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Feason for the Inveatirationt A mothocd was sousht to

quickly snd ecourately sscertain the molsturs contant of
Lalsd hay in the mow wilthout sampling or disturbins the hey,
Ag the ecuring process 1s essontially s procass of wmolsture
raemovel, thas problem {nvalved 1z one of messuring the molse
rure content of tho hay end catermlnlng when 1t hes resched

a molature content sofs for storers,

In mow ouring lecose or chopped hay there is no ree
listls method for determining shen ths hay hes resched ihe
eafa storase point, Yhe ususl procedure for cheseking the
prosress of the curlng with s rorcéd éraft system 13 to
gliut off Lo fen or tlower for sevsral hours. If the hsy
~Pheats" durlng tlls time 1t indlcales that the hey is not
sufflciently dry and the drying précesa 13 continusd, As
1t often happens, the drylng process 1s stopped too soon
resulting in spolla:e and poor gusliiy hay, or it is con-
tinued neefleasly lon; resulting in inefrieclency end higher
drylas costse I such a method eould be worked ocut it
would be a welcome gdditlon to the hundreds of usars of
hey €rlecrs now in operstion end to the thouranda thet will

te installed within tho next fow yosre,



Feview of Litors vres Llectiriae conductlvity msthods

have been used for deiectiling &nd meamsuring chan'es in the
moisture gonteat of more or less uniform matefinla. iris
method hss been engloyed in meesuring the chsanie in the
molsiure contsnt of ceramlo clay in industiry for & number
of yarrs, UDUlrect rocls.ence motiods have elso beon used
in foundrlss to moezzurs ti.e molsture 1n corv sands, Cone
ductivlty reasuremcnis have never been successi’ul in soll,
howzver, be~snuse of the Influence of compscilon, texiure,

sell content, sad tenpersturs veriations,

In 1540 Dre C. Je Bouyoucos and FProf, A, H, Miek
é¢evalopsad an electrlcsl rcsisiancs wetnod for the contine
uous meegur-msat of soll molistura under fiz1d condltlons.
Errors esussd by compactlon, texture, and selt content
wsre avolded by imbedding Lhie electrodss in a mnterial

such ss plast=r of Parls,

Plsst:r of Paris is e very gorous matoerisl, holding
€3 porcent of 1is ¢ry welcht of watzr when satursted. ‘e
pore Braces sre of t.e proper slze to facilltate capillsry
rovement of watere It takes only a fex seconds to saturate
a plastsr of Parls tloek with wuicr, t also has en une
usucl property of expr.:ding when setting, formin: & very

excellent eontact wlth Lha elsetrodes,

ihe priveciple of tlis sbsorptlon tlock 1s that it ese
telllshics an eguilibrium »1ith the =moisturs in the soll and

the ¢lectricel rosistence of tha absorption bleck veries



inversely with the woisture that {t cmmtsias, “hen placed
in ao0il) or water the bLlock ostalllishes equilibrium with the
soll or water snd scon becornecs conslant, If ths soll 1is
dry 1t absorbs only & 1itcle moisture, but 1f 1t 1s wet it
abaorts a large smount, If the molsturs content of the
80%l ehanrce after egulllbrlam has been established, the
block galns or loses molsture to re=-estabvlish equilibrium
with the soll, The block thus follows any molsture chan es
tret take place in the soil asurrounding it. The roisture
conitsnt of L(he block determlnes 1is electrical resistance,
A chanse in the wolsture content of iLha goll 18 reflected
by & corresponding change 1an the molsture contsnt qf the
absorption tlock and its electricsl resistance. Tompera=
ture 1s the only factor ashich affecta tho electricsl resise
tance of the plast:r of Paris tlock outslde of its moisture

content,

As tine molsture content of the block decrosses, its
electricel resletsnce liucreases end vice v:rsa, A change
of tamparaiure alfects the electricel rscistance of the
absorption bleock xhen the molsture content remuins constant,
T.ls effect of temperaturs on ihe electricel rcsletsnce 1s
relazlively the seme at all molsture contunts, As the teme
poraiure Incresses thie elestrical resistanco of the block
decreases for a glven molsture content, 'Thus st a constant
tomparaturo, the electrical resistaence of the absorption
block varies only with 1its molsture content, Yor aceurste

measurements the absorptlon bloek should be scorrected for

temporsture,



An alaptrrion of tlhe whesistons Lrldye ls ussd to
nake the reaslistance meoasurcaents, Clace no seilsfactory
gtanderd, portalble, comsercisl unit wes orisinelly evalle
elle, one was cdeveloped, 'he sémpted bridrs conslsts oft

1) A 2,000 e¢ycls vacuum tule oscillstor, powsred by
dry cell tatterics, which suppliesa gltarneting cure
rent atl hizh frequseney, eliminsting polerizution
end electrcl: sls srrors}

2) A verlatle condenser to belance out the capaeltunce
Introduced by the sbsovrptlon unlts and up to 209
feet of com erelsl stranld rubber coatad copper wire;

S) Veriubles rosistance arws to inareass ths sonnle
tivity, the propser coxbinatioan of wlileh 13 sslected
by multiplier switclice;

4) A lossrithmie potentliomwiric rheostat with a six
inch 21al &s the grsaducted srm vwhich 18 &d Justad
to got the flnel null polnt,

The brid;e 18 1se¢d by making ure of the sound chsrec tere
1asties of oselllating currents. The eircuit 1s tuned to
thhe null polnt whieh 18 dot:irmined by listening wilth ear
piiones. A sreat contrsst In tone voluria whieh rapidly
Tades to & winliwum lavel within sn extirewely narrow ranre,
contributes to the 9aso In sdjustment of the insirument,
igr pnones are wuch lees expenslivs and more satlisfactory
for fleld work than a "ma;ls eja®™ assenlly. VFeasurenents
may ba redo qulekly, usually in less ihan a minute., 7The

trid.e lag & ran;e of 0,000,000 ohms. ‘hie high porer



output produces a loud signal shileh is 1n sharp enntrast
sitn the null coint wnleh is usually marked by tosel ele

lance,

Tureo procsautlons muet bs observed in uslng sbeorption
klocks?

1) The tlocks sitiould Lo saiuruued with distllled
wuier when ihey are lsbedded in the solls

2) A close eoantact must exisi tetiwcesn tha bloek and
thie 30113

3) If quantitative data is dcsirsd,.a gample of soil
from imediatsly e&rounéd tne bloak must bse rasasrved
for uege in callbration, Rowever, for most prage
ticsl purposes, standard absorption blocks noed
not te eslibretad, In all solls ths resisisnce
readinge may be dirsctly Iinterpreted, as tha pere
centace of avallablo weter in ell sclls in eprroxle

mately the same for any glven resistsnce value,

Other invesilietora have confirmed tue slope and
genersl charasteristics of the soll molsturs-block regise
tance relstlonship, 1This relationship Letveen tha molse
ture In tho s0ll and block resistance ig tasically one of
free energy. 1In soll en ertitrary avers. e reslistance of
75,000 oluwis has proved praciicsl as &2 indicstor of the
maximum forces szalnst which plents cen obtaln molsture,
‘he resistence curve btecoriss ssymptotle with respect to

ths purcent of watur in the soll, 1Thils repres:nts the



peraenent wllting polnt with the so0ll containing I to 4
percent watocr., As ine soll approsches the permenont vwilte
ine point, wvory s—all chen 23 In the voluws of totgl soll
wetar are raopras~nted by relstively lsrza chenses Iin abe

gsorption block roslistn-

Q

2o Rislng recsistancs velucs ine
2lcate that the g21l1 relstire Is da2ersastis and that the

»

portion rezulning in tho goll 1s hald with corres:ondlingly
groster forsa, when Ui bloeX resistance fells (0 a cone
stant winixun leval, or tie curve been-em asy niotle with
resgect o reslisterea, the 30'l eontelins stundsnt weter
e3¢ nay ve even nlvinc uvp revstatliosnal wat:r, i Prace
tical but erbtiirsery velus f£slected for rnlianlmu resietznee
12 alout CCO ohus, roprigintiag slout 17 porcent water in

the goil.

wo cherecteristics have limited the ussefulness of
the plestzr of Parls type of sbsorption unit, One dls=
scévanta, ® 1s trhat 1t does not have a wide range of
sansltivity, Il maemrsures only the soe~c&lled avallstle
water in the soll, or & ran;e of soll molsture from about
3 to 13 percents A unit was neeced which woulc mensure the
entire s0!l wolisture renge fron satursilon to aire-dryness,
A second limltstlon, which hes no sisniflcirice in recsrd
to measuring the rmoisture eoat:unt of hay, 18 thet plaster
of Paris cdoes not stand up In continuously ssturated molse

ture onvlronnentse
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In 1548 siucdloe were stesrted oa the posslivility
ol using verious iypes ol faurlcs for gbeorption units,
Colman, in 1548, 8u ~ested & £0ll xelsture mater ulth

& filorrlas aiLsorptlon unite. 1eny klnds of fghrie £he

sorptlon unite Wil toitly Int:rmsl wnd evtorngl «lace
trocdos were inveatll-stsd by t'r, G, J, Bouryoucos sad
Prof. 4. He ‘ek, Untts witn sxtzrnel electrodss cave
eatls’esctory nsesur-wents of goll wolstura in tho lebe
oraiory, vubd they fallad to corrslats with the reedin:s
obtglined la the flslé. The dlserspency was aupsvently
due to exturnal faclors in ths £oll ruch as decreze of
conpection, texiure, stracture, sclt content, znd eloce

teieal linos of force. A conglent known enviroazent

wes noeded around thse elactrodss,

T8 coastant environment utllizin: fat-rnal elec-
trodeg, togeather with the bulfering actlinan of gypsun
iz mainly respoasible for the suecess of the plast:r cf
Paris unit., A febric unit was chen devsloped e-bodying
tho internel elecirods prinelyzle, Tt ecnslsts of two

EY

porforated, extremsly thin nlekle pletes, or two pleecae

s}
Q

f fine nonal scrzon ssting as elsntrodes to whilz™ ars

sllver soldored uires loadas, Thare ela

o
0

L3329 8ars sepa-

ratsd by wrapsin-s of nylon or fiber-lass f

brie. ‘he

o

w:0ln assaenblare L9 then plecae? in a perforaied nicile

C&ET, P

]

casad under hiph prescure, and the cess wechanle

cally fastened Lotethar, :he case !5 parforaled all



over wlth squere hLoles, } lnech bLetween centors, and is

€4 percent open. ihe absorbent thus has a large amount

of exposurs ts the £oil,

Kylon and flber-las have gbout the game egbsortent

oharacisristics, TFlber:les is pr=ferred for soil wory,

however, bsceuse it has & muc groster dulferinsg sctlon,

Compured with plaster of Parls absorption blocks

the fabric sbsorption unlt is superior in the followlng

wayss

1)

2)

z)

It measures the entiro ranre of 80!l molsture fron
gaturstion to elir dérynsessyg

It hias very 1ittle lsgz 1in 1ts response t2 molse
ture chen;esg

It will lact longer undsr extremely wet conditions,.

The fabrle ebsorption unit slso possessss the following

dlsedvantagesy

1)

2)

It 1a wore inert and does not have the capacity
to dbuffsr chanzes in the salt concentretion of

the soll sclutlon, but this is believed to be une
inportant with rezasrd to measuring hay moistureg
The wreppling of fsabric eround the screen slsee
troces makes the conteect srtifielal and imperfect.
In the plaster of Peris dlock the electrodes are
porfecily imbedded and set, and if only a smell
erea of surfeace 15 in contact with the soil, a

falr index of soll molsture is obtalned}



$) 7The outer care of metal tends to prevent & per=
foct contuct betwreon the soil and the sbsorption
unitsp

4) Fibverglas may etsorb silt or react chenlecally

sith some solls,

tme nylon and fibergles ateorption unlts seem to
functilon on the seme prinelple ss the plaester of Perils
blocks, The elcetrliocsl resistance of a fabric avsorbent
varles with its molsturo contsnte Vhen the surroundlag
01l 18 wet, the unit reaistancss are low, As the soil
drles out, tha reslsisnces lncreesa, The magnitude of the
resistsnce chan;e depsenca on the physical snd chenlcal
charecteristics of the avtsorbent material, Kylon and
fiberslas aro good stsorbsnts and good ecaplllary conduce
tors, and eguilibrium is read!ly establishsd between

nolsture 1n the febrie and molsture in the soll,

The typlcal molisture eurve indicated by the fabrie
atsorbent units is somevhat irregulsr ecomparsd to the
smooth curve obtalinad with the plester of Purls gbeorption
bloex, Ihls irresularity 1s the result of the irmperfect
contact betwsen the electrodss and the fabriecj interfere
ence of the outer metel case in preventing perfeet contact
between tiie soll and tue unlt; chexical and physical prope
ortiss of the soily and transitlions of the difforent forms

of weator.
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fsturatsd soll conditions are marked by consiant low
resistance values In the vicinlty of £0 to 200 ohms row
cistance, Ag air dry condltions are apsroeched, the cure
ves tecome asymplotle with respect to melsture content,
gonerelly in the viclinity of 1,000,000 ohmns, As excess
water élsappeers end the alr besins to sentor tha soll
pors spaco, 20zt curves &ro marxed by & critical point
snd further losses ars ~wrked by relotively lsr;e increases
in resistance. Ihe wllting point of solls with average
gelt conocentratlion appssre to be around 10,000 to 15,000
ohms &8s dstermlned by the fabrie unit in ecor~pariscn w’th

sbout 75,000 ohms deteruined by the £ypsum tlock,

Temperature Influsnces tho reslstancs of the fabe
ric unit &t any glven molstura contont, F&r consgtant
molsture content an incrsase in the temperature results
in e decrcese ia the resistance value, However, the
chenre In reesistence betwesn 70° and 200", 18 neearly nerge
11z1bles At low moisture lovsls the error in tsrms of

s0ll molsture percenta;e is anbout > %,

OBJICTIV S
To cevelop a mothod for cetermlning tiie molsture cone-
tent of baled hey without disturbing it while it 1s une
2¢ergolng euring in the row so that there will be a positive

mesns of cdetermining when the hay has roached a molsture

eontent eafe for storags,
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TATUURT 6F THU PECILTA

A way was soughkt to measure the molsturs content of
baled hay while it was beln: cured without disturblag it.
The fsbrie sbsorption units devsloped by I'r. G. J. Bouyoucos
and Prof, A, H, Llck eppesarad to havs sufflclent posslie

bilitlies to warrant a parformance tost in hey.
APPAFATUS AXD ZSUIPYINT

The oxperiment was cerried out in the J, I. Case hay
curing lsboratory. Ses Fig. l, Easled hay wes mow drlod
by heated forced &ir, uniieated foreed, alr, and natursal
draf't veulllations. Tue laboratory is dlvidsd into six
equal s8lza coupartiants wilth cne compartmsnt beling fure

ner subdivided into two egual purts, makinzg a totsl of
geven hey drying corpartments in sll, E£ce Fiz, 2 for the
physiocal layout of the hay curing laborastory for the lo=-
catlon and & btrief description of the various drying tests,
A centrally located instruncnt room made 1t possible to

take all rsadings by remote control,

The equipment used in the investization consisted of
tiie followlingt
1) One spsclal “heaistone bLridce, A self contained,
portatle, conpect, high sensitivity lastrumont
wl.ich 1s deseribed in more dets!l under "Review

of Litorasiure®
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2) A Leeds and Northrup selector switch with 10
possible elrculis attached to the top of an
- army sirnal corps cormunicstion Jsckboxs
3) Thres army si:;nal corps communlcatlons Jacklox
Lottoms which oémpletad the indlvidusl clrcults
to the posslillo yposltions for 20 fabric &aisorpe
tion unlits;
4) 1he necessery copper and constantan wire to cone
neot the Jeckbox lLottoms to the ebsorpilon unitsj;
L) The fabrie ebsorption units

&) Ths first test was made using 12 extarnal
eleg:rode nlckle plate nylon seperaiod absorp=
tion units, &nd 4 extsrnal elsctrode nickle
plate fiverglas separatsd ebsorption units,
T8¢ 18 unita were all that were avallable
for the first test, Two intornal eloctrode
nickle plete fiber;sles eabsorption units were
also tried out independent of the renots cone
trol systen,

b) The second tezt was mede using two of the 4 exe
ternal elsotrode nickle plats fiberglas abe
sorption unite and the two interncl electirocde
etsorption units which vore received too late

to use,

The resistienc~ bridgs was connectsd to the mastcr se=

lostor switeh which 1ln tura was eonnseted tarocu;h three



Jeokboxes to the I0 susorptlion units, 7To tike & resise
tanco reading of any partlcular s.sorption unlt, 1t weas
only necessary to plu: into the proper Jackbox and turn
th.o master solector switch to the corrsct pols. 7The whole
sorles of rasdings wore taken by plucging into each Jacke
box ia turn and turnin- the mast:r selector ewlich to nake
contact with the dosirsd ebsorption units, Sae Flge. 3 for

a view of an operator taking remote control resistance

readin: s,

Frovision was made for three ebsorption units in each
drying conpartment and stack except for ecoxpartnant "A®
which was wired for six locatlons, The locations were
stay-ered withlin each compartment 8o that molsture dotere
minstlion could be made in the lower, middle, and uppoer
tiors of bales, Ses Filg, 4 for the 30 possibls locations
of the molsture sontent meassuring units in the barn come

partments and two stsclks,

¥UTU0D OF TLETING

Two separate tests were mads on hay in un attempt to
dstermine whether the rssistanss method of measuring the
molsture ecntent of hay hes merit, The first tost vwas
made on first eutting Ley using only 18 siusorption units,
Originel plens called for IO absorption units but they

wero not avellable for the tests,

First Testt ilhlle the 12 absorptlion units containing

nylon sbsorvent wers all besically the sems, thera were
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three Alffarent stylss bLased on the cdesiyn and size of

the nizsxles plate electrodes. Cee Fig, S for e plhiotograph
of the s:veral typees of absorption units used in the tests,
Five of tho almrpilion units were larga ia slze, 1 7/8 by

S inches, and had lar;e holes, .45 of an inch squéro: four
were suzall in size, 1 1/2 Ly 2 1nches, and had larre holes,
»453 of an inch squarey end thres were larce in siza, 1 7/8
ty 2 5/3 inches, an? had small holes, .2 of an lnch square.
The four remaining units ecanteined the flberglas absorbe
ent and wore lsrge in sizey, 1 7/3 by 3 inches xith large
holes, 45 of an inch square, £ee Tuble 1 for the location

of the wvarious absorption units for the first tast ,

Loch abeorption unit was inserted un-oistened into
8 test tele a8 the baled hey was stacked in the comparte
mente “here only ons absorption unit was used 1t was put
in the mlddle tler of bules and whore two unlts wers used
one was placed In the middle, end the other was placed in
elther the top or bottom tler of bales, A speclsl parte
ing device was used to open the bales so th.t theo absorpe
tion unit could be inserted into the eentor of the bale.
See Fige 6 for a plcture of en absorption unit being
placed in & tsst biele, 7The objective was to disturb the
tales as little as possible so tiisat the pressure exerted
by the hay on the sbsorption unit would be the same ss t:e
pressure &nd denaity exlsting In the rest of the dbale,

A nmethod was &lso desired whicn wonld not require opsaning
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end reclosing the bale to save time, Tha densltlies of
indivicdual bales veried ocnsliderelly, however, as phown
by the Case Fey Trylag Project report. The wice ranrce
in criglinel bele deaslit; probably has more influence on
the action of the ebsorption unlts then docs the slight
chanre in bale pressure due to thwe opening of tho Lale

to lasort the unit,

The first hay wes harvested at an evera:-e moisture
content of 26,5 percent and was stacked helter skelter in
coupartment "F" for drying by natursl draft, A1l hay
noisture contents are expressed on & wet basls unless ote
hsrvise stated, The resistaence reedin:s were tskcn be=
rloning on June £6th and were recorded four times cally
at 0400, 1000, 1800, and 2200 hours, Resistance readingcs

for all tesia were taken at these same hours,

On July &rd hay st an Qverage moliature econtent of
£343 percont was placed in eompartment "E" for &rylnos by
natursl draft, Fsin and lnelement weather interfersd
vith: hay harfeating during the greatér part of the first
cutting teats so that it was very Sifflcult to harvest
Lay at the deslred molsturs cosntont, Farmsrs in this areg
hed considerable difficulty making hey and much of it was
finally ebandoned in the fleld. The hay that went into
copertacnt "L and "I'! for instauce, hsd developad mold
on the stems while still standing, Jor a dlscussion of
the rate of cdrying of hey in the field ses Part II of

this report,
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On July 7th hay baled for test in compartment "A-1®
was & mixture of w«lfalfa and broue grass with an sveruce
molsture coantsnt of 33,5 psrcent end simller hay placed
in compartuent "A-2" hud en averere molstiure content of
31.3 percente hestsd forced alr wss used to dry the hey
in toth ¢f these cowpertmentis., 7The test wes QOmplated on

July 12th sfter five days of drying.

On tho sane dey & mixture of glfalfa sud grass hay
with an averazs nolsture conteht of 33,1 purcent was
placad In corpertient "B" for drying by unheated forced

d¢raft, fThls test was eompleted on July 15th,

On July 8th similsr Lay at 25,7 percent avers: e xoise
ture conient was put in eompartment “C™ for drying by une
heated forced drafte. Compartment "C" wes filled on the
same dsy with a mixture of salfalfa and grlsl‘hay at an
ev:rage moisture eontent of 23,9 percent, These “rying

tests wore eomplsted on July 28th,

Two stacks ware conatructsd outalde of the hay labe
orgtory for érying by natursl dra”t means oan July Sth,
Stack "S-1l" csonslrted of clovsr gnd grass hay at an sverace
rmoisture eontent of 23,7 percent while stack "S-2" consls=
ted of slmllsr hey &t an avore;e molsture eontsunt of 28,0

percent, The drying tests w»cre comploted on July 282th,

Tue last of the first cutting, @ mixture of eclover and

elfelfa wes put into gompart-iont "A«l"™ gnd "A4-2" st an
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averar® mdlisturs contsnt of J0.5 percent and 30.1 porceat
reospectively, The drylng test was completesd after eoirht
days, During tiiig s2¢ond hsated foreced draft teat two ine
ternal electrcde flberi-les sbsorption unlts wers tried in
co-pertments "A=-1" 2zd "A-2" in tre top leyer of beles,
The yesulis were nc —more conclusivs than those obtalined
Trom the external elesctrodo sisorption uanlts, The test
setup, nowever, was feltl to bs unsctisfasctory and a sece
ond tesi was plenned to detsurmine whether the lanternsl
eloctrode absorptioa ualt had possitilities for measuring

the molsture eontent of bseled hay.

Second Tests Only part of the compaertrments were used

for the baled hay drying tests in the eecond cutting,
Based on the results of the first tests, the nylon absorﬁ-
tion unite wore Glscsrded as beinz unsatisfectory. The
flterzlas absorption units indleated some pro+iss snd two
external slectrode end two internsl electrode absorption
units of this type were used for the seecond cutting tests,
One intsrnsl &nd one external elesetrode abzorptlion unit
were put in both corpartments "2" gnd "C" whieh were both
dryed by mesnas of uniheated forced draft. 7ha two unmoise
tened sisorption units were put in coxpsrtuent "5" with

an intornsl elsctrode absorpilon unit placed in the middle
layer and an extsrnal elesctrode absorption unit placed in
the upper layar of bsles, The pre~saturated units were
put in compartzsnt "C" with the externsl elsctrods ausorpe

tion unlt placed in the middle laysr end the internal
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elsstrods absorption unlt placoad in the upper layor of

bsles, Ss9 Table 2 for types and locations of these units,

Table 24 Types and Locatlons of Four Iiberglas Absorption
Units Used in the Second Test

Coupe BOX Fole Posltion Type
Noe Ko, 1in Comp,

B 2 1 Eiddle layor Fiberglas internal electrode
2 Top layer Fiberglas external electrode

c 2 4 Top layer Fiberglas internal electrode
S

¥iddle layer Fiber;las external slectrode

The tsled hay, & mlxture of alfalfa &nd grass, was put
into compertment "B® on August 4th gt en svarezs molsture
ccntent of 45,0 percent snd into compartment "C® gt an ave
eraze molseture eontsnt of 40,0 percent., The resistiance
readings were tsksn Laglinning on August 4th and were come

pleted on Ausust 12th,

The resistsnces reedings of the first test indicated
that thers waa conslderable lag on the part of the ebsorpe
tion unita in establishing equilidbrium with the belad hay
- when the absorptlion units were not preessturatcd tefore
insertion in the test dale, For the second test two of
the fluerglas absorption units were pree-ssturatad and come
pared with the two slmiler absorption units which wers not
éra-moiatﬂnsd before inserting into the test bales, Ree
search in soil molsturs testing had shown that 1t was nece

esgary to saturate plestsr of Paris blocks with distilled
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water before evbeddling 1in the soll, However, it was not
belisved neceszrry to gaturats the fabric ebaorption units
vhich ere very hydroscople, In hay, where a much loss pere
foot contgszt 18 made betrncen the molsture contsininz hey
a1d the ebsorbent, it eppesrs necesssry to satursts the
eusorbent belore inserting it in the hay whose molsture

content 1s baing measured,

Tor the seconi test a noneporteLle asscibled btrldge
for measuring rosisteace furnlshed by the Electrical En-
ginsering Lepartient was used to check ths results of the
portable tridie used in the first test, Thers was sone
doubt es to th:e accuracy of tho resistance readin- s obe=
telned with 1t, but the readings of both bridzes in the
second test were very simllsr showling that the portable
brid;;e was reasonsbly ecourate, Vith the pre-saturetod
absorption units there was very good asreement in resise
tance readings glven by both bridres, while the resistance
readings on the non-molstened absorption units showsd some

variance,
R:OVULTE AND DISCTeSICH

Firet Testt Compartneat "i™ was £illed helter skele

ter with a mixture of elflalfsa and tinothy at an avera;s
molsture content of 26,5 percent, After drying 13 days
by natural draft the hay was rsmoved with an avora e nolse

ture content of 14,1 percent. One nylon external electroce
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&0c0rLLion unlt was placsd in ihe micédle layer of bales,
tetegbolle eetivity end eonslderalle heatlins vhile curling
t.ad @n uaiknown influsnce oa the resistrnee of tho sbeorpe
tion units., ‘'he hl;n hay tomparature reached 114°F, 'Tre
resistsnce resd¢ings were greatly influenced by relstive
humidity curlagz tis tasb, licressing wnen the relatlve
humtéity decreased end deersgsins whon the ralative hu-

m dlty increased, The temperature also saewsd tn influence
the resistsnce readin-s. Aft:r the sbsorption unit reached
annarcnt equilivrtum, low temperatures in ceneral wers
characterized by hishor reslatance readincs end hich teme
peraturas in cenersl were characterizad by lower reclatance

reading8e Ced Fire T,

"he reslstance reacla;s renced mostly from 25,000 to
150,000 ohmse fThe melsture econtent of the hay svidently
playsd only a minor rolse 1n detera’nling ths reslistance
ro&adinsse Thoere was a gensral upwerd treand to iaflcats
that the hey was dryins out, but ths resdings were irrepgue

lsr end not very conclusiva, There was no po'nt 1a the

a

curve whieh 1adleetsd that the hay had reschced a safe

store-2 condition as would have boen Indlested Y & repld

cnid ecuntinuous inercase In tha resistence reedings

Ce

Coripartnant "" wasc stseved soven leyeove decp with a
mixture of elfulfs end rrsse keled Loy, 7The hey vwas balad
et sn avera; o rmolesiura eonitant of 25,3 perceat end after
curlngs 18 daye by ratursl dreft it was removed 8t an ave

era;e moleture content of 14.8 percent. Like the hay in
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cowpartment "r", this haj was macds under alvsrsc weathep
conditions and metabellic activity had besun while 1t was
still in thie fleld, Ths ln?lﬁcnce of theée factors in
co.zarison with tie other factlors of relatlve hunicity,
teaperaiurs, and weisture eontent on thwe resistsnce resde
inrs cannot be detsriineds ‘he hipgh hay temperaiure

reached 122°F,

A flber-lss end & nylon external elactrods ebsorption
unit were placed In the bottom and middle leyer of beles
raspoctively., The nylon unlt gave readincs which were ire
regular and inconclusive, 1t took five deys to reech &p=-
perant ejullibrlium e&nd then &ftor the 12th day a null
point was not oltalnacvle end ths resistance was out of
"roscn of the bridga., Ko curve wes plotied for thls eabsorpe

tion gnlt.

The fllerrlas sbsorption unit geve falrly £ood reslsa-
tanece resdings dufing the filrst pert of the test ranging
primarlly betwesn 12,500 gnd 135,000 ohms., See Tig, 8.

It reached apparent equilibriua the Tirst day and then
started a gradualland guits roguler climb indlcatlng that
the hey was drylnz out, After nine cdsys of drying ths re=
slstence readings stsrted to incresse quits rapidly, btut
two days lstsr tho eurve broke and started down., Very ire
regsuler fluctuatlons in reslstence were racorded for the
remainder of the tsst, Comparatlively low temperatiur:s
marked the sharp inereuse 1in reslstance resllings, Vhen the

eurve troke the temporature rogs esbout 15 F, and remnatned
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feirl, eonstent lhurealivire ~uriag tule psriod ol raihsr
econsiunt teipere.uru, ihe rssistance roadiars appuarsntly

epandud with mar.ed lao tug Lo ths falflasuew of rslstive

&

d

Paillitye

Hsy ia corpartacnt "A-1" dried dosn to 20,1 percent

4

avsrs. e wolcture convcat and hay in "A-2" drled dos4a to
14,3 percunt avore 8 2olsturs ¢gontant after flve days of
¢rylng by hieated fuorced sir, Insuffliclant data o1 reslse
tancs reedlings from the nylon and flrer:-lze ghsovr-~tlion
units locai2d in tLiess ecowrartiaenis provinl eny &ael sis
oa the value of the recistunce methosd of regsuring the
moisiurs coutent of Lelsd hay while undorrolns drrinc.
e molsturs conicnt of tlie test bsles after dryla- vare
1sd quits wldely =lso, ranglng from 4 percent to 29 pere
cante +1t. some balss very dry and others co-psrailvsly
kizh in molsture coantani, the elfect of hay moisturs cone
tont on thue rosistasce resdlincs eould not La Cetorilin- i,
ihe resistancs readins-s vhat were obtained indloutsd a

e rapld and gracusl Incrsase but th3 curva 2id not
tecome asymptotlc to tirie to falleste thet the hpey hsed
reachsd a condltlon of &ir dryness for safe stora~e cone

cltlon, No curves were plotted for thess gtsorption units,

Hay baled for itests in couwpsrtacnt "RY wes g rixe
tire of alfalfa and brovs proas with sn avsrass wolsture

eonteat of 42.1 percent., Afier dryins b unrested forcod air



1t was renoved wilth en evers e molgture content of 12,85
psreent. A nyloa and a fiver:leas extecrnsl electrods &be
sorptlon unit were clecksd in this coipart it In the nlde
@la and upprer lsyer of beles recpectivel,. Iho resistsnce
reaecdings ¥sre vary lrreculer tandiang to fluciuate tlurourh
wide renres of resistince values without eprarsat ressgon,
iYe aryloa wn? flbor. luy avsorption units voth sterted out
at a raueh Lil, her ren e 2f reglsteiice, avout C00,000 ohm
und reeched en &ppersnt equlllbrium two daye later eround
110,03C onhns resiesiance. irom then on they scted very
soarnodleelly, coavlnuelly goling up for a while end then
croppin: becx naer epparint equilitrium, After nearly

two weelis of cryin; they evea dropned down to resistence
values lowor Llhea those obtainsed for tha orisinel appsrent
equlllerius, fTkle wes appsrently the result of very hirh
relative hunléity éurin: tuo cdays of rain. Ho (o6d indle
callon of Jr»ylng vas . lven. ‘Yae flberclas egusorntion unit
212 ghow a ver; sen2rel trend of inereasins resistonce to
indienve drying durlns the flrot helf of the test, No

curves wers plottad Ior ¢ither unit,

i’ixed slfelia &nd grass hey was put into co partment
"C" &l an avera;e moisture cuvaisut of 35,7 psrcent &nd re=
rnovaed after el;ht ceys of “2rylnz by unhestsd foreed air
al an avers-e mnlsture content of 13.5 percent,. A flbere
#las 8nd nyloa extsrnsl electrode sbrorption unit were
located in the lower and middle layesrs of hLiales reansctlively,

“he reslsusnce resdin-s wers e~aln very irrs-ulear aad while

thers was & slisht general {increase In the resistance



raedings there was a wlde vorlation batwsen individuel
readizs,  'he hay certelnly pass2d throurh the alr dry
stage, but tliere wes no pronounced point st which the
realstience recdin s Le:rei a8 rapld {ancrease to indicate
tnet ti.e ha&y was air drye. Yhe range of molsiurs coutosat
in the drisd Yay waes fro 11 percent to 17 percent. ‘The
resistance vslues wer» not plotted for the nylon avsorpe=

tion unit,

The reslisiance reailups of the flberpglss absorpticen
unit arain ssemed to reespond to the chan-es Iin relative
hu=idity. Iurlng the tlime the blowor wss on, the to-perse
ture was kopt comparatively low gnd the reslistence vslues
wers hiflie As soon as the bLlower wes shut off ths tene
perature Increased and the reslstance velues cdecrcased,
Fron that time on ths chan-e in recistence velues seemed
to Le & result of chan; Iny reletive humidity, “here was
no rroaocunced rcaction to temperature, but soze low resise
tance veluss occurred at the peass of ths hil liest hay teme-
peraturs, £8e6 Fize 9 for greph of reslstence velues Obe.

teined from fiberglas sbsorption unit in compartment "C%,

Compartvent "D" was filled with alfalfa end grsss
mixture &t an averace molsture coatent of £2,9 percent,
The bales were stecired soven layers desp and cured by natue
ral draft ovar & perlod of 13 dsym, The averse = molsture
eontant after curlnr wes 13,1 percent, One external n;lon
ebsorption unit was lecested in this ecw pertmant in th

middle leyer of bsles, The resistance recdings wers
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irrezuler sad indicatsd no elser cut trend of drying.
Located deep in the center of th:s mow there was evidently
coneidereble tlue lar bsTore the resistance reacince were
effacted by rolative hurldity or te~peraiure. Yo curve

ves plotted for this ebsorptlon unlt,

Clover snd yruss hay weg baled &t everee molsture
contente of 23.7 pzsrcent end £6,0 percent end ussd to
construct etacks "S5-1" and "S~2" respectively. loth
stacks niad an avers; e moisture content of 14,5 percent af=
ter curing by naturel éraft for 12 days, A nylon and a
fibors:las exturnal electrode absorption unit were loe
cated 1n stacik "S«1" in ths middle and top layer of bales,
One nrlon evsorption unit only was tested In stack "S-2%
in tho micdéle leyzr of bsles, %hese nylon stsorption une
1ts reapoﬁded sinilarly to the othor nylon units locatzd
in othier compsrtiascnts, “hore was no good incdication of
drying by constantly increasing resistance valuecs, In
cenersl the results were unsatlsfactory and form the
bagls for the conclusion that Lhese unite srs not adape

talle for mecasuring; the molature ccntsnt of hay.

The resistance resdings obtalnsd from tis fiborglas
absorption unit woere not much bettor eand shovwed wide varie
ance also. After the second day whon spparont equilibrium
was egstablished, the resistance wevored up end down s&nd
" sowed no consistont ineresse to indleats that the hay was

drylnge In general hlgher reslistunce values were accompanisd
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by lower te-peratur:s and lower resistsnces by hl:her
tompore .ures, At one tlms 1t rained for two deys and the
realestunce dropped very low during thet perlod. No cure

ves were plotted for the reslstance vslues,

All cduring tie tost conallerebla difflculty was had
in isclsting the null point to establish the raslistance
real!nrs, Lecsuss of the scope and gi-e of the hay dryling
project 1t was necessary to work seversl persons ia shifts
to taxe readinis nl it and dey, Thils e ntrivuted unknown
errora whers Judponwent was requlred in intarpretation. The
readin;;s were not easy to tske and in all probabllity were
interpreted quite differently by each persnn, It usually
tooit acveral mlnutes to tu«s each reacdins. Tre null polints
were not ea sharp and clesr cut 28 ususlly experlenced in

teking sell moisture coantent resistance readings.

Second Test: Fesisiance readincs were taken every

tree hours on four flberglas absorption units in comparte
ments "B" and "C" whleh were filled wlth three leysrs of
baled elfalfa and grass hay., The hay in eompartreat "B"
had &n evoress molsture coatcont of 44,5 percent when enw
toring the compertrent and on evera:re molsture coantsant of
10,5 percent when 1t was removed 11 days later, The hay
in compartment "C" had sn aveorare molsture content of 45,8
percent wien entcring the compsrticnt and an svers-e molse
ture content of 13.5 percent when 1t was reroved at the

same ti-e es the hay in "B", The blower was operated
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contiauelly for £04 hours except for sahort perlods of
tire when it vas necessury to shut down for servicing the

cngine

1~e two flbter;les sbsorption unles which wore sature

ated with élatilled wetsr before being Inserted iIn the
toat bsles, ;sve & very unlforam resistance curve t-e flrat
tarce deys of blower opsration. feo Fiz. 10 and Tig, 11,
Cn the thilrd cuay the resistance valucs bersa to Ingresre
more regldly &nd gredually scoelersted. On ths fifth day
theros wes & 8msll brecak in the curvss wh:ich rae the result
of hish relative hunidity acco-panled by prz2eliplitation so
rat hl. her rolsture content sir waes telng blown into thre
coripertment than wes lsaving the hay, lNolsture was sc-
tually velny deposited in the hey instsed of beins renoved,
Th1s was indicaivd by a docrease in ths resistance velues.
Zelng located in the middle end top laysra of beles thers
wag 8ome lg; . inz in tne effect of tne moisture additlion on

the reslstance values,

The Internal elsctrode flber;les unlt, see Yig, 10,
recovered in 12 hours and the resistance curve becsme ale
most asynptcoctie with tize to 1nélcste that a eritical point
hed beon reachzds In 8nll, satursted o-nditlons are marke
ed by constunt low resistence values in ths vicinlty of
£0 to 200 ohins rcsistunce which wore glso obtsined in the
hay wiih the preeseturu.ed fibergles unlts, As excess
wvaler Cisappesrs and the alr be:fns to eater the soil pore

epaces, 80ll resistance curvos &rs usuelly meried by a
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eritical point and further losses are muriked by rsletlively
lar:e inereasss In roslstsnce, This 1s called the wilting
point of #0ils &nd 13 skhoan by a resistance of 10,000 to
15,0CO onrs bty feirle abscrption unite, 4 sixllar re-
sponse wus obtuined vith the proe-seiuretsd fni-rnel flber=
clus ebegorption unit Iin hay, %he reslatance curvae was
murked by relatlvely lsrge 2ncreases “rom 1,000 to 7,C00
oims end then Inercased regllly to valucs well above
15,000 ohiug, Louravar, after polag sbove 40,000 ohins the
reslstaence curvs of “rylng hay broke and bs;sn wavering up
end down, The irrc¢yular chances Iin resistsnce were appare
ently not cue to irreruler chan:-s in the hay wmnicture
contsnt because wet and Jdry buldb tsnperaturcs of toth the
entoring end lesving alr ghoved thst molsture was cone
tinually belng rewmoved froz the hay. Foncvar, the ehsangss
in roslstence vealuse were not wilthout esuss end the in-
fluenecln; effect imust havo eome from the abtwsjhers sure
rouncling the ategorptlion units. The only two in-wn eriteria

are tie relatlve humidity end the temporatures

“hen ti.o blower wes siut off on the 1llti of Ausust
to chieex the progress of curing, ths tomperaiure snd relae
tive hunldity im edlately inecreasned csusin: the resistance
values to decrcese markedlys They even cdropped down to
etout 2,000 ohms resistance to esu-gest szain that atnospheric
coniitions eround the absorptlon unit wers more influential

t:an the astusl wmolsture conleat of the hay in determining
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thie resistsnce velues of the absorption unit. ‘Vhen the
tlower operstion wes rostartcd the resistence values esaln

ncrcased 68 the tenocrature &id rolstive humidity decreased,

The exti:xnel clectirodls fiberglan absorption unlt,
see rize 11, rzechoed 6,000 ohms reslstsnce before the eurve
Lroize end be;an fluctustinges Irroguler chenges in molse
ture eoatont were erpercutly not the canse of these frrucue
lsr resistance readln s, as wves surrested atove. During
the time tho tlowsr wes off the resletsice values decresared

and likerlge Incrcassd vhen 1t was turnsd on again,

The nonesatursted sbsorption unlts gave irregular
regdlngs sinmller to thosa obtainodiin tiis first test,
T:8 Intsrnsl elecirode unit geve rasisisnce realdilngs at
& much hi; h/ r rengs estalllshing epparent equilibrium at
sbout 47,000 ohns and rolng &s high es 570,000 ohmg. See
Tge 12, Thils 18 considerably hilcshor eorpared with the
rance of 45 to €0,000 ohms for the preessturated internsl
eleotrodg unlt. 7The noi=satursted extsrnal eiactrode unit
gave reelstonca resdings renging from avout 7,000 ohms to
215,000 oums &8 co prrad with a rengs of 1C0 ohme to 5,700
ohms for the preessiursied externel electiroce unit. Soe Iig,
13, Tne external electrode unilt sliovwed less varisnce and
a nore gracduel lneresss Iln resistunce readlingrs than A4ld

~the 1nternal electroce unit,

These few tests ere at best only sn indication, but

tuey do sugsest that febrie ebsorztion units of the types
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tested ere not sadapteble for measuring ihe molsture con=

tont of drylnz haye.

1)

2)

4)

NEENT IO I )\'S

ICAVRVING]

Fabriec abtsorpticn units of the typcs used for meas=
uring the moisiure contsnt of soll sre not aéepted

to measuring the molsture contsnt of haye.

1te bingest factor coatributing to thelr unsstisfactory
operaiion 18 tne lack cf Intimate conteci between .the
moisture conteinlng fibers and thie absorbent of the
gbsorption unit, At best thls contact 18 very income
plete and srtificlsl, The stems which contain rost

of the molsture forn a very weak bridse for tne conduce
tlon of the contuained molisture to the absorbent of

the unit. There sre too few paths and they ere vory
restricted and very infirect,

lie nsture of the absorption unit with its imperfect
conteat batween the electrodos and the fabrie, and
with 1te outsr mets)l case whilell interferes with pere
fect conteet betwoen the hay and the absortent further
decraases tlie cliances or\evar estavllshiing enytulng
likse &n intlmite contact betwsen tlie hay end the abe
sorbant,

As the result of thls poor contact Llie resistance
roccéings tond to be influenced more by chan;es of rela=-
tive huxidlty end tesperature in the atwosphore which
surrounds tihe absorption unit than by ehenices in the

molsture content of the hay,
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5) It is nececscury to pre-saturate Tgbric ausorption units
before insartlia; them in the hay to bas tzsted to o8-
teblish a coadition of equiliirliam between thie mols-
ture conlalalag hey snd Vue wusorboni, Although it
was not trled, 1t 1s bollaved that pre-s.uurcted ny-
lon sbsorpticn units would Lavae react:d simllurly to
tlie pro-ssturetsd filer;las alsorptlon units,

€) In geaczral hi hsr tosperaiures will csuse lower ree
glstance velucs for & ;lven stsorption unlt snd lower
termpersatur-s wi1ll be clicractsrized by hilsher resistance
values,

7) In genzral for a clven atsorption unit tre »!.her the
reletive humidity ti:e lowsr will be the resistance
velues, and the lowcr Lis reletive humidity the hlgher

will be the velucs of resistunce,

ﬁ CEZE IR 0\ A > Ty YvAe TUPTES T T W re——r
Rooonw m.L:'_«s) o TURTE . 8 Y

The fiberslss slLsorption units used 1a this study
vere experimentel unlts still 1n the process of dsvelope
mente The Intsrnsl electrode fabric absorption unit was
designad to provlide a consteat euvircenment eround the elacw
trcdes so that tho rssistunce of the unit would be unafe
fectod by such factors as texture, coripaction, chemlesl
resction with materlial belng measured, end eloectric lines
of force., %1th a constant environment the resistance of
tr.e electrodes would only be alfected by the m-isture cone

tent and the tomperature of the environment,



It was later discovered by Ir, DBouyouccos, that a
constant environuent was not obtainad in the first intornal
clestrode flier-las ébsorption unlts as & rosult of in-
suflficlent aad Improper contcet betucen tho fabrle absore
bent gnd the electrodaes, A new technlque in aésambl[ng
18 now beln; used to providie incressed internsl contact

ndé to assure a mors constant environrient,

I'r, Eo.iyoucos has besen receiving nunsrous requests
for informstlion rerarding the use of the febric sbsorptlon
units to meesura the moisture contznt of other matesrials
besicdes s01l. Ths Improved inturnal electrode fiber;las
absorption units should be rotested In hesy, FHowesver, in
measuring the molsture content of matorlal liko hay, the
tigcest problem £tlll 1s to cet sulflelent ocontact betvreen
the hay end tie eblsorbent, TIluffy or expsnding ebsorbents
wnich would intermix e:d surround the hay would greatly ine
cresse the posslbilities for successful messuroment of
molisture content of hey end si=iler poor coantscet materisls,
The lmproved fabrlc abtsorption unltis should be studlled in
chopped hey since 1t provicdes more intimate enntsct then

coes oithar Laled or looss hay,

The use of ihese Improved fabriec abzorption units to
measure the molsture coantent of gralns llke whest ans rice

ghould eleo be investi-ated,
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PART II
FIULD DAYIUC BAT.C OF ALPALFA, ALTALTA AUD RICYE GhASE,
ALD R CLOV.® HAY IW 4¥E SUIT°R OF 1943

INRODUC TION

The work that wes done in nolsture testing and the
data herein presentcd was galkicred in ecnjunction with
hay dérying experimzntis beling made by the Arrleultural
Inglneering Depertment of Xichigan State Colle:e 1in coop=-

eratlon »ith the J. I. Casa Coupsny of riceine, ¢isconsln,

Any locsllity with cdilversifled wsather e¢onéitions pree
sents a raiher s:rious problem to the wouldebe hay meker,
It 18 cdosirasble to be sble to make hey while the sun shilnes,
but vhen 1t does not the farmer has to do the best he can
to get his hey 1n undzr shelter in the best condltion pose

slbls,

There are many factors, of course, whic!: influenc:
the rate at wvhiech hay drles or cures once it 1s cut cdown,
™e type of loguze or graoss and thsa peroeniage of each
type in the composite sample if it is & mixturey the thlocke
ness, pgrowth, succulence, &nd quality of standj the kind
end emount of weeds and foreci;n rmaterisl if they aere pro=-
gznt; the stare of maturlty at thie time of cuttingi the
direction, nature, and veloclty of ithe wind; the t:xpera=
ture of the elrg the r:letive humidity of the airj the

topogrephy of the land; wind bresks; tlhe occurrence of
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rain ead/or dew; e&nd the intcnsity and enount of sunstine
gnd sular rcdlation which sirike the hay, are all faetors

wiiich affect the drying rete of hay,

CBJUCTIVIE
To deterzilne the molsture contont of varlous typeos

of hays whille drylng under averaje weatncr conditlons,.

To plot the dryling ratcs of these hays and to ase
certaln the asverage Crying rats of common types of hay

under ususl weuiher conditions.

To detsraine whlech of the many verlekle factors that

influence the drylng rste of hay ere ihe most irzortant,

STAT.LUIWT CF T8 PrCBLTY

The experlimenles were ennduected durlng te 1543 hay
hervesting secagson of central Ulehlicen on the first and
socond cuttinge of hey. The autlor's pert consisied of
taking molsture tests wvnd of determining the dryins rates
of the hays In expocrizentsl ney Cryin: work it 18 necoessary
to eliminate a8 meny cf the variables &s possidble., It 1s
not only lmportant to know thse nmolsgture ecatant of the rey
undergolng test, but furtlsr to be able to harvest and

bring 1t in for test at & predestorunined molsture content,

Two metholds were used in determiningz the molsture cone
tent of the hay. The first was the Doxitur msthod ussd to

spot cueck the molsture content of the hay in the field,



The results of this icest Indicated wion the hey vas ready
to ralze and w.ea to bezln tlze ballng opsration. The other
riethod was the deleved oven drylng method in which samples
woere collectzd end lstor dried overnigsht in a slesn oven,
5.0 re-ults of Lizese tests wnere used to datermine thie ree

liavility of tie Lioxter mstiod gnd to plot the drylng cure

ves of the nay.

A brief description of a day's work pro-rea was gs
follows:
1) Mup each day's cutting
2) Start teking sanples for oven drylng as soon as
the hay 18 cut;

a) Check molsture contznt of eash windrow every
hour or when the hay 1s dryins repidly, chock
1t'every helf hour;

b) ¥hen tine does not parmit testing every swath
or windrow, test every othur one or 8 represcne
tétiva portion Lhereof; |

) Koop records of sa:ples buyged for oven drylng

and those tested for mnolsture in the flocld, These

records will Include notatlons on location, tine

of cutting, sunshine, terperature, relstive humnle
dity, direction and velocity of the wind, and pre=
clpitetion;

4) Keop the molsture conient plotted for evory 3rd or

Sth windrow 17 porglble;



a) Prediet 50 percent stage &nd notify raker as
to the tlme to bezin raking}

b) Predlet the time to begin baliny for eny pre=
dsiirained taling range.

MATIOD OF NAKIXNG TESTS

In securing date for pletting the drying curves of
the hay, samples wers bagced and weighed in the field and
lator dried in the steam oven st 100°C, Precautions were
tezen to sslect an avers.e portion of thn fleld, As the
drying rate was plotted against time end relative humidity,
a cross section of half of the field was taken from which
to colleet the samples, ZXZumbered sizns were pleted on
sach swath or windrow where the sauples were to be takan.
The slgne were numbered from one to four in each series of
a color, The different eolors made it easy to differentiate
between the ssveral euttin:s made in & large fleld over a
period or.lovoral days, Gonnoéutivo samples were taken
near the signs in order to got as accurate a picture as

possible of tne drying raie of similer hay. See Fig. 14,

It is not difficult to select a representatiive sample
of hay from the swath as cut if it lies evenly on the ground
and s falrly uniform 1a kiné and texture of hay. ‘hen it
is reked into the windrow, howsver, 1t is not gquits so easy
to g8t good reprecsentative samples, Iu teking e sample

fro: the windrow, a portion was selected that was of averape
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glze and deonsitye. A egample was tuken from the center of
tre winérow beln; care’tl to secure hay from the top,
midile, &nd bottom of the windrow, The avsrazo eample
wailshed batrean 100 and 200 gra=s and was of eonvenlent

gire to insort in a 12 pound bs:,

“hae besrs were oven drisd prior to thelr use and were
tecken out to the field In declceators to keep tham 4dry.
& tare wel ht ran.ed fron 13 to 15 gra s for the 12 pound
buge and the moveble fued scelea were sct to reed 1in term
of the net walghut of the hay, Thus the sample was solectod,
beri2d, and then waighed, 'The sample designation number
and not walsht were then marked on the bag and recorded
on tie data shests, The samples were talke:n back to the
Arricultural Chenlstry drying oven at the end of each day
and cdried overanight at 10000. The standard procedure 1s
to dry for 24 hours, but in this ocase the sanples wers re=
movad at the end of 15 hours in order to plot the drying
curves for the provious day wllch ware to be ured to help
predlet tho future drying retes of other hay. This also
cleared the oven and macde it pos:sible to wori out the
molsture contsnts before golng out into the fleld each
morninzes The error In conputine the molsturs eontent at
the end of 15 hours of c¢ryings vas very small bLecguse the
loss of seversl additicnel gress of rmolsturs cranss the
percent of molsture content by ususlly less iheon 1,0 per-
cent., To chieck this, samples were taken fron a filret cute

tins of allelfs, broue pgrasg, sad timothy meds on June 17,



They wer. selected froi a reprss:ntative portlon of th
rteld, tegzped, weished, ri:d tulien lato the darying oven,
The obJectlive of the test wes to cdetormine the min'mum ae
mount of ti~e that co:1d be £lloved for Crylny hey samples
et 100°C., 1The sa=ples were weizhed at ths end of 12, 24,
er.d 43 hours respsctively, The recsults that were obtsined
fron & dozen gamples selectad &t rendox ere ¢ivsn in Tatle
1 in tie Appendlxe ©he perecent molsture contont is riven
on & wat basis, Tha rcesults cbtainzd in drylng thogs and
othsr sarples Indiexzted thiat & 12 hour dryinc porlced<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>