher~ the word ttdrier11 appears in this thesis,, it h;;:1s 

ref er~nce t,.., a dehyrlrato.r. 
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ma.king it necessary that the forage be exposed to the .t\1.rnace gases from 15 

to 45 minutes, according to the moisture content. The teniperature of the 

b.a.y r~ins m.ueh lower than that of' the surroundin.g gases, due tll the cooling 

effect of evaporation. 

IJl"t:ml Drl.e:vs 

.Drum driers in general consist of us.rga cylindrical steel shells mounted 

on rollers so they can be rotat..ed.. Da1't'le$ or flights are usually fastaned 

to the interior or the shell so that the niaterial is picked up and fulls back 

as the shell rotates... The chopped green .forage iu fed into the drum ct the 

!un1aee snd. is drawn through the shell b-,.7 an c:dla.ust fan ae indieated it1 

f'igw:~e .2,1\ 

The drum drier, when used for forage, is usually classed as. a high tempera

ture ma.eh.me, which necessitates a short period of exposure to prevent charring 

o'!f burning the hay. hrnaee gases enter the machine at 1000 to 1500° F, and 

leave at 1;0 to 250° f!. 'the time of drying is about 1 to 5 ndnutes, depending: 

on the initial moisture content o.f the forage. The high exhaust temperature 

repreaent..s a. considerable loss o,f heat,. -which temis to reduce the themal 

efficiency. 

For the drum type units,. the crop is usu.a.Uy harvested with a pickup type 

cutter whieh m.ow"S, cmveys, cuts th:e material into onr: inch l.engt,hs. and blow'S 

it into a t.ruek: or trailer followinz alongside the me.chine. HowevGr, the forage 

may be cut., wi.ndrowed., and pioketl up with hayloooers, mid than hauled to tile 

ph.nt and chopped with a statiom:.i·J chopper bu.fore it ie dehydrated,. 

This type of dri.er may haYe one, twoJ; or three drums; but the principle 

of operation is the S!ktr1e in .sill of the:n. 

In the single-drwn drier the eh:opped hay p-asses directly from the furnace 

end to the discharge end. Theee driers are usually from 40 to 60 feet in 

length and from 7 to 9 feet in diameter. 



The double drum drier has one drying chamber inside the ot,her,. This unit 

Wi?i.y be short~r than the single drum unit because the use of' multiple drums 

increases the length of the dr3ing ch.amber as com.pared to the length of the 

unit. 

In triple drum units, as shown in Firs,-ure 2, the mater'.lal n:i.oves through 

the eenter shell, back t.hrough the s,eeon.d and out through the third,_ thus 

traveling appronmately three tiw.es the length of the drier before it pas1,es 

to the exh.a.ust. fan,. 

Drwn driers oeeaaionally are placed on especially equipped. ra.ilro-acl cars 

so- they- can be lllOVeii to dif.t'erent locations and sot up for operations on a 

siding or epu.r. One ma.'lufaeturer makes a portabl.e dl'\Ull type unit mounted. on 

a rubber-tire,;.i chassis for !i eld use. 

Pn.eW'.llatic Driers 

The pneumatic drier h.as nc moving parts,.. the chopped material being 

carried through the unit by xooving air. An upward current of fu.maee gases 

dries the ha:, in suspension... The forage is ,carried in suspension on a 

cushion of air from the time it enters the drying chamber until it is dis

e.'1arged. The lighter portions ot the f'orag~ are carried up~rd into the 

2.0nes of lower tauperature and velocity more rapidly th.Ml the heavier, 

undried portions. The ra.te of' movement of the p.;1rticles is governed both by 

the l"ate ot _gjls .admission to the drying tower and also by the positions of 

a set of ballers \io"hich converge the stroom at various po.ints and thereby 

increase the (;."8S velocity.. The gr·een material is exposed to a mn):iaum 

temperature of 8500 F. in the first cycle of the process. In tho second 

e,1cl.e the temperature is decreased considerably t.o avoid burning the hay., 
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COS'l' 

'Location 

It is essential to locat;:3 di:hyd:ration '!.U1its (1) Bdja.cent to ;i railroad 

and (2) an area where sufficient al.fi!llfa is available. 

B:r locati11g tne unit ~l'.:i:d w::;;.rehouse aloni;,sid6 a raih~a.d.., it h, very 

co:r1vanient to unlo¢1,d. drying cquipmimt a.t Uv.e point where it is to b~ in.stalhid .. 

Jil:ao, it is conveuiG,nt to sh:ip dirc:iict from t.l:i;-;1 drier without, r,&,quirin.g stora,3:e 

prior to shipm11;:.·nt. 'l'he opere.tor C&l eliminate tixtra twndling of .moal b,f l:iaving 

t.hs saeki11g floor aa1d t,he w:1r~house flollr on .a level ·with the rzilro:z;;d c;::r floor. 

fiu.ildings, includin;r; warohoua-s,s, should not only be pli.'Jr1ncd for cmw:,n:ionce, 

objectionable to nearby r1;:sidcn.ts, because of the 

odor and dust given off when the plant is in operi.::tion. 

Also., ~ince it is !Sss.ential to avoid long ha.uls, th,$ plant should be 

loc::i,ted in a.n C:i,.?'{::a wl.101'0 a sufficient amount of hay is t;:,Towa. Approxir:.m.tel,y 

l,000 to 1,6,)J acr•;;:.e. <'Ire rGqu.ircd. J~, dr,r or w0t s0ason will hav,B f,;.a important. 

l,djustmcnta n1ust CH.; made ti) allow for cutt:LtliJS r&tain.ed hy tl:'w ftJ~ter. 

re,::F&rvo fiold ~:;;quipm.ent must bc:: t:W'ldlable a,t .:i,ll t:tmes, since 

b-rGo.kdowns occur froquantly. This is understand&blc cons:idcring that station-

ary and mobile icquipm.0nt is in operation from l,:'S t,:, 24 hours c:aeh day. A 



Cost 

In general, some ,of the best dehydration ovens will cost appl'OOi'.intately' 

$15,000. · Mobile equ.ipmeJ.it such a..s trucks, trailers, fi-old choppers, mowers, 

a.nd tractors will cost in exce.as of ~10,00J.. A good high-capacity set ot 

grinders able to operate continuously will co,st a.ppro)d.mtely f.5,000.. Lust 

coll.actors, whioh a.re a no;eessiiy, probably will cost t~5,000 or more depend

ing on the design desirect.. .A total investment for oore neeeasiti.es to 

properly eon:struet and install a ~plete druw. type dehydration unit wo1ud 

ba approximately i150.,.000.. htost plants, instaUeci and ~ith all necessary 

equip!lent ~$ed., 1tsill a,a,t, fro.:m :~\:,0.,.000 to "75,000 .. 

Although the eqiupment for dehydration is. expensive, as a rule th·e best 

obtainable is the cb:eapeist .. This is ob.Vious since ef'fieiency depends upon 

(tuallt.r and total production. If any pa.rt fails durin$ oparlltion or doee 

not have su.f'fieie-nt. oapaeity, the entire pl.ant. is at'i'eetod. 

'lbe following outline shows the requiren1ents and approximate cost of a 

typical alfalfa dehydration mill.., (Aeknowl:edgnien:I;, is ma.de to the Arnold Drier 

Com~ :for most of this int-orm.a.tion..,') 



Operating Costs 

P\lel .... 9,000 cubie feet natural g&:s.: 1,00:J B .. T .. U./eubic feet 
· 65 galloma fuel oil: 148.,000 B .. T.U .. /cubie feet ... 

0 .. 2;, p&l" l,000 cu. ft.. 2 .. 25 

Powe.r- 2,900 cubic feet natural gas:. 1,000 B .. 1' .. U./cubic feet 
254 Iil..54 .. h.p .. "/46 watt~ :: l h.p~ 

l kilo'\!Jlatt: 1,000 wutts 
254 h.p. = 1$9 xd.lowa:tt 
189 kilowatt at .02: 3.7a 

Labor- l Operation for plant .. 7 5 
l Tractor driver focr harvester .. 75 
l Mrui leveling loa;d. on trailer ... 75 
2 Truck drivers bringing al!alr:a to drier _____ 1.50 
l 11:an feeding cutter • 75 
1 Man sacking me~u. .. 7 5 
2. Warehouse nH:in 1.50 ----..._--~-...~------~--~~---

Miseella11oous - Gasoline, oll, lubrication, insu:r?..nce deprecii!?.tion, 
repairs, ate. it ,;;.oo 
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Field Equipment 

2 Field harvesters @ tt1 .. 27.5., -~ 2,..550.00 
2 Tractors@ $944. ------ 1,.sss.00 
5 4....\:iiheel trailers '@ ~199. 995.J)O, 
5 Trailer bodies @ $200. · . 11000.00 
3 J.l ton piek-up tru.:ks @ .f.1,110.. · 3 ,3)0.00 

Drying ~tdpment 

2 cutter.:; 
l Dryer €112#000. __________ _ 
2 Bamm.erm.illa 
2 Sitter& 

Freight _____________ $ 700,.00 

Unloading - Installation· $00 .. 00 
Firebrick tor £umaee 450,.oo 
Installation of firebriek 125.00 
Foundation & building for drier . J,500.00 
'wa.rehou&e 3,500.00 
}l;lectrie Wiring,. etc~- l.,500.0Q 
fuel. oil tank 900 .• 00 

Total 43,738.00 

Fuel .li.Qd Power Requirements 

Fuel - Fu.el Oil .... Approx,. 60-6; gallons per hoor base on 
ll+0,.000-14Sf000 B.T.U. per gallon .. 

Natural Gas - approx. 91,000 cubic. feet per hour based on 
l.,00:) B.T .. U. per eubie feet 

Coal - App:roL 900 to 1100{> pounds per hour. 

Power - tl.eet.ric - 2_5-n.p .. tor the"ehopper 
40. h.p .. for the drier 

125 .h .. p .. ror the breakdown hammermill 
109 h .. p .. for tha regrind hamme!"lllill 

.2 h. p. f :or sift.er 

Natural Gas -.340 cubic feet per hour tor chopper engine 
440 cubic .f'eet per hour ror dri.er engine 

20 

l.220 eubie feet per hour £or breakdown hammermill engine 
9'JO ei.abic f~et per hour for regrind hamrAenrdll engine 



Real Estate for pl:ant site 
~2 acres e:1 i,lOQ per acre) 

ClGaver - Brooks dehydrator 

2 H.a;y pie.1,:eups 

I 

Miscellaneous 10% 

~ 200.00 

19,.00J •. OO 

700.0Q 

2,000 .. 00 

700 .. 00 

900 .. 00 

)00.00 

$ 6,.050.00 i 6,050.00 

$ 32,150.00 

w ,3,5,.365.00. 
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&sed on processing 3500 tons dry p:rodu.et per ye:a:r - 234 days operatiorh 
(When pp.nt does harvesting and hauling) 

i 
i 

Oper~~ing ~~nses: 

labor - two s-nour shifts - PLr~t 8 :men 
Field &; men 

Total 16 men 

12 men at $,1;5 per day and 4 men at $ 19.656.00 
~§6 per ..iay 

.Fuel 3500 tons fil $2 per ton 7,000.00 

Eleetrie Power - J;iOO tons >'.'I/ $1. • .25 per ton 4,375.00 

Bag~ng - ,3500 ton$@ $2.70 per ton 9,450.00 

Water anti repairs - 3500 tons vi~ 2.5i per ton ___ $7;J· ·.5..:. .... 00 ... ···. -------

Labor ... l Supervisor 

Intere,st on $35,365 @ 5$ 

f)eprtlciatioo. $26,100 £,i 10% 

Total 

Total cost, per ton 

If bagging .is or.dtted, deduct :[$2,.70 per tob,. 

11.80 

1,768.00 

2,610.00 

1,210.00 

30f) •. 00 

. $0().0Q 

l.4 •. 75 
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W.nen :f&:raer harvests and b.auls green product to plant. (BasecJ. on processing 
.3500 toljlS dry product per yea.r; 234 days operation.) 

I 

Qperatin,:; ixt>enses~ 
t - - - '¥~ ,.'! ·- ..... ~ 

Labor - Two 8 hour .shifts at plant; 8 men 
2 men ® t.6 per day aad· 
6 men@ i5 per ctsy 

Fuel ... .3500 ton$@ ~1.50 per ton 
i 

Electric Poi,er - .3500 ton& @ $1 .. 50 

Per ton 

Fixe<i ~ses; 

Labor...' Supervisor 

Interest ,cm ®35,365 @ $$ 

Deprfl:oiation ~26 ,100 @ 10$ ,,. 

Taxes 3% on :)e,ooo 

fer ton 

~i 9,s2a .. oo 
5;;250.00 

875.00 

$ .30, 65.3. 0-0 

s.75 

$ 3,600.00 

l,'768.00 

2,610.00 

800 .. 00 

2 .. 57 

\!1:'J!i') 653 00 '(/,,JV,·.: ·\· .. 

6 o }''\lo oo· W 1,v. o. ·: 

iil'.'39,317 . .-00 



Plants ID;J.Y be owru!d and mani,i,ged .several different ways. 'I'he o-wner of 

a dehydrating u.'lit might be a privste inciividual whoeG profit would come 

fr1.,ra the fee that he would charge farmer~ on a per-ton basis. The :tamer 

would: retain the meal for feed or sell it on the market. 1\ farmer who 

opa-ra:1:,es on a larg-e scale ndght purehaee a plant to process the hay and 

other forages grown on his o"Wt1 acreage. The processed feed would be fed 

to hie ow11 livestock or solr.:1 on the open market. A ra.rmer:s• co-operative 

might pureha.se a machine to dehydrate the producct,s grorJn by its mea1bers. 

A milling oompan;r might install a dehydrator and purchase hay and other 

forages from local farm.ers. ':Che eor.tpany c-ould dehydrate such products und 

sell them on the open filllrket or incorporate them. i:nto their raixed feed. 

The convention.al type driers of a co:irimon size ordinarily produce 2,0;JO 

tons of alfalfa meal during a £our-'111onth season. On the basis of three or 

four cuttings, it will be necessary :for the 0~1erator t,:> have access to 1,000 

to 1,600 acres of .alfalfa in order that a su:t'ficient am.ount of green hay will 

be supplied. A plant of this type, which has a production output of three

quarters of a ton pe.r hour, 20 hours a d,li:,y, would produce from 1.,500 to 2,000 

tons of dried hay in 10:J to 120 r:.hiys, which would be .a !l>Ormal season,. 

.Normally, dehydration plants are operated on two 8 or 10 hour shifts 

during the haying sei0.son ·t,o produce the lsrgest possible output per unit of 

irnrz:str,1ent. Alul:ost all companies in Okln.ho:r,:1a hav"' their own fc:\cilities. for 

handliug the entire erop. The acreage is lsased prior to harv0st and the 

co.ntractors take the responsibility of the entire crop.. The producer is p;1id. 



on dry: 'Weight basis. It is neeessarJ that the contractor schedule euttin,g 
I 

a.mi other field work to provide a constant .auppl;r of forage at the dehydrator .• 

Wea.the±- e.011ditions Qausin.1.1 iJ.~pass~ble rom,ds, sof!l!Jf fields, and other e-ontingen ... 

It. is th~ desire of the plant oper.a.tor to eut the al.ftll.fa in the pre ... bud 

tb.at the material is elevated £:rom the mower direct to a trailer and. trGms-

ported at once to the drie.r tor processing. Another m0:tnod might be used; 

that is to cut the h;:;.y in tbe field and haul it in loose and then chop it 

'With ..i stationary chopper which is ~et up . alongside th~ dahyclrating unit. 

Iti most of tt1e tnodern plants it, is necessary that th~ huy be chopped 

ot a triple rotary (l;rum) together r,ith the hay eut to ono-fourth in.eh... 'l'he 
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' . 

pa$& ttjis m&tSl"ial over a aitter to separate the tlt.ems froBl the l.eaves. 
' 

O~rl.l.y, baled hay can be st.ored with 25 percent moisture or less., 

'When finely chopped. b.ay or meal is stored irl sa.ek or bulk the .air ciroul.a-

be reduced to l2 percent or leee. 

Several prec-autiens are neeessary to obtain fur speed of drying and 

to secure quality, fuel econonw, and thermal e!tici.eney above 60 percent.,. 

Beehdel,. Clyde, e:ran1er and William$ (4), experimenting with & rotary-drum~ 

high-temperature drier, obtained the best. results by adjusting the burner 
, . 

.for Ml tire,. A t.en;.perat.U1"e of 1, 4500 to 1, ;oo0 1f. w.a& necessary to 

f.tVapQ;rate one t.on of water pe:r hour. Evapo~at.ion prevented the hay from 
i 

reaehitlt any such temperature.,. Feeding to full -eapaeit1 was nece.ssary to 

utilir.e the tull capacity of the- furnaee. It was .found very important to 

dry t.he ut.erial properlJ'~ since ove.r..-drying destroyed qt;1ality and under

drying caused the material. to chrulge oo-lor in storage and a :uiuaty odor 

developed. It alsa is i»porta.nt., these authors report, to avoid exeessive 

speed ot ga.ee:i, in t.h.e drier; the operator ooul.d obt.ain this control by 

regulat.ing the: speed of the exhaust .ran. In this experu:.ent,. best results 

ware obtained when tile exhaust fan was operated a lit t.le below 1,100 revo-

lu.tio~ per minute instead of l.,.JSO roeom~ded by the manufaeturer. The 

air et1.."'Tent waie still eutfieient to x.ove hay sto,&.dily t.nrough. the drler. 

To redu'¢e the cost ot handll.ag and the cost ot dehydrating a ton of 

alfal!a with fuel. oil, Beehdel, Clyde, C.ra.lller, and Williams ( 4) bal.ieve 
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ton of ~ay having 10 percent moisture .. If the crop is allowed to dry to 

6'0 percent moisture 4'1 the field., the drier :must then remove o.nly 2,500 
I 

pounds of 1,>mter., or less than half as much as. iu the caae ol the freshly eut 

hay., With thi.s reduct:ion in n1ois.ture the cost oi' dehydration is cut in half 

as show11 in Table 4. 

Table 4,. - ftesul:t,s in dehydration Qf freshly eut alfalfa and alfalfa 
wil·too in the field. 

Moisture as received., pereerd; 
'!he1:-mal e.f.ficiene;y o:! drier., ;percent 
Fuel oil per ton o! dried hay, gallons 
Time requi::red per to.n dried hay" minutes 

All'a.lfa 
freshly cut 

Alfalfa. 
wilted 

59.5 
58.2 
31.6 
87. 

'fllese author$ report there se.smed to be little loss in f'eedL11g value 

aft.er a; few hours of field deying.. Probably the moisture could eo below 

60 percent be.fore the loss of value in the hq would approach the large 

of dehydration, althou.gn it aided field curing imn:.ensel.y and might be valu-

able in connection with art.iJ:i.cial drying. 

Green alfall'a hay that e.:m:tains 75 to, SO percent moisture requires 

water which requires e:'?ttr•a trips to be made in hauling the product to the 

dehydrators~ Ii' alfalfa l1ay is allowed t.o wilt in the f'iold to 60 percent 



't4ble 5. - The approximate w~ight of bay to be handled. at various 
moisture cot,tent-s .• 

Moisture 
Content% 

$5 
eo 
75 

, 10 . 6; 
60 
55 
50 
45 
40 

·creen weight 
plus moisture 

12,000 
9,000 
7.,.240 
6,-000 
5,140 
4,500 
4~000· 
3,.600 
,,200 
3,000 

Pounds of water 
to be removed 

10.,000 
7,0JO 
5,240 
4,000 
3.1.40 
2,500 
2.,000 
1,600 
l,,200 
1,000 

On.a ton of 
hay lO:i 
MGisture 

2,000 
2.,.000 
2,000 
2,000 
2,000 
2,000 
Z,000 
2.,000 
2,000 
2,000 

The wight of green m.terial to be handled is an import.Mt .fact.or·., 

Strong etu~ equipment and ~d road~ are neeessacy in transportin~ the 

heavy l.oa.ds of hay.- tiirt roai:ds and soggy fields during rainy weather are 

· also f:a.cto.rs t.bat &llGtll.d be considered. 



DmiYDRATION AO'!IVITIES nr OKLfJiOMA 

Several dehydration plnnts in Oklahoma were visited to determine the 

m.etbod of handling the ha,-:, h.ow the hay was purchased, and the cost of deey

dr.ation. ·rne units and their location are sa:ow in Table 6 •. 

All of the plants visited have their ow equipment to harvest and dehy-... 

drate the al.falta hay. The hay is usually contracted i'ro1i. the fa:r.aer in the 

field., and the farm.er is paid on dry weight. basis depending on the quality of 

the hay. The quality ie usu.ally ba.sed on the protein content. 

There is only one dehydration plant i.1 Oklahoma that dehydrates aJ.falfa 

before it is chopped to short lengths. 'fnis unit is a conveyor type located 

at Pauls Valley, Oklahoma, which \1as otmed a.nd operated by the Pecos Valley 

?""1lling Comr:mn.r for over 10 yaars. 

Most of the dehydration units in Okla.homa nre the drum type a.'ld are used 

to dehydrate alfalfa hay after it is ha.rvrested and the material has been cut 

or chopped.. it.Io.st. of the units a.re used to dehydrate both green alf'a.lf.a and 

tlun-eured bay. Pew or no advantages are ga:tned in the dehydration of sun

cured alfalfa hay. 

Table ? giV·es the av.::rage price received by far.caers for loose alfalfa. hay 

by y-ears as reported by K. D. Blood, .Agricultural Statistician in Charge, 

.Bu:reau of Agricultural Economies, ti. s. D. A., Oklahoma City, Oklahoma.. Prices 

received by farmers for baled-bay, sun-cured alfalfa :meal or dohydrated alfalfa. 

meal were not. available. Prices ln Oklahoma, a.s elsewhere, vary ·with the quality 

and supply of' hay. Wea.ther eondition is the main faetor ca.using the supply to 

vary. 
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Table 6. -Lo.cat.ion of Alfalfa Dehydration Pants in Oklahoma. 

Name 
0:£. 

Countz 

Alt al.ta. 

Caddo 

Cleveland 

Grady 

Grant 

Kay 

ls.me and 
Lo-cation 0£ plJlnt 

Waldo Alfall'n Milling Compar17 
Chtaroke.e, Oklat.1oma 
(Two units) 

Ingers()l1 Alfalfa ~ill 
.Ingersoll, Okl.atu>ruL 

Schoeb Alfalfa Milling Company 
near Burlington, Oklahoma 

Greenfield A.ltalfa Mill 
Green£i eld,. Oklahoma 

AnadarkG Altalra l..111 
Jmada:rko, Oklahoma. 

W&.ld.o AltaU'a. liilling COJ!iipany 
El Reno, Oklahoma 

Alfalfa Dehydrating tiill 
Moore, Oklahoma 

Pecos Valu.r Altulfa. Milling Co. 
Pauls Valley,. Oklahoma 

Lindsey Alfalfa Mill 
.Lindsey, Oklahoma 

Alfalfa Mill 
Verdon, Okls.oo.ma 

Ton)ca.we. Dellydmtin.g ru1d 
Product Company 

Lamoo.t, Oklahoma. 

Consumers Cooperative 
Pond Creek, Oklahoma 

Elt< Valle:,- Del-lydra.tiou }'l'.,.i.ll 
Tt·n1kawa, Oklahoma 
{Nortb ot Tonkawa} 

Vltlnutacturer' s 
qt Eqµipaent _ 

'fy'pe -of 
Dehzqrator • 

Rell Company 
Milwaukee, Wisconsin 

A. Edward S.r1ti.'t,h Drum 
816 14idwest Building 
Oklahoma City, Oklahoma 

Heil Compa11,1 Drum 
Milwaukee, Wisconsin 

A. 'f!;dward Smith Drum 
SlS }iidwest Building 
Oklahoma City, Oklahoma 

A., Edward Smith Drum 
81.$ Midwest Building 
Oklahoma, City,, Oklahoma 

Heil Company Orum 
Niltumkee., \fisconsin 

Borden Steel company Drum 
Okla.hon1a Ci t,y, Okl.ahoma 

Conveyor 

A. 1::dward Smith Drum 
Sl8 l{idwest Building 
Oklahoma City, Oklahoma. 

A •. t>;dward Smith Drum 
818 llidwest Building 
Oklahoma City, Oklahoma. 

Heil Com~1 Drum 
Mi:Lwaukee, va.seonsin 

Drum 



Cbiekaaha Valle;, Mill 
S'lllllpter, Oklahoma 
(l~orth .o.f Blackwell) 

'foriliaw:a Dehydrating and 
Products: Co::npany 

'l'onkawa., m(u-1homa 

Het,i.nessey Alfalfa Mill 
Herme::rney. Oldahome 

C!oal Grain Company 
South Cherokee 
N:uakogee, Oklahorrw, 

Osage Fairfax i4ill 
F,n.irfax, Oklahoma 

Payne Agronoxny Fann. 
Near PE)rkins, Oklahoxn.a 

Pottaws.tOide W.J. Sri1.all ~.nd Company 
ShEl.lliUee, Oklahoma 

i!Jagoner 

Washington 

Lee Kelly Dehydrating Mill 
West Fort Smith, Arkansas 
a .. n,:i Hof .f Bt, Qkb,homr, 

Choska A1f ali'a }Hill 
Coweta, Oklahoma 
{9 mil.e.s south) 

w. A. Kent Alfalfa Hill 
Dewey, Oklt:1bozna 

.31 

A. Edward Smith Drum 
8lt Midwest building 
Oklahoma City, Oklahon,a 

Heil C®lpany Drum 
.Gilwa:u.keo, Niseonsin 

Cleaver-Brook 
HilWJ:Ukee 9, Wieco:nSLTl 

Heil Go1rip£.,.ny 
r1lilwaukee, Wiseonain 

ltcGehee Company Dru.."ll 
Board of' 'trade Building 
Kansas City 6, irissourl 

J .. B. Beaird Drum 
Company, Ine. 

W. .J. Small Wif g. Co. Drum 
Neod.osha., Kansas 

Heil Dryer 
1-'lilwa.ukee, 't~ir$.consin 

Ueil Dryer 
Milwaukee, Wisconsin 



Table 7. -- 1'he Season .ilver(l.ze Price aceei ved for Alfc1lf'a Hay 'by 
Fa;rt..aers frorn. 19:35 to 1947:, inclusive. 

-----------------· 

·------------- --~ 

1936 16.20 

1939 ll.00 

1940 8,.trO 

19lJ. £1.90 

1942 11.10 

1943 19.50 

191+5 16.70 

1946 Not Jwa.ilablo 
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Moat ot tbe owners of tho debydratin.g plants believe that the cost o! 11~ 

pl.us the costs oi' dehydration in 1'91+'7 actually ranged from i2,35 to 045 per tan. 

inclusive,, This report 't2i1 relea.sad June,. 1947, by the U • .$. Departiaent o.f 

Da:te 

Table 8. - Tons of Sun-cured and Deh:ydrci.ted geai Produced in the United 
States aJld the /,.varag,e \0hQ1-e-aale Price for Suu .... eured and 
ltahydra.ted lfl:i'}.al in Dollars per ton, ba;!£ed at Kansas City. 

sun ... eured meal. 
Average <whole
sale price per 
ton,. finely gz:~und 

Dehydrated mecicl · Sun-cured mecl 
l'7t Protein 20") Protein 

Average Average 
t1i'.r:0lesale Wholesale 

· Tons Tons Rriq_e E0t' ton 'l'ons Erice ;per ton. 
1943-44. 421.,600 $ '39,,50 245.,.400 ;'{i 55.15 Efot :~ 51.58 
l.944-45 491,100 43,,65 377,100· 60.30 Avail- ;6 .. 62 
1945-46 604.,.600 44,,05 497,100 60.40 able 56.33 
=~2~·46-~4~7--4~8~1-,s~o~o--~4~3·~2-5----~-5~68~·,~200~· ---~29..i2~P~--~~----·~'5~.·J=J.....,_~. 

(Source) Report rela<1,sed. June,. 1947 'tiy the U .• S ... .o. A .. Produotiort and 
Uarketinr; Adruinistr~tion, Grain Brm1oh, Washington, il. c. 

There ha.vs beon a large number of forage d.ehydr.:i:t.ion plants placed in opera.-

tiou the pa.st two yea.:rs in the United States. As tbe number incre_aees, eompeti

tion 'Will become gr~ater and the market for the final proctuet will probably 

The bulk o.t t.he alf'al.f'a that is dried is made into mi;;al. The ·Chief markets 

period from. June., 1945, to Hay, 1946, about l.,l00,00() tons of alfalfa meal were 

produced, of which about 45 perean.t were .fro-.m. dehydrated :meal. It was estlmated 

that 1.,.30.J,.OOO tons of alfalfa meal were produced trom June, 1946 to May, 1947. 

'lhe average output ot alf'alfa meal before the war v.is about 300.,000 to 400,000 

tons per yeor. 
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Individuals ·who ar·e i:n.terest,ed, in est~blisl1ing dehydration units in 

Oicls.llo1m are oom~erned. with the return on ·their inve.5tment.. It is estimated 

the return on the investment would be at v~rious margins of profit, at different 

'l'able 9,. - 'rhe Re.1.urn on Investment for Processing 2,000 tens of alfru.fa 
at various margins. of profit at different market levels. 

Pereent Protit Market Doll11r Return on 
on 2,000 Tons Price Profit lnvestment 

4% I 30 .. 00 e~ 2,400.00 6.S% 
s 11 4,soo .. 00 1.3.6 

10 n 6,000.00 17 .. 
15 u 9,000.00 25.4 
20 u 12,000.00 :33.9 
25 I u 15,000.00 42,.4 

j 

4:f. 40.00 J,20J.OO 9. 
8 u 6,400~00 18. 

10 a a,ooo .. oo 22 .. 6 
15 H 12,000.00 33 .. 9 
20 " 16..;000./X) 45 .. 2 
"'·; ,,;, n 20,000.00 56.5 

4 51).00 4,000 ... 00 11 .. 3 
8 II a,000.00 22,.6 

10 n 10,000.00 28 .. 2 
15 ti' 1,,000.00 42. 
20 H 20,-000.00 56.5 
25 u 25,000 .. {)) 10.7 

4, 60.00 4,SOt) .. 00 13.6 
8! ft 9,600 .. 00 27.l 

10 n 12,000.00 3.3.9 
15 !1 1s,ooo •. oo 50 .. 9 
20, u 24,000 .. 00 {{{ .9 
25 n 30,0DQ.OO 34.~s 

4 70.00 5,600.00 1$.8 
~ u 11,200 .. JO :3L7 

10 u 11+,000.00 39 .. 6 
15 ti 21.,000.00 59,.4 
20 u 28,00J.OO '/9.2 
~. 

ll 3,5 1000.0'.) 99-. -
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'me market priee for dehydrated .feeds in the future will doubtless 

range Jetween a low of $30 to a high ot $70 per dr;r ton,. 1'he market price 
I 

tne bet few years ha.s ranged from i;o to ~72 per dry ton. A net profit o.t 

10 percent on the prev~.iling m.arket price of dehydrated meal should give a 

satisfactory- retum on the investment,, and at tr1e same· time will leave 

enough margin of profit to the fo.n1 opera.tor to iatc...Test him i.n having his 



Dehyd.:rated For-.lge 

one o! Uie main qu®stion@ coneerrd.ng dehydrat-ad forage is, how do{:$ 

the maci:d.ne-dried product compa.re with field-cured h~y .tlS .feed'! Ti1e fact. 

that alfalfa as a dehydrated or sur1-eured meal., ls so \liidely used. in the 

ma.nu.faeture of mixed .feeds 5.howa that the hia;h value of thh~ ;rop in terms. 

of .animal nutrition is highly appreciated by both manuf&.cturer and purchaser. 

'l'be feeding value of forage is influenced bjr a number of facto.rs. In ... 

vestigat.ors are well aware. that a vreey significant loss of carotene occurs 

in alf&J.fa when exposed in field curing or 10ft in stor&ge six to eight months. 

Little information is available.concorning the deterion,.tion or other quali

ties of alfalfa during storage . ., Carotene .imd soJae of the other factors that. 

influence tbe ,t';eecting v.ruue are discus:sed in the following p&r!'.grapi.'u1. 

It is evident that tb.e nutritional wilue of hay is affect~ by a nunibcr 

of facto.rs. ln tl1e gradi.I:ig 0£ ba.1, the physical factors of qu~lity included 

in ad.dition to the hay cl.ass are: (a) stage of maturity when cut., ('b) p~rcent

age ot lenves, (c) pereent&g;e .of green color, (d) percentage of·toreign material, 

(e) condition as to soundn®ss, (£) coa!'S$,i.1.0S~ of ate.:as, and Ci~) aroma. iihlle 

these physical facto.rs are related to, .and generally go along with, the nutri

tional value o! the hay-, the,r can be uss;d only as a ;,;eneral guide. 

As hay pllmts advance toward maturity, the p0;rcenta.ge of protein d~creaas:Ja 

while the percentage of fiber increases. There is a declinG in the percentage 

of ash and its constituents. '!'he trend and rclatiVG mahnitude of th~se changes 

are prosented in Table 10. 
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T&ble 10. - Effect of time or cutting upon the ehe.:nioal composition 
of alfalfa hay (21). 

st~ge or Protein 1'"at, N-t.ree Fiber, Ash 
Maturity f\;rcent .Perc0nt iLxt:raet Peret.•nt ?ere·J:nt 

Peree.11t 
Prebloom. 21.s;a .2.93 "'8 72 .).t. . 25 .. 13 11.24 
Initial bloom 20 .. 03 J.03 40.67 25.75 10 • .52 
l/10 bloo.n 19.24 J.02 fti).38 27.09 lJ.27 
l/2 bloom l.$.84 2 ... 90 39.45 28.12 l') .. 69 
Full bloom 18.13 2.99 .38.70 .30.82 9.36 
Seedstai:e ... ~ 14.06 2.;ff J9.63; ... 16 .. 6!. 7.3,l 

Similar renults he.ve been :reported for Red clover, Llsike clover, and 
1nany oth~r fora;ge plant"8. 

lsfutri'tional value f'rom a feeding point of view is b;:;st measured by tl:le 

digestibility of the forage &'ld its protein,, c&.rbohfdrate,, min.@ral and 

Table ll, compiled from data by iiorri::t.on (2.5), shows a eo,:sparison of 

the nutrient co1&:poslt.ion. of some o! the most important. hay grasses and legum~s .. 

Table ll. - Average eomposition and digestible nutrients or some eoli!,1J.on 
to rage crops for hay (.25) • 

Total 
Digest- diges't-
ible ible 

.Forage 1~--frea· protein nutrients 
H:aterial Prot.01.n Fat Fiber rax:t.ract Ash PB:t'CC:.."lt percent 
Altalf'a in bloom u. .. o 2.0 JO.J 3;.s 8 • .3 9.9 49.7 
1ted Clov,:sr in bloom 12.6 J .. 6 26.2 39.6 6.2 7.2 53.4 
Al.sik.e in bloom 16.4 ,.2 26.9 Y/ .. 7 7 ~.,. .. t, 8.6 52.7 
Timothy in bloom. 6,.2 2.6 3<>..3 44.8 4.8 3 .. 2 4$,.0 
Brruuegrau,s 9.9 2 .. 1 :,-· ' 35,.5 8.2 ,.o WJ.9 $.4 
O.at. ;hay 6 .. ;l, r,. 2.,7 28.~ .. 41.7 6.9 ..... 4.:2 .. 46.3 . .. 

and the method of curing havll more influence upoi1 the f ceding va.lue ot the 

resulting hay than do the species or varieties of crops cruitained in the h~y. 

nutritive comp.::>sition.. The palo.tability o.nd di,:.:;estibility of tr.i.e forage is 



fairly pon:staa,t durl.n,ii the llow&ring period., and declines thereafter. In the 

c;ase o.t: annual e.nd bieJtnial plants the declin-e following flowerin~ is much 

.less aAil"ked,. 

State College {4): 

l. Dehydrated versus sun-cured oat and pea hay. 
2.' J.iehydrated versus oun,..cured oat hay. 
;l. &m-eured versu$ dehfdrated milled hay ( Tllll.Othy and clover h2.y I• 
.4,.. Sil.age versus deh,fdra.ted green corn. 
s. Dehydrated verws sun-.cured red clover. 
6.. Dehy4ra.te.d versus. au.n-c.ured a.Ualta for milk production .. 

lt. was report,oo (4} that :tn ea.eh of the six £eed.i.n.g t.a:Sts1 except number 

d~drated as coo.pared witb tnat of the same bay i'i@l~ured in the sun .. Th.e 
! 

mm-cured nay was of \$Xcallent. quality when cured without rain; '1'.be resul.ts 

obtained were ~i©li,fic.ant.. 

contrary to the other test,. The twenty-four 11o1stein yearling beifiEtrs, 

twelve £or ea.ah kind of hay., vere ted fo·r a period of J.21 days. A eoneen:t.rat~ 

ration low in carotene was. chosim .purpoaeJ,¥ to a.ftord. a rsal ,opportunity tor 

the content t:1t c~roten<e in either hay ti) show up in tna feedL'lg test. The 

heitere on deh;rdr.n.ted llllly :made an 3:Vil:tage ~in of 1 1 43.3 powldti.., whereas the 

corresponding figur~ for those on sun-curad hq wa.s 1.,544 potlfld.s. :rhe 

tion of the carot-enl!J to the extent tbat there was not enough -vit.adti.11 A !o.r 

various dekydrat.ed hays ranged. t:rm.i: 2 t.o 2. 2 percent higher than the COl"l"&-

aponding $llll•e1lred bay. However this difference alone Wt\& r..ot ooough to 

aeeount toF the &u.perlor quality indicated by the feeding test. 



It was reported .from. the results obtainod cit. the Pennsylvania State 

College that the ~10st plausible e:xpla:ri.ation of the improved quality of 

artificially dehyJra.ted hay waa the higher carotene (mot.her subs't@nce of 

vitamin A) content .. 

Snell (34) &lso nrevad tl1at both calves ancl steers .;-;,ained faster on 
.4,';' ·~.J 

hay was 59 to 71 perc~nt :mor.0 than chopped soybee,n hay. ,C;)lves getting 

urichopped hay either consuraed or wasted ab,;,ut. l.,7 percent more hay than 
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cured hay and a 40 pereBnt saving was in t.'avor of the rr.achine-dried product. 

!ed chickens in two groups of 90 bird.a auch a rs!l.tion of dehydrti.t,ed a.lf alfe, in 

their in.ash i'or JJ6 days. Laying production averaged 68.2 percent, mortality 

was but 20.S percent., feed consumption tot,,:.led 79.43 pounds. An Gqual 

number of birds in the st.me experiment., getting dehydrated alfslfa in their 

mash plus s't.1cculont greens, averaged 65 .6 percent la;ir:ing production., 21 .. 7 

percent mortality, and consumed 83.19 pounds of feed. Another ,5roup, fed 

a ration of succulent grs;;,ens an.ct t.o d.e.hydr&.ted alfalfa in trie mash, hnd 65.8 

percent production, 21.'7 mortality, and consumed 80.ll pounds of f'Bcd. Et.;g 

quality also was bett0r with the ration of dohydrcJ;.ed alf alf2, :in the mash ;:md 

no succulent greens, du.e to mor~ uniform yolk color. High quality dehydrati;::d 

alfalfa is cl valu~ible axidition ta feed because it supplies carotene RS a 

source of vi ta11un A and 

tfa-wlander (27) su.bstit~lJ.tect dried young tirass for gll of the concentrates 

in tbe rations of dair-3 cows and fed full arnounts or hny 1:ind si.la.6e. This 

substitution of dried grass for the hay in the ra,tion resulted in 0,n irtc:rvased 



milk flow. Camburn {7) fed maehine-dried young grass to two groups of milch 

cows,. ~og;ether with tw-o-thirds of the usual allowance of hay and siu1ge, in 

compa~son -with grain .:.nd the usual .allowance of hay and silage.. The milk 
! 

production, butter fat, and solids-not-fat produced. by the two rations were 

eusentiaJ.17 the same. On the basis of tQtnl diJes~ible nutrients consumed.., 

the maelline-dried grass ration ~s ,.t least equal to or possibly rui:>re effi

cient than the grain ration. 

Feeding experments at t.be Illinois Station (22) showed that a r;asal 

ration composed. 0£ ground yelloaw eorn,, whe::1:~ flour middlings, soybean meal, 

tanbge,. fish meal., fortified _cod-liver, ,1,11d minerals was nutritionally 

inadequa:t.e for weaned pigs that had been continuously in dry lot.. The addi.- . 

tion ot alfalfa meal iner"ea.sed survival and prov·ed to be the most adequate 

vitamitl supplement t'ed.. The pigs f'f4 the baea,l ration h&d abnormal develop-
; 

me.nt of teat., legs and gaits; andelso showed dermatitis and so:.ae loss of hair. 

The abno~l.i.ties were w.111:b toore e..ppa.rent bei'ore the pigs reached 75 pounds 

in wc-ignt.. In one test, the eix rGquirad B vitamins (Bl, B,2, niacin, :pant.o-

t..henie aeid, B6, and choline) 'Were added in excess of the pigs• requirementa 

to this basal diet. It was significant thet the pigs .t'ed alfiilfa meal gained 

about as rapidly and were more neitrly norm.al in thrift, feet., legs, gaits., and 

skin., than pigs :fed the six B vitamins. in the crystalline form. The alfalfa 

meal was apparentlJ' supplyin.;,t material in e.ddition to the :a vitamins known to 

be :r~qµirea, b1 pigs. 
I 

wast.es. eul.d b;r increasing the a.mount of s.t.ems consumed.. Tho eoors,si ste:mm_ed hays 

were benefited most. Soybean hay !or dairy .cattle was benefited as muon as 20 

percent b;r chopping., whereas <:hopping did not iruprove alfalfa hay for dair.r or 

beef cows. Chopping hay for horses was unprofitable. Grinding had the dis-
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Chemical Analysis 

Russell (30) reported that a.lfalfo. dehydrated by the I•lason drying 

process contained seven times as mueh vitamin it as hay ;from the same field 

cured unde1~ conditions that rGtsulted in the lo$s of' ID.Ost of the color. The 

bay artificially dried contained only a small ruil.ount of the antir&chitic 

vitamin. Drying alfalfa l<.11B.Ves in the sun t~ithout exposu.ro to dew or rain 

incre&s<i;;!d the antirachitic value. 

Hauge and JUtkenhead (15) found. en2.yru.es play an iniportant role in the: 

destruction of vit.alidn A. 1"1oehanical drying with either hot fuel gases or 

hot air was equally effective in pr(jserving: the vita.ruin £, content of tlfalf8 .• 

High te1npcratu:res. and sunshine were shown not to be deatructiv8 to vitau,in A. 

Conditions .favo:rit1g enzymatic activity lowered the vitamin ,fi content of alf&lfa. 

Hathaway, JJavis, &11d Gruv·es (12) found alfalfa h.::~y dried in an ,U:rd.rie:r to he.av;µ 

twice as maeh vitamin A ae alfalfa huy cured in the fi&ld in shocks for ei;Jht 

days. i\1/aehine drying tended to preserve the vitamin E content to .:!.. greater 

de~re0 than field. curing. These authors re1;-'lO·rteci that the dry matter., calcium 

aud phosphorus of artificially-dried alfalfa. hay wus as available as that of 

field cured hay or hay partly drh:d in the field and dried in the nllichinc dri~r. 

The high temperi!l:t.ure, from 4SC>°C. to 535°c • .,. for forty 5econds to which hay was 

su.bxnitted ir1 the drying process apparently did not affect the digestibility o.f 

the :nutrients studied. 

Smith and .Briggs (33) of the 1\1 ... izoua Lxper:iru.ent Station cu.red alfalfa in 

the d&.rk and spread. it out in the .field for ve:Fying lengths of time. As eom.

pa.red with that cured in the dark., t,lfr,.lfa hay spread out for two and three

fourths hours in the sun lost from 20 to J:3 percent roore of the 1.ritamin A con

tent. .Ufalfa left on the .field ovor nie:ht ht,,d lost 75 p.srcent of its 

vitamin A. 



Altalta. left. in the ti.eld from. 11:15 A. M. to 12:00 Yoon the next day had 

l.ost 84 percent o.£ its Vitamin 11. 'i'he al!alfa cured in the dark was defi-
. ' 

Q:ient in vitamin o,. but that exposed to the sunlight from 11:15 A.. M. one 

day- unt.il. l.2.;00 Moon the next day had mild calcifying powers .• 

A seriee of studies. {4) revealed that dehydrated alfalfa. prorlueea at 

the Pennsylvania State College possel\.sed carotene ranging from 70 to 106 

. miero,grwns per s:r•a# wtler,ea.s the eorresponding . .figures on sun-cured alfalfa 

from tne same source ranged .f'rom. ll to 84,. In these studie.& vory little 

ea.rotene was lost. in storage during tho winter months but it was radueed as 

much as 50 percent during tlle sUll'll!l.e:r .. Alfalfa hay., raow-bumod as a result 

,of high. l'llOisture, was. found to contain onl;r l • .) mie:rogr.runs of cacrotene per 

Some experiment.al work has been done· on: the value ot' the grass juice 

factor. E .. B .. Hart (lJ+.) of the vJiseonsin station reported Ui~t this factor 

faetor • in dehydrated forage !M.T play an important role in the superior nutri

tional value .. 

Digestion. Trials 

t.re:w"'l.ander and Jones . ( 28-) dried lawn clippings in a tilachine drier 

(Airdrier)., and compared the digestibilities of th®ee with i'r~sb la'll'm clip

pings as teed to dairy cows. 'l1le1 state: f!Oigastion trials with dairy cows 
fed $Glel7 on ~rt.U:·iciall,y-dried young grass aiid on fresh green gr<11ss 
:1ntiicat.ed that beth are highly digestible aud essentially equally 
digest.ible. On a basis of 90,.,17 percent dry- .matter, the total. digesti
ble nutrient eontent.s of the dried grass 11a.s 64.37 percent, ot the 
green grass 6J .. ;,6 percentn,. 

Digestion trials with cattle (6) showed rather eonelusively t:b.at abaff

ing. cutting., or grinding 0£ bays has Utt.le at.feet upon thtll digestibilit.7 

of the nutrients. SQme of these trials showed a depressing affect upon diu;esti

bility, probably due to the fact that a. cons:i,dera.ble portion or tbe finely 



find its 

finding th:.:i1t cookin,g; deorea:.ied the digestibility 

meal, clover, and cot.t£1.tlsc0d mti,f,1.l. 
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ffotabolisni trials eonduc:t,:,d by Snell (34) at, tho Louisiana Agricultural 

E.."tperimeut Sttition with st,ie.J.,.;s wl:d.eh ;,.ere f.;;d ~chinc ... ,:lricd .ooytian fO:rt:i,ge 

.u'1d field cured s'Oybean hay indicated that the ;ra.ehini.: drying ~i)p.::rentlJ" 

cat.tse:d the hay t,J retain the prot.0i:r1, ether extract and id.trogcn froo oxtract., 

bility of 

ash. 

Commercial grades of r~lfalf n meal ttre btt$ed on the 3l"ddes of hay from 

wilich they are made.. Color, leDfiness, eou.'ldrwss, and freedorn from f.'ore'..Ji;t'l 

inaterial aro bportant factors of the highest r;rniiJa of cor,;,;..~:tcial alfalfa 

hay a:r,.d meal. Grading by t,he above l'actors is not en.ough when the n:utr•itional 

v:,s,luee ~u·e oonsideL"ed. 

Alfalf'1_a, mBal m.8'.y be a p1"oduct frc1a field cured or dehydre:ted r,.,l.falf a. 

'fh-6 q,u~.li t.y of the m\!:al 

quality hay, the ;i;J.eal will be a. high prot,ein feed whi-ch is used lb.rgely in 

the ma.king of nrix.ed. teed,. 

Alfalfa leai" meal is de.fined by,th.e assoeif!;tion of /rnteric&xl Feed Control 

Officials ~s the ground product consisting chiefly of leufy material separated 

.t'rom al.i"nlfa hay. It is m;;,d,e by s<,;;,parating the leaves from, the steas. It 



must. be ree.aonably free from other crop plants a.mi weeds and must not con

tain crv®r 18 percent of crude fiber .. 

l~rly st;u-dies made by ;:3teenboek and reported by Aries, Lester and 

0th-mer (3) showed that carotenes are intim,;1tcly z·elated to vitamin A1 and 

are therefore called p.ro-v.itamin A. Certain forms of 0¢1,rotene ars trens

t'o:rm.ed to vitamn A in the human organism.. Because o:r their highly unsatur

ated 11.ature, carotenes are easily oxidized by atmospheric ox_ygen. Since 

earotf'.nes are, subject to oxidation, the keeping qualities are therefore 

li:m:ite,l. 'I'.aylor and Russell (:35) determ.ned t..he stability 0£ es.rot,1nes in 

plant tis:sues, b1J storing chopped a,r1d artifieia,lly dri~d alfa.li'a hay in bttgs. 

After three mo:nths in storagG (in the late stu1Uuer) 50 pe:rce-n.t of the .Ck\ro

tanee origina.lly prGsent were lost.. ~o further loss occurred during the 

winter, bttt an additional 25 percent was lo'3t during the following sunmt~r 

seaso:1.. The c~rotenes il1 a sample of ball-milled., Hrtificially dried alfiilfa 

hay-, were preserved tor a period of twenty months when the hay was stored in 

vacuo in the dark at Oto ; 0 c. 
fraps and Kemmerer (19) reported the effeet of storage on carotenoid 

.constituentg in alfalfa. £, ss:m,ple kept at 5 degrees Centigrade .for 8 months 

lost. 33 percent of the crude c.:,i.rotene. Another sample stored at 37 degrees 

Centigrade for the same length of ti.mo lost 78 pt$reent c0rot.ene. 

Some of the iniportant vitamins and vitamin-like compounds kno-.n to be 

presei:rt (36) in altalf:a meal nr~: 

1ritamin A: Dehydrated alfalfa. meal is one of our richost sources of 

vitamin A ruI,ong fe~dstufts used il'l feeding poultry. The best grades oontain 

about 60 times as I<1uch as new yellow corn. 

V~tari!:t.n B1,~r th:iandn}: Deby..:irated al:t'a1fa me~il contains more vitarilin B1 

than corn"' 1ldlo, oo.rley., or \I/heat, ru1d almost as much ,is oats. 
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Vi,t::vsdn ,C {or aseorbie a,cidt: Fresh ~lfalf'a contains four times as 

mu.~h ascorbic acid as citl."US Juice. Dehydrated alfa.lta. meal is not so rleh 

Vi·t.ami.U E !or al.12!!~-t,o.eopherolJ: .Among the COi.t-"lmOn feedstun·s, dehy

drated a.1£.;i;lta meal is or1e of our richest. sources of alpha-tocopherol; i.t 

oontains about one-fiftb as much as an equal weight. of wheat-germ oil. 

the COlillIJOn grad.ns .• 

Niacin: .Dehydrated alfalfa meal contains about as much niaein as barley 

Pantothenic. acid: Dehydrated meal is among the ricl1er sources ot panto-

aomffilhat :more than dried sld.m milk, and about as nruch as dried hutterrr.J.ilk. 

and fi.inc. It oor.ttains more calcium. than .;;my ot the other common feedstuffs 

TitU$ reported (36) thi.:t. in addition to supplying vitamins and w.i.nerals 

contribution to the total digestible nutrients and protein of the feed., 1t 

supplies .from 30 to 40 percent as much tQtul digestible nutrients., and from 



46 

35 to 70 percent more protein a,s the cereal ,!Fains. It also eontains ~early 

as much arginine as dried ·ekim milk, almost as tnueh lysine as d:ried :t,r'hey, 

only slightly less tryptophane than dried skim milk or linseed meal. 

'Table l2 gives the percentage and efflllposit.ion of a.sh in different gr~des 

Table 12, - Ash content and composition ot a.sh from a.lf'~f.a meal (5). 

Lea.t•eaJ. 
S~rd meal 
Stem meal. 

Potash 120 
time oao 
Soda Na20 . 
Ma.[i'D.GSiS.. Mg(), 
Phoaph~ri? :\cid. :;PS 
~ul.t'uria~ ;;;.c1.d H4S04 
Silica S1.203 
Chlorine Cl 

Percent 
!sh 

u .. ; 
9.1. 
7.s 

Composition 
of Ash 

Pounds 
Per Ton. 

230 
100 
156 

54 
93.6 
3 .. 9 

11.3 
19 .• 5 
13 .. l 
21.a-
6.9 

net uni.f'Qrm. llitferent species of plants and di!ftn:ent organs or the same 

plant var, greatly in the, c-?ntent and composition of their mineral matter. 

T11,I mineral elements are .show in the tnble- as oxides, although in the 

original plant material tb~se e1ements oxisted in other forms as organic. 

end i.ru>rganic oompllund$ or u.nknow composition .. 

Table l:3 gives the average eon.,p.:nsition of the two grades of dehyd;rated: 

alf'alta •eal: standard meal, whiehoontains 15 to 17 pereent protein., and 

leaf :rm:a.1, which contains 20 to 24 perc.ent protein and leas than lS pC1rcent 

!iber (ll). 
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t.Le.~f-st era) 
Crude Protein 22.72% 15.725<; 
Di trog13n-i're:,;; bxtra et 39 .17 3/l. 96 
QI'U{ie fiber 16.30 26.77 
!Jrude l"at 2. S6 1. 99 
Hoist:ure 7.,40 e • .39 
_c_ru_, _cl_o_._4,.1.i..,.''h_.· -------~----·~---JJ.52_. _______ ,._._ 9 .17 

A partial list of th.a .mi..,ior constituents of alft:i.lfa. is shown in Table 

extraction method at present is a costly item. Griffith, Autonf,om, Darwin, 

Sdilli.ster (11) l'(tport.ed that if' these minor constituents in alfalfa cou1d 

be oxt,racted and puri..ficd economically, their value at ten cents per f,;rrun 

Fat Solubles--· _________ ,,,, __ p-.-.p-•• -.-,c;.:--«-=--arrcmis/'I'on--
Cbloroph7ll 3,0DO 2,700 
lanthophyll 425 382 
Carotene JOO 270 
Phytcl 1,000 900 
Vitamin B 250 225 
Sterols, wa:x.os, fats 25,000 

Water Solubles 
Vltamin C 
Choline 
Fo1ic .Acid 

iliboflavin 
Pantothcnic Acid 
11t,lno Aaids 

Thiam.in 
J'iiaci.11 



!"roper nl-$d.dow mana.g:em . .-;1nt for ,$llfalfa is essential for the production of 

high qua.li ty hay. 

Soil i'ertility is a.1 im.p".Jrtant £,i,ctor in 1ne.::Hi-;;;w managerZlent for 2..1!~11.fa 

production in Oklahoma.. The fertility of the soil is a rnajo1• factor in making 

alfalf.i;,. the excellent feed that it is for growing young ard.rma.ls. 

Alfalfa acreage as well as the tonnage could be in.creased in central and 

eastern Oklehoma by i>roper soil 1.im.nr;.g<..111ent.. 'fho proportion of calcium deelin1.;s 

as one goes .from soils of the we.st to those iu Gs.stern Oklahott1i, '\:,here alfo,.li.'u 

is grov.in with difficulty. Not onl:.1 Ls this true with leg'\ll1l,';S1 but crops in 

general decline in calcium in this traverse frm;, west to e,:ist. 'I'he contents 

of ~aleium.1 phospboru.s, and pot&ssiura in soils go ch.>l\'111 with the caleium 

content declining .most r.'.oipid,ly. Normally, S;)ils in t:astern Ohl.ahoro.e. c1.~e dcf·i

cient in the three elements mentioned; however, this condition can be eorr0ct'0d 

b;t the addition of limestone ;;,nd c,::mimercial fertilizers. Soil tests should be 

.ma.de a;;;;;rly 01nough so the.t one cru-1 apµly the nec()'sm:,ry fertilizers.. 't'iith proper 

soil treatment, alfalfa will grow on well-drained soil tfa:3.t has sufficient 

e.aleium.1 phosphorus, tmd potassium tor normal plant development. According to 

Albreeht (2), one of the eontr,:;i;lling forces in deterrnininc; whether legume 

erops like alfalfa are highly proteinaceous .:,r more nearly only carbonaceous 

is the ratio of cuileium to pot.::issiu,u iu the soil. 

'i'he soil int,ended for altali'a. should not bo contEJninated wt"' ·weeds and 

g:ra:.sses. Better stands an.d meadows with lass weed eorxrpetition are usuc'l.lly 

obtained in Oklahoma from fall so\ting. \·Jhere alfalfa is sown in the spring, 
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weeds usually appenr in abundance. .Attempts to improve poor stands by rsseed

.ing, generally have been unsuccessful. Iforme.lly, it is better to plow up un ... 

satista1et.or., stands, .grow a cultivated. crop on the land tor a year or two, 

~nd then reseed to alfalfa~ It 1s difficult to produce a good crop of high

grade alfalta hay on meadows with thin stands.. Invariab'.cy such m.eadows are 

invaded by weeds and grass, and the hay :prr:aflueed is cor-.rse and of low l~at 

pereent. Alfalfa plants produced in a thin stand are rela.tively coarse, and 

the percentage O·f leaves ia relatively low. For high quality alfalfll hay, 

mea.dows should be kept £res o! trash, gra:ss, weeds, and old· hay. 

Dehydration contractors prefer to cu.t alfc,lfa in t}le pl;"ehuct or ~ud 

stage. Stage of cutting has an important bes.ring en thei longevity . of the 

meadows and the qu.al.it7 of hay harvested. In most instances !or dehydration 

of hay alfalfa should be eu.t \'dlen 0111e-t.,enth to one-!ou.rth in bloom, or when 

the growth starts from. the crown irrespe<:tiv~ of the bloom. Parker reported 

(29) th.at the UQwer will sain little if any increase in tonnasge by allowing 

the crop to stand to maturity.. He stated that in the e."lrly sl,age of maturity 

the leaves usually eonst.itute 45 to :55 percent of the total weight of the 

plants., and tile stem is not objectionably hard and woody. Usually the highest 

quality bay ls obtained when it is eut in the pre-bud or bud stage. However 

the year'l:g' tonnage is u.sually gr~ter wen the cutting ia doru:>1 at one-tenth 

to one-qua.rt.er bloom. A continuous practice of pt'e-bud and bud-stage cutting 

often weakens the vitality or t.he ero:wn.s and roots, shorte11s the life of the 

meadow, and causes an 1neraase of grasses and weeda in t,he meado'.W. ltlfal:fa 

cut in full-bloom stage and pod-stage usually is much lower in the percentage 

o·t leaves awl t.h:e stems a:re more woody' th~n l.lhen h.arvested earlier. The 

carotene content is also much 101:e:r iri alfalfa hay eut a.t late stages than 

in that which is harvested L"l earlier st(!..ges &nd cured properly. 
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Nelson (26) indieat,ss that frequent e-i..itt .. ing of alfalfa in pre'u1ature 

st.ag.e.s results in depleted root-reserves. The yields of hay tor a throe 

year average from di!'f erent titeges of cut.ting were ;::.s follows.: 

Sud stage. 
l/10 bloom. 
Full bloom • 
Beed :pod •• 

• • • • 1..8 Ton 
2.'l Ton 

•••• 3.5 Ton 
.. • • • J.l Ton 

Depleted root resex-ve caused slow recover-;r ot the plant ;I,;:rowth after 

cutting, low yield of hay, incrca$8d. weed infestations,. and retarded root 

!Il}3,tu.re than full bloom, the longevity of tl1c stand and the yield were appre-

bloom in order to produce good hay. i,1.f',;,<lfa that has put forth new shoots 

trom the crown should be cu.t without regard. to bloom. Altalfa that ia allowed 

to stand L-i thG field until a.:fte.r full blootn loses mnny loaves and the stams 

Time of Cuttit:i.g Feed Required to Produce 
100 Pound Gain on Steers 

Bud stage .. • ._. • -• .. • • • .. • 
l/10 bloom. • • • • • • • •• 

.. · 1,6.2S 
· 2.,086 

•• 2,16; 
•• .3,910 

r"ull blooru.. • • " • • • • • • • ., 
SeGti st*ge. . .. -• . . . . ... . 
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Albert (l) .tound that in the first year of eu.t.ting the l&rgest yields

of b.ay 'W$l"'E:_ obtained trom. pl.o.nts cut at one-tenth bloom and .at flower bud 

stages. In the second year of cutting the largest yields of hay were ob

tained from plants cut. a.t relatively m.iture or- .full bloom stages. Alao 

4\1.t.ting the top growth ot pl.ants at r<)le,t.iv.aly inuuature stages reta.rded root 

development to a marked degree. · 'fne pareentages of total nitrog-..~1 and 

reserve ea.rbohydra.tes tended to 'bo lower in roots ot plants cut at immature 

sta._gea, in contra.at to tbe roo"t,s of' plants cut at more mei.ture stages. A 

hi~h content or root. reserv0:s and the initiation o! new root growth ssem 

to be correlated 1d.th a relatively slow ·~ate o;f top growth. Small amount.s 

ot lat.e fall top growth have a pronQ~ced influence 011. winter killing of the 

plants and slows down early sprint! irowth. Also_. Leukel, Braber,, Nelson, 

and Albert {9) reported that cutting alfalfa plants frequently or ittrm.,11turely 

late in the season Qaused & continuous redaction of the ort,""anic root reserve 

without :its replenishment. f'or subsequent growth, retarded the inerease·m 

the sirte ru:id weight of roots, and deor~ases the vigor and production of the 

new top growth. Tbe plAJl'.lte also go into wintor dormancy low in organic root 

reserve -iind high in m.oist'W'e, which :may ea.use them t.o suffer tH-~ere i.11iinter 

injury .• 

Low.er erude fiber and higher protein conta1.t of alfalfa. hay h.ave been 

CQcrrela.t~ eleaely with the percentage o:f l:aa.ves. In a recent investigation 

at ~b-e Nebra.elta atation 07) it was found that plants differ remark.ably- in 

leafiness even thoug'.h .in the same stage of groiirth.. In one tes.t, in 'Which 

the l~ves were reu10ved., from the stem, dried, and weighed; the 1eafineso 

Viftried from 40 to above 70 per-eent in different plants. In a tes-t run in 

1940, similar results were obtained.. 'fhis study was .made to ctetel'ildne the 

percent.age ot leaves at tn:ree different. stages of cutting. The result.a 



obtained: sho1.l'eCt the percentage of lec~.ves aver,':tg~d 11.0.(; for the fir.et cutting, 

53.2 for the e;eooncl., and 46.0 for the third.. '.i'he total leaf percentage av¢r• 

aged from 43.,:3 to 49.3 percent. Some of the str"i,ins showed a uni . .formly high 

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

To help maintain a a,oaclow fr0e o:f weeds and gr~ss ;.i:.nd to protect the life 

of thP. st,i:nd, alfalftt should not be pasturod. until after th·~ firtt yea.r. It 

should ne'\rcr be pe.sturecl closely as gr:·I1~ing of tho crowns often 1·esults; in 

killing the plf,nts. Cattle should. nev.er· be allowed accosB to a field 1,1hen the 

groumi is 1s.rot or frozen .. 

If alfalfa is cultivated, a $harp c,xttizi,g tool such as a disc should not 

be u;;;od because the disc has a t0r1;Je.ncy to sr1lit s,ntl destroy the crown. The 

spring tooth har:t"ow or the alfalfa. htirrow, which ig a ikvclii'ied .forri:i, o.f the 

spring tooth, is the beat type ,:ir implement to use, especially on £inc tex

tured ~oils. The spikill tooth harrow does equally as woll on eoarser textured 

soils. l'he foain ohjeet of this operation ii:1 to de5troy 1'Ie:eds and grass et:trly 

in the spring just b~!'ore the i1lfali'a starts spring grol¥th. tJhilt'J this pro

cedure has been tested under controlled oxpi!:riment.s,, it is doubtful whethE-T 

the practice wil.l p."iy in areao 1c;:h&re the ms:oadow is used for hay. In tho drier 

ID.reas cultivation may increase tho st:.ed yield. 

Cultivating alf;;J.£a early in. the $print: is a coiwT,on pr~ctiee in western. 

O:YJ.nhozri;.:1. f, nwr.me:r of far;:ner:J in this .\i;rea who practice r€;novating their 

alfalfa r .. eado1r,s early in th0 spring were contacted r€.lativc to their opinion 

or the prtietiae.. All were of the op::tnion tl:1,at renovat:1.ng aJJ.'iR1fa m1-3adows 

early i.n. Uie sprin;;;,, at, the proper ti,ne, (d0st.~iyed a lot of winter annual 

graa:se$ and we,Jds without injuring the meadow. They were of the c>lJi:n:i.on thc,t 

th£ quhlity o! bay was increased. by followintt this pr;r1ctiee .. 



plant, i! ecrreetly oonstrueted throughout, will require an investment of.' 

at least ij30,ooo for bare necessities including essential auxiliary equip

ment. Plants cost between $30,000 and f,75,000 after tbey- ere finally 

established: and fully equipped. The prices llst.~d below for different 

units are subJect to change-. 'l'o this equipment m.u.$t be added the harv1.i~t-

in:g implements., trucks, tractors, foundation, building to house the drier, 

,warcl1ouee., bulk fuel oil storage tanks, eleetrie· power, and .ti:robri.ol{ for 

Some or the manufacturers of dehydration units can .furnish all e:ux-

t.o. the best type of eq'lli.1?lll,ent n~eessary for the unit.. 

The following is a partial list of ma.nu.facturers, together with some 

descriptive material from literature provi.ded 'by th~ companies. The mention. 

L. R .• Christie c~ 
17 li;ast. 42nd Street 
New )!ork 17,. N. I. 

1'be pneumat:ic unit manufactured by the Christie Compan;,y has a eapaeity 

o.f one and one-half ·dr;r t.ons per hour. The price of thi$ unit. is $9,750 

£.o.b. Hagerstown, 1-iar.1land,. complete "''ith structural supports, driving motors, 

feed conveyors., au:tomatic temperature eotltrols, and oil buming apparatus. 
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Th.is price does not include eost of field equipmicnt, foundations or brick 

are furnished on receipt o.f an order. Drying costs depend principally on 

moistur-e conditions. Assuming 75 p0reent initial moisture, the .fuel oil 

consumption is 60 gallons per t.on ot dey product., or its equivalent if 

another fuel is used. The company does not manufaeture an;r of th.a amdli-

and oo.gging machinery. 

The Form. th Corporation 
Wichita, Kansus 

The 1''ormith Airflow Dehydrat-0:r will produce 2,500 to 3,DOO pounds of 

dry material per hour. The material travels nppro.xlmtely 274 linear feet 

more th.an 30,000 cubic feet o! heated air per minute.· 'this long travel. 

permits each particle .sufficient time to give up its moisture to the surround-

is self-contained m1d offers low operating te.,1peraturee., 'l<.1:lieh should tend to. 

tttis unit is one and one-half to two tons of' dr.r forage per hour .. 

electric controls anti. other necessar-,1 equipment, to :make a complete installa-

tion eells at taB.,500 f .. o.b .. factory at vliehita.. This price does not include 

field equipment. 

A. .Forster II S Re9.vy .Duty H~mner 1:11.ll direct connected to a 150 h.p •• 



O. W. bndolph Compa:fQ' 
Toledo~ Ohio 
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'.fhe Randolph Company llWtutactures two units, the Randolph Junior and the 

ia.nd.olph Senior. In the Junior model, the Mt.erial to be dried is elevated 

to one end oft.he unit.. and passes through a feeder which is equipped with a 

metal trap to eliminate way' metal from. the mat.erisl being dehydrat.ed. .From 

the feeder the mterlal is forced into the .dehydrator by a :fan supplying hot. 

air direct tram. the furnace. f1f'ter entering the dehy'drat.or:, the material is 

picked up D".f a specially des.igned impeller lliidcb keeps the material in complete 

suspension as it passes t'rom one section of the dehydrator to the other during 

The iiandolph t.UUt. is e&pable of dehydrating one ton o! meal per hour 

i'roia .fresbq eut altalta bay with 75 per~ent moisture content. Tbe fuma.ce 

is equipped with a $taker tor using soft coal.. It may be f'ired lt.llth oil or 

gas it desired .. 

The Randolph .Senior is o! the same principle as that. described. for- the 

Junior, except tor a. greater capacity whiah is obtained with a larger furnace 

and. the addition or one section to · the d.ehydra.t.or body,. 

The writ.er wa.s unabl.e to obtain the cost tor the dehydr-.ators described. 

above .•. 

.American Process Company 
Lebanon., r~. 

The Ali:l.eriean Process Co.~ manufactures. a eGnventional. type of direct 

heat, single-drum.., rotary drier for drying hay. This unit 1s similar to the 

other rotary driers. 'fhe drum is encircled by heavy- steel tires· on ~nieh ·t.he 

dl"Wi1 is supported aud rotated by ro·llers mounted on bases 'bsneath.. The cost 

or this unit e<>uld not be obtained,. 



Atnol.d Dryer Company 
30QO w. Montana St. 
Nil~ukee l, Wie~nain 

Tue Ail"tirier. a st.:-.1.tionary r{odel SD-8-24 alfulta dehydrator, is :moou

f'actured by the Heil. Company of which the Arnold Compa.ey is a subsidiar.,. 

This ~ti$. a triple rotar.r drum type. 'llie mixture of furnace gases and 

tempering air enters the drier at a teir,.q,ere..ture around 1400° F~ and lee,ves, 

with the m.oi:eture, between .ai:J0° and 250° F. Three sizes of machines are 

made, having evaperating Cl!.pacities of one, two.,, and three tons or water 

per hour ... 

In rowid £igures a dehydrating plant completely- equipped would amount 

t.o .iji21,ooo· f .. o.b. Vd.lwauk.ee, \fisoons:tn. The total price ot necessary equip-

m~t will run between $SO.,OOO and ~,000 depending upon the type of building 

A portable dehydration unit, which i& a rotary- multipass direct fired 

d:t'Wll type mounted on a rubber-tired steel frruue cllassis, is a.1$0 manu_faotured 

b7 the Amold Drier CompallT. The price of this unit is S7,500 f.o.b .. 1llwaukee, 

Wiueonsin. This price does not include field equ.ipnwnt. 

Cleaver-Brooks Comp&ny 
Milaukee 9, Wisconsin 

Cleaver-Brooks Compan;r manula,ct.ures a triple rotary d.r'Jni type which bas 

a capacity ot .appro~tely one ton of finished product per bou.r. Heat is 

applied to the drying drums by a direct fired Dut (,}h oven type furnace. A 

special deei.(:Jled oil burner is used. 

The enpit.al invest,m.ent, including real eata.t.e tor plant. site, a C:leaver

Brook dehydrator., freight on equipment., foundations tor e1;1uipnent, unloading 

and. installing, power wiring and. w&ter suppl,,, frame shed over dehydrator and 

•rehouse, would. 'be approximately 126,100. The priee .of field equipment is not 

included. 
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J .• B. Beaird Co;:;1pany, Ine~ 
Shreveport., La. 

unit., completely assembled on one steol skid., nnd includes all necessary 

£ora;:;,e crops is priced at ;;;5,631.., f .o. b~ Shreveport, Louisiana. 

A fuel oil burner is availahl~3 for f2J6 addlt,iona1. In tb<a absence oJ' 

sufficient ele.ot:ric power, the n:mchine 

bustion engine at additional cost. 

harv~sting. 

iicG~hee Company 
Soard of Trade Building 
Rt.nsn.s City 6, Hisaouri 

mills or coopf.:lretive or;anizat.lons. It has a 

pla.nt -would be close to !:Yo,ooo.. 'i'his ,~ould include the neeesz;,1ry sqµip-
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'fhe, P-l0:36 was designed as a 121000 pound evaporation (or a t-wo-ton per 

hour) dehydrator. The company claims reports of three tons imd :r:.,ora per-hour 

average for a long period of operation. 

The P-S2S., which is a am.all plant, sells for :i15;960 f.o.b. Kansas City,. 

lation, wiiich includes the :necessary equiptaent required for operation of a 

dehydration plru1t. 

t:ler1e:ral America."! 'I'ransporta.tion Corporation 
Louisville Drying Machinery Company Unit 
National Theatre Bldg., 5th & Walnut St. 
1.Qi,.litnrille 2, Kentucky 

'k'nis eomp,;my can furnish a complete plant or t.he drier alone. The drier 

ean use either gas or oil as~ fuel. ,The interior construction is such that 

the d~fing gases are in contact 'Wi'th the hay at all times. This allows the 

use of low t~1perature ~ases which stands for high caroter1e content and low 

op1;,:~iting eosts.. 'fhe drier com.es complete with combustion cht1111ber, gas or 

oil bu.rners (ref'eact,ory for ·the combustion is not included), drier- drive unit, 

£ollows: The mr.all type, which is 54 inches in dia.111et,er and 40 f,eet long; 

·the medium. typ.e, which is 6 teet in diameter and 60 feet long; and the lnrge 

type, which is 8 feet in diameter and 60 feet long. (Prices are f .o.b. ei?irs, 

The small drier has a capacity .of 800 to 1,20;) pounds per hour of dry 

meal. at about 10 percent moisture .. The price on this size plant complete, 

using gas a fuel, is (~16,475, or u.sing oil is 017 ,680. 

'l'he medium sizo drier has a capacity of 1,600 to 2,5)0 pounds per hour 

of dry meal at about 10 ptJreent moisture content. 'Ihe price on this siz,e 

plax1t complete, using gas as a. fuel, is $21,900, or using oil is ~}23,100. 
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The l,irge drier fa.as a capacity of 3,000 to 4,000 poth'lds per hour of dry 

meal about lO percent rnoistu.re. 'l'tw prieo on this size pl.:;,,nt co:.:npleto, using 

. 
-1.S 

Prices quoted above do not include frei ;ht, unloading, riggJ.ng, fom1,ia-

tions, bu:Udin;; site, or· field equi1,.'!tt>:'n1t. 1hose items v,.oul<l wi:iount t:o 30 or 

4-J pcreent of the total irn.re:;,tmerit .. 

Conveyor Belt •rypes 

Proctor &. Swe,rtz, Inc. 
S!:aventh Street ru1d Tabor Road 
Philadelphia 20, Pa. 

H. G. 111.ack, a representative o.f the Procto1~ & Swartz Conrpany, r(1oorts that 

indicates that a. rotary drrun ·drier is considerably less exp,::.nsivt'.1; tlwn the 

conveyor type drier. 

Fuller Drier Company 
rfaz,:1reth, Peun. 

capacities up to ten or tv~elve tons of dried mat;:,rt'ial pt,r hour. 'Ih-e cost of 

this equirnH:mt, complete and r0ady for operQtion, would be approximately 

:5,50, 000 to t}lOO, 000. 

Craig Gspy 
Calif orn.ia Pellet L1ills 
2t,d Unit Santa i''e Building 
Dallas 2, 'Texas 

Pellet iiiills 

Some interest has been devoted to pressing dehydrated .mec:;1 into pcll~ta. 

The California t:)ellet Hille have de.signed. a 1m1chine for this puri:lose. 
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The California :Pellet Piill Company m£!kea two sizes of machines; the 

1'Iaster Model Califot'l1io Pellet Mill, the smaller machine in the Ga.lifomia 

Line, and t,ne heavy-duty California Pellli)t iuu. 

The roted capacity ot the Master Hodel California Pellet lUll is JO to 

40 bags au hour on J/16 inch pellets, a.nd somewhat greater< capacity on 

larger sizes. Some users .report an hourly capacity of 45 to 50 bags nn 

hour in the larger sheep and cattle size pell0't.s. H~terials being pelleted, 

consistency of mash, and local operating conditions govern to ti. l.;;,rge extent 

the capacity of the machine. 

Tne price of the Califorrdn h'tast.er 1iodel Pellet :tiill equipped. with 

.feeder., 1uu:or., .30 h.p .. built-in open motor and ope,1 starter with push button 

mumeter unit tor 3-phase., 60-~ycle,. 220/440 volt current is approximately 

;,~2.,956. 

The heavy-duty California Pell.ait ?,all, furnished for 50 h.p. oper-<ition, 

bas about twiee the capacity or the master model. The rated capaci't,y of this 

nw.chine is 70 to 90 bags an hour in the J/15 inch pellets, but higher capacity 

is possible, depending upon the above listed gov·erning f<':.i.etors. 

The price of the Call.forn:iu hea:vy-duty Pellet tlill with a feeder, mixer, 

base, v-belt drive, motor base plate., of new construction including open gear

head drive for ndxer and feeder lll'ith starter is approximately t5,548. 



SUtfl~ARY CONCLUSION 

Interest in artificial deh:yd:ration of ht..y and other fora,ge crops in 

Oklehoma has increased. during the past few ye11,rs. The 1Jkle<ihon:k1. 1\gricultu.rsl 

Experimer1t Station has received nwucrous inquiries concerning various phas,.;:s 

of dehydration of forage crops. This pupe:r reports a survtJy snade to bring 

together in.for'°.uation which could be used in lmSW({ring inquiries. 

Although. deI:i.ydra\tion 01' forar~e crops is :r~latively new in Ok.lahoma, it 

be,s bean going on in tho United .Stutes since ~bout 1909. Experiments were 

first conducted in areas wh~re h~y-m.ai<lng was a treltlendous gamble with the 

wea:Ll'U!r. Lr"'ter thesis experiments spread elsewhe1"e. ,Jehydr<ition. pJ.r.tuts he.ve 

been installed in th<!l wastern irrir~nted 2.reas where an aburd.:;.nce of alfolf Ll 

hay is produced. Be:f'or~ the dehydra,tor came into u.s0, hay produced in this 

area w:.,s usually sold collilu'.Jrcially in the bale. 

In gener,i.l the purpose of dehydr.:::,tion is to eonv-crt the r•a.w rt1:£teric,l, 

at its b0st st;;ge of growth, into the hi:;;hest pricetl finished product and 

S,t the same tirne minimize the risk; of crop loss at h,,;,rvest tir!le.. lh0n cut 

hay is exposed to the v,HJather for '3, grec:1t lon1Jth of time., ii.iportant nutrients 

are lost. 

Thc: :nost com.;;.1on m.0U!.od of euring imy :Ls oy curing it in tho sun. The 

disa::ivsiinta:;;e of this method is tbe uncerttdnty of 't.110, weri,ther f'or curin,:;. 

Overd.t'Yin1i in the field causas many of the lr.::aves to shatter -when the hay is 

handled., In order tc, retain a high carotene content m1d ot.rwr valuable nutri

e-nt.s lost. by l0aching, hay should be r(£m;v0d from exposu:ce to sunlight a."ld 
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weath~r as rapidly as possible~ Several investiga:to.rs report that green 

alfalfa contained. twice the carotene w"'ntent of dried alfalfa .. 

To ov-erco.me the difficulties in curing of h!ty and to produce a b1:;tter 

product, n~-w machinery has b~eri. developed \..o cu.re e.lfalfe. Md ot.her fora{~e 

by dehydrating the freshly cut hay in a. cu:rr-:JJ.nt of he:;;.ted s,ir. T11is m~thod 

eliminates the advertH? eftsets of weather after cutting. 

The three comm.on 'types of dehydrators are (1) apron-conveyor, (2) drum 

and, (3) pneumatic. Principles of three dehydrators are described previously. 

There a.re .many 'lf4rieties of caoh type,. 

Location ot the dehydrator is important. i, dehydrator loce.ted near a 

railroad makes i.t convenient £or shipping meal direct from the drier without 

requiring storage prior to shipment. The plant should be located in an area 

where a sufficient amount ot hay is grown to avoid long hauls. Approximately 

1,00>) to 1,600 acres are usually required. The westher condition will have 

an important bearing on the acri&age needed .. 

The cost of debTJ.ration ovens "Will vary but ~y ,cost .i:i_pproxilnatel.y 

$15.000. Field equipment such as trucks, trailers, field choppers, w.owers 

and tractors 'Will cost in excess of t}l0,000. l{ost plants instnll8d and with 

ill necess.n.ry equipni~t purchG.aed will cost from. i}30,000 to ~t75,00D. Dehydra

tion equipment is expensive, but as a rule the best obtainable is the cheapest. 

failure of equipment during the operating season is expensive .. 

Dehydrators may ba owned and operated by private individuals or firms or 

by a group of i's.rmera as a cooperative. 'I'he dehydrQ,t~d. me;:,,l m.ay be utilized 

for privat.e .feeding or sold on the op.s.'U. mrrrket. The ehief market for alfalfa 

meal at present is the mixed feed industr.r. During the period from ,June, 1945 

to tilay, 1946 aoou:t. l.,lO'J,000 tons of alfalfa nwal was made in the United States 
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of whieh
1 
about 45 percent was from artificially dehydrated hay. Production 

of alf'al.fa meal for the same period in 1946 and 1947 was estimated at 

1.,.300,000 tons., 'I'he average output of alfal1'a meal before the war was about 

300,0'JO to 400,000 tons par year .. 

Alf a.l!'a hay for del':1Ydration in Oklahoma is usually contracted for in the 

st.:md and the producer is paid ,on the dry weight basi.s. 'i'he owners of the 

dehydration plants prof-er to do the harvesting since it is very important to 

provide a constant supply of forage at the dehydrator £or maximum efficiency. 

Dehydration plants a.re usually operated day and night if weather and supply 

of forage piF)I'mit,. in order to produce the largest. possible output per unit of 

'fh.e green forage ID£J.Y be dried whole or chopped to one-fourth L"loh to one 

and one-half inches in length, depending on th.a type o! unit. usod. 'l'he green 

ga:;es for dehydration,. Althou;h the dried material w,,y be stored whole or in 

the chopped .form, it is usually ham.'1\er-milled into a menl and sacked. 

All of the pl,mta visited in Oklahoma huve their own equipment to harvest 

~mi dehydrate the alf'alfa hay. The alfalfa llay is contracted from the producer 

and is paid for on dry basis depending on the quality. The quality is usually 

based on the protein conte"nt. 

Most of the denydrators in Oklahoma are the drum type nnd iire used to 

dehydrate alf~lfa hay after it is harvast.ed and the materioJ. h.:i.S been chopped. 

L:Jq,eriments with artificially dehydrated forage crops generally indieat.e 
I 

that if directions are properly followed a .f aed o:f very good quality and high, 

nutritive ·value will result. This process enables the produeer t.o reii::ove the 

hay from the !ield immediately, before any appreciable loss occurs.. On the 
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other hand, a nw.tber of experiments prove th.;.t if drying is dona at ,;1xtre,:r.cly 

high temperatures it r.iay have an n.dverse effect on the feed. 

Hi~ qualit7 alfalfa meal is an excel.lent feed and is espeeially valuable 

tor swino and poultry.. Poul.tr/ and swine consume only a sm.nll amount of rough

age, which makes alfalfa. meal economical t.o feed. The rumirumt anim.Bls can 

utilize lower q~allty feed more economically since they require a l~rge volw:ue. 

It h,is been pointed out by many experimenters that the f e~ina value of 

properl:,r dehydrated. alfalfa hay is suparlor to corresponding sun-ellred ha;r 

even when the latter is eured under favorable comiitions. When alfalfa is 

properly dehydrated it is a rich source or protein, calcium and vitrutln A, 

tind a f~ir source of phosphorus. For the production of hiyi quality meal it 

is neuessa.ry that the unit used be designed and operated properly. Improper 

design or operation can destroy the quality of the produc:t. for detailed 

in.formation concerning cost installation and design of various units, it, is 

suggest.ad that the manufacturers be contacted. i, partial list of derr,rdration 

:manuf'a.eturera i.s. given in the text. 

Dehydration is a process to retain the rnax:i.mum food nutrients. So, to 

obtf:.in. high quality dehydrated maal, the raw product must be of high quality. 

In order to proG.tuce high quality .)lfnlfa hay, n ii;OOd stand, free from trash, 

weeds and grass is nacesse.ey .. 'l'he producer should keep in mind that repeat

edly eutting alfa.lfo. in the pre-bud or bud staga has a tendency to deplete 

the root reserve.. This causes a var,. slow recovery and a reduction in yield .. 

Removing the vegetative growth late in the summer before the root reserv6 has 

time to buil.d up weakens the plant and makes it more susceptible to wintar

ki.lling. The plants &re alt.Jo slow to recover in. the spring. The proper time 

to c.ut alfalfa, for ma.xi.mum yield of good quEility ha.y end to rivoid the above 

m.entiooed factors, appears to be one-tenth to one-fourth blooolStB.ge. 
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It is concluded fro'Ir!. th:ls study thf,t dehydration units for dr;fin,:1 a.lfolfo 

lwve a v0ry lirn.it,ed use i:n the dry sections o!' Oklahoma exCtJpt ""'lH~rE1 irrigation 

ir1 this ar$a.. Furthermore, wc~6tther conc:1:ttions normally are favornble for alfi.lfa 

seed production du:d.ng lr,ts Suly, 1..ugust and e,1rly Sept,::,mber. Occasionally 

it is cured in 'the fic;ld. in 

ini:; it to field cure. 'l'he initial cost of rJ. dehydreti,.m unit plus the fu.e.L &.nd. 

It appears i'rnm. this study that dehydrators arc irupr&.cticml for us1) on 

produced at rnuch lower cost. In orcler for the operfitor to obtain the maxi-

mum. profit, it will be nec0ssar;r for hi.ff, to have ,\ceess to m~terial 'to 

delwd.r..:i.tc most of the yetr. 

hi.gh q1.1ality per~-,;~r,een alfnlfa h£\;f which ls in ciirect comp:stition on the 

too high for d(~hydra'Led hay to compete with sun-cured ha,y in d;,iry .feeding the 

dchydret;.c;d <ilfalfa, at a cost, much higher than smt-curad alfalf,:,, bay, is much 

in demand fo1· poultry lmci st-d.ne rations. 
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Ir1 genertil the main cau.se for the .slow development in arti.fieia.1 d:rfing is 

the extreu1ely high cost ,of equipment, the high cost of drying, and the ;tact that 

large driers are rather unadaptable to loce.l farm eandttion. 

It is the :w"riter•s opinion. tilat if dehydration of alfalfll and othor forage 

is to be profitable a low cost. unit must be desig;ned.. ?urtherw.ore, tha overhead 

might be reduced by using the unit to lower the moisture content of grain end 

other crops !or proper storage. It is reasonable to ~ssu:n.e truat if dehydrution 

were highly profitable dehydrators would be 111ore ~idely distributed than they 

iilre in areas Miere hay-making is a gamble with the was:.ther each season ... 

Those who are considering the possi'bili ty or installing a dehydration 

plant ehould give caref\u consideration. to the ilwostment involved_, capacity 

of such a plant, the amount of h~ av~ilable, and the possibility of operating 

the plc1nt f.\ sufficiently long period to justify the high overhoad involved,. 

The quality of product is a very important. faeto:r because buyers are not paying 

preinwu prices for an inferior quality '!ll€.llal. '!'here is much difference in the 

quality of mea.l produ.eed by the various d1:.;hydrt1.tion ;mills. In Okl{;thoma the 

season for dehydration o:t: alfalf'c1 is very short; therefo1~e consider;;::tion should 

be given to sweet. po.ta.toes and to other foragr.';ls to extend the dehydrution 

period. 

It would not be wise to let a sales prow.oter sell a lot of ma.el1incr1 

without making very careful investi,J£Ltion. Before plf4"lning too far ahead, it 

would be advisable to ,.-isit some other sections of the country whe:re dehydratQrs 

are established and find out more about methods and problans involved in the 

dehydra.tion 0£ alfalfa hay. First hand inforirf;;tion is verJ valuable. 
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