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INTRODUCTJON 

The essential chn,rn.cLeristics of high-grade alfalfa hay have been 
summarized by Parker (8, p. 2) 2 as consisting of « plirity, a high 
percentnge of lenves, clinging foliage, green color, and pliable stems." 
Other qualities that are stressed by the United States hay standards 
include freedom from mustiness and moldiness. It is commonlv 
recognized that hay possessing the highest feed vn,lue and commanding 
the maximum market price conforms to the above specifications. 
The pmpose of the investigations herein reported hilS been to 
determine the manner and extent to which the quality of the hay may 
be influenced by the mode of curing and to establish the basic prin
ciples of good curing prnctice. 

1 In cooperation with the Durenu o(l'llInl. Industry nnd the llurcnu of Agriculturnl I';conolllks, United 
Stntes Department of Agriculture. Ackilowiellglllenl., lire mllde to A. J. Pieters, of I.ho Olllce of Forage

• Crops lind Dlsellse.~, lIuronll or I'llInt Industry, (or IIssistllnce in plann/nor the. ..o investigations; to E. V. 
Pllrker. E. O. Pollock, IIn<l W. n. llostertllllll, o( the DI\'lslon or Ulll', Feell, lind Seecl, Ilurollu or Agrl.
cultuml Econmnll::>, (or personlllly Inspecting nnd ().~llIhlishln~ the commercinl grndtlS o[ the hllY; lind to 
Supt.• W. E. L~·/Ie.o;.~, J, O. Culhertson, IIl1d AilStlll Ooth, o( the Nehrnskll stlltlon (IIrm, ror IIssisting with 
tho "etlllled h'bor cOIlJ\1lcted with the eXlIcl'iments. The Ilrolein dctermiulltions wero IlInde under tho 
direction o( J. C. !tussal, of the Collego tlr A~ricull.ur<l. UliI"erslty or Nehmskll. Aeknowled~llIent is 1I1sl) 
gh'll11 F. ~~. Mussehl (Ilr the unpuhlisherl rosull .., rrom fl'tlllin~ IIrt.lllcillllr liriotillirllirll to chickens. 

, Itlllfc numbers In llllrenthcses rMer tl, Literature Cltet!, p. 25. 

a!!lil-al--.1 



4 

~ 'rECHNICAL BULLE'rIN 235, U. S. DEPT. OF AGRICULTURE 

It was helien'd t.hat these principles might be most efl'ectively 
determined by contrasting the effects of a rather wide tange of 
opposing conditions which may be subject to the control of the hay 
producer. As a result of this procedure a number of practices have 
been included ·which appear'self-evidently undesirable,but whose 
outcome serves to emphasize the advantages of more favorable 
treatments. 

The various tests were designed to determine the effects of 
(1) immediate compared with delayed raking, (2) size of windrow, 
(3) turning the windrow after partial curing, (4) direction of windrow, 
(5) direction of raking with respect to direction of cutting, (6) type 
of rake, (7) time of cutting during the day, and (8) cocking imme
diately and after various degrees of curing. Supplementary studies 
were made of the effects of the speed of curing and of rain upon the 
protein content, and of the manner in which moisture escapes from 
the stems during the curing process. 

One of the important considerations in regions where curing hay 
is subject to dam.age from rain is to follow a practice which shortens 
to a minimum the inkrval between cutting and storage and yet is 
conducive to good lju<1lity. Accordingly, the progressive rate of 
ellring under various treatments was also determined. 

REVIEW OF LITERATURE 

The literature previous to 1926 on hay-curing practices has been 
reviewed by the writers (5) in another publication. A number of 
I"('ferenc{'s appearing since that date are here included. 

Steenbock, HIll"t, Elvehjem, and Kletzi.en (11, p. 439) conclude 
that-

The antirachitic propcrties of hays arc related to their exposure to sunlight.

* * * Clover hay excessively weathered was reduced in antirachitic action 

as compared with hay less exposed to dew and rain. * * * There remains no 

question of the advisability of "making hay when the SUII shines." 


Mason (7, p. 13) with reference to artificially dried hay, says: 
It makes a beautiful bright-green hay, much greener than western sun-cured 


hay, and much superior in feeding value, as it runs from 18 to 23 per cent protein 

as against 14}~ per cent in the western hay. 


The Wisconsin Agricultural Experiment Station (9, p. 42) states: 
Accumulated experimental evidence secured this year by Messrs. Hart and 


Steenbock indicates that the antirachitic properties of plant tissues arc directly 

related to their exposure to the sun. Hay cut without exposure to sunlight and 

cured in the dark away from sunlight has no antirachitic property. , 


Russell (10, p. 296) concludes that-
Alfalfa leaves from plants dried by artificial heat, by the Mason process, were 

found to contain at least seven times as much vitamin A as the leaves from hay 
that was cured in the field so that the greater part of its green color was lost. 

The sample which contained the larger amount of vitamin A was green as 
compared with the brownish green color of the field-cured sample. 

The leaves of the artificially cured plants contained only a small amount of • 
the antirachitic vitamin. 

When the alfalfa was dried in the sun, without exposure to dew or rain, there 
was an increase in the antirachitic potency of the leaves, but it was accompanied 
by a decrease in vitamin A. content. 

The ~fichigan Agricultural Experiment Station (1, p. 356-357) 
reports: 

, 


j 
!! 

~ 
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Special invostigntions were begun regarding methods of curing hay. It was 
shown that hay cured in loose windrows dried down much more uniformly than 
where it was partially cured in the swath. When cured in thc windrows, the 
leaves and stems lose moisture at about the same rate while the hay cured in the 
swath shows a divergence of as much as 10 per cent in moisture content between 
the leaf and stem, the leaves drying rapidly while the stems retain much moisture. 
This condition causes loss of leaf and often times spoilage in the mow. 

Cox und :Megee (2, p. 46-48) state: 
In curing alfalfa, follow a mcthod that will conserve the lcaves and produce 

hay of bright green color. To do this, it is necessary that the leaves and stems 
dry out so that the per cent of moisture will be about the same in each. Whell 
alfalfa is curcd in thc swath, the leaves lose their moisture very rapidly, while the 
stems lose their moisture very slowly, resulting in brittle, crumbling leaves that 
shatter off vcry easily whilc the'stcms arc still comparatively green. This method 
produces a hay of poor quality. Heavy yields of hay are difficult to cure in the 
swath. The IIpper part will dry out and leaves shatter easily while the lower part 
will be very slow to lose its moisture. 

Curing in the windrow allows the stems and leaves to dry down together. 
When the }lay is heavy, the windrows may be turned, greatly facilitating the 
curing. After a rain, ~he windrows may be turned with the side-delivery rake 
and curing hastened. In using the side-delivery hayrake, the hay may be raked. 
immediately after cutting, or lllay be allowed to remain in the swath 4 two Qr three 
hours before raking. The hay should be raked into a loose, open swatlfbefore 
the leaves have lost sufficient moisture to become brittle. The left-hand side
delivery rake is advantageoul$ ill that it operates in the opposite direction to the 
course of thc mower. The left-hand rake works against thc tops of the plants 
instead of the newly cut butts, throwing a majority of the leafy tops toward t.he 
center of the windrow, tlllls aiding in the conserYll.tion of the leaves through better 
curing. 

The Iowll Agricultural Experiment Station (3, p. 29) reports: 
The best quality of alfalfa hay is secured normally by windrowing shortly 

after it has been cut. The process may be hastened II. little by permitting the 
hay partially t,o dry out in swath before windrowing. 

Experiments show that tho leaves help "pump" water out of the stems. This 
principle is made more effective when the hay is windrowed. The environment 
naturally plays nn important role. To standardize practices, the evaporating 
environment has been given particular attention. Aeration is important in hay 
storage. 

Parker (8, p. 8) has stated: 
Essential points to consider are (1) facilitating rapid evaporation of a large 

part of the moisture in the newly mown hay by exposing it to sun and wind in 
the swath, where the rate of evaporation is faster than in the windrow, bunch, or 
cock, llnd (2) performing the operations of raking and windrowing while the hay 
is tough and the leaves are not easily shattered. 

The rapid evaporation of moisture and the preservation of leafiness and color 
are jointlv accomplished in the most practical manner when the hay is wilted for 
1\ short time in the swath and then either windrowed with the side-delivery ra.ke 
or cocked to complete the evaporation of moisture to that degree where' the hay 
IlIl1y be stored or baled. * * * 

EXPERIMENTAL WORK 

PLAN OF CURING TESTS 

CHARACTER OF PLOTS 

A comparatively uniform 12-acre alfalfa meadow looated on the 
experiment station farm at Lincoln, Nel}r., was used for these investi
gations. This meadow was in its prime, yielding at the rate of 4.5 
t0l1s1per acre in 1928 when these tests were made. 

l·· ""intlrows It ov"idcntly' meant. 
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A large number of curing practices were compared. (Table 1,.) 
}j"orty-eight plots (fig. 1) approximately one-fifteenth of an acre In 
size were required for each test. By dividing the meadow into three 
series and harvesting those successively at approximately weekly in
tervals during each of three crops, it was possible to undertake nine 
duplicate tests- Because of rain interference or other unavoidable 
factors only six of these, or portions thereof, materialized satisfactorily 
for inc.1usion in this report. Although the first three tests differed 
somewhat with respect to the maturity of the alfalfa when cut, the 
succeeding tests were harvested at approximately the half-bloom 
stage. 

FmUlu: I.-Relative location of the alfalfa plots, experiment 
stlltion fnrm,l.Jincoln, Nebr. 

T A81,E l.-7'realll/,enl.~ a.1Jplied 10 alfalfa. during the curing proces.~, a.nd arrangement 
of the plots 

Plot nUlllhers raked 
with

'Prratllll'nt 
Side-de- Sulky

livery rnke rake 

liny cut at 9 a. m.: 
naked imm~l1iatl'lr afler cutting into-

Small wlndrows _______________________ " -... _____ • -- ___ .._...____ • --..---- 1 8 
~lcdium windrows, • ________________ ...... _________ - ____ ..... -- --"-- --..- 2 \l
IJnrgo \vindro\\"s.. _.. ____ .. ___ ", .. __ .. _~ .. ____ .... ____________ .. ______ .. ". __ ~ _____ :J iOw __ _ 

Medium windrows, turned after 4 hours •• ,.._______________ • ____________ __ 4 11 
Medium windrows, placed in small cocks after 4 hours ....____ . ___________1 5 12 
Medium windrows, placed at once in small cocks ....__ .. _______ .... ____. __1 n 
:r.-redium windrows, placed nt once in large cocks ____________ ..._________ ..\ 7 ~---------

naked 4 hours after cutting into
13 20 
14 21 
15 22m~l!u~;,i~~~~~~~:::=:: :==:=::::::::::::::::::~:::::::::~:::::=::::::j;\Iedium windrows, turned after 4 hours _____ •________________________ . ____; 16 23 

l\Iedjum wjndrows, plnced in small. cocks ufter 4 hOllrio ____________________1 17 24 
:NledlUm Windrows, placed at once In small cocks ________________________." 	 ]8
'Medium windrows, plolCed at once in lnrge cocks ________________________ __ 19 
:Medium windrows (extending from north to south) _____________ · _______ ·.'1 44 4.1 
::o.fedjum w!ndrows (raker! 0l!posi~1l to ,direction o! mowing) ______ -- __ .. -._ ao 42 
1\IedlUm Windrows (raker! With directIOn of mOwlng) ______________ ..____ __ 40 41 
Medium windrows (rnk"" crosswise to dircetion of mowing) ______. ______ ..' 4:J 46 

Raked 8 hours after cutting into-
1I-!ediuTll windrows__ . ___.. ________ . ___ •___________________ -- --•• --- -----.. 25 28 
Medium windrows, plnced at once in small cocks ...._..___ .... __ .._______ • 26 
:Medium windrows, plnced nt once in large cocks ___________ ....__________ _ 27 


Haked 24 hours after cutting into--
Medium windrows ..____________________________ -- ___ •________ • -- ... -----  29 32 
1\fediuffi windrows, plnced at once in small cocks ______________ ... ______ ... 	 30 

31Rak~~e~.i~l~ n~~f~~~~sd r~~~e:!':Ji~~,;\~rn~l~JI,~·sc_~:~:::::::::::::::::::::::::: 33 34 
Raked when overcured into--

Medium windrows (in morning when damp) .. ________________ ...__ ..___ __ 35 36 
MediulII windrows (in afternoon when (iry}_.. _____ ....____________. __ • __ _ 37 38 

Uny cut at I p. m.: Raked 4 hours after cutting into medium windrows ..________ . 47 
lIay cut at 5 p. III.: RukNi 16 hours after rutr.ing into me(iium windrows ____..___ __ -18 

,I 
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MOWING, IlAKING, ANII COCKING 

The 1ll'l'Il comprised within elleh test WI1R IlPPl'oxillul,tely 225 by 800 
feet. (Fig. 2.) Mowing (frolll Mst to west) was stlll'ted nt 8 tl. m., 
Itnd two hours wcre usulllly required to cnt over this tll'elt with two 
5-foot machines. All J'Ilking was done with either It standllI'd left
hand side-delivl'l'Y !'Ilkl' or It sulky 1'llke. lIny rllked immedintely 
nftt'/' ('utting WIIS uSlwlly .in the windrow within 15 minutes. The 
first opemtiolls Oil tlw fil'st (by or UIlY test WNO th('refol'll ('ompleted 
shortly nft·(,!· 10 o'('lo('k. Fo/' the plIl'pose of simpJifleution in ('0111

piling the d Ilt11, nll Ll'sts un' l'ollsidPl'(I(\ IlS iutving iwgun Ilt 9 u. m., 
wl\ie'h wos mid wily dIIring" this pt'l'iod oj g"<'t til1g Hll' tl'sts lind!')' WI1'y. 

y'WUln: 2.-0"'lt'rtll "!ow or the flfflllf" rrwlld()\I' in which th" hlly·curing tfJS~~ wero mllde. 'l'his 
fl~hi protlucl'd lit tho rntl\ of ·1 ..'; tOtlS of "urNI hllY per ncro during the senson of 1928. III tho fore· 
~routltl IIr~ shown slIIlIlI·slzl>t! cocks IIIl1do lit tim rllto of 120 per ll~re. : ..t tho <!istant right aro 
IlIrgtl c(leks, of which theto wero (10 per lIer(l. III the. bllckgrolllll! variolls cOll1blllllUOllS or sWllth 
und windrow curhlJ.! nr~ h"ing comnnr~lI 

IiJx('ept ItS othel'wistl stILted! the sidc-delivpI'Y 1'ake followed the 
din'etioll of lI1owin~, lind the s1llk'y ruke wpnt ('l'osswise to the swath. 
(ltig.3.) This procedure WI1S followed in order to Itluintnin windrows 
compnl'lIble in size und direction, thus makin~ possible dircet eompllri
SQIlS between the two types of 1'Ilkes. StuciIes conducted in connec~ 
t.ion with these tests hllve indieuted thn,t direction of windrows 01' 
dil'eetioll of /'Ilking with respect to the mowor sWllth were not fnctol's 
in the mtl' of ('uring or Tn the qUlllity of huy resulting. The windrows 
W{'l'e npPl'oximnt(\ly 85 feet long with 2, 4, Ilnd 8 mower swaths in the 
sIl1nll, medium, Ilnd Inrge windrow.;, respectively. Except in t,he 
sizt'-of-windro\\' eomplll'ison, however, nll windrows contnined 4 
mower sWllths 01' their O(luivnlent. Thus the mnintnining of such 
pl'ocNlurc with both types of l'llkes permits II direet compurison 
between type of l'Ilkc lind quulit.Y of hny produl'ed und the time 
J'Nl"il'ed f(»)' cllrjng. 
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In the Cttse of the cocked hay, 4 small and 2 large cocks were made 
from each medium-sized windrow, or 8 and 4 cocks per plot. In 
making these cocks the hay was forked over by hand und the cocks 
well rounded as a protection against the weather. 

At the time the hay on each plot was considet'ed sufficiently cured 
for storage it was forked over twice. Such treatment was intended 
to mix the hay for sampling and to simulate the amount of handling 
that hay receives under nveruge farm conditions. Hay with a mois
t,ure content of 25 per cent was considered field cured. Since ttL~re 
was no way of detel'Inining the moisture content in the field, it was 
necessnry to rely on observation nnd experience in deciding when 
t,he hav had reached a cured condition. Moisture determinations 
that foilowed revealed the true moisture content. 

SAMPLING FOR 1I1OISTURg AND QUALI'l'¥ DE'l'BRlI\[NA'l'lONS 

At the time the hay in each plot was pronounced field cured, three 
composite samples of npproxiuuttely the indicated weights were 
t,llken itS follows: (1) A 5-pound sample, \vhich WllS immediately run 

: ' 

.' " 

}'lGUIIE :I.-Stlllull1rll tYlles of hllyrnke used in these curing studies. At the right is a suiky rakl'; 
lit the lert, 11 side·delivery rake 

through a hand feed cutter and reduced to a 500-gram sumple for 
moisture determination; (2) It 300-gram sample for relative leaf and 
stem determination on a moisture-free basis; and (3) a 7 -pound sample 
stored in a 15 by 17 by 19 inch carton for official grading. 

The samples selected for moisture determination were cut into 
lengths of approximate!:v one-half inch by means of a hand feed 
cutter to facilitate mixlng and reducing. The time occupied bv 
this entire operation of sampling and reduction seldom exceeded 1'5 
minutes. During this time the samples were protected from undue 
exposure. 
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The box slLmples from !LIly one crop WOl'c graded according to the 
official United States hay standards SOOll after completion of the 
third test of each crop. In addition to the factors ordinarily COll
sidered in gmding llay, the texture or condition of the stems was 
scored nmnericaUy as follows: 1, Pliable; 2, medium hard and brittle; 
3, hitI'd !lnd brittle; and 4, very hard and brittle. 

A rough separation was first made of the leaf-stem samples. This 
was followed later by a more careful separation of the stems from the 
leaves. After moisture-free weights had been taken, the leaves and 
stems were mixed, gl'Ound, and reduced for protein determinations. 
The percentltgc of lenves as determined in these separations was used 
!lS the lenfincss {nctor in reporting the final grn.de. 

The gl'llde of hay us reported in the tables is based on the avern.ge 
of gmcle fltctors ~iven for the inclividuul tests. Where a sample 
~rade resulted in mdividunl tests, the frequency of such occurrence 

t IS reported. 
In addition to the snmpling ah;eady mentioned, composite samples 

approximating 3 pounds of cured hay were tuken at stated intervals 
(9 It. m., uncll unci 5 p. Ill.) from It number of plots during the first 
three dnys of four different tests, in order to measure comparn.tive 
cUl'ing rntes. These samples were run through a hund feed cutter 
in the field nlld reduced to 500 gl'ltll1S for moisture determination. 

PRESENTATION OF DNrA 

Because of the variability of weather conditions, the inability to 
determine the moisture content of tbe hay in the field, and the limita
tions of the sampling methods, it seems desirable to base conclusions 
and interpretations with reference to the field-curing studies on 
average results rather than on individual tests. Experiments were 
started on June 6, 13, and 18; July 11, Hi, and 23; und August 14, 
21, and 27. Becltuse of excessive min in the case of tests begun on 
June 6 ltnd 18 and July 16, these have not been included in the general 
Itverages. Oomparable results pertaining to direction of raking with 
respect to mower swath were secured only for the tests beginning 
.luly 23 Imel August 14 and 21. 

DET.:UMINATIONS 0.' INITIAl. BASIC LEA.'INESS AND PROTEIN 

In order to stuely the efIl'ct of various euring practices upon the 
changes in qUltlity due to the mechanical Joss of leaves, it seemed 
esseutiltl to have an initinl determination of leafiness, free from shat
tering, to serve itS a basis for comparisons. Accordingly, two repre
sentative snmples were collected n,t random for analysis nt the time 
of cutting. One of these was immediately dried in the drying oven 
fol' moisture determinn,tion and Inter Itualysis. 'rhe other was spread 
out thin on It canvlts in the hay barn for slo\\" curing and freedom 
from leaf loss. The average results for bot.h types of samples are 
reported in Tltble 2. The samples that cured slowly in the shade 
nvel'llged 48 per cent leaves and 18.8 pel' cent protein, \vhile those 
cured rapidly had 47.3 pel' cent leltves and 19 per .cent protein. 

http:avern.ge
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TABLE 2.-Quality and CO/ll]los'ition of alfalfa hay when eured 'Under shelter to avoid 
losses from /!'xposure 

[;\ verngc of $ix testsl 
' 

Quality' 

(,hnrnctcr of SlIlIlple I Protein t 
8tellls ('olor ' Lellves --"---~-----"-------I Grade 

I lillY Leaves SteInR' 

i Per cellt Per cent Per cent Per cellt Per cell! I 
Rlowl)" cure"._ I. U i i2 48.0 18. 8 •••• __ •••• 
Itllpidly cured. "" •..• " __ .. . ._ ••••• :•••••.-: •.-1 4i.3 19.0 2i.49 11.39 

, 'I'hl'sa lire hllsie fI'sults from hllY frl'e from lenf shattering nnd wcather damllge. Any deviation there· 
from in sUcccl'(lin~ tllbles mny ho IIttributed to till' fleld·ouring procedufC. 

, .\11 spl'(!illc dlltll in these qunlity notes in this lind subsequent tllbles are n\"ern~es for the duplicato tests. 
'1')1(\ ("ollll1lcrcinl grncit is Im.t:;l'C1 on tho nvcraj;es for the specific quality vl!.lllCS. 'l'hc color values are csti·l 

mnhls. The pl'rCtmtugc of lCHv(:'s is OIl n (Jloisturc·rree, totlll·weight basis. The numerical values of stems 
l\r(l strni~ht I\vcrn~es which hllve tho following signitlcnncu: 1, Pliable; 2. m(ldilJIIt hard und brittle; 3, hard 
lIull hritLil'; ·1, \'ery hnrll nmi brittle; I..,leury; Exi., extm h'ufy. S IInll u superior number following indio 
l'uh' the snmpl!! grude und its frcqucnc:r. 

Auy reductions helow these figures in the leafiness or protein con
tent of t.he hay cnred by vnrious pmctices may be ascribed as due 
prirllarily to mechauicnlloss of lenves. 

1l\[l\n;DIATE IlAKING COMPAIlED WITH PARTIAL SWATH CUllING 

For compnrison with inunedillte mkillg after cutting, nlfnlfa was 
retained in the swath before raking for periods of 4, 8, and 24 h01l1's, 
and unlit eompletely cured. All compnrisons were made with both 
side-delivp],y nnd sulky rakes, and medium-sized windrows contain
ing four mower swaths were used throughout. The results, together 
with thosp pertnining to the question of overcuring discussed Inter, are 
sllmmnrized for the six duplicnte tests in Tnble 3. 

TAllLE 3.-Effect of immediate and dela.yell raking with side-delivery and sulky rakes 
IIpon qll(ltily of (llfalfa hall and time required for curing 

IA vernge of six testsl 
- ,.""-~".,.. "-"~"-~- --'--'"-'--~---:---------------------I Field·cured huy 

'rinw of rnking nut! tYIH.~, of rnko i Q~~lity ,
liours I Moisture ~ _. __ _ ____

Irl'quired' content Stems Color Leaves 'Protein r Grade 
_.. -'------------1--1---

Hllked illlllll',lillt,'h' lifter ('ulting: Per em! Per cent Per centlPer renli ;

S.idf~pdf)li ,'en' rilkt'~ ~ ~ _. . •-. 52 i 22 2. :1 53 40 Iii. 4 I 2 r,
;;ulk~- rnkl':.. • ,_ 78 22 :.!.O 5a 40 17.3, 2L 

.A\"l'ruge~~ _ _ .. I 1iO 22 2. 2 i 1,1 40 Ii. 3 i 2 L 
Bnk('d 4 hours nflt'r cullin!:: 


Sidtl-dt.'li n~r:r rakp. p 1i0 24 I ~. ~ I t~1 40 II· ~ : I
• _ 

::;1111,,- rnkl' ""_ f.!J 23 •.• hi 41 I,.• , I 
.:\ \·~l'rnJ.!l·H: : .. . 60 24 2.2" 61 41 li.2: 1 

Hnkt'd 8 hour:-; nrtt'r C'l1ttillf,!;: 
}:illl:'·dl'lh·(lr\" rukl'.,. _ _"._ 54 25 2.0 f.\l 41 17.4 , 21. 
>'lllikr rnkl':_. _,_, -, IiO 26 2.0 t;U 42 Ii. 3 I

.A Yt~rnAc ____ .. ____ • _._ 52 2t1 2.0 tiO 42 17.4 - I 

Huked 24 hours nfh'r ('utlillg: 1 


~id('-dl'lh'(ln' rnk(' ... _ .. ':4 25 2.0 GO 40 1 
~ 

"uik y rakl':___ " :;0 2fi 2.2 61 42 17.6 Ili.O I 
A ,"('rugt' _ . . . _.. ,;2 26 2.1 liL 41 li.3 1 


Hnk"<i when fll'ld cured: 

Sidr.-dl'!in'n" rnk('. 42 2; 2.2 56 39 16.5 2 
~ulk\·rtlkc~P_ ~_ 

-" 42 26 2.0 ;16 :l.~ 16.4 j 2 
.A y'('mgl' ~ . 42 '2i 2.1 50 39 16. " 2 

Hnkl'r} wht'n on'H'lJrcd: ,; 
""ith fll'\\" on

~id('·fleli\·l'rr rnkl' ._ f;n 21 2.2 4i 41 17.3 i 21. 
Rulky rnke." ~i(i 21 2.2 45 4:1 li.n 2L 

A\'{,fllJJl' .. titi 21 42 li.5 2L 
With ti,'\\, oil ,~ 

Sidl'·dl'!i\'(lry rnkt'._ 6ti 36 t6.1 2 
Sulk,· rukl' flti 2.:1 4:1 35 16.2 2 

Ay"pnl"w.- fiti 2.4 I 44 :lti It). 2 2 
-. --~- - - -----._... .... - .--.-~ -

I For (~XplnI1Htlon of quality fuctors sel" 'PubIc 2, footnote 2~ 

::: f :~ 

4 

t 
4 

4 

~ 
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The peJ'centllges of leaves and protein \\-ere not ml1tel"ially affected, 
whether mking wns immedil1te or dell1yed for vl1rious intervals up to 
24 hours. The color of the hay was considerably lowered, however, 
by immediate raking, which reduced the speed of drying and resulted 
in prolonged expOSUl'e in the Jield. Accordingly, the hay that was 

FIGURE 4.-Combined sWllth lind windrow curing. In the right foreground is shown n medium
sized windrow contnining four mower swnths; nt the left nre small·sized windrQws containing 
two nlower swnths 

raked immedilttely gl'llded only No.2, while all degrees of partial 
sWltth curing lip to It 24-hollr period resulted in grade No.!. (Fig. 4.) 
Delay of mking until the alfalfa \'las fully cured in the swat.h short
ened the period required but reduced the hny qunlity to grade No.2 
becnuse of lessened color nnd leafiness. 

E.·FECT 0.' OVEUCUIUNG IN SWATH 

In conjunction with the studies of partinl swath curing reported 
in the preceding discussion, part of the forage was permitted to lie 
in the s\vl1th for an entire dl1Y nfter renching the cured stage. Part 
of it wns then raked in the forenoon while still tough with dew, and 
the other portion wns r ..1wd after the dew hnd dried off. The effect 
of such overcurinf;, ns shown in Table 3, wns a decided loss in color; 
and when the l'akmg was delayed until the dew had dried off, the leaf 
loss through shattering became pronounced. Both lots of hay thnt 
were overcured in the swath graded only No.2 because of the undue 
field exposure. 

E...·ECT OF SIZE OF WINDUOW 

Hay was raked into small, medium, and lal'ge windrows with both 
types of rakes immedintcly and fOllr hOllrs after cutting. These 
\\'indrows contained 2, 4, and 8 mower swaths, respecti\-ely. The 

32171-31--2 
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medium and largo windrows were made with the side-delivery rake 
~Y rolling the hay oyer as necessary. The results are summarized 
III Table 4. 

As an average for both types of rake, 64, SO, nnd 92 hours were 

required, respectively, for hay raked into smnll, medium, and lnrge 

windrows immediately after cutting to reach a field-cured condition. 

In the parallel test where 4 hours of swath curing preceded windrowing, 

50, 60, and 71 hours were requ.ired for the small, medium, and large 

windrows, respectively. The size of windrow did not materially 

influence the q urdity of hay in any respect. Marked differences in 

quality might result, however, from the retarded curing in large wind

rows in case of unfavorable weather. 


'l'AnL6 4.-BjJect of size of windrow and type of rake upon quality of alfalfa hay 
and time required for curing 

[.1.vcrngo (,r six testsl 

Ficld·cnred hny 
1----.,------,-------···· ....... ~ .. 


Tlmo of raking, typo o( rnke, and sizo of Hours ro.! Moisture' Quality I 

windrow quired i content 

Sterns 

1 i
Raked immeciiately "ftt'r cutting: , I 

Slde·delivery rnke- I Per cent. Per centIPer cent Per centl 

Soltill windrow",,. .•••.•.•. 64 2-1 ! 2.0 .';4 I 41 17.4 

?[edium windrow................... 82 22 2.3 ';.1 i 40 17.4 

I... l\rgcwindrow ___ ...... ~.~ __ .~.~.~ __ ~,.. IJ.l ' 27 :


Ayerngc __ 80: 2-1 U ~~ ! !~ l~:~
M ____ ~ .... ~ _ ... ____ • 

Sulk;' rake-
Small windrow ............. . 63 i 2.2 Ii4I 4l 17.2 

]\icdhull windrow ._ .. _._._~ .. __ 78 . 2.0 0.1 i 40 17.3 

Lorge windrow ___ ~_. _____ ... 00. 2.0 53 43 18.4 


Aycra~e......., .......... . 
_. I 

2.1 5:1 I oil 17.6 ,
",Raked 4 hours aftcr cutting: i
Side·delivery rnke j 

Small windrow ........... , ..... .. 50 ' 26 2.3 6t1 ·\0 16.81 

l\[edium windrow ........ . flO 24 2.2 61 40 17.1 

Lnrge windrow .......... .. 71 23 2.2 6:1 40 li.3 


A'·crago............ ..... . 60, 24 2.2 62 40 17.1 

Sulky rnko-

Smnll windrow ................. ·... .. 50 24 2.2 60 40 17.1 

~[edium wlrl!lro"·.................. .. 59 23 2.2 61 41 17.2 

Ll\r~o windrow __ ••__ . __ .. ... . __ .. , 71 24 2.2 fl3 41 17.3 


A \·erngc ............__ ......... . 60 24 2.2 61 41 
 17.2\I
Grand Ul'craoe 1 


Haked immedintely nfl~r ruttin~: 

Small windrow __ ...................__ 64 25 2.1 54 17.3
41 Il 

Medium windro\\' .................... 80 22 2.2 53 17.4 

Largo windrow ........ __ ............. 92. 27 2.1 5.1 18.4 


A\·erngo........................ __• 78 2.; 2.1 53 17. i
1~42 l 
Rnked -I hams aftcr cutting: 


Small windrow .......... __ ........... 50 25 I 2.3 61 16.9 

?rodlum windro\\' ........... 60 24 ' 2.2 61 41
00'''''' 40 I 17.2,

I,argo windrow ....................... 71 24 ' 2.2 63 41 17.3 


A yerago ...__ .. __ , __ ................ 60 24 2.2 62 41 17.1 

1
____00•• 0. __ .••••~... •••• _ • _.-'-_____._--'-__-'-_ 

For Oxpllllllltion of quality fllctors seo Tablo 2, (ootnote 2. 

Owing perhaps to a longer exposure in the' field, hay raked imme
diately after cutting retained but 53 or 54 per cent of its color, regard
less of windrow size, and was therefore placed in grade 2. Hay raked 
four hours after cutting had 61 per cent or more color and was placed 
in grade 1. 

There was no significant effect of the type of rake when windrows 
of equal size were compared except that in the case of the hay raked 
immediately after cutting the curing was somewhat more rapid when 
the sulky rake was used. 

I 

I 
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tWt't:CT OF TUUNING WINDUOW WHEN PARTIALLY CURED 

The effect of turning the windrows four hours 'after raking was 
studied in connection with hay raked immediately after cutting and 
also with hay swath cured for four hours before raking. The results 
are summarized in Table 5. The tests were duplicaied with both 
types of rake. 

TAllI,E 5.-Effect of turning of windrow after four hours of windrow curing upon 
quality of alfalfa hay and time required for curing 

[A verago o( 0 tests] 

Field·cured hay 

'('iIIit' of rnking IIml turning, and tYlll' Quality Iof roke 
II ours ;\[oisturt· _ _. .. __ 

rt,qulrcd content I 
Stoms Color Leaves Protein Grade 

--.----. --j------------
Hllkml immediately after t'utUng: 

Si.lc·llelivor)' rakc Per cellt Iper cent Per cent Per cent 
Windrows turned after 4 hours """ fl8 25 2.21 58 41 17.7 2L 
Windrows not turned ................. 82 22 53 40 17.4 2 L •
2.31

Sulky rako-
Windrows turned after 4 hours •• _... 60 25 2.2 58 41 17.6 2L 
Windrows not turned ••.••••..•• "'" 78 22 2.0 , 53 40 17.3 2L 

Averago (both types of rake): , 
Windrows turned nfter·' hours _._ fpI 25 2.2 ! 58 41 17.7 2L 
Windrows not turne!L•••.•.••.••1 80 22 2.2 53 ~O 17.3 2L 

Haked 4 hours oftor cutting: 	 ,
Side·deli\·ery rake)- ; 

Windrows turned aftcr41IOurs ....... ' 50 24 2 .) 58 40 17.3 2L 
Windrows not turned ................. i 60 24 2. 2 : 61 40 17.1 1 

Sulky rake- I 
Windrows turned after·1 hours. _..... ' 55 25 2.2 59 41 17.6 2L 
Wmdrows not turned....••.•..•••••• , 59 23 2.2 01 41 17.2 1 

Average (both types of rake):
Windrows turned after 4 hours .•. ) .;r. 25 2.2 , ~9 41 17.5 2L 
Windrows not turned..•• __ ..•••._ 60 24 2.2, 61 41 17.2 1 

1 ---- ,- --~- --'-- ----~ ..... 


I For explanation o( quality (uef.ors s~a Tllble 2, (ootnote 2. 


When both tests are averaged, turning the windrows of hay raked 
immediately after cutting reduced the length of the curing period by 
16 hours. Where four hours of swath curing had preceded the raking, 
the turning of windrows shortened the curing period only four hours. 

The color of the hay was somewhat benefited by turning the wind
row in the case of immediate raking. This was probably due to a 
decided shortening of the curing period. There were no other sig
nificant variations as a result of the method of handling. In no case 
did turning the windrow raise the commercial grade. 

RELATION OF DIRECTION OF WINDROW TO CURING 

After four hours of swath curing, hay was raked with the side
delivery and sulky rakes into medium-sized windrows that extended• 	from east to west and from north t9 south. The side-delivery rake 
followed the direction of mowing, and the sulky rake went crosswise 
to the mower swath in both instances. These tests were planned to 
determine the effect,· if any, that the direction of windrow exposure 
might have on hay quality and curing rate. It was believed that such 
a difference in exposure with reference to prevailing wind and sun 
might affect the rate of drying. The results are summarized in 
Table 6. 
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TAIII,t) 6.--BtJecl, of direc/,ion of windrow u.pon quality of alfalfe, hay and rime 
required for Cltring ., 

Fleld-\'Ilred hllY 

i-- -----;,...--.---,---.-----------'--- 

1Jlreetl(Jn or wlndr(lw IItHl type or mke Il()ur~ ~I(:::~~l\;~tl -,--,---~---:----:---~relllliredI
1 ~,e.,n~_i~:.!~.I~'roteltl (lmu~

·1 
\\'indrows oxtotlilill~ from Ollst to wnsf.: 1 Per cellt Pl'r cC'Il/tPcr CC'll.t Pf~r cellt 

Hhle-C!<lll\'(lry mk'L ! III 2:J 2,2 U:I 411 Ill, \I I 
Hulky mke,_ .._... . _ . _. no 2:1 2,2 U:I 41 Ill, \I 1 

Avcrn~u~~. _~. _~. .. . __ ,. _... (ill 2:\ 2.2 n:1 ,II III. II I
\WllIIln)ws ex!'endltl~ rrom nor!,h tn sou!,h: I 

Hlde·dell\,ery I'IIke_. _._._ .. 2.2 j n:! ·14 Ii. fi 
Rulky Jake...... .. . ~ 41 tH 42 li.2 

.Avorngo ... "~ .. _. __ .. " 2. ,I 11:1 4:1 17, -I 
I 

I For oxplnnnt inn of qualit.y (Ilctors sec 'I'"hle 2, rootnote 2. 

In nn nv(\l'Itge of fivc duplicnte tests there WitS no indicntion thll,t 
I,he dircction of windrow with either type of l'I1ke is It fltctor in 1'I1te 
of ('.uring or in qunlity of the finnl produet. All lots of hlt:v produced 
gmded No. 1. 

DlRt:CTJON Ot' IlAKING IN Iml.ATION TO MOWEll SWATH 

'rests were mude to determine whn,t effect 1'Ilking Itt vltrious tiiree

t,ions with rcspect to t.he mower flwltth might hltve on rate of curing 

Ilnd qunlity. Hay wns raked agninst the heads (following t,he mower), 

with the hends (opposite the mower), and crosswise to the swnth, with 

both types of mke. The datn. Ill'e reported in Tnble 7. In n.n Itverage 

of the thl'co tests, beginning'July 23 and August 14 nnd 21, there WitS 


pl'Ilct.icnlly no differcnee in the time required to reltch afield-cured 

condition or in the qunlity fnctors of lenfiuess and protein content, in 

rCspOmi(\ either to dircetion of l'Ilking with respect, to the mower swltth 

or to the type of rn.ke. The color percentage ranged from (-iO to 67, 

but the vIU'ilttion bore no npparcnt relation to the method of curing. 

All lots of hny gmded No, 1. 


TAIII,~; 7.-Bffcct of direction of raki1!g willi. rcs]Jccllo mower swath 1I.1JOIt quality of 

alfalfa IWll and /,ime rcqldrcd for curing 


IA \'orago or thre" te~tsl -----_ .. ----.------_.--_._--,-------------- 
.'I~lcI-cure(lllIIy 

-~-- --i--~--I..---------.--_.-... ---.--.. -
Direction or rnking IIIHI t rim or rllk" I: QUlllity I 


lIours Moisture'
I 

required content I . I 

_.. ___ ...__ .___ ___ ........ . .. ___'_. __ i stca's.! ('olor ::: :otoin Ornde. 


Side-deli\'er~' rnke: ._1 Per cr!",~ Ii , : Per cent Pcr cent Per :C1It 
With direction or IlIowlng..... ", -- 21 fiO 43 1/,1 I 
OPllosltetodirect\onorlllowinll ____ ._ oi', 1111 2 (in H li.S I 

Crosswise to the lIIowiug_ ........ ---- 58 ~O I 2 ~ 117 44 17.7 1 


Sul\H~l~~irection or 1IIowing •• , •. _ . -'1 fill 22 ~ I lI:l H 17.5 I
Opposite to ulrc:'lIou or1ll0winll __ . __ • ~7 20 2 (\0 -Ia 17,(\ 1 

Crosswise to the mowing_..... .•. .•• ,,8 1\1 ! 2 , 110 4:1 Ii. I I 


~~,~- .----~'---'"---- -_.- - •• - •• +"",~ --- .- -. < .....---,..,..-

I For expicmntiQu or qunlity rllotors sce 'I'llble 2. rootnott,l 2, 
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.:n'ECT OF TYPE OF RAKE 

It will have been noted that aU of the curing practices reported in 
Tables 3 to 7 were eonducted in duplieate wit,h the two standard 
~ypes of rake-side delivery and sulky. With few exceptions it made 
no important difference which rake WitS used. In a number of cases 
somewhat less time was required for hay to cure when windrowed 
with tho sulky rake. This may have been due to the fact that the 
sulky mke left the windrow somewhat wider than, and thereiore not 
quite so deep as, the windrow made by the side-delivery rake. 

In geneml both types of rake gave practically equal results with 
respeet to moisture content, eolor, leafiness, and protein percentage of 
the hay when equal-sized windrows were compared. It is obvious, 
however, that striking differences in curing rate and quality may be 

.FIGURE 5.-Surfuce view of nlfnICn hay in a typical windrow made by a side-delivery rake. In com
parative studies the type of rake did not materially influence either the percentage of leaves 
axpo.<etlllt the surface or the rute of moisture loss from the forage 

expeetcd when the small windrows eommonly made with the side
delivery rake are eompared with the large windrows usually made by 
the sulky rake in farm practice. Examination of the forage in the 
windrows disclosed no material differences with respect to the per
centage of exposed leaves in relation to rake type. (Fig. 5.) 

TIME OF CUTTING DURING DAY IN RELATION TO CURING 

Special cuttings of hay were made at 1 and 5 p. m. during each 
test for e.omparison with the hay cut at 9 a. 111. as to quality and time 
required for curing. All hay in this comparison was raked into 
medium-sized windrows with a side-delivery rake. The hay cut at 
1 p. m. was raked at 5 p. 111. and that ~ut at 5 p. m. at 9 o'clock the 
following morning. 
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TABLE S.-Effect of cutting at various times during the day upon quality of alfalfa 
hay and time required for curing 

[A vcrage of six testsi 

Field·curt'll hay 

Time of cutting and raking Quality'liours ' 1>Ioisture __~___.__--;-__-;:-__ 

-------------i rccluired, content Stems cOlo.:...I~_~~~ protein! Grade 

lIay cut at 0 a. m.: I Per cent Per centlPer ct,lt Per cent'
Rakedimmedlately__________________ : 82 22 2.3 53 40 17.41 2 T, 

Raked after 4 hours _______ . _______ .. __ ; 60 24 2.2 61 I 40 17.1 1 

Raked after 8 hours _____________ •_____ 1 54 25 2.0 59 41 17.4 2 J, 

liaycutatlp.m.,rakedarter4hours_____ 59 25 2.0 67 4:1 17.2, 1 
~ay o~~~ 5 p. m., raked aLer 16 h~.~___~·:L__2~:~. _~_ ~_~....L_l_. 

, Fo: explanation of quality factors sce Table 2, footnote 2. 

These results together with those for hay cut at 9 a. m. and raked 
immediately, and four and eight hours after cutting are shown in 
Table 8. In an average of the six duplicate tests, there was no 
marked difference with respect to quality and time required for curing 
except that the hay raked immediately after cutting required 22 to 28 
hours longer for curing and was materially reduced in color.· 

RELATION OF COCK CURING TO HAY QUALITY' 

. In order to study the effect of cock curing on hay quality and the 
time required for curing, hay was raked in medium-sized windrows 
and cocked immediately after cuttin~, and 4, 8, and 24 hours after 
cuttin~. Small and large cocks (eig)lt or four cocks per plot) were 
made ill all cases. In addition, small cocks were made following four 
hours of windrow curing where hay had been raked immediately, and 
four hours after cutting. For comparison the average results for 
windrowed hay (Table 4) are also included. The data are reported in 
Table 9. " 


TABLE 9.-Effect of immediate and delayed raking and cocking upon quality of 

alfalfa hay and time required for curing 


[Average of six tests! 

Fleld·cured hay 

Time of raking and.cocking and size of cock Quality'
Hours IMoisture 

required I content Stems Color Leaves Protein Grade 
i-------------

Raked immediately after cutting: : Per cent Per cent Per cent Per centMedium windrow_______ •___________ _ 80 I 22 2.2 53 40 17.4 2L 

CockedSmallatcock ••• once-________._ .• ________) 
 185 24 2.2 46 40 17.0 2 L-S'Large cock _____________ •__________ i 

246 22 2.0 38 41 17.2 2 L-S' 
Cocked after 4 hours .- \Small cock ____________ •_____ •_____ , 182 2.0 50 41 17.2 2 L-S'20 IRaked 4 hours after cutting: IMedium windrow____________________ : 1

60 2.2 61 I 41 17.2 1 
Small cock________________________ : 241Cocked at once- ' 

177 19 2.2 54 40 17.6 2 L-S'Large cOck____________ •__________ -l 224 21 2.0 51 42 17.3 2 L-SI 
Cocked aCter 4 hours..... ' jSmall eock _________~ ..____________ ' m: 19 2.2 53 41 17.6 2 L-S' 

Raked 8 hours after cutting: ' 1
Medium windrow____________ •_______ . 26 152 ! 2.0 60 ~ 42 17.4 1 
CockedSmallatcockonce-___ 

,
•___________________ _ 145! 21 i 2.2 fl8 ; 42 li.4 2 1,82 

li2 2:l 2.0 I 5:1 I, 41 17.5 2 irS'
Large cock __________________ . ____ _ 

Raked 24 hours after cutting: 
Medium windrow. __________•________ 52 i 26 61 41 Ii.3 1 

Cocked at once

150 I 20 54i 42 17.5 2 irS'~: ~ It=~ ~~~::::::::::::::::::::::::, 160 I 24 2.0 52 I 40 17. i I 2 irS' 

1 For explanation of quality factors see Table 2, footnote 2. 

1 Resalts for the 2 types of rakes are averaged. 


I 
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As an average of the six tests, the cocked hay required from two 
and one-half to three times as long to become field cured as compar
able hay cured in medium-sized windrows. The color of the cocked 
hay ranged from 38 to 58 per cent, compared with 53 and 61 per cent 
for windrowed hay. The latter averaged grade 1 except that which 
was raked inunediately after cutting, which fell into grade 2 because 
of too low color. On the other hand, all cocked hay (as an average) 
fell into grade 2 because of color, and into Sample grade 25 times out 
of 60 because of a moldy or musty condition. Every method of cock 
ctu'ing resulted in one or more moldy samples during the six tests. 
Differences in leafiness were not significant, and in aU cases they 
averaged sufficiently high for grade 1 hay. 

The cock-cured hay as a whole was better than the windrowed hay 
in 1 test out of 6. In a total of 60 comparisons between windrowed 
and cocked hay, the latter graded higher than windrowed hay 13 
times and lower 31 times. 

EFFECT OF TURNING HAY EXPOSED TO EXTERNAL MOISTURE 

A number of comparisons were made in the tests beginning June 18 
and August 14 wherein a portion of the hay on a number of plots was 
tUlned or scattered following exposure to rain. As an average of 33 
co~parisonsl including both windrows and cocks (Table 10), the hay 

TABLE lO.-Effect of turning and scattering partially cured windrowed and cocked 
hay, after exposure to external moisture, 1tpOn its quaUty and Ihe time required 
for drying 

----~--------------~-----------------

Field·cured hay 

Number j i 
'l'renLment of plots I Quality 1 

averaged I Hours !;,roisturel______-,--_____ 
: required ; content I' 	 I 

Color Leaves Protein I Grade 

'l'6Sts heginning June 18: : 
Windrows- Per ant Per rent : Per cent p,rcrnt!Turned___________________ 

15 1671 19 ' 40+ 34 16.5 1 2Not turned _______________ 15 ' 186 ; ~: 39 i 33 16.3, 2 
Cocks-Scattered_________________ 4 192 19 40' 34 16.5; 2-S1

Not scattered_____________ 4 300 25 ' 41; 36 16.7; 2-S' 
'rests heglnnlng August 14: 


Wlndrows-
Turned_________ . ________ . : I 131 15 43 ' 38 17.0 i 2-S'Not turned _______________ 
q

2;
• 

131 1 15 40: 38 16.9 I 2-SI 
Cocks-Scattered_________________ 12 142' 13 44' 36 16.2 2-S'

Not scattered_____________ 12 159 , 19 na 3t< IIi. 5 2-S' 
A vernj!c."

'Vtndrows nnd cocks-Turned____________ . ______ 33 159 16 42 ' 35 I 16.4, 2-S'Not turned _______________ 33 187 ~ 43 16.5; 2-SI>3ti f 
I 

I For explanation of quality factors see Table 2, footnote 2. 

t 	 that was turned or scattered became dry in 159 homs after cutting, 
compared ,vith 187 hours for hay that was not disturbed. There 
were 9 and 13 Sample grades, due to a moldy or musty rondition, 
among the turned and lmturned hay, respectively. Differences 
in color, leaf composition, and protein content did not appear 
significant. 
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EF}'ECT 0.' RAIN ON I'ROTEIN CONTENT 
4 

It seemed of interest to determine whnt effect exposure to rnm 
might have 011 the quality of Illflllfn hay aside from actual lenr loss. 
It WIlS possible to select 21 lots of hay from the tests beginning .Tune 
18, July 11, uud August 14 which hud not been exposed to much min 
and nn equnl number of snmples of prncticlllly the same lenf content 
but which had been exposed to more than 1 inch of min. The re
HUltS IlS I1v(ll"llged in Table 11 show that the hay that had been ruined 
!lll, nlthough exposed much longer in the field with n resulting lower 
('010)" valut', had slightly more prott'in tlliUl hay not exposed to rll-iu. 

'L'Alll,~; L1.-C'omplLwtille qUlIlity of alfllifa hay thlll has been eXIJOsed to min and 
equally leafy hay not so exposed 

Fielckurl·cl hllY, _.. 

:-':ulllht~r or l'()mpl\ri~otls f:XJlo~d to ruin 	 i ilours il\[oistllre Qunlity 1 


I rmluiretl I ('outent' .~ I '.- ~ 

i (,nlor i

I 

Lellves 	 Protein Orade 
"-" -- ___1"__ .___1______'___:____. ___ "__ 

'rl'sts hl\J.tinllin~ June IS: i Per aut Prr f.t'llt p" cell/ Prr cellt 
H No .- - i4 I :!lI 48 :111." Itl.ll 2~ ~ ~ 

IL_ Yes - - ... !!II 2:i 40 :lli.4 1 Ii. II 2~ ~-

'('lists he~ililliilg J-ul-y -I-I: 	 i 
~ ~ ~INo ... .. f>4 :ll 57 :IU.2 : 17. U 2 ,. Yes lall :ll a2 :Ut 2 18.11 a
"' 
" .
'I'est$ bu~illllin~ 4\ h';Ust 14:
..- . . Nil. - 44.. Ii ti5 :lIto I Hi. 4 I 

2 . Yes ~ - - . I:ll 1.1 40 :18. n 16.8 S' 
A\·t!rllgt!s: 

2L~ - - -~ -~ No••.•. - -- 57 2.; ;Ii :\8.0 Ii. I 2 
:!L Yes_~"~ __ 

~ 

--. [ lli:l 2:4 :Ii :17. U li.5 I !!_$t 
~ ~- -- -.-

I.--_~··-·I 
1 For exphmlttioll or quality (u('turs see 'l'uhle !!t ruotnote 2. 

E...·ECT 0.' ARTIFICIAL DRYING 

In conjunction with these field-curing studies, the Bureau of Public 
Houds of the Vnitcd Stutes Department of Agriculture cooperated 
in dett'!'llIining the effect of artificial drying upon the quality of 
Illflllfu. hay. These results IlS published elsewhere (Hurst and IGessel
bneh (4-)) urI' sununarizcd in Table 12 to contrast rapid drying with 
field euring uncI prolonged drying. 

..:\s nn I1verage of 12 lots of hllY which were dried with heated air, 
it !'equi!'cd 2% hours to reduce the hay to 21 per cent moisture. This 
hllY gmded No.1, extra lellfy, Ilvern~ed 20.4 per cent protein, 1"C- I 
tllined U7 per ('ent of its eolo!', and had pliable stems. 

TAnL~; 12.-BjJec/ of 1"(' rapidit!l of drying upon the quality of alfalfa hllY 

, 
Cureti hllr 

I
NUlllher 1----;-----,--------------- 

;\[otieofclryin>; of 	 QUlllity I 

~lllJlples Hours Moisture _____." _ 
required content ! 

Stems Color (.ell\·es 11>rotein Ortltie 

------ --1--'· --
P" Ctllt Per enlt Per cellt 

1 Oi .,2 W. 4 I F..xl. 
1.5 tiO 48 HI• .1 I 
1 U5 52 ~I(). 9\1 gIl. 

1 I-~or o~IJlllnlltion or qUIlIit.y flu'tors Sl'e J'Pnhle 2, rootnole 1. 

! 
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In coutrnst, eight comparable samples which were cured in the field 
required 41 hours to reach a moisture content. of 2i) per ceut. This 
hay averaged grnde No.1, 19.5 per cent protein, 60 per cent color, 
and medium hard stems. 

One salllple which was cured indoors l'rquircd 127 hours for dry
ing, graded No.1 extra leafy, 20.9 pCI' cent protein, 65 per cent color, 
and hnd pliable stems. 

The field-cured hay 11Ild the sample that WIIS cured indoors were 
cut on .July 23. The field-cured hllY !'emaiupd four hours in the swath 
lwior to being raked into medium-sized windrows where curing was 
finished. The artificially dried hny was cut from IIdjucent ~ plots 
during the period of July 24 and 28 and was removed immedilttely 
to the drying equipment. 

These datn suggest that the three methods of curing produced hny 
of almost identit~nl qunlity. The fllightly lower leaf nnd protein 
content of the field-cured huy wus doubtless due to mechanical loss of 
leuycs, sinct~ it is safe to nssume thl\t even the best method of field 
('1II'ing is likely to result in some loss of len,Yes. 

QUllutities of the nrtificiully dried and of the field-cured huy from 
the 11boye experiment were supplied to the poultry husbandry depurt
ment of the Nebl'llsklt Agri(~ultural Experiment Stntion for compari
son in feeding to young p.hickens. The lellyes from both lots of hny 
\\ ere fed to two groups of a5 chicks ench in connection with n bnsnl 
mtion low in yitllmin A. Differences in growth due to feeding the 
alfnlflt curl:'d ilIldl:'r these two ext.reme conditions wel'e not significnnt. 

RELATION OF LEAFINESS OF CURED HAY TO PROTEIN CONTENT 

It is generally considered thut nppro~:imately three-fourths of the 
protein of nlfal£a is contnined in its leaves. This estimnte is in close 
agreement with the average of determinntions made in connection with 
the six mllin tests herein reported. At the time of cutting, composite 
snmples were tnken nnd nnalyzed for lenfiness and for protein content 
of the leaves nnd stems sepnTate1.y. (Tuble 2.) The leayes were 
found to constitute 47 per cent of the dry weight. These nnl1lyzed 
2i.5 per Cl:'nt protein, while the stems contained 11.4 per cent. Ac
cording to these figures, 68 per cent of the totnl protein wns contained 
in the lenns. These results corL'espond with those previously re
ported by the writers (4), in which, ns a 4-yenr average, the portion 
of the protein borne by the lenves ranged from 75 per cent in the pre
bloom stnge to 70 per cent in the full-bloom stnge. 

Sinec more or less shnttering of leaves occurs with the various 
hnymaking operntions, the question nrises as to just what may be 
the rellltion between the leafincss nnd the protein percentage of 
alfalfa hay. In answer to this question, the coefficients of correln
tion },etween the proportion of leaves by weight and tho protein 
percentnge of the hay ha\re been clIlculated for the vnrious samples 
of the~" six main curing tests. The number of samples Iwnilnble 
for nny one test ranged from 40 to 46. The respective coefficients 
of correlntion for these six tests were 0.933 ± 0.021, 0.572 ± 0.106, 
0.899 ± 0.029,0.861 ± 0.038, 0.826 ± 0.048, and 0.922 ± 0.024.. A 
combined correlntion coefficient for the six tests was 0.864 ± 0.011 
(30" p. 163). The correlation for the entire 253 samples considered 
('ollectively WIlS O. i21 ± 0.026. The distribution of the 253 snmples 
with respect to lenfiness nnd protein is shown in Tf1,ble 13. 

I 
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TABI,B 13.~Distriblltion of 253 samples of alfalfa hay wilh respect to leafines8 anti 
protein content, 1928 

. .. ,~ 

d~~.'t·. Number of samples having n percentage protein content of- Fre-. 
lI~e of' -' . '·-·T---'-·-··---·-··-···c··· , ....---.. ;.-.-~. ;'--, quen
leaves 13. +3. 714.214.7 15.2)15.7 16.216.717. +7. 7,18.2:18. to. 2'19. 7'20. 2 ~>(). 721. 2: cy ,,

1 

7 
Ii 
16 
2·! 
1-1 

~()-- .. ----:.--- ---- ___ .I 3 ~ 7 2 ~ 1 1____ 1____ ---}I---- ---- .--- II;

:H::.: ::~:':::: :::: ::::!::\_~_ J --~- ~ ~ n- -T ::::1:::: :::: :::: ~~ 
-1-1 ' ..------ ____1________ ' ____ :____ 0 1 ____I 2 I 6 ____I 51____ ____ ____ 20 

1~ :::::1-::: ::::1:::: ::::':::::::::1 ~ iI ~ Fi:ll-T ~ -TI:::: :::: ::::1 :1 
48 -.- .. ------- ---- ---- .. ---,---- .--- ---- ----I 1 ---- ---- 2 ---- ---- ----r ~ 

.__ ~-~: :~:::~~ 
1 

~:~:1:~)~:~~_:-:l:~~hl~,~~~:!}ri~,::~l:::: j: :~i~i 1 
Fre- 1 I 3 ___ 2 5 13 ·10 65 I 31 ZJ 23 21 8 I 131 2 i 2 1 I 253 

1I f1t~~."- i .. ____ 1..1___ 1 .J_I__'__.l __. 
I'ROGRESSIVE LOSS 0.' WATER FROM ALFALFA IN RELATION TO CURING PRACTICE 

The comparative rates of water loss from alfalfa curing in the 
swath and under various methods of raking and cocking were deter
mined for the first three days of four of the foregoing tests. These 
methods included raking the hay with side-delivery and sulky rakes 
into small, medium, and large windrows immediately and four hours 
after cutting. An additional medium-sized windrow included in 
each case was turned after four hours of windrow curing. Compara
tive cock curing was also determined in the case of small and large 
cocks when cocked immediately and after four hours of swath curing. 
The rate of dryin.g was established by determining the moisture 
content of composite samples of hay taken from each condition at 
9 a.m., and 1 and 5 p.m. The results are reported in Table 14. 

As a grand average, the hay in the swath cured more rapidly than 
the hay cured under any of the other c011ditions. Swath-cured hay 
reached a field-cured condition during the second afternoon, com
pared with the third afternoon for the !lay curing under most of 
the other practices. The large windrows raked immediately after 
cutting and all of the cocked hay. still remained uncured at the close 
of the third day. Curing was rather consistently retarded as the 

1 
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size of windrow or ('ot'k was illrronsed. Turning the windrow nfter 
four hours of windrow· curing slightly increased the curing rate. 
Hay curing in the swnth or small windrows was more nffected by 
oxterI~nl moisture, such as higher humidity and dews, thnn was the 
hny in tho larger windrows nnd cocks. Comparative differences due 
to tho various pmctiN's were less mnrked when partinl swath curing 
preceded windrowing. 

'1'.\111.1', 14.- -C01l/,1I(11'1ltivt1 rates oj cnn://u alJatJa hay in lhe swath and Wider variolls 
'/IIethods oj rakin(J (£//.{l cocki"(J, the hay beinu cnt at 9 a. m. 

[Avernge or rour testsl 

l\[olsturo content of hllY ((lor cent) 

!'imo lind methods .,r rnklng First .Inr ;;ccond dllY 'l'hlrd dllY 
nnd cocking 

U u~-n~-~-~.-·I·U.~!5 p, -1-0.
1111. Ill. II p. Ill. 5 p. Ill. II II. III. I [l. m. 5 [l. m. 

1----· 
1 

('ured ia tho swnth ....... " .. ~____ 75.:J 5i.3 42.5 4n." 28.8 23.S 31.8 19.8 1 19.3 
Hnk"d IlIIlIIcdlntllly: 

Hill~·doll\'or)' rnk"···· 
!4mnll windrow..... ___ _ 
Medium windm,,' ........... . 
Modlum windrow I... 
l..llr~O windrow ___ ..... _.. ____ .. __ _ 

J\vcrngo ____ .. ______ • ___ ~_. __ 

(;'1.0 
nn.s 
~:!. Q
bb. a 
114.S 

53.8 
59.0 
[hi. 3 
riO. 5 
fi~"j. 7 

40. a 
['3.S 
50.0 
5Ii. 8 
52.5 

3i.:; 
42.0 
:m.3 
·li.O 
41.5 

:12.3 
:14• .') 
33.5 
38. a 
34.7 

3U.5 
43.8 
3r.. .') 
41.8 
40.2 

27.5 
2i.S 
:l2.7 
3i.:I 
31.3 

21. Ii 
21.8 
20.8 
2i.:I 
22.U 

i:'lIlky rnko-
Smnll windrow....... 
Mo.liulII windrow.... ....... 
"[odiulII wlndrllw '... 
Lnrgo willllro\\O_"..,___ 

A \'orago............ ________ 
02.8 
Ill. 8 
tKI.8 
62.:4 
61. D 

·lD.8 
50.0 
53.3 
li2.S 
51. 5 

42.0 
flO.!; 
48.5 
.5.1.5 
49.2 

32.3 
38.:1 
:10.5 
42.0 
3i.3 

2i.0 
a2.0 
ao. [. 
39.0 
32.1 

35.3 
a.1. :I 
33.8 
45.0 
3i.4 

24.3 
24.8 
23.3 
:n.r. 
2(i.0 

22.0 
22. [) 
22.8 
27. i 
2.1.8 

IH"kllt! lIt 1 p. III.: 
:;Ide:delh'crr rnkc-

• H.lllnl.l wlndrow··_·---

I 
·-----·-I----....MmhulIl wlnllrow. ___ •• ______ --------

ModiulII windrow'....__ .. __ • ----.-.. 
Lnrgo wludrow ~ .... __ .' .. ~ .. -- .. - --------

J\ V'orngo .. _..... __ .... ____ !________ .. -- ..--
::;ulk~' rnkc i 

Hl11l1l1 willfirow. _". _______._ ----.--. 
l\[odlul11 windrow ... j ...... - .. --.--. 
Medium wln.lrow ' ... , . ____ • __ 1__ •____ · 
Lnrge wlndrow......·I----..·T----·--\ 

Haked III,'Jv~~~~~(i 'iint,,;!;,i:': ·--.. --r·-----
IItely: i' I

Small cork .. ____ ••• __ ............1 lifi.S 
Ll\r~o cock_____ .w_ .. *~ ... ~ ..._ ........ ~, tr;~5, 

Hnked lind cocked lit I 1>. III,: I I 
~,~:~~~ ~~~~:: ::::: :::.:. ::::::::!::::::::i 

Gmnd U"frugc I I 

4i.3 
45.8 
-17.0 
411.8 
4i.5 

48.0 
4-1.8 
43. [, 
45.3 
45.4 

iiI. 8 
04. [, 

·17. [, 
52. a 

45.3: 30.8 
'13.:1' 34.0 
42.0 33.3 
44.8 3i.S 
43.11 34.0 

43.8 32.8 
42.0 :11.3 
4a.5 31.8 
41.0 :H.5 
42.11 I :12.11 

lil.:1 [,\I.S 
114.0 eo. 5 

45.8 40.3 
45.8 40.3 

26.3 
32.;; 
26.3 
35.0 
30.0 

27.8
:10. a 
28.5 
211. :1 
~~J. 0 

M.1l 
5lJ.0 

ai. 0 ~ 
38.8 I 

3a.0 
:15.0 
a2.3 
:14.1 
33.6 

33. :; 
31. a 
ao.o 
3:1.8 
a2.2 

M.8 
fj.!j.8 

38.0 
40.3 

23.0 : 
2:1.8 ' 
2.1.0 : 
2U.0 I 
24.0 i 
22• .') j 
22. :I 
23.0; 
2!i.8 
2a.4 ; 

·17.[1, 
[,.1.8 ! 

:14.3 
35.0 i 

i 

20.8 
22. 3 
21.[' 
22. fi 
21.8 

1i.8 
22. :3 
21. a 
2r..R 
21.S 

41. 0 
iiI. 8 

:12.8 
31. :; 

rllrcd in th(}swlllh........... ,;'.:I! ;",,1 \ 
Hllkod Imllledilitely: ! 

Smn!l windrow .. _.. a~ .. ~ ..... __ .. _____ ~ 

1\Iedium wlntlrow-_ ..... ~_ .. _ ..... _........ ! 
l\Icdilltt1 windrow I~_ ....... ~ .~ ...... ___ j 
l,lIrgo windrow ........... · .... • •• 1 

J\\"ern~o- .. __ - ..... _..  .. --- ..... ~"--~""~f 
Cock (IIvcrngc). _____........... i 

Hllked fit 1 p. III.: . i 

H2. U j 
li4.3\ 
til. 9 

1 
64.4 
Ii:!. 4 
Iii. 2 1 

Smllil windrow _._ .... , __ • ________ i. .•_..__! 
l\fedlum wIndrow ~ ....... ___ --------1-------·1
Medium windrow ' .._.. ______ ..___ .... :.. __ .. w ...... t 
Lnrgc ,,,.lnurow ___ .. ____.... _____.. ___1........ __ ... ~4 r 

B~~~'&~verngci~:::::::: :::::::i:::::::!
I I 

42 . .1 

fiLS 
f,.t .i 
r~t 3 
54.7 
"a. Ii 
63.2 

47. i 
41i.3 
45.3 
47. Ii 
4tt5 
·111. 0 

4(i.5 

45. i 
1\2.3 
49.:1 
litl.2 
[,0.0 
02. i 

401.0 
4?., ; 
42.R 
·12.9 
43.3 
45.8 

I. 

28.S 

34.9 
40.2 
37.0 
44." 
3D. 4 
60.2 

31.8 
32. i 
32.ti 

311.2133.3 
40.3 

23.8 

20.7 
:13.3 
:12.0 
as. 7 
:la.4 
fit). 5 

27.1 
31.4 
27.4 
32.2 
211.5 
37.9 

31.8 

37.4 
311.11 
34.7 
43.4 
38.8 
53.8 

33.3 
33.2 
31.2 
34.0 
32.9 
39.2 

19.81 

25.9 
211.3 
28.0 
3·1.4 
28.7 
50.7 

22.8 
2.1.1 
23.0 
25.9 
23.7 
34.7 

111.3 

21.8 
22.2 
21.S 
27. [) 
23.3 
46.4 

19.3 
22. 3 
21.4 
24.2 
21.S 
32.2 

, ITnr tllrned lIrt.er rOllr hours of wlntlrow curing. 
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Although it wus not nltogetlH.'r consistent, thero wus It slight indi- j 
('Iltion that tho hay in the windrows raked by tho sulky rnke cured 
mol'o I'Itpidly thlln thnt rnkod by the side-delivery rake. This dil1er
eneo in ('uring rnte lllUY hllYO bel~n due to a somewhllt grouter surface 
£'XpOS\ll'O of the windrows made by the sulky !'Ilk£'. 

HOW l\IOISTUR.: IS LOST .'nol\l STEMS IN GUInN(; 

Tn \'iew of conflicting opinion" it seemed desimblo to study further 
the loss of moisture from cut alfalfa stems. Pl'Cvious studies by 
Willllrd (/3), West.oYel' (12), und Kiesselbaeh Ilnd Anderson (5, 6) 
hayc shown that the lelwes do not funetion muterilllly in withdrnwing 
llloistUl"lI fwm the stems dming the curing period. It hilS not been 
shown, howevcr, to whut extent moistul'e loss mny tnke plnee through 
"bleoding" 01' direct e\'llporntion from the eut cnds of the sterns. 

During (\u('h of two t·est;; thre(\ smull sumples of fl'Cshly eut ulfulfa 
were prepared in dupliellte for curing in the lllbomtory, IlS follows: 
(I) Norlllni stems ns eut in the field, (2) norlllni stems with the cut 
end settled with wnt£'l'proof wax, (3) stom:; with leaves removed und 
nil mutilated stem Ilnd hl'llllch ('nds senled with WllX, 

'rhc hny wus ttlkcn to the InbomtOlT, the vnrious samples prepnred, 
Hne! first weights tnk('Jl within :~o minutes nfter ('ut.ting, The snmples 
\\'('re sl'lltkred thinly on pllPt'l' (the d('tllehed len.ves with the stems) 
in n wpll-yentilnted room for drying. \Veights wel'C tuken Itt hourly 
int!'rnliR dlll'ing the fit'Rt dny find thl'cc times ench during the secol'.d 
11Ild third dnys. Th(' t'omplu'ntiyc 1'IItcs of n('cul11ullltiYe moisture 
loss undel' the Yllrious treatments nre shown in Table 15. 

A study of the datIL I'e\'enls JlO IlJnterilll ll('celemtioJl of moisture 
loss throll~h bleeding in the cuse of nOl'lllul nlfnlfa eut ns for huy. 
The wnt('J' IOSRl's for the l'ntil'e period Ilverngcd hut 0.3 pCI' cent greater 
fOI' the llTlRClllcd thltn for the Ben led stems. This suggests thnt the 
loss of wllter from ulflllfn during the curing proeess is primnl'ily by 
direct, enlpomtion through thc epidcrmig of the stems and leaves und 
not by exit through t.he ent ends of the stems. 

, 

/ 

I 
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T.\BI.E Hj.-Progres.~il'e rates of moisture loss from ellt alfalfa plauts, lInder laboratory corlditions. Idlerl all points of 1II11ti!ation on the stems 
llre sellled, as compared ll'ilh unsealed stem.~ 

Accumulative pert'entage oC the initial moisture eontent that is lost during drying'rreatment oC

.---- -',-'~-"---! Ini'ial---~-"-'~"--'-'-'--'" 
water. First day Second day 'fhird da}'Period con· 
tent --'-'--'-'- -.--- .. -- .. 


, 8 a. m.; 9 a. Ill. 1O~1~. 11 a.m.; 12 m~ I P.~lI. ~)~~,} [I. 1ll.'4 [I. m. 5 p. lll'i6 p. m. 7 a .. m.~:..~m.:7 a. m.,!
I 

p. m'16 p. m. 

Lea\'es Stems . I ,'I' : I 

I I!. I . p!~ ct.' _J\ ttached....j tJ nsealed.. .. ~6. 4 J 0 ~. 5 
Sept. 6t08.....'l...do; ......., Sealed ....••. ~5.3; 0 1.6 

. Detached ...l...__do....... 15.1, 0 3.0 
:{Attached•..•1 I:nsealed.... 75.9: 0 7.4 

Sept.. 13 to 15.......do........ ~ Sealed..... 75.4 I 0 7.2 
i Detached ••• ' .....do..... 75.8: 0 6.0 
:{Attached.... 

I 
'Unsealed.... 76.2 I

j 
0 7.5 

.\\'erage.• ; ...do........ Sealed. __ •.. ~5.4 0 7.4 
: Detached ........do.. .•.. .5.5. 0 4.5 

_ ..____ ~.--.-L.._~_____•__-__.__ ._ ~~_____~__ 

12.0 
11.6 . 
10.5 
13.2 
12.5 
11.0 
12.6 
12.1 
10.8 

I 

16.5 I 
16.2 
11.9 
17.4 
17.1 
15.9 
1i.O 
16.7 
13.9 

19. :1 
19.0 
15.1 
2"2.1 
22.0 
20.9 
20.7 
20. .s 
18.0 

23.8 28.0 
2'J.O ' 27.5 
19.6 24.3 
26.9: 32.1 

~~:~! ~i: g
25.4 J 30.1 
~~.91 ~.8
23.0 .••. 9 

I 

32.1 
31.4 
28.7 
37.6 
'.17.6 
37.1 
34.9 
34.5 
32.9 

3.1..; 
35.2 
31.9 
42.9 
43.0 
42.1 
39.2 
39.1 
37.0 

. 
39.1 41. 2 . 
38.6 40.9 j 

36.3 38.5 
47.0 51.1 
47.3 51.0 
46.4 I 50.1 
43.1; 46.2 
43.0 I 46.0 
41.4 I 4·1.3,, 

64.6. 73.:l SO. 5 
63.3 , 72.9 SO. 1 . 

~:~! ~U: 76.0 
85.8 

no; 82.3, 85.9 
73. 1, 79. 6, 83. 1 
';0. i ~ 77.9: 83.2 
70.2 I 77.6 \ 83.0 
00.9. 74.4 I 79.6, 

86.3 ; 
86.1 ' 
82.8 
88.9 
88.7 
86.5 ; 
87.6 
87.4 ' 
84.7; 

87.8 
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'L'ltANSI'WA'I'IOS Fn()~L 1,11AV11S AS A FAC'I'On IN D1lYING S'I'11MS 

A direct comparison may be mude of the 1'Ilt(\ of water los~ from the 
nJfalfa having its leaves intact with t.hat frolllatfalfl1 having t.he leaves 
removed and all cut ends of the branches sealed. Since b1eeding was 
pl'Cvcnted, nny pumping action of the leaves in drying out the stems 
should be reflected in a differential rate of water loss from the two 
kinds of samples. As an average for the 16 successive readings, the 
l'Iltc of wat.el· loss was retarded ;) per cent by removing t.he leaves. 
This slight difference is not re~arded as significant, since it may have 
been due in part to an unavoHln.ble waxing of the stem epidermis in 
close proximity to the cu t surfnee at the time of applying the wax. 

All of these data suggest that both bleeding from the stem ends 
and the transpiratory Junction of tho leaves nre negligible factors 
under field-curing conditions. 

DISCUSSION AND CONCLUSIONS 

III view of the fact t,hat. nenrIy three-rolll't.hs of the protein of alfalfa 
is found in t.he leaves, IlUY prncticul plan for curin~i' the hay will be 
directed toward leaf conservation. The loss from eaf shattering is 
twofold. It results in nn actual reduction in the yield and also in 
the quality of the hay. In these tests the leaves constit.uted 47 per 
cent of the entire crop, and analysis showed their protein content to 
be 141 per cent higher than that of the stems. The self-evident 
relntion of lenfiness to protein content and feeding value is horne out 
by· the high average correltltion coefficient of 0.864:1:; 0.011 between 
the two fnctors--leafiness and protein content. Another important 
considerntion is the Ilyoidance of unnecessary damage due to min. 
This is best nccornplished through the use of methods thnt hasten the 
evapomtion of moisture fJ'om the alfalfa and thereby shorten the 
illLcrvnl between cutting and stornge. So long as the forage remains 
in the swnth, windrow, or cock, it is subject to spoilage due to rain. 
This often lends to serious discoiomtiolland mustiness, as well as added 
loss of leaves. The trll.dn regnrds the presence of mold or mllst so 
unfl1vorably that hl1Y so affected is immediately designated as 
Sample grnde. 

Conclusions 1IllLy be dmwn from the avel'l1ge of six duplicnte curing 
tests regarding the degree to which various practices succeed in 
meeting these specified requirements. It appears that there may be 
considernble Intitude in procedure and yet that Ildherence to certain 
cardinal principles leads to best results. 

The question often nrises ns to what is the best time of dny to cut 
nlfalfa with respect to likelihood of fnvol'llble curing. No marked 
difference WIlS experienced in the time required or in the quality of 
hny, whether the cutting was done in the morning, I1t midday, or in 
the Inte afternoon, provided comparable swath curing preceded 
rnking. N aturnlly, cutting should be delnyed until the dew has 
dried from the plnnts. Whatever the time of cutting, the raking 
should be done before the leaves dry sufficiently to cnuse much shatter
ing. No specified time limit cnn be set for the duration of this initial 

'curing in the swath because of variability in both weather and con
dition of the hn,y. Ordinarily a period of about four to eight hours in 
the swath prior to windrowing will materially facilitate rapid drying 

http:three-rolll't.hs
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in cnse the lULY is cut in the forenoon or early afternoon. Fnvomble 
• results Jllny be expected by cutting inlnte aftemoon and delaying the 

1"nking until nHer the dew hils dried ofl' the following forenoon. Very 
little discoloration will result from n heavy dew or light min while 
the cut nlflllfn is still in a fairly fresh or unwilted condition. In these 
tests, mking the hny immedintely following the mower has lengthened 
the curing period nnd lowered the color regnrdless of the type of 
mke or the size of windrow. 

If for nny reuson alfulfn hny hus been permitted to overcure in the 
swath so that hundling in this dry condition may result in serious loss 
of leaves, such lenf shattering may be materially lowered by mking 
enrly in the morning while the hay is tough from dew. The leafiness 
of overcured hay wus 6 per cent greater when mking wus done in the 
morning while the hay wus damp thun when raking was delayed 
until midday. 

As might be e:-.:pected, inerense in size of windrow resulted ill reduced 
curing mte. It may be ussumed that the larger the mass the slowClr 
the eYllpomtion. This is especiully pronounced in the cnse of imme
dinte rnking. In Ilvemging six tests, small, medium, and large wind
rows contllining 2, 4, und 8 mower swaths, respectively, the hay 
required M, SO, nnd 92 hours to reach a fairly compnrable cured 
condition when rnked immedintely after cutting. When four hours' 
swnth curing preceded rnking, the hay in cOlTesponding windrow 
sizes required 50, 60, nnd 71 hours, respectively. 

The direction of mking with either type of rake, whether parallel 
or crosswise to the mower swath, hud no material efrect upon either 
the rate of ('uring or the quality of the huy. The sume muy be said 
with respect to the direction of the windrow. 

From the data nt hand it appears to make no difference in the 
C(uulity or curing mte of the hny whether it is windrowed wi.th a 
side-delivery or 11 sulky rake, provided comparable conditions nre 
muintained. Of course, if the customnry small windrow made by 
the side-delivery rnke is contrasted with the usual large windrow 
of the sulky rnke, it is to be expected thnt the former will cure more 
mpidly. When compnrnble \vindrows of equal size were compared, 
the sulky rnke wns fully us effective with respect to drying rate. 
In the C'use of immediate rnking, small windrows made by a side
delivery mke required 64 hours and large windrows made by a 
!>ulky mke 90 homs to reach n cured condition. Revel·sing the 
comparison, small windrows made by 11 sulky rake cured in 63 hours 
Ilnd Inrge windrows made by It side-delivery mke in 94 hours. A 
eOlltiIllurtion of the normal functioning of trnnspiration by' the leaves 
in withdmwing moisture from the cut stems within the windrows 
appellrs equltlly unimportant with windrows made by either type of 
rnke. Evidently choice of Take type may be based upon questions 
pertaining to their ('ompllrative efficiency of opemtion. 

under norllllll ("onditions the time required for curing mny be 
somewhnt shortened by turning the ,.."indrows. Such tTeatment 
after 4 hours of windrow curing shortened the curing period 16 hours 
when the hny wus raked immedit1tely after cutting and 4 hours 
when it WfiS raked 4 hours after cutting. No change in commercial 
grnde resulted from such tuming, although the color was somewhat 
improved in the case of hay raked immediately after cutting. 
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Undlll' somo dl'Cul11stancos, ItS in t,ho cnso of min 01' very slow 
drying weat/hor, it/ mny prove dosimblo to tUI'll the windrows. Tho 
side-delivory mko is supol'ior fOI~ this pUl'poso. 

Ordinltrily und~r such conditions ns prevltil in Nobmskn, cocking 
nlflllt'n hny ItS n part of tho curing procedul'O is iuadvisnble. S'tlch 
pmctiee,l'egnrdloss of tho sizlI of cocks, retllrds moisture loss and 
exposl's Lhe Imy in tho 1101£1 to gronLel' ehnnces of dlullnge from rnin. 
In tJwse experlmonts the timo I'Oquirod wns incronsod nOitrly throe
fold us eompnl'ed with combinod swnth ttlld windrow euring. Cock
ing did not, nppreeinbly improve tho eolor, 100tfiness, protoin, 01' othol' 
propertim, of the hay, On the ot,her hnnd, becnuso of min Imd slow 
drying, it frequently resultod ill musty 01' moldy fomgo whieh of 
ne(,essity wus plnl'mi in Snmple gl'ltde. ' 

llndllr ('ontinued fuvomhlo drying ('onditions, n maximulll of eolol' 
Ilnd Il'ufiness is \'(\Lnined by the hny pi need in re!ttt.i vely Inrge wind
rows 01' ('O('k8 ItS soon us it hilS rl1nched n wi.lted condition. Loss of 
('0101' through bleu(,hing is then Itu'gely in PI'opoI,tion to t!w nmount 
of SUrt'IU'l\ (\xposure, 

Turning 01' scnttCl'ing pltl'tinlly l'Ul'ed windrows 0]' cocks thnt hnve 
become wet from min hus shol,tcned tho pcriod of curing 28 h011rs IlS 
1m nYel'llge for 33 tl'illls. Such turning hnd prnctienlly no effect 
upon the ('0101', Iellfiness, OJ' pl'Otein content. However, more cnses 
of Sumple gl'llde, due to mustiness, developed where the hllY wns not 
turned. 

lIlLY dried in 2% hours with !wutcd nil' by menns of n foreed drnft 
did not dill'er llIuteriully in qunlity from hny requiring 127 hours for 
t'lll'ing indoors, und it was but slightly higher in color, lenves, Ilnd 
prott\in than Imy cll1'cd in the field by n fnyornble combinntion of 
swn th und windrow curing. ] n n poultry-feeding ('ompnrison by 
til(' poultry depILI'tnH'nt of the Nebrnskn stntion, in which nrti
fi('iully dried lind field-('uI'ed nlfnlfn snmples from these experiments 
wPI'e in('luded in Il busie rution whi('h wus lucking in vitnmin A, no 
signifiellnt difrerences resulted. 

Hegllnl\pss of the ('llI'ing pnwtice, nil hny of good qunlity produced 
in thps(\ (\xpt'l'iments wus ('hnmeterized by n sweet fl'llgl'llnt odor. 
Tn no elise, ho\\,(\\,el', wns Il distinct l\j'Ollllt observed. 

Considemble interest hus nttnched to the question of how the 
moistlll'e is rellloved fl'om the stems of cut nlfalfn during the euring 
process. lm'pstigntiolls of this problem lutVe indiCllted thnt noit·her 
bleeding from the {'out end nor tl'llIlspirntion by It continuntion of 
nOl'llInl lellf functioning Ilre nPPl'eeinble fnctol's. The intel'Unl mois
tme IlppenI'S to llluke its exit by direet evnp0l'lltion through the stem 
epidermis, which is well supplied with stollluLulnpertll1'es. 



I 

25 QUALITY OF AL}'ALFA HAY 

LITERATURE CITED 
(1) Cox, ,/. F. 

1927. 	 llEPOllT OF TilE SECTION OF FAHlI! CHOPS. Mich. Agr. Expt. 8ta. 
Ann. Rpt. 39: 356-357. 

(2) 	--- alld l\'lEGEE, C. R. 

1928. ALFALFA. 101 p., iIIus. New York and Lundon. 


(3) CllInll;s, C. F. 
1928. ROTANY ANI> I'I,ANT l'ATIIOl,OllY. Iowa Agr. Expt. Sta. Ann. HpL 

1928: 27-29. 
(31ll FlsJlt:n, R. A. 

1928. STATISTICAl, lIIBTIlODS ~'Oll llES~:AllCII WOllKEllS. l~d. 2, rcv. allel 
cnl., 269 p., illus. Edinburgh and Lundon. 

(4) HUllS'!', W. 11.1., and KIESSEI,RACII, T. A. 
if129. 	 DllYiNG AL~'AU'A IIAY RY FOllCEI> I>IlA~'T WITII IIEATEI> Alit. Agr. 

Ellgin. 10: 218-220. 
(5) ](IESS~;I'IIACII, 'L'. A., and ANDEnsoN, A. 

1926. 	AI,F.\I,FA INVESTlGATIONS. Ncbr. Agr.Expt. 8tu. Hcscurch Bill. 

36, 125 p., illlui. 
(6) 	--- alld ANI>EllSON, A. 

H)27. CUHlNG AI,~'AL~'A IIAY. ,Jour. Alllcr. Soc. Agron. 19: 116-126, 
i1lu~. 

(7) 	 1\-IASON, A. ,I.
1926. l'IlOFI'I'S tH' A "I'IlOTEIN FAlllll." Furlll ,Juur. 50 (2): la, 96, iIIus. 

(S) 	 P AllKEH, E. C. 
U)29. JlWII-GIlAlJt: ALF.\I,t'A If A\,: METHODS OF PHODUCD:G, IIAI,ING, ANI> 

I,OAI>ING ~'Oll MAIIK.:T. LT. 8. Dcpt. Agr. Farmers' Bul. 1539, 
26 p., illIlH. 


(\I) RUHSELI" H. L. 

1\)27. VIT ....1IIINH IJISCO\'EHEI> IIY CII~;lII1STS IIAVE WII>E FAlllll AI'PI,ICA

TIONS. Wis. Agr. Expt. Sta. Bul. 396 (Ann. Hpt. 44): [40]-44, 
illlls. 

(10J RUSSEI,I" W. C. 
1929. TilE EFFECT O~' TII~: CUHlNG I'IlOCESS UPON TilE YITAlIlIN A ANI> IJ 

CONTENT OF ""Lf'ALFA. ,Jour. BioI. Chem. 85: 289-297. 
(II) Rn:~:N1l0CK, H., HAllT, E. B., EINEHJElII, C. A., and KLETZIEN, S. 'V. F. 

1925. IJIET....!!Y ~'ACTOHS IXt'I,U~:NCING CAI,CIUM ASSIJlIlLATION. VI. TH~; 
ANTIIUCIIITIC 1'll0l'EllTIES OF HAYS AS HEI,ATED TO CLllIIA'rlG CON
DITIONS WITII SOilU: OIlSEll\' ATIONS ON TilE EFFECT OF IRHADIA
TION WITII ULTllA-VIOI,ET I,IOIIT. .JOllr. Biul. Chern. 66: 425-440, 
illlls. 

(12) 	 WESTOVEll, H. L. 
1926. COlllI'AIIATIV~: SHllINK.HIE IX WEIGHT OF .U,FA"Lt'A CUHED WITII 

I,EAVES ATTACHED AXD RElIIOVED. U. S. Dept. Agr. Bul. 1424, 
11 p. 

(13) 	 WII,LAIlD, O. ,J.
1926. DO LEGUME LEAVES IIASTEN THE CURING PROCESS BY PUMPING 

1\10 I STUln: FllOM THE STEMS? Jour. Amer. Soc. Agron. 18: 
369-375. 



ORGANiZATION OF THE UNITED STATES DEPARTMENT OF AGRICUI.TURE 

WHEN THIS PUBLICATION WAS LAST PRINTED 


SecretMY of Agricultllrc._. ___ _.. _. _______ _ 
Assisiant Secrelary ______ ______ . ____ _ 
Direcior of Scicnt£jic Work__ _____ .• _____ _ 
Diree/or of Regulatory Work ____ _•. ___ .. _. 
Dircclor of Bxtcllsion Work._. _____ ..... • __ _ 
Direclor of Personnel and DIl.~ines8 Jldmin

istration•• •___________________ •••• __ .. _ 

Dirce/or of 1"formo/io/l.. ...• __ . __ •• __ .. _"_ 
Solid/or _____ •• _•..• _.. _.• _.. ______ .. _.. __ _ 
Weather BllrclllL ______ . ___ .... ___ .... ___ .. 

Bureau of AnimllI1ndu.~tr!l ______ ._ .. "'" 
Hureau of Dairy 1/1dus/rll ..... ... . 
Hur('o1/. of Plalillmlu.~/ry. ___ ...... . 
POTl·.~t Service __________ • _____ _ 

Hur'lIu. of Chc1IIistrYllnd Soils •. 
Hureau of Elllo1ll0Iofly·· _______ •· __ ... 
Buren II. of Diolog'ienl 8url1ey_- .. _ _ _ .. _. _ __ 
Hurcall. of Public UOlld.~ _____ .. ___ .. _ ..... 
nilI'm1/. of Agn:cullural ECo/lomics~ __ .. ___ _ 
Bureau I! Home Bcll1lol//ir.~ ____ .. _________ _ 

Plnnt Quarantine and. Control Administration_ 
(irain Pulun's Adll/.inislralion________ • __ ~_ 
f"ood and Drug Admim·slratl:on ______ _ 

O.t/icc of EX[JI'I'iment /)//llion8 ________ _ 
O.t/ice of Coopera/.ivc Bx/cllsiO/L Work. ____ • __
Library ______________________ _______ _ 

AH'l'HUIt 1\-1. lInn;. 
R. W. DUNLAI'. 

A. F. WOODS. 


\V. G. CAMPBJoH.I,. 


C. W. WARBUIt'l·ON. 

W. \V. S'l·OCKBEI!GEI!. 

M. S. EISENllowlm. 

E. L. MAHSlIAI.I•. 


CIIAI!U]S F. MARVIN, (.'Idcf . 

.TOliN R. MOIIU]U, Chi/·f. 

O. E. RJo;}]D, Chief. 

\VII.I,IAM A. T A'Yl.O I! , Chil·f. 

R. Y. STUAlt'r, CMef. 
H. G. KNIGHT, Chicf. 
C. L. MAm,A'l"l', Chi!'f. 

PAUL G. REDINtI'I'ON, Ckil,/. 

THOMAS H. MACDoNALD, ('hi,,/. 

NII.s A. oI.SJoJN , Chi!,f. 

LOUISE STANLEY, Chi!,f. 

LEJo] A. STRONG, Chief. 

.r. W. T. DUVEI" Chief. 

WALTER G. CAMPBELL, Director of 


Regulatory Work, in Charge. 
-----, Chief. 
C. R. SMITH, Chief. 

Cr,,\RIBEI, R. BARNETT, Libr/lrillll. 


This bulletin is a contribution from 

Bureau of Planlilld/l.~lrll----------------- \VILLIAM A. TAYLOR, Chief.. 
26 

U. S. GOVEAHM£NT PRINTING Of'FICEII931 

-----_._-_.---- 
I,'or snlc by Ill(! Superintendent of Documents, Wnshlngton. D. C. • • - - - Price 10 cents 



I 

J , 

.' 


