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CIIAPTER I 

IMTaDDUCTIDH 

um!m 1^iffTTOt., 

it tlMi aH>«t inportaat harvested rotinhage for livestock through* 

otxt the vorld. Heavy losses of feeding value In hsy oeeur every yaar 

due to inproper curing or storing# According to Morrison^ these losses 

are far greater than those In other agricultural cr«^« These losses 

can be prevented to a great extont ty efficient mthods of h^gmaking# 

The l^qportanee of the hay crop in the IMted States Is sluwn by 

the fact that ever 100#000,000 tons of hey are made a year free an tene^ 

age of about 73*600^000 acres# This mnnal bay crop has afam value dt 

nearly tvo bllUm dollars#^ 

What aakes hlfb quality hay? 

To be of high qviallty* hay should be aiade fras plants cut at a 

rofflclently early stage of asdiurlty# It should be cured and handled so 

that it Is leafy and green in color# The stens should be soft end pllai» 

ble* Such hay Is mere nutritious and palatable and has a much hl^ier 

feeding valus per ton» 3h fact, there nsy be far laore difference In 

actiial value per ton betveen good md poor hay of aqy particular kind 

than there is betwen the different kinds of hay made from the variouis 

oommon hiy crops#^ 

'^atik B* fforrison# Feeds and Feeding C22nd# ed#j Xthaes# ISeir 
YorkI The Morrison Publishing Oonpary, 1957), p. 253# 

^Loc. clt. 

3loc, clt. 
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federal hagr gradet^ \jy which higr la fold «b tha larger aaxketai 

in the thiitad States^ are haoed <hi the (lualitiet idilch good ha^ ahould 

hawa» A three«9war atuthr was nade the New Jersey Station and a two<* 

year etcidy tgr the Heir Torle Station^ to secure infcrmaticm on the gz^ides 

of hay actually product in north««astem fanas* In these studies 2«^67 

saagiles of hsor^ eostly first cutting were secured from fansers* barns 

during the winter feeding season aod graded according to the official 

Ifiaited States luy grades* On the average, 20 per cent of the lots of 

hay graded He* 1 (excellent hay)} h!$ per cent, So* 2 (fairly good hay)} 

1? per cent. So* 3(rather poor hay)} and 16 per cent, Saaple grade*^ 

These sad other studies show the need for laprovemnt in haymaking, 

in order to eecure the masinum feeding value from this isportant crop* 

Proper curing to retain leaflness and groon color, and storing only whan 

moisture has been reduced to a safe level are among the chief factors 

for producing quality hsy*^ 

the ipreat dlffersnes in feeding value between good hay and poor 

hsy teas lOiesm in ezperlmenta by the United Statee Department of Agri* 

culture with dairy heifers* During two winters groiq» of heifers 

was fed oa good alfalfa hay, U* S* So* 1 or 2, containing 23 to 27 per 

cent fiber* Amthuf gronp was fed peer alfalfa hqr# U* S* So* 3, having 

33 to 3ii p«r emit fiber, the helfeiw fed on the goed hay gained 28 per 

cent Mrs and required 12 per cent lese hay pw 100 pounds gain than those 

^Loc* cit. 

^Ibid.* p. 25h. 
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f«d csi the poor 

Good end poor hagr wore also can|i«re<i In•trial hy the Ohio Stallco 

with steers full-fed on eom-and-eob seal plT» 1*5 pounds of scgrhean oil 

Bieal per head dally* Thou^ these cattle^ liberally fed m conoentratea^ 

did not eat an average of nore then two pounds of hay a day, nevortbeless 

the quality of the hay aedo a difference of 0*3 pound in the average 

dally gain* the difference la actual feeding value between the good and 

the poor hMy was far greater than the $7*50 par ton difference in coat*'^ 
The pereenta^ of protein, the digestibility, and the content of 

aiioerals and vitaadna all deorease decidadly as hay crops advance in stage 

of growth*^ "iSiea oe» ha# a large acreage of hay, it la necesaary to start 

htgriag early to finish it before the lest of the crop yets too 

anture* This calls for an efficient and rapid asthod of hayaMddng* 

JPleld curing of haj; 

The prlaary object in haymeklig is to dry the green plants enot^ 

«o that the hiy can be safely stored without heating unduly or beccagdng 

isoldty* Tho water content oust be reduced to not more than per cent 

for hsy to keep eadely in barn or stack* If tiie hsy is baled at the tine 

of storage, the aolature content should iwt be over 22 per cent* Bay 

eontaining too imoh mlature when stored, will undergo pronounced fexnen-

tatlon and becone very hot* The value nay be greatly decreased because 

^Loc* cit. 

^loc* cit* 

®Loc» cit. 



of sold or thi lonoo of noiolwito whidi oeew in tho oxtensivo femeni* 

totiont* fhere la also tho danger of spcBitaneone ooebueticm whan hay la 

atored vith too imeh aolatxire*' 

A praetical aathod uaed tgr fanaera to find oxrt when hay ia cftxred 

ffufficieiitay for atorage la to twiat a wiap of It in the handa. If the 

•tesM ave iddi^tly brittle and there is no evidenee of aniatixre idira the 

ateav are twiatedy the hay ia ready to be atored* In excellent curing 

iieather the hay my aqnpear drier than it actually ia, eapecially if 

cured chiefly in the aweth,^® Teatlng by this eethod requires e lot of 

ecqoerienoe and undar different weether conditions it aay not be possible 

to predict the noisture c«it«nt with sufficient accuracy* 

Losses of nutrienta 

The loaaea that occur in hayaaking aret 

(1)loaaea of Isavea and other finer parta by shattering 

(2) loaeea by fementetioii and bleaching! aatdl 

(3)loaaea of soluble nutrienta by leeching, in eece of hemy 

rains.^ 

i/ The leaves vt legum hey dry out nuch faster than the stem, and 

if they beeom dry md brittle they shatter badly when the hay la rak«3 

er otherwiae handled. This loaa of leaves ia aerioua, for the leaves 

contain two to thres tinea at nuch protein as do the ataaaa. Thsy also 

%bid.. p. 2?$. 

^®Lec. cit. 

^-Ibid.. p. 
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ecmtaia aoft of tho caoroieno md other vitsBdnst am aueh richer in 

atoeridoi aad hm aaeh Iom fibo** The prcpwtlcm of leanrotj thKeoforo# 

is one of the aoot iap>rt«nt factors in deteradnlng the feeding value of 

axty partietilar lot hasr*^ 

If the hiir does not dxy fast enough and has to be left Imnger^ 

fenaentations take place in vhleh aow of tiaa erganie nutrients^ oc^eial-

Igr the sugars and starch, are oaddiaed to carbon dioadde aad water, and 

thus lost* VerBentation has also a vsxy destructive effect en the caro* 

twne in the hagr.^ 

Long o3q;>oeure to the mm will badly bleach tfaa hay reaulting in 

nearly all the carotene being lost* In general, tha anotsit of carotene 

in hay is proportional to tlwi greenness in color.̂  

The losses by forwntation do not oeaso idasn hay is stored in the 

bam* If the luy is well dried and does not hast unduly in the near, the 

loss of dzy natter In barn storage for six months will usually not 

OKOiod 5 to 7 per emt* Vhm hay is tinder-curod aad molding or eevere 

heating occurs the loss is maeh greater*^ 

The total loss of nutrients In hsy during field curing and 

subsequent storage will vaty wldeiiy* In fairly good haynaklng weather 

and with proper methods, the total loss of dry natter from the green crop 

^loc. clt» 

^^loc* ett, 

^Ibid** p. 2^7. 

^^Loc. clt* 
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in ihii wmsftr shotCjjdl not «xxmmi4^to|0pw omtfor logon ia^ waAW 

to 15 Ptat ooat for graso hagr*^ 

Hagr conditloiiort 

^ To rodine field loeaes to e wdnlaBa It ia aoeesauT'to ̂ aey the 

hagr M faot aa poaaibie without apoiling ita qualltgr* It la alao to* 

portent that both the lea^ea and aten dry at the aaae rate> ao that at 

the tine of baling they hare the aam nolature content and the learea 

do mt idtatter* It takea two to fotr daya to dry hay to 20 per cent 

ooiature tgr asrely learlng It aowid on the field, depending upon the 

nature of the forage and the weather.^'^ If a aufflclent tine la given 

for tim atena to be dry chioui^ for the atwage^ half or nore of the 

leavea eaa be leet by Pottering# learea coitain two to three tinea am 

antdi protein aa the atena end alao noat of the earotene and other vitanlna 

and nlnerala*^^ 

l^arorahle weather during the forage harreatlng aeaaon cauaea 

large q[uantltlaa of forage to apoil or deteriorate In quality. The 

frequency of rain during this aeaaoa Increaaes the rlak of spoilage* Asy 

proeeaa or eperatlon idsdch would reduce the period the forage hae to be 

eared la the field ie of iaportanoe to the femer* 

Ceneiderable progreaa haa been nade during the laat few years in 

^%ld.* p, 257. 

^7p, John Zeeharlah, K, C. Elliot and R, A, Philllp8« Performance 
C^^ra* (Bulletin 1|18, West Virginia Italvorsity Agricultural 

ISq)eriarat Station, Morgantcwn, June 1^8). 

"t^rank B, Morrlaoi^ clt** p« 256. 
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^rrelopiag hagr omditiooera which «peed 13$) the field drjring rate of 

foregee* Aoeordiag to Allan Keith Lavrettte^^^ before 1930 the Cuahman 

Bngliieering G(Mpa^jr» Mveraidey California, developed the idea of 

crttehittg iim •tem of ha^ to reduce the field earing tine. A pcwer 

aover<»and«C3raehM* vae deigned and conatraeted Igr Mr. E. B. CueiBaan« in 

oo«i)erati<m with the Food Iteehinezy Coarpwation of San <^080^ Califomiak 

It vaa tested bgr the California Agricultoral Experiasnt Station at OsTis, 

California.20 In 1932 the Agrieoltural Btigineering Qapaertnent ̂ the 

Maaiasil^i Bipeiinent Static started building a erosher mi coopleted 

It in 1933*^ An iaproved crasher iras conatructed by the warn statical 

in I9I1.O.22 Sxperinental an! dsvelepanat work idth Tarioua eruahers 

continned and led to the prodacU.<»i of the present oanereial Mxlels. 

A hagr conditioner cracks, partialljf breaks, or kinks the steins, 

(^ning ig> the noist inner parte of the stews so that the7 cone in 

direct contact with the air. As a result, the stem dxy rapidlgr at alaost 

the sane rate ea the lecvea* IMa apeeds vp the hagrii^ operatiwi bgr 

Shortening the field earing period idilch decreases weather hasard, helps 

to consarwe the feeding raloe, retains batter color, and in general nskea 

far better hasr. More leavec and brmcb stem are saved beoaose Uie stems 

dsy before the leaves dxy to the shattering point. 

^Allan Keith laarrencet Scm i^gineering IhvestigatiMis m the 
tCraahing and Field (hErlng of (Master«a thesisi Ratgcra Itelversl^j 

Bz*xuisfifjLcki^ Sfew § wttniMucy X?p2)« 

20loe. cit. 

2^Loc« cit. 

22i^, cit, ' 

https://I9I1.O.22
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Itost farn trials, as veil as those at experineat stations, shew 

that the hsjf conditioner will reduce field drying tias "ly aronad 50 per 

cent in good haying weather,23 The principle of the several aachlnes 

new cm lha aaxicet is siaple. The hay ie pidced yxp, passed throng^ a 

pair of rollers which aay be snooth car corrugated, and dropped bade on 

the stubble, with thp stem tissue credeed or crisped just enou^ to let 

Msisture within the stem evaporate quld:ly. The tap will not flow out 

If the xwUers are properly adjustedi thus, no nutrients are Icmt, 

With the inner parts of the stem eaposed to the air, thay dry means nearly 

at the sane tiM as the leaves, which normally dry far ahead of the steos 

in uncrtuAed hay,2^ 

Ceowrcial hay ccoiditicmers may be divided into two general 

grotps•the smooth roller and the fluted roller. The smooth roller 

crushea mad cracks the stems while the fluted roller crimps the stems,; 

The corrugated rollers mssh together like gear teeth. 

The hiy conditioner Is a pto powered isplement and is hitd»d m 

to the drawbar and eaploys the hydraulic systora of the tractor for the 

control of the conditiwwr, A two-plow tractor will easily handle the 

hay coi^itlooor et good mowing sp»eeds of five to seven mllee per hour. 

As the ccmditloner passes over the anwed hay, s floating rotary pick-up 

feeds the hay Into two steel rolls that erudi the stenm. The hay is 

iHg^ly fluffed by the operation and dropped badlc locMly cm the 

ground to provide ventilation for fast drying. The rollers have an 

23«Biy Equijiment," Amarican Agricultural Rsperts (Pilei 20,66), 

2^1oc, dt. 
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adjueiiifcA* prMiurt tension sereir to pendt adjustaeot of the roller 

temdoii to aeeooBwdate different erope* 

Ihe crushing action of the two tjrpes of rollers is sli^tiy 

different* The sowoth roller naehine crushes tiw steas unifonalar 

tfarou^wut their length while tlM fluted roller erlsgMi the steam at 0.^ 

to 2 indi intervals. Ilie increased rate of noisture reawval in the 

latter ease is accoasplished hgr moisture travelling altmg the leogUm of 

the unhroken stems to these ruptures* 

Saqperlments that both types of conditioners work best idwn 

crudiing is done shortly after mowing. It has also been showi that the 

quality of crushed hay is better than uncr\uhed hqr* More nearly uniform 

drying of st«BS and leaves reduces the loss of leaves hy shattering during 

raking axul baling operations* Carotene content in crushed hay at the 

time of baling and after five months of storage was reported to be 20 to 

$0 per cent hi^r then unemsbed hsy which wes field cured to the same 

moisture level*̂  Crushing of the ttiick and woody stems makes the hay 
more palatable. Two years* observations on the palatability of crusted 

and uncrushed hays showed a preference for the crushed hay by wrfHting 

ocars and a significant advantage in corasuaption of the crushed hay by 

dairy heifers.27 

Salrymui who have hay condltlonsrs agree that they are iag)ort8nt 

John Zachariah, K* C. Elliot, and R* A, Hiillips, og. cit. 

^^loc. cit. 

^^Allan Xeith Lawrence, ejg. cit* 

https://heifers.27
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mmcHsAmM in aakiag hiy, Ov»r a period of year# Vtmy cou3d 

•ftsiiy pay for thraMlrss throu^ fffnrlQg the protein in high-quality 

hay that would otherwise hare to be pizrchaeed.^ 

Purpoae of this etndhr 

A mm type of Machine^ the flail-type forage harreater hae reeently 

appeared in the farn iqplenent trade* This haa been ewolwed out of the 

need for a lower cost forage-harvesting nechlne that will produce aa. 

ensilage or grass product that is coiq>arable to that provided by con 

ventional forage harrestera* The initial eostj, about 60 to 80 per cent 

of tlm initial cost of conventional harvesters^ plus the versatility of 

the unit, resulting la potentially notre annual use, places it in an 

attractive lewer-cost-per-aere category,29 Uj# fleil-type forage harvest 

er is aa outgrowth of a tfpe of atalEc idxred(tor and all preaent wachines 

of such a typo oaa bs uoad for shredding stalka aa well as for the 

production of ensllage.^O 

The shredding action of this nachine loaves the stons in hay in 

a eruidaed state, sinilar to the state in which hay is left after it has 

been passed throu^ a eroaher. It wma poasible that if this nachine 

ean be used as a craditiooer. It would bring down the cost of hay naking 

by reducing Idia nwiber of aachines neceasasy and tha lab«r required. 

2^Kenneth K« Barnes and Robert C, Finchaa, "Tea, Hiy Crushers 
(tei Out Field Sushes," Iowa T$m Science (Vol. 12, Ko. U)p, 7* 

29caarence W, Bodchop, Fewer Distribution and Req^wnents of a 
Flail Type Forage Harveater (Master'a tliesis,Iciwa iitate CollegB, l55^ 
p* 2. 

^Ibid,, p, 3. 
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At ths pr«Mnt tim m go over the field too often nd handle the 

ha^ too ameh•onee to cut it^ cmee to eroOh it or crijq[) Itj onee to rake 

it| onee to bole it and onee to pick vp the bales. One or mean men axe 

involved in each operation* This considerably- increases the cost of hiQr-

wddUig* 

nie purpose this stud^ir was to find otxt whether the flail«type 

forage harvester can be used as a hay conditioner* If it can be« then 

the newer and, with suitable nodiflcations, the rake can be elinina-bed 

for the hay naking process* Also, this naohine can ba used for the 

production of ensilage, thus eliniiiating the need for a separate eh^jiper 

or forage blower on the fam* In this stu^r the perfomsnee of the flaU* 

type forage harvester as a hay conditioner was cospared with the per-

fomaiUHMl of the aeooth roller and fluted roller hsy conditionere* 



CHAPTES 23 

MATERIALS AND METHODS 

Iioeafelon of BxpTlM»nt« 

The nqperloBnts vere ewiducted under field eonditiona on the 

Cherokee farm of the IMrersity of Tenneaeee in KuscYiUe^ Tennessee. 

The form is loeeted tm the banks of the London Lake^ across from the 

Agricultural College oaepus. 

Hay Studied 

The crop used for maicing the higr vas alfalfa. The fields had 

a well established stand oT alfalfa grcMlBg mere or less uDifomu the 

field was mil drained and, without any trees, well wcposet* to the sun 

and the prowailing winds. Ixperiaents were made on the first cutting 

and the seeond cutting on adjacent fields. 

Machines Ihed 

Ths foUowli^ amchines were used in these experiaents to nriea 

a ooaparative study of thsir effect on the drying rate of alfalfa biy. 

1. International Harvester Mo. 2. Ray Conditioner with rubber 

roller crushers (Fig. 1), This had two eylindricel rubber 

rollers both of which had helical grooves and rough 

exteriors to piek m the hay and pass it bstween the oylln-

ders (Fig. 3) to crush it. 

2« lisw Holland Hay ConditicoMr wilhi fluted roller crushers to 

cria^ the hay (Fig. 2). This had two fluted rollers, the 

lower ens of idiich had a smaller diaaeter. ndLs would pide 

the hay end pass it between the rollers to crimp it (Fig. U), 
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Figure 1 

International Harvester No. 2 Hay Conditioner with 
Rubber Roller Crushers 

Figure 2 

New Holland H^ Conditioner with 
Fluted Roller Crushers 
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Groove 

Direction of Travel 

Figure 3 

Flow Pattern of Hay Conditioner with 
Rubber Roller Crushers 

Direction of Trove! 

Figure U 

Flow Pattern of Hay Conditioner with 
Fluted Roller Crushers 

V 
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3* Ntfv Hdllaad Bagr Conditioner with saooth steel roller emdbers 

(Fig* 5)* Since the crashing cjrlinders are saooth the^r cannot 

pick vp the hiqr and so a slatted piclnq) cylinder is used ia 

addition (Fig. 8), 

li* J<Am Deere Ho* 15 Flail«>^7pe Forage Harvester (Fig. 6). This 

eBig>la!jrs loose hanging knives (Fig. 7) to shear the crop. The 

crop is eat hgr the Inpaet of the swinging knives and carried 

vp and bacdc over the cutter shaft where an anger feeds it to 

the blower (Fig, 9). 

5« tko^low tractors. 

Instmaeatation 

^ fl'«dJL»type forage harvester. 

The flaH-^rpe forage harvester used for the experlaents was not 

adapted for Iqriag the cut hay gently on the stubbles in a swath. It 

was^ therefore^ necessary to aodify the spout on the eaehine. A pipe 

sixteen inches in diamter and eight feet long was wade from 28 guage 

galvanised sheet netal. One end of the pipe was securely bolted to tim 

wpwA on the aaehine so that the hay could drcp down through it <si to 

the stubblea in a swath. Ttaa pipe wee hung vertically from the spout 

with the lowsr end about three inches ebove the grouiyl - the heii^t of 

the stubbles. Ths wain problsw was to fix the pipe in euch a wqr that 

the cut hay would reat on the stubblea loosely enabling proper air 

circulation to speed tq> drying. Ho special attaehnents were wade for 

this purpoae in this experlmBnt. It was assused that the pipe would 

break tlw force of the cut hay coning from the blower end let it dc 
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Figure 5 

New Holland Hay Conditioner with 
Swooth Steel ̂ ller Crushers 
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Figure 6 

John Deere No* 1$ Flail-Type 
Forage Harvester 
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Figure 7 

A Viev of the Hanging Knives of the John Deere 
Flail-iype Forage Harvester 
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Direction of Trove! 
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Figure 8 

Flow Pattern of Hjy Conditioner with 
Smooth Steel Roller Crushers 

Direction of Trove! 

)(J 
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Figure 9 

Flow Pattern of the Flail-Type 
Forage Harvester 
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gtatlyr ifooviffii to root on the vtuhblee* Another problea woe to get el}, 

the basr e<»dng fron the epout to fall into the pipe« It w«e for 

pvtrpoae that tiwi pipe wme aade with ft larger diaaoter than that of the 

ipoot* 

£'aolsture-testlng apparatua« 

An inexpensive nethod of sufficient accuracy and opeed fca* finding: 

out the aoieture content of hftjr ftt any particular tine on tlM field is 

not available now* \»lth inereaeed ne^ianiafttitm of tlM» harvesting and 

eeaditloniag operatiimSf there is less tins for hay to lose aoisture 

in the field. It is iaportant that the hay be baled idien it has reached 

the correct noistwre content. Either an exeeas or a shortly of unisture 

mntenb will result in poor quality hay which will continue to deterio* 

rate in quality in storage. It ia« therefore^ inportant that equipment 

be made available for dotemining the moisture content of hay for 

finding out the time of cutting sad the tdms of baling. Equipment for 

precise moisture meeswrement is not lunially aeeessaiy. Moisture c(»]itent 

determination within 1 per cent is sufficient. Considerable mooey is 

lost eftdt yssr beosnee of overdzying.^ 

In most eases the farmer relies vpon his experience to estimate 

the moisture content to deterndne the time of baling. Queasing the 

moisttire content ie usually not accurate enough. The oil»di8till«d;ioa 

method offers a possibla solution. It ie inexpensive^ siaplSf aad 

sufficiently rapid and accurate. The test takes about twenty minutes 

W, Hall, Drjring Faro toops (Rsynoldaburg, Ohioi Agriculture! 
Ccmsulting Associates, Inc., Engineering ̂ cialists, 1957)* p. 73. 
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and halpt to dsternine whother the bagr is sufficiently diy to be t#ren 

from the field*^ 

A slq;>lef portable iiqpparatus fear (tetermining the moisture contest 

of higr bgr the oilHSiatlllaticHi method waa deeigned and made (Fig* I0}» 

A rectsoignlar box, t»enty«>tmo inches long^ sixteen inches vide and eight 

in^MS hi^ was made fr^ half«inch five-ply wood* The top and front 

lids were made of three-eighths inch five-ply wood* The lids were hinged 

80 they could be opened and laid back. The box was provided with two 

handles for handling ease. 

Tiw box was equippsd with the foUowlagt 

1. Dietetic eoale of 1900 gram capacity with one groi dlviidLonis* 

It bed a rotating dial^ to si]iq>liQr the weighing proeess* 

2* Oolemtti LP gas picnic stove* 

3* Thermometer cepeble of measuring tenperatures xtp to 200^ 

Oentigrads* 

h* Can of about ons ̂ uart capacity m& a pises of fly-screen wire 

cut to fit tmugly into the can* The wire seamen was provide 

with a hole to let the bulb of the thermometer pass throu^* 

5* (kie-gall(m tin of Weeaon ooddsg oil* 

6* Pair of aheara for cutting hay aample into one-inch pieces* 

7t Dsyw wind mster* This was about six inches long^ tme mad one-

half inehea wide and one-half inch thick and waa veiy easy to use* 

8# Psychrcamter^ to detemdne relative humidity* 

F, Risaniller^ "A Moisture Test For Hay," Extension Leaflet 
(Lefayette, Indianat Purdue Ifaiversity, 1953)* 
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Figure 10 

Field Moisture-Testing Apparatus 
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9* pad and pencil. 

AH this equipMiit vaa arraoged and fiawd in the box in such « 

that it eould be easiily eazried frm pla<» to place and aet for 

twe with a ainiaMB of tia» and work* 

Procedure for Oil-diatillation Mathod 

Thia wthod vaa uaed to detendne the aoiature content of hagr oa 

the field at mgr tia» when it vaa neceaaaigr* 

Hie aaaple of hagr vaa cut into me-inch lengtha vith the aheara 

and sixed thoroughly. Thia vaa done faat enou^ to prevent voy loaa of 

aoiature by evaporation. The can vaa placed en the acale and the dial 

aet to read aero. Then fifty graea of the cut an|}la of luy vaa placed 

in the can. Thia vaa done by adding hay in the can until the did indi* 

eated fifty graaa. The hay vaa then alightly c«q;ireaaed and covered 

vith the fiyoacreen vire. Enou^ V&a9on oil vaa poured into the can to 

cover the aaaple completely. The fiy<i>8creen vire kept the 8ang>le i»» 

mraed in the oil. The themoaeter vaa inaerted throujii tha hols in the 

vire votd the can vaa again placed m tlM acale and the dial aat to aero. 

The can vaa than tranafarred to tha atove and aloviy heated to 1U5^ 

Centigrade. The teaperature vaa held at Centigrade by edjuatlng 

the flaae and vaa not alloeed to riae hi^er at aay tina. Thia vaa 

iapertant aa tha ell doea not evaporate iqppreeiably vlthin thin rviga 

Cf taaporatvore. But it vaa hi^r than the boiling point of vater and 

BO the noiatura in the hay boiled avay. 

Heating vaa continued for taenty adnutea by idiich tiM all the 

noieture in the ample had evaporated, aa indicated by the abaenca of 
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tufsr bvbblea* Th» eaa vaa then veli^wd and the nel^t iuited« Ai the 

dial had been eet at lero with the can <m the aeale before it was heatedf 

the aaount of noisttire lost could be noted directly from the eoale* 

weight of the eanple taken was fifty graos* Therefore, the wei^t of 

noiature loat, in grama, multiplied by two gnre the moiature content of 

the hiy in percentage on a wet baaia* 

The oil vaa atrained off for future uae* The aaount of oil loat 

for the experiment waa negligible* Ifo oalculationa were involved. 

Therefore thia waa both an ineipenaive and aiaple mettod. 

The accuracy of the method waa teated hy covparixig the raault to 

that obtained ly the oven method by uaing the aaae aaaple of iMqr, The 

difference in moiature percentage determined hy beth the mathoda was 

leaa than 2 per cent. 

A Weighed quantity of Weaaon oil waa heated alowly to 

Centigrade, Juat aa for the expezdmsnt, for a period of twenty miautea. 

It waa then wei{^. There wee no chm^ in weight indicating that no 

oil waa loat hy evaporation during the eaqperlmeat. 

Sampling 

The e3q)wiment was done twice, eeeh tiM on a different field md 

on a different cutting, 

1, First Experiment 

The plot aeleoted for the flrat experiamnt was a long atrip along 

the middle portion of the field. The field had aa area of seven acres 

and e good stand of alfalfa. Thia waa the first cutting. 

Tim experiment waa started <m May 11, 1959. The alfalfa wee 
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raowsd at lOiOO a.a* Tha Imy eondltionart «ara aaad laMxHataly after 

wards. The flail-type forage harvester was used at 12tl5 p.B. 

The first two swaths were left just as thay were wowed^ to serve 

as ehe^« The next two swaths were crushed ty using the hay coailtltm-

w with the rubber roller crushers. The fifth and sixth swaths were 

crlaped by the hay conditioner with the fluted rollers. These two oper^ 

atlons were done Imaedlately after mewing. The next two swaths were cut 

by the flail*type forage harvester at 12il? p.m. The cut hay was allowed 

to drop en to the stubbles through the pipe idiich was attached to the 

spout on the machine. It was noticed that the hay was chopped vp too 

idimrt and that It was forming a rather coapaot mass on the swath^ with 

out being fluffy and with little possibility of proper seratlm. This 

fine during was dons by the six knives m the fly wheel and bloser 

of the machine. It was s<iulpped with these knives as ths 

esssnblally a forags harvester end chopper. As ths chopped hay coming 

down thipu^ the spout did not lock good enou^ to get properly curedj^ 

two more swaths wers msde by opwstng the back of the — (Fig, 11) 

and allowing the hay to drop down on to the stubbles without letting It 

pauMi throxigh the blower ami the knives. 

the long strip of field was divided Into four plots ex^osswise 

and representative sasples were collected each plot at the sans 

tlms, Sanples of uncut alfalfa were taken at IO13O a.m., just bafore 

it was mewed. All saaplas were collected In cans with ti^t lids to 

prevent loss of molsturs during tranaportatlon to the lahoratoxy. Each 

time when saaylea were collected^ the hamidltyj> wind speed ami cloud 

also recorded. The humldi'ty was determined by a paychrfUEoter 
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Figure 11 

John Deere No, 1^ Flail-Type Forage Harvester 
With the Back Open 
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m& tht idjkA tpMd.ty a vind aster* 

The first fsnpXss vert eolXeeted fros the four plots at i2t30 p.n* 

these V9af9 trmn the meooditicmed cheek evaths^ the rubber roller crushed 

evaths and« the fluted roller eriB;)ed awaths* The sanples were col-

looted in cans each of idiich was laasdiatelj tigd^tly closed* Thsoi the 

treatment, plot niedser, tien of collection and date were aazdeed on eeoh 

can* These cans had been inreTloualy amdaered and weired* The raatiwr 

end weight were stugaed on each can* 

The cane with the easg>le8 were then transported to the laboratory 

and each earefuUy weighed. The plot nunber, can auaber, tins of 

ecnpling, relatlws hunidlty, wind speed, percentage of cloud cover, 

weight of enpty can, weight of can with hay sanple end the treatment of 

the easple were noted down on data sheets* The saeples wex^ tlwKi lospt 

in an electric oven to dry at 160^ Fahretheit* 

Tim next set of eeaqples were collected at 2:30 p,a* These in-

eltided the first set of sasples from the maths cut by the flail-type 

forage harvester* The cans were mericed as before, weighed end all data 

entered on the data sheets* They were then left in the oven to dry at 

160^ Fahrenheit* 

Saisples were again collected at UtOO p*au and at 6i00 p*m. the 

sasBB day. Mo eaoples were ti^en during the night* The next set of 

eanplea was collected at 9«15 a.m. the next day. May 12, 19^9* This 

was foUmed by emiples at 10t30 a*nu and 12t00 noon* All data were 

recorded as bafore and the eewplee left In the ovexu 

The last eaqplee were collected at the raking time of each swath* 

This was at 2tlt5 P*bu fco* the taiconditioni^ dheck, 2:^0 p.m. fco* the 
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flailed Klrath both with and vithottt knlTes^ 3tl5 p.m. for the rubb«p 

toller crowhed evath and 3t30 p.m. for the crinped atwath* aodi 

dtata were recorded aa before and the aanples left In the oven to dry. 

All the eaaples were alXowed to dry in the oven at 160<> Fahrcnr-

halt for a adnisram period of fortyoel^t hours. They were then wei^ied 

and ttw wei^ts recorded. 

The Boieture content of the •aoples was calculated ee followst 

Hoiature c<Mitent in percentage•wet weight «■ dry weight ^ 
wet wei^t 

2. Second Eaqjeriaent 

The eeoMd eiiqpex^iit vm made <m the second cutting in an el^t 

acre alfalfa field adjoining the first one. The experiment wae started 

on June 15# 1959* This was also an open field without e^jr treesj well 

drained and well ei^sed to the sun and the prevailing winds. This 

tine one more tTPe of conditioner was used for the coaparlson study in 

sdditi<« to the ease used for the first etsperiment • the Haw Holland 

cooditlonor with smooth steel roller crushers (Fig. 5). 

A sli^t modification was made in the attachment for the flaHw 

type forage harvester. The eighteen-'inch dianster# eight-foot long 

pipe fixed to the spout was hung at an an^ of about 60 degrees to the 

hozdsontal# slanting backwards (Fig. 6). A mstal deflector on wooden 

runners was attached to tb9 lower ei^ of this pipe to receive the falling 

hay and gmtly slide it on to the stubbles. This was made to pivot so 

that it could swing heek la case it hit an obstacle en the field. All 

the six knives were removed frm the blower* 

l&en the hay was allowed to com dcnm through the iqpeut and the 
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pipe, two dlfflcultlew were eticounteredt 

1« Thw throat of the spout Just above the blower was elogged 

by the hay, 

2» %e hay tei^d to heap on the deflector at the lower end of 

the pipe resulting in clogging^ the whole pipe. 

This indicated that a larger throat and eodificaticm of the 

deflector were needed. As this entailed a lot eore work, the of 

the machine was opened as in the first eatperlaent and the hay allowed 

to faH directly on to the swath. 

The plot chosen was a Irnig strip in the eiddle portion ef the 

field but along a side, TWo swaths were left unconditioned Just as 

were mowed to serre as cimdc. Then two swaths each were made by 

using the following: 

1, Saw ̂ lland Hay Ccmditioner with smooth steel roller crushers, 

3, Raw Holland Hay Conditioner with fluted roller crushers, 

3. International Harrester Mo, 2 Hay Corditioior with rubber 

roller crushers and 

U, Jcim Oeere No, 15 Flail-Tjrpe Poraige Harvester, 

Seaples were collected as before. The wowing of alfalfa etarted 

at 2iU5 P»w, m June 15# 1959# and the conditionsre were used even as 

the wowing was going on. Swaths were wade by the flail-type forage 

harvester also at the sswe tiae, Saaples were collected at ktlS 

and 6:00 p,n, the sane diy. The nsKt day# June 16^ aanples were col 

lected at 9:00 a,n,# 10:00 a,!B,# 11:00 a,Bu# 12:00 noon# ItOO p«n, and 

2:00 p.in. Bach tiae the easples were collected# the relative humidity# 

wind speed and percentage of cloud cover were also recorded. 
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After Weighing end recording ell dwte tw in the firit caperlnenti, 

the eeoples were left to dry in the oven at 160® Fahrenheit, They were 

ellowed to diy for more than f(n*t3r--wi8ht hours* They were then weisM^ 

and the aoistiire content calculate ae bef<»w. 

'• .f ' i:..j_i 
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CHAPTER HI 

^ ' RESULTS AND DISCUSSIOH 

Weather 

!♦ First Eaqperiment. The weather was fair during the first 

experiaent an the dagr the lugr was out^ }bQr 11, 19^9» The dqr was 

sli^tOy eloudsr and there was aa alaost cmitlaueus wind the speed of 

which varied froa six to ei^ nlles per hour. The wind dropped and 

the air beeaae still hj the tiaie the last sanple was collected at 6tQ0 

p.Bu The huMtdity was a aore w less unifora 2(1 per cent which rom to 

ih per cent hgr 6:00 p.a. At 10:30 a.:u when the hay was cut the teiq>erw 

ature was 62.0** Fahrenheit. This gradually rose and the aaociaum teiii>ear*» 

ature of 88.5® Fahrenheit was reeorcted at 2:30 p.m. When the last 

samples for the day were collected at 6:00 p.m. the toperature was 

8U.5° Fahrenheit. 

The weather was mre or less the same during the second and final 

day of tiie expetdLaent. The wind blew in goats with the speed varying 

frcB sero to seven ailef per hour. The humidity was a fairly unifora 

50 per cent. In the aftemom the sky becams overcast. When the first 

sanples were collected at 9:15 a.m, the tiwqfwrature wae 81® Fahrvoheit* 

This rose to a maxlaua of 86® Fahrenheit at 2:30 p.B. and dri^rped to 

83® Fahrenheit ty 3»30 p.m. when raking was d<me and baling started. 

As soon as baling waa c<»qpleted, at 5:30 p.m., there wee a burst of 

heavy rainfall. 

Details of weather are shown in Table I on page 31. 

Second Experiment. The sec^rd experiment was carried out 

under Ideal hxymaking weather. This was on June 15 aad 16, 1959. Ttm 
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TABZ£ I 

DRTIRG RATE OF AIFAIFA HAI 

tniDER DIFFERENT TREATMENTS 

IXPERIMSIIT I 

6* 

q « § "§ . 
H ̂  Date isl 1"S ll1 1 11 III 

•H 

^ dand USSB « •g i ■g^
Tine of Day 1 

Moisture Percentage (Wet Basis) 1 IdO f 

Itty 11* 19^9 
12:30 p«jB» 65.0 62.3 60.7 —- 87.5 10 8.0 25 
2:30 p»BU 57.U 52.0 18.2 61.1 67.1 88.5 U 6.0 50 

UlOO p»BU 53.7 12.7 36.1 18.3 ^.7 86,0 u 6.0 lO 

6:00 p»Bu l»9.1j. 31.9 30.1 19.8 60.1 81.5 51 0.0 20 

May 12, 1959 

9:15 U9.1 31.1 28.9 38.5 57.7 81.0 61 0 to 1 30 

10:30 a«a* U3.5 27.0 22.6 32.6 59.1 83.2 58 0 to 6 iO 

12:00 noon 1:2.0 17.6 16.0 21.1 52.1 83.5 53 6 to 8 75 

2:U5 P«n* «30.0 86.0 50 0 to 7 90 

2:50 p.a. *20.8 «^0,9 86.0 50 0 to 7 90—— 

mm nil —3:15 p«au *11.5 86.0 50 0 to 7 90 

eeereasy — lee —Mi3:30 p.a» *13.0 86.0 50 0 to 7 90 

Moiature oontenfc in imout haQri 82.2 per cent 
Tlae of aowing and coodltioningi 10:30 a^BU, Miy n, 19?9 
Tine of using fXaili 12:15 P.BU, May 11, 1959 

iQfoisture content at raking tine* 
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iiqr vw ele«r on tlw day tho alfalfa vaa cut and condltionedji and ctnv* 

tlauod to be clear on the next d«Qr wbon baling vaa done. The relativo 

htaaidit^ vaa about 38 per cent from the tine the hagr vaa cut to the tiaa 

the laet saaple waa taken cm the firat dagr* The next dagr when the firat 

aan^ee were eoUected at 9t00 a«B. the hiraidity vaa 70 per cent. Thia 

dropped to h2 per cent at lOtOO a.m. and continued to drop until it vaa 

^ per cent at TiOO p.m. idien the laat 8a8|>les vere tidcen. 

Iftiea the hay vaa cut the taa^nrcttere vaa 8U** Fahrenheit aatd this 

dropped to Fahrenheit at 6tOO p«in« ndum the final aaa^ling for the 

day vaa &ne. The tai|>arature vaa 79® Fahreidieit at 9iOO a.Bu the next 

day when tiie firat aaoplea were collected* Thia gradually rose to 87® 

Fahrenheit at liOO p.a. and ateyed at that Icnrel till 2i00 p«n« whffli the 

final aaiqplsa for the esqperinent vere collected. 

Table II ahowa datails of the weather during the second eacperi-

nent* 

Ubisttsre Conte^ of Ijj; 

The firat aaq^erinent vaa earried out on the first cutting of 

alfalfa and tha iaoond esqaasdjaent on the second cutting. The noiaturv 

content of the alfalfa Just before the first cuttij^; vae 82.2 per cent 

and that before the seoond cutting vaa 76.U par cent. 

All Bcdature eontenta were daterodned aa parcentagasi^ on a wvt 

basis* The average percentage aoistuzv e(«itenta of aU aaaixUa for tha 

firat experiaent are aheim on Table I and those for the second «3qperi« 

ttfflct are shown on Table II. 

It was mt peaaible to detenaine Idas aoiature content of the hay 
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TABIS n'' 1' 

mud nm op ai^aii^a m 
UMDER DIFFERSI3T THEATMEOTS 

ummim 2 

h&K>ot SteellledRo !• 

s 
H A 

r*Date 1j 1 11 
•H 

T t> A,
and 0 

TSm of Bigr 
r* 

Moisture Percentage (Ijet Basis) 

June 1?, 2S^9 

ItlUl? P.SU 70.6 62.2 58,8 63.1 67.8 8l*.0 37,5 0 to5 

6tOO p»ia«. 66.5 55.5 5U.9 5l*-8 59.8 82.0 38.5 0 to 2 0 

June 16« 1^ 

9t00 &«nu 65.2 53.7 5o.a 1*0.6 51*.U 79.0 70.0 0 1 

lOlOO 60,7 1*5.8 1*3.1* la.i 1*5.3 80.0 1*2.0 0 11lCCoverlltOO e«BW 52.9 39.1* 36.1 3lt.O 37.1 81.5 38.0 0 to 3 a 'duotBsrGen 
12*00 ttocm k6.5 28.3 30.9 25.3 33.1* 81*.0 29.0 6 to 8 0 

ItOO p»m» U3.7 2l*.l 26,1 19.9 26.8 87.0 25.0 5 to 10 0 

StOO p«n» ltO.6 19,6 21,0 22.1* 23.9 87.0 25.0 0 0 

Moisture content in uncut hmri t6,k per cent 
Ttoe ot atcfifing end conditioning with 

fliaooth steel roller crushersi 2iU$ June 1?,19$9 
fltxted roller orushem 3tl5 p«n«« do 
rubber roller orusherst 3ikB p»Bu, do 

Tine of using fleili 3tk^ p^nu, do 
7ijB of notfing check swethi UiOO p*RUt do 
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in th« field even aa thecT were collected, the noiature^testing 

dnrice which wee designed during the courae of this Investigation wad 

vsieful 03|][7 for detenolnlng the tljoe of baling b7 taking one representa 

tive aaaple* It was therefore neeeasaz7 to transport all the 8aii;>le8 to 

the Xatboratoiy where thagr could be carefully wel^iad and then heated In 

m evaa at controlled teagierature. The aaln problen wot to ̂ prtmsA loss 

of noiflttare front the aaaples during the period between the tine of col 

lection and the tine of keeping in the oven* Cans with tight lidt were 

used for thia purpose* vwro sufficiently tig^t to prevent 

ilipreclable loss of aoisture. 

All sanples were left for * ndninaa of forty-ei^t hours in the 

ov^ at 1600 Fahrenheit and were wei^ied as soon as thsy waro teken out. 

This tMaverature and tina were sufficient to drive out all the noisture. 

For eech oxperinant there were five treatwnts for the hiy in 

cluding the chedc, Saeh treatnsnt was replicated in four plots* tbt 

results obtaiaed frtm each plot ore shown ia the tables in Appendices 

A and B* 

Due to nschanical errors In sampling the results were 8<»ietiiae8 

inc«islstBnt* For exaiaple in l^le HI (Appendix A) the noisture content 

of the check swath was 3d*S per cent at 10t30 a.a* and at 12<00 noon. 

But tl»we aachraieal errors in srapling nore or Isss bsXanced and the 

loss of noisture showed noraal trends when the oreraiges for the four 

plots Wioe taken for each ezperi»Bnt« Table 2 shows the averages for 

the four plots in the first experiment ood Table tl that of the four 

plots In the second experiment. 

The graphs shown in Figure 12for tbe first and Figure 13 for the 



•eeondl (iKSq^jdiiuita irers b«Md on Tabloa I and IX 

CcMPWiion ef ter tftider the Mfferont Trcafciaenta 

TahlM X and IX ihoir the aN«raga aolatura eraitent for each treat-

aent for the first and second (»qperinent respectively* ^base are shovn 

graphically in Figures 12 and 13* 

Both the gr«^a indicate that the fastest drying rate vas obtained 

vben conditioning was dona ty the rubber roHer eroshera* the conpara^ 

tivdy low drying rate ehen conditioned with aaooth steel roller crushers 

ai^t have been due to iaproper adjustaents in tim waehine used for the 

eaeperisient* Xt was a now wachlrwi «id did net vozic vesy satiafactorily 

on the field* Tarious adjustoents were tried and what was considered 

to be the best was used for the experiaeid;* 

fha hay eh(q[>ped with the knives on the blower of the flaiX»typa 

forage harvester had a very slow drying rate^ even lower than that of 

the untreated hay* This was because the hay was cut too short and the 

pieces rested on the ground surface instead of on the stubbles* Also« 

they foamed a noim or leea ooagaaet naas without being fluffy* These two 

factors contributed to inproper aeration with the result that the drying 

rate was very low* 

The drying rate of flailed hayi^ without the use of knives in tiis 

blower was quite close to the drying rate of crliqied hiy. The curves 

for these two drying rates rm close to each ol^r (Figures 12 and 13), 

mad the aaaisture content at raking ttas was aliaost the saee for both* 

This aOiowed that tl» flail-lype forage harvester was as efficient as the 

fluted roller hay emiditioner in conditioning hiy* Also, this drying 
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Drying Rate of Alfalfa Hay, EJcperiment 1 
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VM <!tlosi to thftt obtoinBd with rubber roller criishere tcBf 

«H in>iOtieel purtx>eee. Tbmrefore theee eocperiaHBte tfAwwed that the 

flail-tiype forage harreeter woe m efficient ae the other machines for 

eonditioQiiig hey* 

The Flail-Type Foraga Harvestag 

S«ae difficulties were eoccraeitered idxen the flall-tgrpe forage 

hnrrester wee used for these ezpexlaents. This machine was primarily a 

forage haz^ster and ehoi^r and was designed to cut tlwi crop into 

short pieces. This was de'hrimental to proper hagr curing and At 

wrat pointed out earlier the short pieces tended to fall directly on to 

the ground in a mere or less coaipaet mass lessening the possibility of 

proper aeration. This resulted In a vety slow drying rate as shown in 

figure 12. The idiort length of the pieoee was the cause of eiwther 

serious difficulty* The baler could not pidk lap the short hay, 

Another difficulty encountered was tha narrowness of tlu» throat 

of the spout* When the knires were removed from tha hilewer and the hay 

allowed to eoam through the cpout, it clogged vp the throat. 

these difficulties wsrs overocans in these escperlments by 

the beck of the machine and allowing the hay to fall on the ground 

without letting it pass through the bloifer* But this does not seem to 

be a good praetioe if this machine is to be used on the ferm as a hay 

ccnditiooer* Its affectivenew and afficieney ean ba greatly increased 

by the following modifications in the mschinst 

1* Arrangrasnt for removing the blower knives easily. 

2* Adjustable speed for the flails so ̂ at the hiy ccn be 



3^ 

to tho iltairod lengtlu 

% ArrangoMnt for ligriag tvo adjacent mathg in one vindrav so 

at to eliMnate the need tcsr « rdce and increoee the offIclencgr 

of the baler, 

it., A throat for the i$>0Qt vide enoo^ to ptmwa% dogging. 

If thete nodificetlone um tn^u^t about|^ the eott of hiQiiaBlcing 

en the farm vill beeow contldmnKlar lets by eliaiaatlng the need for e 

never and « rake, Thia machine ie a fca*age chopper alao and thla eMadL*-

aatea the need for another machine on the farm* 

Theae experlnenta thawed caoe distinct adrantage for the flail* 

type forage harreater over the other eonditionera* The lanerating action 

of the fUila broke open end aoftwaed the atema of the hay mere then the 

other machinea did* Thia action probably increaaed the pelatability of 

the hoy* 

There la need for futxne research on the following related aapecta 

of thia atnty* 

1, Hodificationa on the flail»type forage harveater to make 

ite use practicable on the farm aa a hay etmditioner in 

addition to ita naa aa a forage harveater and ehoi^r* 

2* Cempariaon of the peXetabilitiea of hay made vith the 

different typea of hiy ccoditlonera including the 

type forage harveater* 



CShFPSSt I? 

sxnmm fm conclusions 

Hm ptarpom of thit studljr vaa to icnrestlgat* the peeelbilil^ of 

using the flail-type forage harvester as a luQr eozuHtioner* This 

machine vas eseentially designed as a lew cost forage harvesting machine* 

The flhredding aeticm of this machine leaves the steins in hay in a crushed 

state^ similar to the state in tdiich hay is left after it has been passed 

through a crusher* Xt^ therefare^ saenmd possible that this machine 

with suitable aM»difications mad adjustments could also be us«i for hs^ 

e<mdltiotiiRg* 

In this artudjr the drying rates of alfalfa hay eonditicsied with 

rubber roller crusherat smooth steel roller crushers aiK) fluted rc^Qer 

crushers were cmpared to the drying rate of hay conditioned with the 

flail-lype forage harvester* Two eaperinents were caxried out under 

field conditions^ with each treatment replicated in four plots* Bhwzy 

effort was mads to collect representative saiqples and gather accurate 

data* The data inclitded the t«qperature« humidity^ wind wpttad and cloQd 

cover at the time each sanple was taken* nia wei^ts of the hay sosples 

as collected from the field were taken mod then they were heated in an 

electric oven at 1j60^ Tiahrenheit for a minimum of forty«ei^t Ikjuts* 

They were weighed again and the moisture ccmtent of each aanple calcu* 

Xated as a peresntage on a wet basis* Qragihs were then drmm to reinw-

sent the dxying rates ef the hiy mader these Tsriotmi trsatawnts* 

Thsse eiperlawnts tWhewed that the flail-type forage harvester was 

as good as the otlwr owidltiaiers for conditiwilng hay* It also ssemdl 

possible that it inproved the paXatabilily of hay by laoirating the 
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la 

vtoiM and BuJdng thm tofter« 

T]30 use of e properly aodified nachiiae eliadnatee the need far a, 
\ 

BQfwer and e ridce tar hapmkHAg, thue levering the eoet at Ag thlj 

wdilne is a forage harvester and chopper al80« the need of another 

aaehine for this pxnpose la aleo eliminated tram the fanu These factors 

contribute to reducing the egpital cost of nachinezy needed m a famu 
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TABIB m 

DmNQ HATE OF ALFAIFA HAT 

tJHDER DIFFBREHT THEATKEHTS 

PWT1 

Rubbre ll!deRo 
« 

Data 21 g|1 I ii 1 jIt 
C9 43 Vend t> a.1 •aSTina of Bagr 

Noiature Psrcentaga CWet Baais) 
tH M 

Hay n,19$9 

12130 p.B. 61.1 ^5.8 57.1 87.5 10 8.0 25 

2t30 p.au 50.7 U9.3 I1J.7 62.U 58.0 88.5 11 6.0 50 

liiOO p*a« 57.3 ItO.O 28.8 It7.5 63.1 86.0 u 6.0 kO 

61OO p*a. U8.3 31.7 31.8 18.2 18.3 81.5 51 0.0 20 

nay 12, 19^9 

9tl^ a»flu U$.l 35.5 25.8 31.1 11.3 81.0 61 0 to 1 

10t30 a,n« 38.2 27.0 18.3 28.9 59.6 83.0 58 0 to 6 10 

12»00 noon US*1 13.3 15.1 20.8 11.2 83.5 53 6 to 8 75 

2th$ p,vu «t7.7 86.0 50 0 to 7 90 

21^0 p,Bu _ •18.5 «6l,0 86.0 50 0 to 7 90 

—31I5 p*au *13.0 86.0 50 0 to 7 90 

3t30 p.m. •11.5 86.0 50 0 to 7 90mmmm 
-— 

Mblstta^ eoatent in oncnt lugri 82.2 par cent 
TiaB of BMiWing and coaditioningi IO13O a.a., Migr XI, W9 
Tiae of isBlng fXallt 12 Miy 11, 19$9 

^Hoiaiixro oooiMMit at raking tiaa. 



 

TABIX 17 

DRma RATE CBF AJFAJFA HMT 
imtBR DIFFEHSRT TREATMENTS 

PIflT 2 

44 

H 43 

and 43 tr t> 

Date j 1 11 q hi 
i Q * 

TIhb of Day ESf ^si j* H 
M

le 

Moisture Percentage (Wet Basis; 1 r
ft 

ll 
Miy 11,1^9 

12:30 p»iB» 67.0 67.8 63.2 wi——ee 87.5 yo 8,0 25 
2t30 p»mm 58.0 5U.3 U9.7 59.9 69.0 88.5 la 6.0 50 

UiOO p«B« U8.7 Mi.o t7#0 Ii9.8 67.7 86.0 la 6,0 ho 

6t00 p*Bw U7.6 37.1* 28»8 1*6,0 67.3 8U.5 5U 0,0 20 

mr 12,1^9 

9tiS aua. lt6.5 27,1 25.7 ia.o 66.3 81.0 61* 0 to I* 30 

10«30 etiu. U8.6 26,3 20.9 29.9 6i*.6 83.0 58 0 to6 1*0 

12t00 noeo 38.0 12.2 10.2 22.U 63,2 83.5 53 6 to 8 75 
Ssh^ p,au «51.9 86.0 90-— 50 0 to 7 

2t$0 p.a. *2U.3 *58.1 86.0 50 0 to 7 90 

3t2$ p,Bu «1.2 86,0 50 0to 7 90 

3130 p^. 03.7 86.0———— 50 0 to 7 90 

Moisturo eoiit«nt in oicut 62.2 per cent 
Tiae of mowing and conditioningt 10OO a.au. May 11, 19^9 
Tlae of using flailt 12 P.M., Mtr 11# 19^9 

« Hoiatufo coatont *t rsking tiias^ 
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.V-• > I-;. • . • 

JHtriHQ SAIS or AIFALFA MX 
wmR mmmm vrnwEms 

■v 

' , ;V S t. 

fWf 3 

Bate 
and 

tlae of B^ir 

r-
•r11^ 1
01 1 i'S11 E m 

Moisture Percentage (tfet Basis) 

&• 

1 
J! 

-T-

1 
t£ 

f s. 

- •«r1 

S 
1 
tx 

I 
^ if 

Mur n# 1959 
12130 p,aw 61u9 62.1* 61.0 87.5 uo 8.0 25 
2t30 p*iv 62.9 1(7.5 51.5 67.5 73.0 88.5 111 6.0 50 
UtOO p,!iu 57.0 U2.5 U3.6 li2*8 65.8 86.0 la 6,0 liO 
61OO p«nb 50.8 37.8 25.2 56,2 57.8 a*.5 5U 0,0 20 

Msor 12, 1959 
9*15 a«au 52.1 35.7 31.0 39.9 55.0 81.0 6U 0 to k 30 

10*30 CUBU U0.3 25.3 23.0 U.3 51(.2 83.0 58 0 to 6 1(0 

12(00 noon 36.9 22.5 ll(.6 22,0 51.7 83.5 53 6 to d 75 
.—2iU5 p«bu «27.5 86.0 50 0 to 7 90 

2(50 p.ii« •«.8,9 «39.3 86.0 50 0 to 7 90 

3tl5 p*iB* *11.0 86.0 50 b to 7 90— 

eeiewee ——3130 p«n« IH2.2 86.0 50 0 to 7 90 

Mblaturs content in tmcnt hegrt 82*2 per eent 
TijOB of Bttwing end conditloningi 10130 a»BU, May 11, 19^9 
Tins of using flaili 12»1$ p,Bw, Msy 11, 1959 

* Moisture content at rakii^s tias* 
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TABI2 VI 

BHTHra RATE OF AlFAIFA HAI 
mosa MFFEHEHT mAtHsats 

PIOT u 

t t 
*§ «v 131Is 

1p It!Dat« 
t

r-

X! P t > 0,1 1 II 
r* 

l|
Ci •P Tand 

Tine Off Bigr %S ^J q uJ*Moisture Percentage (Wei Bads) 3t o£ 

May IX, JS$9 

™ 
—12t30 P.1B. 66,8 63.1 6l,h 87.5 1*0 8.0 

2t30 pma» 57.5 56.5 1*7.7 51t.5 68.1* 88.5 la 6.0 50 

htOO p,m. 51.8 UU.2 1*5.1 53.2 62,0 86.0 la 6.0 1*0 

6t00 p»B» 50^7 32.8 3lt.it 1*8.7 68.0 8lt.5 51* 0.0 20 

Hear 12, 1959 

52.6 38.2 32.9 38.7 65.0 81.0 61* 0 to 1* 309ilS a»m. 

10t30 a«BU U7.0 29.U 20.0 30.2 59.1 83.0 58 0 to 6 1*0 

12too noon U7.U 17.U 23.7 31.0 52.1 83.5 53 6 to 8 75 

-—2tU5 F(*Bu *33.0 86.0 50 0 to T 90 

2t50 p«m» *21.6 <4*5.3 86.0 50 0to T 90 

mmmm —-3i25 P«m* -•ao.s 86.0 50 0 to 7 90 

«m mtmmt— 
—— 3«30 p,m* «1U.5 86.0 50 0 to 7 90 

Moiatiiro ceHit«nt In uncut haort 82,2 per cent 
Tine of mowing and c<»iditioningt 10f30 a,m,f May 11« 19^9 
Tine of using flailt 22ilS P»Bu, May U,19^9 

*Keisture content at raking tine* 
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TABLE Vn 

DRTIHG RATE OF AIFAIFA HAT 
DKDER DIFFESEMT TREATMENTS 

PLOT 1 

Date 
and 

TIbb ef Dagr 
Moisture PBreentage (Wet Basis) 

§ 
0 
H 
e 
t» 

* 
^ 
* 
o. 

35# i9$9 

hth$ p.m. 

6t00 p*m« 

70.6 

69.8 

67.5 

5U.1* 

58.6 

59.5 

65.8 

59.1 

68.3 

51*.7 

81*.0 

82.0 

37.5 

38.5 

5 to$ 

to 2 

2 

0 

June 16, 19$9 

9«00 a,n. 

lOtOO ft»m« 

UtOO 

12too noea 

ItOO p.m. 

2t00 p.Bw 

66.6 

56.9 

55.7 

L8.3 

UU.5 

1*0.6 

57.0 

li5.2 

38.1 

31*.8 

29.8 

16.7 

1*7.0 

1*2.7 

31.6 

27.5 

25.0 

19.6 

50.3 

38.3 

33.2 

26.0 

18.9 

21.7 

57.0 

1*5.2 

39.2 

35.0 

31.9 

21.7 

79.0 

80.0 

81.5 

81*.0 

87.0 

87.0 

70.0 

1*2.0 

38.0 

29.0 

25.0 

25.0 

0 

0 

3 to 3 

to 8 

to 10 

0 

1 

1 

2 

0 

0 

0 

Moisture eontent in uaeut haert 
Tins 4af nowiig and eaaditioning with 

smooth steel roller eroshersi 
fluted roller erusherst 
rubber roller crusherst 

Time of using flailt 
Tims of mowing check swathi 

76.U per cent 

2>1*5 p.m., June 15# 1959 
3*15 p.m., do 
3*1*5 p.m., do 
3*1*5 p.m., do 
1**00 p.m., do 
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TAHIE Vm 

BRTINa RATE W ALFALFA Hiff 
UmER DIFFBRERT TRSAIMRTS 

PLOT 2? 

Sat* 
and 

tim of Sqr w 

Molstura Bareontaga Ofet B«iia) 

m 

-a 

j 

i 1 

Jteie 2S^ 1959 

UtiiS p*n. 

6tOO p*m« 

?1,5 

62,1 

57.0 

56.1 

58.7 

58.8 

67.3 

50,3 

66.8 

58.5 

814,0 

82.0 

37.5 

38.5 

0to 5 

0 to 2 

2 

0 

^ 1959 

9i00 «wm« 

10lOO a*iB« 

63*Ij 

62.5 

53.5 

li7.2 

U8.0 

39.5 

51.7 

l40,lt 

56.0 

li5.7 

79.0 

80.0 

70.0 

lt2.0 

0 

0 

1 

1 

UiOO a«m* U9.7 U2.3 38,li 37.7 3lt.l 81.5 38.0 0to 3 2 

12>00 aocm 38,h 21,3 36.8 2li.5 36.8 6I4.O 29.0 6 to 8 0 

llOO p.nu U8.0 18.9 22,1> 23.lt 29.0 87.0 25.0 5 tolO 0 

2i00 p«BU 36,9 a.5 18,1 20,li 22.9 87.0 25.0 0 0 

Moisture oentent in meut luqri 76«!t per esnt 
Tiae of nowing and conditioning vith 

•nooth steel roller crusberst 2tl45 15» 1959 
fluted roller erusherst 3>15 p.e.« do 
rubber roller erusherst 3tlt5 p.n.> do 

Tiae of using flails 3sl45 p.n.t do 
tim of aoving ehsdc svatht utOO p«a,« do 
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TABLE 7X 

DRHHO RATE OP AIFAIFA HAT 
UNDER DIFFEBENT TREATMENTS 

PLOT 3 

Dat« 
and 

TSm e£ Digr 

I'S 
tO r-t 

w 35 ca 
PBrcenta'ge (Wei fiwia) 

3 

Sma 05* 195? 

It»lt5 p«»» 

6tOO p*9u 

69.7 

66,0 

62.1 

52.8 

^.3 

Ii9,9 

58.5 

53.8 

66.6 

61,8 

81*.0 

82.0 

37.5 

38.5 

0to5 

0 to 2 

Jane 16, 1959 

9s00 «•»* 67.3 ii9.3 53.1 1*9.3 55,5 79.0 70.0 0 1 

iDido «*!&• 63.8 U0.5 U3.5 1*5.5 1*0.6 80.0 1*2.0 0 L 

HfOO a^m* 52.8 3lt.7 36.6 32.7 37.1* 81.5 38.0 0 to 3 

iStOO noon U9.3 30.3 28.5 28.5 29.8 81*.0 29.0 6 to 8 

ItOO p«ra« 

2t00 p*8U 

liU.8 

U3.3 

22.3 

2U.5 

32.0 

22,9 

13.8 

22*2 

23.7 

28.9 

87.0 

87.0 

25.0 

25.0 

5 tolO p 

0 

Moisture content in uncut hayt 
Tlae of Boiring and cmditioning witl* 

saooth steel roller crushersI 
flttted roller crushersi 
rtd>bsr roller eruslMrsi 

Tioe of using flailt 
Tiiae of noving svath: 

76.1* per cent 

2ili5 p.m.* Jveas 15« 1^9 
3tl5 p*».« do 
3ilt5 p.m.* do 
3tl*5 p.m.* do 
1**00 p.nu* do 
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TABIS X 

CTTI1I5 RATE OP AIFAIPA HAT 
ORDER DXFPEREHT TREATMENTS 

PIOT It 

1 
J9 
•rl •HRubber lledRo 

S* 

and 1 WJ i> fS.s 
oTim of Dior 

Date 

Hi Fldelia 1 
S

4fc. ■a ^ Moisture I^trcentage (Vbt Basis) 

^uao 1$, 19S9 

p«9W 70,S 62.1 63.It 60.6 69,Ii SuO 37.5 0 to 5 2 

6t00 p«2a. 68.0 58.6 57.5 56.0 ^0 82.0 38.5 0 to 2 0 

dune I6j^ 19S9 

9:(X} a«B« 63.6 5lt.9 53.6 51.1 lt9.0 79.0 70.0 0 1 

lOtOO a^ 59.5 50.3 lt7.8 UO.3 U9.6 80.0 lt2,0 0 1 

UtOO a«^ 53.3 Jt2.5 37.8 32.5 37.6 81.5 38.0 0 to 3 2 

22 too noon 50.0 26.9 30.9 22.2 32.1 8U.0 29.0 6 to 8 0 

liOO p»B* 37.U 25.2 25.0 23.6 22,5 87.0 25.0 5 tolO 0 

2 too p»iB« 11.7 15.8 23.5 25.3 22.2 87.0 25.0 0 0 

Hbiature content in uncut higrt
Tim of Bowing and conditioiidBg with 

eaooth ateel roller crusherei 
fluted roller crusherei 
rubber roller crusherst 

Tim of ming flailt 
Tim of Bowing check ewathi 

76,U per cent 

p.BUf ivm IS, 19S9 
^tlS P«B,y do 
3 ilt5 p.B«, do 
3fU^ p«B.« do 
itioo p«B»j) do 
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