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Introduction.

Hay hes always occuvied & very prominent position
in sgriculture, and in the United Stated it is todsy the
second leading sgricultural crop. Whrere 60 years sasgo, in
1866, we were producing 214 million tons of hay valued at
over 220 million dollars, we are now having an annusal
yield of 98 million tons of 8ll kinds of hay with a value
on the farm unbaled of over 12 hundred million dollers.
Purther this hay crop constitutes 247% of the total produc-
tion of all coarse forage and has & feed value that is
equivalent to the maintenance of 14 million live stock
units for an entire year. The oroduction of this tremen-
dous orop requires an approximate annual acreage of 73
million acres which alone is 20% of the entire scresge
given over to harvested crops in the United States.

Likewise, the hay acresge,production,and value
in the state of Michigan are very large, the annusl
hay crop yielding more than 5 million tons valued at over
60 million dollars and grown on more than 1/3 of the total
area devoted to sgricultural crops in this state.

In the handling of this tremendous hay cerop, &
problem of outstanding importance that confronts the vro-
ducer is that of curing it. The difference between pro-
perly and improperly cured'hay very frequently me&ns a
difference of two dollers to ten dollars per ton in price

Or an equal difference in home feeding value, It is ex-

1.
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tremely essentisl, therefore, that the farmer in prevaring his
hay for his own use,or for the market, should use such methods
of curing as will produce the best quality of hey, most econ-
omically. Any information,therefore, which will shed =addi-
tional light upon the processes going on in hay while it is
curing and which will more clearly emphasize the need for re-
commend ed curing methods, manifestly is very valuable and thre
work conducted in obtaining such information certainly justi-

fiable,

Object 2£ he Work.

The purpose for which this problem was undertaken is
of a two-fold nature.

PMirst, to gather and compile into one report a review
of the distribution of the kinds of hay grown in the Unit ed
States and in Michigan and also & review of the marketing of

hay in the United Stsates.

Second, to secure a more complete understanding, by
meang of experimental work,of the nature and extent to which

certain factors influence the curing of hey.



Distribution of Hey in the United States.

Prem a study of the distribution of the acreage upon
which the tremendous hay crop of the United States i& produced,
it at once becomes slear that comparstively 1little hay is
grown in the far western varts of this country and that the
regions of outstanding hay production, as shown in PFigure 1,
are in the Middle Atlantic and Narth Centrsl States, These 15
states have a combined screage of 47,779,000 acres or 64% of
the nation's hsy lands. Records, renresented in Taeble 1,

Table 1,
Five Leading States in Acresge of Hay
in the Unifed States

1866~1924

Year States Acreage Year State Acreage

1866 New York 3,966,264 1870 New York 3,651,219
Pennsplvania 1,642,363 Pennsylvanis 2,103,076
Illinois 1,591,880 Illinois 1,605,932
Ohio 1,510,615 Ohio 1,467,938
Maine 1,197,215 Iowa | 1,194,029

1875 New York 4,188,034 1880 New York 4,853,769
Illinois - 2,226,277 Pennsylvanis 2,548,935
Pennsylvanias 2,181,818 Iowa 2,007,887
Ohio 1,727,282 Illinois 1,790,021

Iowa 1,422,222 Ohio 1,782,581



Table 1 Cont'd.

Year

1885

1895

19056

19156

1924

¥

6= _

States
New York
Iowa
Illinois
Kansas
Pennsylvania
New York
Iowa
Kansas
Pennsylvaniea
Missouri
New York
Pennsylvsnia
Iowa
Missouri
Illinois
New York
Pennsylvenia
Jowa
Missouri
Ohio
New York
Illinois
Missouri
Ohio

Wisconsin

Acreage
4,962,158
3,787,500
3,306,250
3,040,000
2,738,592
4,873,320
4,270,910
3,372,007
2,843,611
2,329,731
4,717,641
3,072,021
3,038,352
2,812,731
2,664,682
4,500,000
3,100,000
3,098,000
3,050,000
2,812,000
4,944,000
3,674,000
3,476,000
3,344,000
3,203,000

and U,S.D.AYear Books.

Year

1890

1900

1910

1920

state
New York
Iowa
Pennsylvanis
Illinois
Kansas
New York
Iows
Kensas
Pennsglvanis
liissourl
New York

Jowa

Pennsylvenisa

Ohio
I1linois
New York
Illinois
Ohio
l{issouri

Jows

Lcreage
6,066,43L
5,410,931
3,382,550
3,276,206
3,088,496
4,356,064
3,750,727
3,284,018
2,557,475
2,258,682
4,811,000
3,600,000
3,212,000
2,840,000
2,795,000
4,386,000
3,264,000
3,150,000
3,147,000
3,021,000

These figures taken from U,S,D.A., Burezsu of Statistics Bul.

4.



Map of the United States

Figure I
Distribution of the Total Hay Acreage in I923

(Each dot represents 20,000 Acres)
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show that ever since I866, which is as far baok as statis-
tical reports go, have the five states leading in hay
aceage been of the liiddle Atlaentic, East North Central &nd
W¥st North Central Divisions. The one exception to this
occurred in I866 when lia ine took fifth in hay acreage with
over 8 million acres. Since IB866 &lso, New York has always
been the leading state in hay soreage and, with but two ex-
ceptions, in hay prodection. These two exceptions were
Iowa and Kansas whioch, towerds the close of the I9th Cen-
tury, produced more thén New York in actual tonnége as re-
cords given in the U. S. Department of Agriculture Year
Books will show. Next to New York, Pennsylvania, Illinois,
and Iowa have always réanked consistently high as hay growing
states both in screage and production.

In view of this regional distribution it is only to
be expected that the leading kinds of hay grown on these
aoreages will be those that are especially adapted to the
climatic and soil conditions of these regions, and it is
interesting to note just to what extent each kind of hay is
grown. The hay orop most extensively grown in the United
States, ae shown in Figure 2, is timothy &nd clover mixed
which occupies &n area of I5,596,000 acres or 20.7% of the
entire hay orop. 20.6% of the total hay acreage is devoted
to growing wild hay. I4.5% is given over to timothy pro-
duction and on only 13.2% of the acresge do we grow alfal-

fa hay. This condition exists in spite of the well-known



‘Figure 2
‘Compogition of the United States Hay Crop
in I923
Total Acreage

76,424,000 Acres

wild Hay
20.6%
16,666,000 Acres

Timothy and
Clover Mixed

20.7%
16,696,000 Acres

Timo thy
14.5%

1,104,000 Acres

3,828,000 Acres
Annusl Legnmet
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fact that Alfalfa produces &8 much &s 489 pounds of di-
gestible protein to the acre, timothy and clover mixed

hay only 116 pounds, wild hay no more than 88 pounds, and
timothy, of which over 11l million ecres are grown, merely
76 pounds of digestible protein to the z2cre, Yet with this
large acreesge, timothy yields less than $ the tonnage that
alfalfa produces annually and can maintain only less thran
a third a8 many live stock units as alfalfa does with its
comppratively small acreage. The value of an incresased
alfalfa .cz:eage is only too apparent.

‘ The various types of forage crops grown for hay
meking purposes are conveniently divided into the follow-
ing 8 classes or kinds3 alfalfa, timothy, timothy end
clover mixed, clover, wild and prairie hsy, miscellaneous
grasses, small grains cut green, and annual legumes.

Aifalfa covers an acreage as reported for 1923,
and, as already indicated, of over 9 million acres.
However, becsuse of its large yields snd high feeding
value it ranks first among the forage crops used for hay.
The large alfalfa ascreages, &8s shown in Figure 3, are in
the North West Central, Mountain, end Pacific states
Yhich have always been the leading states in this regsrd.

The 18 states that make up these geographic divi-
8iong together have an alfalfa acreage of 8 million scres
which i1s 81.6% of the entire acreage devoted to slfslfa
8Towing in this country.

The three leading states in alfalfa oproduction are
Nebragis with 1, 163,000 scres, Celifornia with 981,000



llap of the United States

Figure 3
Distribution of the Alfalfa Hay Acreage in I923
}Each dot represents 20,000 Acres)
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acres, &au wansasS with boo,000 acres &@s reported ior 1lYR3.
vurin: the same yeuar the leuding alialia state or the east
was .lichigan with sn screa. e of 356,000 acres, lUo,0u0 acres
wore than 1tS nesrest coupclitvor ior vhat year, iowa.

»8 illustrated ia -i_are 4, the lurce timothy grov.-
ing regions are located ia the uorthesstern _ oi the united
states vihich lacludes the dorth .ast cventral, Lorth West
Central, and bMiadle »tluutic states. Lhese states, 1o in
nunber, have a co.uwianed acrezze of 9,479,000 acres or ©bje
or the .ntire timotly acrcuge oI tlke couatry. woitteation
has already bdcen cailea Lo the Iact thal Witk vknls large
acreage an annuual production oi only 12,776,000 tous is
obtained. This, of course, is due to the low yleld per
acre which for tiwotLy tirowsnout uthe United otvates was
1.15 tons in 1923, vhereas, ior uliulia it was aliiost &
tons, 2.65 tons to be exact., The four states vhich ian 19«3
produced over a iwillion acre¢s o1 tinothy sre New York with
1,213,000 scres, OLkio with 1,510,000 acres, .i.issourli vwith
1,142,000 acres, aud [llinois with 1,004,000 acres.

As vith ti.othy, &laost all o1 tke 1lo,596,000
acres devoted to tkhe groviag o1r clover snd tiusothy mixed
hay are located in the northeastern one guurter oi the
United States. ..0re speciiically, the acrea e ceuters
fitself in the .iiddle Atlantic statcs, Horth Ceantrsl
Stutous, winnesota, lowa, «ad wissourl, s shown in

Fisure b, These stutes vith 2 comvinea screugc orf 11,

(e



Map of the United States

Figure 4
Distribution of the Timothy Hay Acreage in 1923
(Each dot represents 20,000 Acres)



Mep of the United States
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Figure b5

Distribution of the Clover and Timothy Mixed
Hay Acreage in 1923
(Each dot represents 40,000 Acres)
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819,000 ecres grow 73.3,5 of all the timothy and clover
mixed hay produced in this country or approximately 14,
819,000 tons. The states that are high in the pfoduction
add soresge of this hay ere New York with 2,256,000 ecres,
Wisconsin with 1,625,000 ecres, Pennsylvenis witk 1,560,000
acres, Iowa with 1,240,000 ecres, Michigan with 1,123,000
acres, end Missouri with 1,002,000 eacres.

An exsminstion of graphic representation of the
clover hey acreege distribution in the U, S., given in
Figure 6, revesls anotrer hay crop grown vrimsrily in tle
Northeastern one qusrter of the United States. Thre entire
acresge for 1923 wss 8,091,000 acres with a production of
spproximately 10,789,000 tons of ray. The outstanding
clover states are those located in the North East Central
Division &s Ohio, Indisna, Illinois, llichigan, Wisconsin,
as well as Iowey WMissouri end New York, Michigen during
1923 lead the other states in clover hay acreoge with
808,000 acres und Iowa was second with 801,000 acres lesdimr
in the produetion of this hay with 1,153,000 torns., Chio
came third with 780,000 ecres, Illinois fourtt with 773,000
gores and Wisconsin fifth with 668,000 agres.

The term clover Lay, as referred to here, neans
not only hay mede from red end aslsike clover but slso that
prepared from crimson clover, bur clover, sweet clover, srd

lesvpedezs. It is estimated thst 65% of the clover hsy



lap of the United States

Pigure 6
Distribution of the Clover Hay Acreage in 1923
(Each dot represents I0,000 Acres)



grown 1n the main clover arec is red clover, 30 per cent is
alsike clover, and 15 per cent is made up of the other clo-
vers,

Wild end prairie hay sometimes quoted &s wild, s=alt,
and prairie hay, or merely wild hay, occupied an acresge in
the United States in 1923 of 15,556,000 acres vroducing
17,361,000 tons of hay. The bulk of this acresge, as shown
by the distribution mep Figure 7, is in the HNorth West
Central states with 11,468,000 acres for these seven states
or 73.7% of the entire wild huy scresge of the country.

The four leading wild hay states are South Dakota with
3,491,000 acres, Nebraska with 2,296,000 acres, North
Dakote with 2,222,000 acres and Minnesota with 2,041,000
acres, The next nearest competitor is Ksnsss with less
than 900,000 acres showing thet the four states just
mentioned bear the brunt of the production of the wild,
salt, and prairie hay of this country. The grasses that
come into this wild hay clessification are of msny kinds,
giuo Joint, blue stem, Indian grass end switch grass are
common to the eastern part of this hay region, while
western wheat grass, slender wheat gress, and side-oats
grama predominate in the western part with bunch wheét
grass and Nevadsa blus grass in the Rocky Mountain sres,

and wild oets in California. The production of tame

hay, next to wild hay in importance,is rether evenly dis-

out
tributed through/this country. As indicated by Figure 8

9,






Map of the United States

Figure 7
Distribution of the Wild Hay Acreage in I923
(Each dot represents 30,000 Acres)
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Figure 8

Distribution of the liiscellaneous Tame Hay
Acreage in 1923

(Each dot represents 20,000 Acres)






the aree of heaviest production is located in the New
England States and Eastern New York. Considerable tame
hay is also produced in southesstern Illinois, Tennessee,
and Kentucky. The total tame hay acreage in 1923 wes
7,138,000 acres producing 9,566,000 tons of hay., Of

this, 616,000 acres with 510,000 tons placed New York &s
the leading tame hay state., Next in order were Texss

with 654,000 acres and 877,000 tons, Oklahoma wi th 468,
000 acres and 782,000 tons, and Meine with 435,000 acres
and 448,000 tons of hay. The main grasses coming under
the catagory of tame hay grasses are: red top, orchard
grass, millet, Kentucky blue grass, Suden grass, crab
grass, Bermuda grass, Johnson grass and other grasses

not quite as well known. Red top, orchard grass, and

the bent gresses appear mainly in the New England and
Middle Atlantic States with red top perticularly in south-
ern Indiana end- Illinois., Johnson grsss, crab grass, and
Bermudsa grass are the principal tame hay grasses for the
South Atlantic States, the Gulf States, and Texas. Millet
and Sudan grass are the leading ones in the Great Plains

end Prairie States, while blue grass and orchard grass

occupy most of the tame hay acreage in Kentucky, Tennessee,

Virginie, and West Virginisa,

The largest acresge of grains cut green for hay
occurs in three states, viz. California, Oregon, and Wash -
ington, as indicated in Pigure 9, These three states with

a combined acreage of 1,833,000 acres produce as much s&s

10,



Map of the United Stutes

Figure 9

Distribution of the Grains Cut Green for Hay

Acreage in I923

(Each dot represents 10,000 Acres)
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2,780,000 tons of hay or 47.3% of the nation's crop of
grains cut green for hay. The total croo for the country
of this hay amounted in 1923 to 5,876,000 tons, grown on
4,296,000 acres of land. The atate leading in acreage de-
voted to this hay is California with 930,000 acres, Wash-
ington comes next with 490,000 scres, and Oregon third with
413,000 acres. To show the comperative insignificance of
grains cut green for hay in Eastern United States the lead-
ing state east of the Mississippi river in acreage given
over to the growing of this hay is Indiana with only 947,
000 sores. The grains grown for hay meking purposes are,
in order of importance, oats, wheat, rye and barley.
Acocording to estimations that have been made, approximate-
1y 42 per cent of the grain hey is from oats, 31 per cent
from wheat, 24 per cent from barley, and 3 per cent from
rye.

The remaining hay acresge, 3,828,000 acres, is given
over to the growing of 4,037,000 tore of hay prepared from
annual legumes, which constitute the eighth hay class,

This production, as shown in Figure 10, centers in the South-
eastern one quarter of the United States which includes the
South Atlantic and East South Central States. The highest
ranking state in point of annusl legume hay &screage is
Georgia with 562,000 acres, Alabame is second with 404,000
acres and North Cerolina is third with 386,000 escres close-
ly followed by South Carolins with 339,000 scres. The prin-

ciple annual legumes grown for hay are cowpeas, soybeans,

11,



Map of the United States

Figure IO
pistribition of the Annual Legume Hay Acreage
in 1923

(Bach dot represents I0,000 Acres)



field pezs, peanuts, and vetch, named in order of their
importance, Aveilable figures show that in 1923 sonproxi-
mately 544 of the annusl legume hey was Cowneas hay grown
on about 2,065,000 acres, For the szme year 217 was
soybean hay from 794,000 ecres., In 1919 8,7 ver cent of
the annusl legume hey came from vneanuts on an estimated
acreage of 307,000 ecres, 1.7 per cent was vrepared from
field peas grown for hay on ebout 60,000 acres, sand 8
per cent was vetch hry from ebout 30,000 acres,

This in brief presents the hay situstion in the
United States as it approximately was during 1923, relia-
ble figures not being evailasble for the more recent yeers
of 1924 and 1925, Lowever, whatever changes have occurred
during this time have had 1little, if &ny, effect upon
changing the relative position and importance of the vari-
ous crovs reported upon. Figures used have been taken from
the Agricultural year books of the United States Tlepe rtment
of Agriculture, perticulsrly the year book issued in 1924,
and from the United States Dencsrtment of fgriculture Ste-

tistical Bulletin Number 11 of April, 1925.



’ | | 13,

Digtribution gz Eay in ichiean,

The importesnce of Lhay production in the United
States as a whole hess already been g#lluded to. It has
been pointed out that the hey crop is one of the leading
egricultural crops of the country and second only to corn.

In the state of Llichigan the hsy crop occupies an
even more significant position than in the United States
at large., In Michigsn hay is the greatest of sny cropo
grown in the stete and is second to no other. 1In 1924
more then 1/3 of tre totsl srea devoted to agricultural
crops in this state wss given over to the nroduction of
hay, yielding more then 5 million tons and velued at over
60 million dollsrs. The importance of the hsy crop is
only too apverent. Nor let it be forgotten that during
the same year llichigsn stood fifth smong the highest hsy
producing states of the Union end at present is the lead-
ing alfalfa state east of the !lississipoi River without
exception.

The increase of hay production in Michigan hsas
keot vace during the last 50 to 60 ycars with the advance
and exvansion of all egriculture of the state. DTuring the
past half century the ecreage of hay has tripled itself
from 937,661 acres in 1866, to 3,000,000 acres in 1925,
At the same time the snnual value of the c¢rop hss incress-
ed by over 500%, from eleven snd a half million dollars in
1866 to over sixty millions in 1925.

A study of Teble 2



1966
1867
1868
1869
1870
1871
1872
1873
1874
1876
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886

1887
1888

Table 2,

Tame Hey Production in Michigan.

1866-=«1925 Inclusive,

Acres
937,661
1,059,230
1,178,400
1,033,333
1,082,352
919,642
981,308
885,652
916,600
1,016,868
1,057,692
878,788
882,000
662,951
563,882
1,151,473
1,243,591
1,280,899
1,243,591
1,256,027
1,419,311
1,433,504
1,404,834

Tons
1,219,000
1,377,000
1,473,000
1,550,000
1,472,000
1,030,000
1,050,060
1,018,000

917,000
1,220,000
1,375,000
1,160,000
1,155,000

809,000

801,000
1,324,000
1,457,000
1,768,000
1,741,000
1,507,000
1,643,000
1,720,000
1,545,000

Dollars
11,656,000
15,925,000
16,440,000
15,721,000
14,760,000
16,052,000
11,402,000
13,130,000
12,894,000
15,423,000
12,603,000

9,704,000

9,790,000
10,159,000

9,849,000
17,413,000
17,115,000
16,439,000
16,975,000
16,142,000
15,607,000
18,578,000
17,308,000
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Table 2 Cont'd.

1889

1890
1891
1892
1893
1894
18956
1896
1897
1898
1899
1900
1901
1908
1903
1904
19056
1906
1907
1908
1909
1910
1911
1912
1913

Acres
2,024,736
1,306,834
1,319,902
1,280,305
1,280,305
1,702,806
1,243,048
1,330,061
1,409,865
1,423,964
1,352,766
1,339,238
2,215,724
2,193,567
2,215,503
2,126,883
2,084,345
2,650,000
2,697,000
2,727,000
2,592,000
2,560,000
2,395,000
2,395,000
2,400,000

Tons
2,385,000
1,634,000
1,518,000
1,536,000
1,869,000
2,043,000

721,000
1,543,000
2,101,000
1,937,000
1,650,000
1,728,000
2,792,000
3,181,000
3,035,000
2,659,000
3,043,000
8,392,000
3,246,000
3,954,000
3,207,000
3,328,000
2,778,000
3,185,000
3,520,000

Dollars
19,081,000
13,068,000
16,697,000
12,965,000
17,122,000
18,472,000

9,437,000
13,084,000
16,280,000
13,847,000
14,028,000
16,326,000
24,038,000
26,400,000
27,105,000
24,167,000
23,432,000
35,107,000
40,575,000
34,598,000
36,560,000
45,261,000
47,226,000
40,450,000
33,012,000






Table 2 Cont'd.

1914
1916
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925

Acres
2,352,000
2,470,000
2,750,000
2,558,000
2,698,000
2,817,000
2,789,000
2,873,000
3,074,000
3,105,000
3,198,000
3,006,000

Tons
3,011,000
3,458,000
4,675,000
3,837,000
2,676,000
3,380,000
3,347,000
2,873,000
4,457,000
3,912,033
5,010,008
2,971,000

Dollers

36,132,000
42,188,000
46,750,000
65,996,000
62,886,000
75,092,000
70,287,000
37,349,000
45,016,000
56,724,000
60,621,000
49,022,000
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giving the gnnusl ucreage, production, sm value of tame

hay in Michigan since 18664 reveels guite clearly, es
sumnerized in Table 11, how the crop has been stesdily
increasing in prominence since that year. The incresse has
been quite gradual with the acreage hovering asbout the million
mark up to the beginning of the twentieth century., Similer-
1y tke produdtion in tons remeined ot about the million maxk,
end the value ot gn averege of gbout 15 million dollers for
the first 34 years from 1866 to 1900. There seems to rave
been a slight slump in the hay industry from 1870 to 1880
the acreege fulling ss low &s 503,882 &acres in 1880 with e
production valued at less then 10 million dollars. The con-
dition, however, had resdjusted itself the following year,
in 1861, with the average acreage, yield, and value. In
1901 acreage and tonnage jumped up to over 2 million and tke
value to about 24 million dollars. This remeined the sver-
age for about five years when the incresse sgain became
noticeable bringing the acreage up to over 23 million acres
in 1910, with 8 production of over 3 million tons and e
value exceeding 45 million dollers. In 1920, because of
high prices, the hay crop for that yesr wss valued far in
excess of what it had been in previous years or has been
sinqe. With sn screecge of 2,789,000 acres a crop of
3,347,000 tons was produced valued at over 80 million
dollars. PFurther advance in acreesge and production came

about 4 years ago, when in 1922 over 3 million acres were
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being devoted to hLey production in this stete yielding
almost 4% million tons et a value of 45,000,000 dollars.
In 1923 further incresse in acreage to 3,105,000 zcres
gave Michigan seventh place among the lesding hay pro-
duocing states. The following year, in 1924, advance was
made to fifth place with 3,198,000 ecres, the largest
acrecage in the histary of the state producing over 5§

million tons of teme hay at an estimated value of 60

million dollars.
During the past year, 1925, due to very unfavorable

westher conditions, an average yield throughout the state

of only 99 ton per acre was obtained; the lowest yield

since the year 1895, As a result, although the acreage of
hay wes sustained at the three million mark, production
fell to 2,971,000 tons with a value of only $49,022,000
which is s8lightly less than the value of the 1925 corn crop,
which has been estimated at $49,260,000., However, with en
acreage exceeding 3 million, which is over 35.3% of the
total écreage given over to the production of all sgricul-
tural crops in the state, hay is still the groatest of any
crop in the state and one of the three leading crops in
every countye

;'he majority of this hay, as a scrutiny of Figure
12, will show, is grown throughout‘the southern half of the

lower veninsula. The production centers itself particularly

in the East Central District which has a higher average

acreage per county than any other district in the state,
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66,850 acres per county., In sddition, this district slso
includes Sanilsc County, the lesding hay producing county in
the state with 146,000 acres devoted to hay growing. Next
in importance &s a hay producing area is the Southesst
Distriet with St. Clair the second hay leading county and
with an average of 64,160 acres to the county »nroducing Ley.
The other leading hey producing districts are, in order of
their importance, the Scuthern District with an average
acreage of 50,090 scres to the county, the Southwest District
with an average acreage of 49,286 acres to the county, and
the Central District with an average acréage of 36,975 acres
to the county.

The two leading counties in point of hay acreage Lave
already been indicated &s being Sanizac amd St. Cleir Counties.
A list of the ten leading counties given in order of siénifi-
cance, with their corresponding acreage for tre year 1925,

will show what other counties lead in producing Michigen's

hay orop.
l. Senilag---=-e=-- 146,000 acres
2, St. Claire-=---- 100,400 "
3¢ Tenawes==--cec--- 88,200 "
4y BuroNee-weocecce-- 80,000
5. Washtenaw--w-e-- 73,900 "
6o KoNtew-cewaaaaa - 73,300 "
7. Lapeer--------- - 68,200 "
8. Hillsdale----=-- 65,300 "
9. Genesee~-------= 65,200 "

10, TuscOl8-eecec-- - 63,800 "






Reference to Figure 12 will show that all of

these 10 lesding counties &ere to be found in the four

leading hey districts: Esst Centrsl, Southesst, Southern,

and Southwest districts.

Now, Jjust ¢s in the United Stetes at large, the
hay produced is not =11 of one kind, so also in Michigsn
different typves of forsge plants &are used in Lay produc-
In Michigan seven types or kinds of Ftay #re recog-

tion.

nizeds Alfalfa, Clcver end timothy, clover, timothy,

annual legumes, greins cut green for hsy, miscellaneous

tame hay grasses, and wild hay.
Alfalfa is mentioned first because, although not
yet leading in voint of screage, the increasing use of it

has been so phenomenal that this legume soon promises to

become the foremost hay crop of the stete. ‘heress, othrer

hay crops such &s clover, timothy, miscellsneous teme hay,
grasses, and wild hay have been falling off in point of
acreage, the alfalfa crop has been mmking amszing strides.
From only 1,087 scres in 1899 the alfslfa ecreszge of this
state has increased to 448,000 &cres in 1924 and from a
production of 1,366 tons in 1899 to over a million tons
(1,053,000) in 1924 sn increase of almost one thousand ner

cent. Beginning with earliest svailable records, figures

show the alfalfa scresge and nroduction to have been con-

tinually 1increaesing from yesr to yesr. The first ten

years of the twentieth century witnessed an increase to
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6,653 acres growing alfalfe. In 1919 this had become
over 74,000 acres, in 1920 it jumped to 95 trousand, in
1921 to elmost 150,000 acres, and each year theresfter
the increase has been approximately 100,000 ecres ennually
bringing the totsl up to 448,000 acres in 1924 es indi-
cated. Similarly, the production of 8lfalfa has been
advancing vnroportionately with an annuel increase of 200,
000 tons of hay since 1920 reaching beyond the million
mark in 1924, &s shown by the following figures taken from
the Agricultural Census snd from the Annuel Crop Revnort
for Michigsen.

Table 3.

Alfalfa Lcreage and Production.

Year Lcres Tons

1899 1,087 1,366
1909 6,553 13,872
1919 74,059 118,571
1920 95,000 218,000
1921 143,000 322,000
1922 246,000 578,000
1923 , 338,000 710,000
1924 448,000 1,053,000

Figure 13 gives ean indication as to where most of
the alfalfs in llichigan, is oroduced. It will be seen
that the slfalfs production is mainly in the two southern-
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most tiers of counties, with the Southeast, Southern

and Southwest Districts leading in this respvect. The
Southeast District with 107,500 acres devoted to alfalfa
growing has the largest acreage of all distriects in the
state, aversging 10,750 acres for each county of that
district. The Southern District is the second leading

alfalfas growing area with 77,100 acres or an average of

7,019 acres for each county. Third in importance in the

Southwest District devoting 40,100 scres to alfalfs pro-
duction msking an average of 5,729 acres for each county.
Considerable alfalfa is also grown in the Northwest Dis-
triot particularly in Amtrim, Grand Traverse, and Cherle-
voix counties; the entire district has alfalfa acreage of

34,100 acres.,
Lenawee lcads all other counties of the state in

alfalfa hay production with 32,500 acres, The other

counties competing with Lenawee for first place in alfel-
fa acrcage sre, in the order of therimportance: Monroe
second with 20,900 acres, Washtenaw third with 16,300
scres, Hillsdale fourth with 16,2 0 acres, and S5t. Joseph
i fth with 14,900 acres,

The leading hay crov in lichigsn in point of
acreage, is clover and timothy mixed, 1,456,000 acres
having been given over to its production in 1925, Al-
though the acreage of this hay has been significantly

large yet availeble figures indicate trat it has been






steadily declining, shown in tre accompnanying teble,
Table 4,

Clover and Timothy Hixed Hay Acreage and
Production in Michigen,

Years fcres Tons

1909 1,625,229 1,991,618
1919 1,852,789 2,044,711
1920 1,436,000 1,651,000
1921 1,312,000 1,207,000
1922 1,291,000 1,782,000
1923 1,123,000 1,291,000
1924 1,150,000 1,725,000

In 1909 the clover and timothy mixed hay &creage
had been 1,625,229 acres with a yield of 1,991,618 tors
of hay. The advance wi thin the next ten years increased
the acreage to 1,852,789 acres and the production nronor-
tionately. From then on, however, the acreage and pro-
duction decrcased year after year to 1436,000 escres in
19203 12,312,000 in 19213 1,291,000 acres in 1922, and
1,123,000 scres in 1923 with a slight increase in 1924 to
1,150,000 acres znd & production of 1,725,000 tons of hsy.

A survey of the distribution of clover and timothy

in Michigan

mixed hay/ Pigure 14 reveals that the muin arcas of pro=-
duction of this hay lie in generel, in the Thumb and in
the territory westward to Lake Michigan. The production

is most intensified in the East Central wistrict in which

23,
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an area of spproximztely 290,000 acres is given over to
the production of clover and timothy mixed hay, meking sn
average of 48,333 acres for eech county. Thke Southeast

District ranks second in this resnect with &sn sverege

acreage to the county of 30,100 acres. Tre Southern Dis-

trioct is third in clover and timothy nroduction with &n
average of 26,363 acres to each county. There is & cone
siderable acrecage of this mixed rey in certsin regions of

the Upver Peninsule, ecsnecielly tre ecstern extremity

where Chippewa County has sbout 60,000 mcres seeded to
this crop placing it fourth smong the counties in this re-
gard as will be seen. A& conside ation of the lesding
clover and timothy counties helpns verify this stcrcege dis-
tribution.

Sanilac County, loceted in the Eest Central Dis-
trictyis the outstending county with &n anproximate clover

and timothy hay ecreage of 107,000 acres. St. Cleir

County, of the Southeast District, follows with 71,000
acres, Huron County in the Last Central District is thirad
with 67,000 acres, Chippewa County in the Upner Peninsula
is fourth with 60,000 acres, &and Genesee of the Southecast
District comes fifth with 45,000 acres devoted to this
erop.

Clover hay, the second leeding hey crop:of Mich-
igen,was supported in 1925 on 714,000 acres. This acreage
is somewhat less thaen thst of 1924 when a production of

over & million tons (1,160,000 tons) was hsd on approxi-



mately 800,000 scres., This represents &n increase, s&s

showm in Table 5,
Table 5.

Clover Hay Acreege end Production in lichigan.

Ycar. Acres., Tons.

1899 225,636 264,312
1909 168,180 216,862
1919 120,299 131,517
1920 541,000 611,000
1921 584,000 526,000
1922 738,000 1,033,000
1923 808,000 953,000
1924 800,000 1,160,000

of almost 400% over the 225,636 scres that grew a clover
crop of 264,312 tons in 1899. This acresge was doubled
during the first twenty years snd then increased further
very rapidly es follows: By 1920, clover occupied 541,
000 acres with a vroduction of 61,000 tons of hay. 1In
1921, 584,000 acres were reached end increased to 738,000
acres in 1922 with a bumver crop of a million tons (1,033,
000 toma ). The highest clover acrcage ever resched was
808,000 acres in 1923 though the crop wes somewhat lower
than the precegding year. g'he acreage then dedined to
800,000 in 1924 and to 714,000 in 1925 &s elresdy mentioned.
Most of the clover crop,as will be seen by consult-
ing Pigure 15, is grown lergely in the South Central part
of the state, in the thumb district, and in the Southern

25
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Figure I5
Distribution of the Clover Hay Acreage
in Michigan in 1925
(Bach dot represents 500 Acres)



tier of counties bordering Indiena #nd Chio. Tre real
clover growing section confines itself nrimarily to the
southern, Southeast, and East Central Districts. The
southern District pleced first in 1925 with an aversage
clover acreage per county of 6,682 acres; the Southeast
District follows with sn average of 6,280,acres per
county; and the East Centrsl District renks third, in
this comparison, with sn average of 5750 acres to the
county.

As one would exvect, the five leeding clover
counties of 1925 are to be found in these districtss
Lenawee, the leading 81lfalfa county, also lesds the
counties of Michigsn in clover hay vroduction with sppro-
ximately 13,300 acres. Sagimew county comes a close
second with 11,800 acres devoted to clover growing.
Eaton county and RBranch county both vie for third place
with a reported 10,000 scres for each. Shiawassee
follows closely with 9,600 acres growing clover in 1325,

The Timothy hay crop, which in 1909 was second
only to timothy and clover in point of acreage,has since
then fallen off very consistently, undoubtedly caused by
its loss in popularity due to its proven inferiority t
aifalfa and clover. At the present time timothy is
fourth among the crops of the state with a reported
acreage of only 355,000 acres for 1925, The highest

screage over held by timothy and the largest croo ever

L6,
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produced by it in Liichigsn was in 1909 wren 749,563
acres were growing it, with & production 0£929,165 tons
of hay as given in Tsble 6.

Table 6.

Timothy Hgy Acreage and Production in
Michigen.

Ycar. Acres. Tons.

1909 749,563 929,165
1919 655,784 718,012
1920 643,000 772,000
1921 655,000 603,000
1922 676,000 913,000
1923 686,000 755,000
1924 640,000 832,000

This had falle® within the next ten years to
665,784 acres in 1919 with a vroduction of 718,012 tors,
The decresse continued with 643,000 acres in 1920, but
changed within the following three years from 40,000
acres to 686,000 acres in 1923, In 1924 the acreage
was again reduced falling to 640,000 acres and & yield
of 832,000 tons, and retreating to as low an acreage &s
366,000 acres in 1925, as already indicated.

Referring to Figure 16, it will be seen that again
as in the cese of alfalfa, timothy and clover, and clover,

the timothy hay acreage is confimned lsrgely to the Southern

half of the lower peninsuls of Michigan end more varticu-
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in Michigan in 1925
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larly along the eastern boundery of the state below huron

county with quite en acreage bordering TLake Michigan in

Ottawe County and vicinity.
Over helf of this acreage, 58% in fect, is loca-
ted in three districts, the Southeast, Southwest, and

kast Central Districts. The Southeast is the leading

timothy hay district with 101,900 acres or an average of

10,190 acres for the county. The Southwest District

comes second with sn everage screage ner county of 19,014

acres for 1925. The &ast Central District follows in ss

third with an averege of 8,650 acres per county.
Sanilec County, slready mentioned as the leeding

timothy and clover hay county, also leads in the vroduction

of timothy with a reported acreage for 1925 of 31,800 acres.

In the same manner, St. Clair tskes second plesce in this

comparison with 18,900 scres growing timothy just ss it
rankg second in timothy &nd clover growing. Ottaws county
comes third with 14,100 scres, Kent County fourth with 13,
900 acres, end Lenawee fifth with 13,300 sgcres. It will
be noticed that these five lesding timothy hay counties &are
located in the three districts mentioned, vig: Southeest,
Southwest, end zsst Centrel Distriects.

The fifth hsy crop of imnortsnce is the miscellen-
eous tame hay crop which includes primarily such grasses

as Millet, Sudan grass, red too and crchard grsss as w11l

be seen from igble 7.

284






Teble 7.

Miscellaneous Tame Eay ‘cresge and Production
in Michigan.

Year lecres Tons

1899 1,926,131 2,167,808
1909 22,908 26,760
1919 47,9321 50,5681
1920 40,000 47,000
1921 81,000 106,000
1922 83,000 102,000
1923 87,000 122,000
1924 96,000 144,000

The miscellaneous tesme hay gresses hLave been
goining in nrominence ever since 1909 desnite o clight
drop from 96 to 54,000 acres in 1925. 1In 1909 the
miscellsneous teme hay crop wes occupying sn ecrezge of
22,908 acres with a volume of 26,760 tons of hey. Within
the following ten yeers, thereafter, these figures h=ad
increesed by more then 2007 bringing the acreage to 47,
931 ecres in 1919 and a production of 50,581 tons. 4
slight falling off in 1920 was overcome in 1921 with an
acreage of 81,000 which increased to 83,000 in 1922 and’
87,000 in 1923 with proportionate increases in prodrc-
tion. 1In 1924 tre peak was reachred with 96,000 &acres
devoted to the growing of 144,000 tons of miscellaneous

teame hey grasses. All through these jears emergency
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hay crops, especially lillet and Sudan grass, had been
gaining in popularity to & remarkéble extent, explaining
this consistent rise in acreage and production.

Very little of miscellaneous tame hay is grown
in the Upper Peninsula with perhaps the exception of
Houghton County. This acreage is rather evenly distribu-
ted throughout the lower peninsula of this state as the
graphie representation of this condition, Figure I7, shows.
However, the &creage is considerably heavier in Charlevoix
County and vicinity, as well as further south 8long the
Leke Michigan Coast from liason to Berrien Coungies. The
heaviest producing area is the Northwest District with
14,287 scres or &n average of I,428 acres to the county
given over to producing miscellaneous tame hay grasses.

The West Central District is second in this re-
gard with en averege of I,I2I acres to the county. Close-
ly following is the Southwest Distriot with an &versage
acresge per county of I,050 acres. The five counties
leading in acreage of this hay orop in I925 were &s
follows in the order of their importence: Charlevoix
with 7,849 acres; Allegan with 2,250 acres; Sanilac with
1,936 acres; Houghton with I,877 acres; and Midland
County with I,727 acres.

0f less importance than the miscellaneous teme
hay crop is the wild hay orop composed primarily of
wild, salt, and prairie hay. This orop, as figures in
Teble 8 show, hés been graduslly declining in the last
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Table 8
Wild Hay Aoreage and Production in l{ichigan

Year Acres Tdns

1899 59,512 69,588
1909 33,345 39,970
1919 49,856 57,971
1920 50,000 64,000
1921 55,000 60,000
1922 56,000 73,000
1923 62,000 62,000
1924 54,000 68,000
1925 41,000 40,000

quarter century. In I925 an approximate acreage of
41,000 scres of wild hay was reported with a yiasld of &a-
bout 40,000 tons. This is somewhat less than the acreage
of 49,856 acres and yield of 57,971 tons obtained in I9I9,
which, in turn, is considerably less than the I899 orop
when 69,388 tons of wild hay were produced on 59,512 acres.
The 8screage of this hay orop, &as can be seen from
Figure I8, is very evenly distributed throughout the state
and more s0 than any preceeding orop discussed above. The
one exception to this statement is Jackson County where
almost 20% of all the wild hay of the state is grown.
Jackson County is, therefore, the leading wild hay pro-
ducing county of Michigan with & reported 8,066 acres.
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Next in significance in this connection, aT® in
order of their importance, Washtenew County with 2,666
acres, Foughton County with 2,017 acres, Ingham County
with 1,840 acres, and fifth, Livingston County with 1,708
acres.

A small percentage of‘}he_kay acreage of lichigan
is given over to the crop kmown as, grains cut green for
hay. This crop occupied sbout 22,000 acres in 1925 eand is
grown somewhat more extensively in the western tier of
Counties bordering Laske llichigan than elsewhere, as shown
in FPigure 19. 1In generel, however, the disttibution is
exceedingly even, & few acres of grzin being harvested
green for hay in slmost every county. Tre five counties
which lead in groving grains that ere cut greemn for hey
sre: Houghton County first, with a reported 1,090 ecres;
Manistee and Marguette Counties tieing for second and third
place, with 900 acres each; Wayne county fourth with 840
acres; and Allegan county fifth with 800 acres.

Of even less significance, but still of growing
importance, is the hay crop known &s Annual Legumes.,
Although reported as Occupying only 13,000 ascres in 1925
this ocrop had reached 32,000 acres in 1924, as is to be

seen from the figures given in Table 9.

Table 9.

Annual Legume Lay Acreage and Production in
l{ichigsan.

Year Acres Tons

1920 6,000 8,000

38,
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Table 9 Cont'd)

Year Acres Tons

1921 12,000 14,000
1922 25,000 33,000
1923 36,000 54,000
1924 32,000 51,000

The rise in use of snnusl legumes was almost
phenomensal between the yesrs of 1924 and 1920. During
those four years trhe acrcage incrcased by as high s&s
6004 and the yield almost 700% In 1920 Liickigsn was
growing only 6,000 acres of ennusl leguzes with a yield
of 8,000 tons. The next ycar this acreage doubled it-
self to 12,000 acres with a 14,000 ton crov. This in-
crease was renesated in 1923 bringing the acreage to 25,
000 scres and the vroduction tec 33,000 ton. 1In 1923,
36,000 acres haod been seeded to snnual legumes sand a
hay crop of 54,000 tons harvested. There wes & slight
decline in 1924 leavineg the acreage at 32,000 with a
yield for thst yesr of anpnroximetely 51,000 tons.

Thus we see that &s a whole the rgy crop of llich-
igen is gaining in importance #nd rising to lorger acrcages
and higher nroduction from yecr tp ecr. Timothy, &nd
timothy and clover ere steadily declining in scresge es
well as grzins cut green for hay, the latter, esnecially,

within the lsst two years.
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Alfalfa with its phenomenal rise is largely tsking the
place of these decreasing escreages a&s sre slso the annual
legume crop which hss been msking unusually lsrge in-
creases, the miscellaneous Lkay crop which has been advanc-
ing in acreage uv to last year, and clover which up to 124
wag 8teadily increasing in ascreage and nroduction.

The leading hay county at present has been shown
to be Sanilac County which is first in total tame hay pro-
duction, first in clover and timothy mixed hay poroduction,
first in timothy hay production, and third in miscellsneous
tame hay production. The leading alfalfa county in thre state
ig Lenawee County which, in a . dition, is also first in clover
oroduction, third in oroduction of totel tame hay, and fifth
in timothy growing. Jeckson County leads in wild hay produc-
tion, Charlevoix County in miscellesneous tame hgy, and
Houghton County in small grains cut green for ray. These
are the counties that resve been outstanding in adding to
and increasing the llichigan hay acrease s that alresdy in
1921 it was 607% greater tran the acreasge of any other crop
and in 1924 occupied more than 1/3 of the total area de-
voted to sgricultural croovs in the stste. It is a result
of this that Michigan today ranks as the Pifth hay oroduc-
ing state of the Union and the greatest g1fslfa growing

state east of the llississipnpi uiver.

34.



Marketing.

A problem of outstanding influence in the hay
industry is the mrrketing of this product. The average vro-
ducer faces not only the difficulties confronting him in
the curing of his hay, but must also give serious considere-
tion to the details involved in tre profitable dispossl of
whatever he wishes to sell, Femiliarity with the mechanism
of hay marketing means, in most caeses, the difference be-
tween oremium prices and only feir, or verhaps unressonsbly
low orices.

s a rule, the hay oroducing fsrmer is in s com-
munity where his neighbors are in the seme business s him-
self, Eis market, therefore, is outside of and beyond this
territory and tre consumers, e&s a result, so distent that
it is imprasctical for him to deal with them directly. The
producer, consequently, turns to such men who, figuratively,
bring the market to him., They &re men who make & business
of buying and selling ray and who can be clessified ss
either country shipners, foreign speculators, outside bu;-

ers, or track buyers.

In regions where farms ere comparatively smell
and hay is produced in somewhst limited qusntities, es from
one hglf to four or five carloads ver farm, the country
shipper is most important. 1In meny cases he is @l so the

local grain shipver or perhaps the cattle buyer. His ser-

vice is = very walusble one in thet he provides & cash



market for the farmer's hay, thereby relieving the farmer
of the responsibility of finding & market. To serve this
valuable function the country shipoer must have his own
warehouse, & reasonably large capital, and a knowledge of
the profession. If he is in & minor section, he may handle
on en average of from 10 to 15 carloads annuslly. If,
however, he is in a hay producing grea, he may hendle from
100 to 500 carloads of ray per yesr., The size of his ware-
house, therefore, depends naturally upon the quantity of
hay that passes through his rkands. The need of a warehouse
is paramount. It enables the shipper to grsade his hay and
load the cars uniformly. True, the expense of this grading
and reloasding may range from $1.00 to $1.50 per ton, but it
insures a relisble business and enables the shipper to sat-
isfactorily fill orders gs they come in with little con-
fugsion or loss of time. The practice of grading hay at the
warehouse also tends to do away with "pluggirg of cars",
that is, mixing poor ouelity of hay with high gradse hay.
The annual turnover will also quite largely de-
termine the amount of capital that the shipper recquires.
With a fairly lsrge business and good shipping facilities
from $3,000.00 to $5,000.00 is usually sufficiént capital.
This figure is no larger because of the fact that banks
will usually advance 80% of the value of drafts held
against shipments of hay. The necessity for this provision
becomes apparent when it is remembered that the country

shipper usually pays cssh to the oroducer when delivery is

26,

S
H



made at the warehouse, but himself must wait = long period
before he has the money returned to him wren settlement is
made with those who buy from him.
In addition to the capital and warehouse, the
shipper nmust have the knowledge of what grades of hay sre
in demand snd in what way these grades are interpreted on
the market, Then too, he must be familisr with the finances
and honesty of those who purchase from him. Endowed with
these three qualifications, the country shipper cen the of
service to the producer and of profit to himself.
Occasionally the hsy producer feels an urge to
do business with foreign speculetors. These are men who
contfact for hay at vrices higher than those offered by
the country shipper on the assumpticn that there will be
a future rise in prices. This is well and good if market
prices advance, for then the speculators live up to their
contracts. However, if the market fails they have & heb-
it of disappearing, leaving the producer stranded with his
hay. The more humane speculators may turn the business
over to the regular shipper if msrket prices drop, but
even then the producer invarisbly sustains a painful loss.
A third agency which sometimes offers an onpor-
tunity to the farmer of selling his hay at top-notch vrices
is the so-called outside buyer, This is the name given to
a country shipper who has come in from snother territory to

£i111 a large order which he was not able to compnlete in his
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own territory. Such a buyer usuelly offers &n exception-
ally good price because of the pressure he is under to meet
his contract. |

Finally the producer can profitebly dispose of
his hay in still another channel and that is by selling to
track buyers. Track buyers are sgents who are emvloyved by
receivers and shippers located &t the large hey terminal
markets. These ggents travel about the country from one

gection into another buying hay either from the shinvner or

directly from the fermers.

In endesvoring to reach a setisfactory agreement
with any of these buyers of hay it is customary for the opro-
ducer to mntract his oroduct in one of four forms. Ie may
sell his hsy while it is still standing as uncut hray, or
while it is still in windrows or in cocks, or after it has
been stored in the mow or stack, or also after it has been
baled.

Udarketing standing or uncut rsy is commonly re-
sorted to when the crop hes become quite poor in quality
due to neglect on the part of the producer to cut at the

proper time. Selling hay in this manner is not particulsr-
ly popular because of the difficulty of finding a pprchaser
and of coming to an sgreement on the yield and price when &
purchaser has been found. To be abte to calculate the per-
centage of dry or marketable heay which & given acrcege of

standing hay will yield is far from simple, for it requires

a knowledge of the extent to which different kinds of hey
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will shrink while being cured., It has been found that
during the curing process timothy drops from a moisture
content of from 47,-78.7%, or an average of 61.6%, while
it is standing to 12.84%, the aversge moisture content for
cured barn or stack timothy hay. Similarly, the moisture
content of red clover hay uncut is sbout 70/ end during
the curing process drops to about 107, the percentage of
moisture at the time of baling. Uncut slfelfe hey is ssid
to have a moisture content of 73% which decreases to 87
by the time the hay has been baled.

Marketing hay while it is still in windrows or
in the cock is rather uncommon. Hay contracted for in this
manner usually goes to feeders of loose hay who buy enough
for several months feedings. These men, to be able to
manipulate 8 profitable bargain, must be femiliar with the
moisture content of hay at this stege and the extent to
which it will shrink while in the stack or mow. Iikewise
the producer, in order to reslize profit on his crop, must

be in possession of this knowledge 80 as to be in s position

to demand a fair price. It can be safely said that timothy

cut in full bloom end in the windrow or cock resdy to be
stacked, has & moisture content of approximstely 2974; if
cut in late bloom or in the early seed stage it will con-
tain only atout 224 moisture. For the legume hays, as
clover and alfelfa, these figures are considersbly highgé.

A much more general practice than the two men-

tioned above is to market hay while it is in the barn or
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stack, agreement on prices being masde before the hzy is
beled. Thix practice, however, is mot entirely without

its difficulties even though rather extensively resorted

to by the average country shipoer. In looking over a mow

or stack of hay to determine what price he shell offer for

it, the shipper has no means of lesrning the condition of

the hay which is underneath the sur face. Naturally, his

price is low enough to protect himself in case the quality

of the hay inside proves to be of poorer quality than

expected. The vroducer, being none too femiliar with heay

grades, can do little else but abide by the shipper's offer

and accept his vnrice. Both are taking chances. The shipper

runs the risk of buying poorer hsy than he judged it to be

and then being unable to sell it for perhaps even the same

price at which he bought. On the other hsnd, if the hay

really is of excellent, uniform quelity throughout, the

producer may be getting only & frection of the actual nrice

to which he is justly entitled.

It follows from this then, that the most desirable
time at which to sell hay is when it is in the bsle. This
enables the shipper to accurstely judge the quality of the
hey and to offer e&n honest, square'price, relieving himself
of the hazard of uncertainty and giving the producer a just
return for his effort. Illarketing hay which has been baled

by the producer is a very common oractice in the Black Belt

of the South particularly with alfalfa and Johnson grass.
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In coming to en sgreement consideretion is, of
course, given to the cost of beling the hay and the comet of
delivering it from the Ffarm to the ccuntry shipner's wsre-
house or the side-tracked cars of foreign speculators, out-
side buyers, or track buyers; Collier and lMcClure estinsate
that it costs the average hay producer from 32,50 to 34,00
per ton to bale his kay. The cost of rLauling or delivering
hay is quoted per mile u«rd is based on & decreesing rste ¢s
the distance of the haul incrceses. The B 1llowing figures
give the cost for rauls ranging from one to ten miles ss
approximated under everage or normsl ccnditions in 1921,

Table 10,

Cost of Fauling Fey.

Length of Esul . Range of Cost ner Tion
1 mile #4285 = §435
g " . 50 = .60
3 " 75 « 80
4 " 90 - 1.00
5 1 .10 - 1.25
6 " 1.25 - 1,35
7" 1,35 =~ 1.50
g 1.50 = 1.75
g n 1l.75 = 2,00

10 1,75 = 2400

It is ménifestly evident thst the nroducer lLas
many factors to take into consideration in profitsbly dise

posing of this product snd thet he needs to exercise ex=-






treme ﬁrecautions and sou:d judgment in contrscting for
the sale of his hray.

Even more complex is the problem of the country
shinper who after he has received the hsy from the nroducers
must send it into channels of conswaption with such tactful-
ness a8 to enable him to offer the producer ¢ fair pnrice and
himgelf realize & sizeeble nrofit. The markets which tre
shipper seeks for his bucsiness csn be divided into four
clesses, viz: consumers, whrolesalers and distributors, trsdc-

6.
buyers, and the terminsl merkets,

Selling directly to consumers is a common practice
wherever the shipper is located near o consuning territory.
The methods employei in securing this trade are the ususl
ones of advertisements, correspondence, or visitation. It
is desirgble to merket ray in this menner because it ensble
the shipper to sell st the highest nrice ( since the sele is
direct ) and the consumer to purchase st the lowest nrice.
The arrangement, however, is not without its disedvanteges,
As 8 rule, shiponers find it difficult to meintsin & good
list af customers. But even whén the petrommge is satisfac-
tory, the shivper's supply of ray may not correspond in
kind or quality with the demend, es is quite freguently the
case, Then too, due to the discreperncies and short-comines
of advertising and corresponding there often ensues & lack
of proper interpretations of grade terms which leads to no
end of complicetions. In eddition, the country-shipner is

subject to considersble losses because of the fact that
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many customers tske advantsge of their nrivilege to refuse
and reject the hay sent them by the shipner.

If, therefore, dealing directly with consumers
involves too many difficulties, then the country shippser
can s8ell to tre wholesaler or distributor located at the
terminal markets., To facilitate trading with these &gen-
cies the shipper employs eitlcr brokersor selesmen., These
representatives locate at the principle maerkets and distri-
buting points and sell directly to the wholesalers and dis-
tributors located there. The difference betwean brokers
and salesmen is that the brokers remein in one merket and
8ell hay on & brokerage or commission basis, while sales-
men cover a large territory, traveling from market to mar-
ket, and receive & salary in addition to whatever commission
they realize. This practice of selling througl brokers or
salesmen is most common in tke South.

If the country shipper is located in either lNew
York, Ohio, Indiasna, or Michigan, he very likely will sell
to the so-called treck-buyers. These are deslers who do
not operate warehouses but handle, or bill, the hay they
contract for directly from the loading track of the seller
to the receiving station of the consumer. The track-buyers
are able to carry on this method because of the provisions
they make for exceptionally favorable distribution facilit-
ies. Because of comparatively small overhead expense, threse
men can offer very good prices which are usually tesken ad-

vantage of by the small shippers who handle only a few cars
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of hayo

When, as sometimes happens, none of these agen-
cies which have been mentioned are available, the country
shipper can market his hay at the terminal markets. Here
the demand is ususlly meintained by two ola sses of buyers,
namely: receivers and terminsl market shippers. Receivers
really are specilators buying merely when a raise in price
ig anticipated 80 as to sell at a price so much higher than
the purchage price that excess profit is assured. Market
shippers are those who make & business of providing tho‘aan-
suming aress with hay, ususally recglizing a profit of from
one fo two dollars per ton for this service.

To market hay at these large distributing points
to a@vantage, country shippers must above all become famil-
iar with the practices that are common at these hay centers,
They should have a knowledge of the methods used in weigh-
ing, inspecting, and greding hsy and they should familiasr-
ize themselves with the amount and kind of storage which is
available. Particularly the shioper should know the details
of the several different ways in which hay can be delivered.
When the hay is delivered 'shipper's track', the whole ssle
is consumated right st the loading point. 1If necessary,
hay cen be 80ld while it is in transit to buyers in the sec-
tion towsrds which the carloads of hay are traveling. Such
an order is termed 'to arriveY. Under certain circumstances
hay is often shipped to market without having been contracted

for; then it is marked 'delivered' and g1l terms of ssle







completed when the shipment reaches its destination. V/hen=
ever it is difficult to sell hay at s8ll, it is sent to the
markets and there sold to the highest bidder on svpecisl
sale tracks or yards; such lots of hay sre known &s 'con-
signments'. Therefore, carlosds of hay enroute from the
country shipper to terminsl mrrkets are msrked either as
'shipper's track', "to arrive', 'delivered', or 'consign-
ment’',

When hay hes arrived in the large terminsl mar-
kets from the country shipners, foreign speculstors, out-
side buyers, snd track buyers, certain methods must be
employed to facilitste the enormous trading which ensues
among the brokers and salesmen, agents of the wholesslers
and distributors, and receivers and terminal market shipners.
The method used &t such hay markets as sre located at llem-
phis, Indienspolis, St. Paul, gnd 2ittsburgh is that of
selling on the exchsnge floor. FHere shipments are offered
for sale snd bids received on the basis of grade, descrip-
tion, and the snpearance of small samples of hey tret are
exhibited on tables placed there for that purpose, It is
on the exchunge floor thset daily cesh-market prices are es-
tablished upon which sre based the bids made to country
shippers and the offers ¢f shipment received from them &nd
others.

At Chicago, St. Louis, and Minnespolis the scles

are conducted in the rsilrosd yerds at the oper=1 car doors,

igreements are concluded by seller and buyer on the hasis of
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the quelity of the hey thet i1s visible from the cnr-door.
It is understood, under these circumstances, trat the cars
are uniformly loaded., If found otrerwise after & ssle tres
been consummbted, & nsrt of tre hey cen be rejected &nd the
remainder resold in a speciel ysrd whkich is provided for
such rejected cars.

Plug treck sales are conducted &t Iensss City,
Cincinnati, and Omaka, Eere too, the cales are carried on
in snecisal railroed yards which in these msrkets e&re known
as plug-yards. The yerds tske thet nsme from the fact that
a plug of from 15 to 50 bales c¢f hay is removed from the
car and placed on & platform before it, so that the buyer
maey carefully examine it end determine its exact vel ue, In
Kansas City and Omsha the sales are mede privately. At
Cincinnati, however, the hay is sold et auction, members of
the boerd of governors of the plug-yerds being the suction-
eers. The cost of this plug-track ssle service does not
exceed 33,00 per car nor fall below $.75 per car.

In eastern and southern markets such ¢s New York,
Boston, and Baltimore the sales are conducted at wsrerLouses
where the hay can be unloaded and sorted into kinds end
grades., The advantages of this system are evident. The
sales can be managed regardless of weather, the dealers
are able to see 811 of the hay, snd for & reasonable ccst

the hay can be kept in storsge if desired.

4Ls a further systematizing of the hyy commerce,

the trade is usually regulsted by commercisl organizations






such as the Boerd of Trede, Llerchants' Exchanges, and Hay
end Grain Exchanges?.MemberShip in these organizations is
made up of wholeseslers, distributors, receivers, terminal
market shippers, and hay dealers in general whko &re par-
ticularly interested in the hsy trade. These Exckanges or
Boards of Trede issue msrket repcrts, formulste and enforce
trade rules, and supervise the weighing, inspection, e&nd
handling of the hay. This supervision is now to a large
extent being replsced by the Government Federsl Inspection.
With the growth of rsy marketing in the last 55
yaéars to the extremely complex commerciel meckinery it has
now developed into, it has been found essential to adoot
qualifying hay terms., To facilitate this, hay standards
heve been recommended and adopted snd are now being spplied
under Federal Inspectioﬁ. The first important step teken
towards the standardization of the hay trade was executed
in about 1908 when the National Hay Association adopted cer-
tailn grades of hay for the standsrdization of timothy, tim-
othy and clover mixed, clover, prairie hay, and alfalfS:
In naming these grades the terms commonly used were such as
Choice, No. 1, No. 2, No. 3, and Ne-grade hey. Though &
decided advance in the right direction, these grades with
their qualifications were somewhat indefinite and left
much room for misinterpretation. The following gredes of
timothy hay, with their explanations es used at that early

date, illustrate the lack of definiteness in so many in-

stances:
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Choice Timothy Eay - Timothy not over 57 other grasses,wo-
perly cured, bright natural color, sound, well baled.
No. 1 Timothy Hay = Timothy not over 1/8 clover or
6ther tame grasses, pronerly cured, good color, sound,
well Dbaled.

No. 2 Timothy Hay - Timothy not good encugh for [lo., 1,
not over 1/4 clover or other tame grasses, fair color,
gound, well baled.

No. 3 Timothy Hay - Timothy not good enough for other
grades, sound, well bsled.

No=-grade Hsy - PRadly cured, stained, thrashed, or in
any way unsound.

With all their infirmities these standards took
effect and by 1912 were being used by as many as 23 leading
hay markets in the country. The system end its standsrds,
with certsin minor modifications, has been in use up to a
comparatively recent dat:: In 1923 the Secretary of Agri-
culture recommended standards for timothy, clover, and gracss
hays. Two years later, in July of 1925, similar stasndards
were recommended for alfalfa end alfalfa mixed hay, Johnson
and Johnson mixed hay, and prairie and porairie mixed hey.
IInder these recently adopted standards all hay is divided
into four groups. Group 1 includes timothy, clover, and
grass hays; Group 2 includes alfselfa and alfalfa mixed hay;
Group 3 includes prairie hay; =2nd Group 4 includes Johnson
and Johnson mixed hsy. &ach group is then divided into

classes describing the kind of hay or the mixtures of vari-







ous kinds, such es; Timothy, Timothy Tight Clover liixed,
Tfimothy Medium Clover fixed, &nd so on. These are accom-
panied with definite mixture percentages indicating ex-
actly what percentage of other hay is permissible in each
class. The classes in turn asre divided into U, S. Grade
Yo. 1, Ho. &, No. 3, and Sample Grade on the basis of
color and presence of foreign materiael, the grade, there-

fore, describing the quality of the haey. The terms used

in the qualifications of these official hay standards leave

little room for misinterpretation. Hence, when & country
shipoer notifies a terminal merket wholessler thet he hes
three carloads of Timothy ledium Clover liixed hsy U, S.
Grede No. 2 for ssle, the wholeseler knows exactly whet
the nature of that hay is end can reach a swift and satis-
factory agreement with the country shipner,

With this glimvse into the mechanism of the ray
trede we come to the actusl production, merketing, end
consumption of the country's hay crop. The production of
hay in the United States for dispersion into merketinglo

channels centers itself mainly in threes grouns of ststes,

These three commercisl hay growing sections include the

extreme northeastzrn states in one group; the centrasl Com

Belt states, Michigan, Wisconsin, &nd Ilinnesota in the

other groupj and the lLlountain and Pacific Coesst States in

the third gromp.

The extreme northesstern states constitute an

important hay growing section because it is threre that most
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of the lurge cities of the country sre located. These
cities, despite the constently incressins number of motor
driven vehicles, still employ horses to a considersble ex-
tent thereby maintaining the demand for enormous tonnsges
of hay, meinly timothy, that hsve been ccming from that
source. This hey growing section is &lso a greet dairy
region so that as a result the deninnd for hay, nerticulsr-
1y timothy snd clover hay to be used on the farm, is quite

extensive from this gouree.

Trhe central Corn Relt states togetrer with Uich -
igan, Wisconsin, snd liinnesots have developed into ¢n im-
portant commercisl hay growing region because of the demend
coming from its lerge cities, from home consumers, since
this section includes the great deiry stetes, snd from less
local sources. Vhio gnd iiichigsn, for exazmple, ship much
of their hgy to eanstern cities.

The third importent Ley oroduction srea is thet
of tre iountain and Pecific Co&st states. There is & good
locel mserket in thisAsection because most of tre land is
devoted to the rsnge industry; a large demend, therefore
comes from the ranchmen who need hay es winter feeds. 1In
eddition to this, there is 2lso quite & demand for hay from
mining camos a&s well as from Alaska, Hawaii, and the Philipp-
ines along the western coast.

Now the kind or tyne of hay a producer is going to
raeise will depend quite largely upon the nart of the country

in whick ke is located, since each section experiences de-

vor
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pands for certein Pey snd can produce only certsin tynes |
or kinds. As lres been elsewhere clready indicated in this

work, the lesding hey crop for Northeastern United States

is timothy end clover hey mixed. Where solls ere inclin-

ed to be quite wet, or 2 little more s0 than the eversge,

alsike clover end red top ere found to be most importent

a8 in New Englend, for. exemples In Kentucky and Virginic,

on the other rend, orchkerd grass is the predominsting rey

Crop.

e e e g— g

In the West, alfalfa of course, is without ques-
tion the leading hsy crop. Eowever, many other crops sre
cut and cured into market hay. In some localities, for
instance, hooded barley is cut for hay. In the upper re-
gion of the Columbia River Besin wild oats are eminent, and
even pure stands of wheat are made into hey. Along the
eagtern margin of the Western Plains area Sudsn gress is
the hay crop, while in the Plains Region sorghum is very
important in this respect.

Although no standard hay crop is gromn in the
South, the most important one, s has alresdy been shown,
is cowpeas. Other important forage plants that are mede
into hay in this region are sorghum, Johnson grass, sheaf
oats cut green, corn stover, and élso some Bermuda grass.
Hence, if the market hay oroducer is in the South, he will
probably grow. cowoeas for hay, in the North he would
specialize in timothy end clover mixed, but if he were in

the West his hey crop would be alfalfas






The luergest percentage of commercisl hay growers
naturally are those vroducing nothing else but hay on their
land. Unfortunstely, in many of these cases no stem sre
taken to meintain the fertility of the soil s that conse-
quently the grsde of Lsy oroduced each succeeding time is
poorer than the one before., However, there is s constant
increase in number of those oroducers who keen uvn the soil
fertility by using fertilizers, growling leguminous crons,
and practicing rotation of crops. These are the successful
hay growers snd the ones to whom must go the credit of oro-
ducing the better grades of hesy that ennear on the market,
A small percentage of hay comes from fasrmers who ere feeding
livestock and sell only their surplus hsy. This product,
too, is of satisfactory quelity, since in livestock produc-
tion the fertility of the soil is kept up, and meadows are

maintained in & prosperous, vigorous condition.

The transportstion of hgy from these large nroduc
tion areas into the merkets of consuming regions no longer
im as simple as it wss about 55 years ego. Tor previous to
1870 there was very little marketing of hay, and whsetever
hay had to be transported wes never shioned more than 20 or
30 miles. That was when nroducer and consumer were one® and
whoever had need for hay grew it himself., Since ;hen, how-

ever, transportation has become an immense oroblem. Alresady

in 1911 of the 67,071,000 tons of hey produced 8,182,662 tons

were sent into markets as shown in Table 11,
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Table 11.

Quantity and Percentege of Total Hay Crop Shippred on
3
Reilroads (1911-1923).

Year RQuantity sold Shipments of hay Percentage of
from the farm. originating on total hay marketed
Class 1 railroads.thst is shipped on

railrosads,
1911 8,182,662 6,306,745 77
1912 11,341,750 6,828,297 60
1913 10,293,270 7,144,455 69
1914 11,529,180 7,318,573 63
1915 14,480,500 7,649,093 52
1916 14,983,920 7,563,948 50
1917 13,781,460 8,730,229 63
1918 12,759,460 8,653,185 67
1919 15,190,200 7,857,168 51
1920 15,270,670 8,355,231 54
1921 14,036,290 5,420,791 38
1922 16,354,690 6,008,160 36
1923 15,460,770 6,263,906 . 40

This tonnage has increased yesr after year until
in 1922 16,354,690 tons of hgy were marketed. Lsrge as
this tonnage of marketed hegy is, it yet represents only ahout
14.'5% of all hey produced; one can imsgine the enormity of
of the shipping problem if all hay produced were merketed.
At the present time from 80,0 to 85;2 of the nation's hay crop
is consumed locally and from 15/ to 207 is marketed, shipned

out of the county in which it is produced. The significance
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of the situation is thet sbout 16 million tons of hsy

with 8 farm velue of approximately 200 million dollers

must be merketed sannuslly in the United Stotes. Tre trens-
portation of this vast market commodity was once largely,
though not entirely, effected by railrosds. In 1911, for

exzmple, 77% of the totel Ley murketed was done so over

£

the reilroads. The percentage continued to decresse until
in 1922 only 356;s of hay marketed was shipned on rrilrosds.

This means for 1923 thet out of the 15,460,770 tons of hay

T

marketed only about 6,263,906 tona were shipned to market
over rai’road lines. 1his decresmse ig largely to be acecount-
ed for by the raise in fréight retes instigeting the use of
motor trucks end stecm ships. Lt many of the lcrge msrkets
that ere within trucxing distance of producing eres a con-
siderable percentsge of the Loy merketed is dzlivered with
motor trucks. luch of the Wcstern alfalfa trhat is sent to
meet the demends of iastern merkets is trensported by Pac-
ifio Cosst shipoers by way of the Panems Cansl since t e
rate ofer this route is only $12.00 &s com-eredi with $30.00

ver ton by railrosad.

t
Hey markets are quite rumerous througbf%ﬁe United
6

States end almost every large city is the sest of one, Tre
more important markets of the Lsst sre s follows: Baltimore,
Maryland; Weshington, D.C.; Boston, Llassachusetts; New York
and Buffalo, New York; Philasdelphia &nd Pittsburgh, Penn-
sylvanisa; Cincinnati, Cleveland, end Columbus, Chio; Detroit,
Micbhigan; Indienapolis, Indiana; Chicego and FPeoris, Illinois;

and Milwaukee, 'Yisconcin,
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The leading hay markets of the gouth are loca-
ted et Jacksonville, Pensacols,and Tsnpa, Floridas; Ft.
Worth, Galveston, Houston, and Sen Antonio, Texas; New
Orleans and Shréveport, Louisiana; Jeckson, lississippi;
Birmingham, lijobile and lMontgomery, ilsbama; 2tlenta,
Augusta, Macon, and Ssvannah, Georgig; Chsrleston end
Columbia, South Carolina; Little Rock, Arkensas; Raleigh
end Wilmington, liort:L Carolinse; liemphis and Chattanoogsa,
Tennessees; Norfolk and Rickmond, Virginie; and Louisville,
Kentucky.

In the West the principel hay markets sre to be
found at Scattle and Spokane, Veshington; Los angeles and
San Francisco, Californis; Portland, Oregon; Roise and
Pocatello, Ideho; Ogden and Salt Lake City, Utah; Phoenix,
Arizona; Butte, Montans; Denver and Pueblo, Coloredo; Omehs,
Nebrasks; Kansas City, Ksnsas; Duluth, lMinrespolis, snd

St. Paul, Minnesota; Des l{oines &and Sioux City, Iows; end

St. Louis, end St. Joseph, lMissouri.

2.
Available figures show that of these the 1srgest

market is st Kenses City where the reported receipts for

1923 amounted to 265,068 short tons of hay. St. Louis and

Chicago are next in importsnce. St. Louis with receipts of

141,296 short tons of hkay end Chicago with 140,905 short

tons, Other hey merkets in order of their importance oreg

Cincinnati, 5t. Louis, New York, San Francisco, Boston,

Peoria, !finnespolis, Baltimore, snd ililwsukese,

Tre kinds of hay received at these merkets are,

B






quite naturally, in keeping with kinds grown in the pro-
duction areas in or near which these markets ere locateg: )
Hence the kind of hay received in the princip®id markets of

the Northeastern states is timothy as well as some timothy

and clover mixed. This also holds true for the markets of

the Southeastern states; there, however, are received in

addition peanut hsy, Bermuda grass, Johnson grass, and Les-

pedeza. West of the Mississippi River, as one would exnect,

alfalfa and prairie hay are the nrincipa}l hays received at

the markets and along the west cosst grain hay, as well =s

alfalfa, also is quite important,

The consumers represented at these markets, and
into whose possession the hay finally terminates, are
principally of two types, viz:; the country or non-ur ban
consumers and the city consumers. As is to be expected,
it is to the country consumers that mest of the hay market-
ed finds its way: The demand from these consumers is vartl -
cularly extensive in those areas which do not produce
suffichent hay to meet their own requirements and which are,
therefore, known as consuming areéa. There are six consum-
ing areas that are at present recognized ss such. These sgix
- areas are, briefly: the New England dairying section; the
mining sections of Pennsylvania; Michigan and Wisconsin;
the section south of the Ohio and Potomac rivers and esst
of the Mississippi river; certain sections of Louisians,

Texas, and New Mexico; and the non-producing sections west

of the Rocky Mounteains.
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MMost of the hey used by the city consumners goes
to the meintenance of horses., IThe best quelity and high-
est grades of hey disposed of through this crannel, are
purchased by the owners of fancy driving and ssddle hcerses
who demand and will pay & premium for the best obtsinable
hay. In contrast to these are the low grade feeders who
buy the cheap, poor hay for use in transient and sales
stables where the minimum of care and sttention is given to
the animals and the one outstanding thought is the saving
of money., In addition to these two types of city concsumers
are the economical buyers who maintsein & demand for the
medium grades of hey. Such grades are usually quite as
nourishing as the choicer gresdes but ere chesper in price
due perhaps to poor color or mixtures with other gresses
or legumes.

Inowledge of this kind is &n important factor
in aiding the producer to determine what kind of hay he
shall grow, how it needs to be handled to be merketed,
who are the most relisble deeglers, and what markets are

most likely to give him the highkest returns for his kind

of hay.
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Methods of Curing,

The practice of curing hay is no new one. It
has not become a major ferm operation just within the last
few centuries. o indeed, for the histary of hay msking
goes as far back &s the histary of mankind itself. The
honor of being the original hay meker undoubtedly goes to
the piks or cony: 7his small, active rodent cut off fine-
stemmed grassed& snd other plants, gathered them together,
eand cured them in sunny plsces smong the rocks of its
habitat. Wrat is more‘/t;i%:a verformned its work so well

that the hay retained the color =2nd fragrance characteris-

tie of the green grasses.
It is thought thrat msn's first sttempt &t curing
hay came sbout rather eccidentelly. The common occunation
in those very early deys was, of course, thst of driving
herbivorous animsls from one region into uncther, thereby
keeping them supovliei with sufficient feed. C(Cccasionally,
they came to territories where forasge wss wanting and wrere
only the dried up stelks of previous seeson's pesture vlants
remained. The discovery that the livestocx consumed these
dried stalks with 2lmost as much relish as trey did green
forage &nd thrived on it led to the curing of forasge vnlants.

This not only ensbled the storage of hoy so that it couvld

be held over to be used during the poor forage season of

each year, but it slso made the forege more eesily trans-
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'portable from regions of plentiful nusturcge to those |
lecking it.

As time wer.t on and manxind progressed in civili-
zation, hay meking wes accomplished with greatcr faucility
then before end even teceme & highly resnected esctivity.
In fact, during the time of the Romen Empire, before the
Christien Ers, it wus considered quite lzwful to sperd
holideys and deys of worship st work in tle meadows curing
hay. A4S civilization gruduslly spread over tre Europeszn
continent, agriculture with €l11 its farm enterprises, kept
race with the movement,

when North Americea wes discovered it was but
naturasl that the vneople who settled there should soon he-
gin tilling the soil and practicing the method of fsrming
that they had so successfully used in their mother count%%.
The difficulties encountered by these early settlers have
been told and retold and beer no repeating here. But it is
of interest to note that one of the firgst and importent »ro-
blems that the lNorthern settlers hed to solve was that of
providing feed for their livestock during tlre winter, Foy-
making, therefore, became a very common prectice during the
colonial times &nd a reguler occupation of the New Englenders.,
Consequently, all colonists who came to lew Englarmi expe cting
to engage in agriculture, were supplied with scythes, forks,
and rakes for rsying. In this connection it is interesting

to observe that the order for tools &nd implements, which the

secretary for the Dutch West India Compnany reju=ssted in 1662 to







be sent to the Colony on the Delaware xiver, included,
among other things, 12 two-pronged hay sand grain forks

and 12 hay khives.
With the growth of cities and the development

of the dairy industry throughout various sections of the
country, 8 demand for certsin kinds of hay began to mani-
fest itself and before long, large tonnages of hay began

moving from produeing sreas to regions from which the de-

mend was coming. The complex mechinery of marketing soon

began to tske form and eradually the business of meking
hay took on the propar tions of an industry so that todsy
the American farmer is growing a crop of 98 million tons
valued at over 12 hundred ﬁillion dollars.,

In prevaring this tremendous tonnage of Lay for
home use or for shipment to the markets, those who sre pro-
dueing the rhay will usually cure it in one of three ways:

in the swath, in cocks, or in windrows. Just which method

any single farmer will use depsends largely upon the kind of
hay he is growing, becsuse grass hays, such a&s timothy,

red top, and others, cure out quickly, having long, thin
leaves and hollow stems; whereas, legume hays, with almost

50% of the plant by weight in leaves and with solid, sanpy

stems, require a long time for curing, Therefore, for ex-

ample, if the hay nroducer is in the timothy region cf the
North, he will be growing timothy hay and, undoubtedly,

will cure it in the sweth. If, however, he is growing

legume hay, he will cure it either in cocks or, if thLere
/
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is 8 scarcity of time and labor which most former's ex-

perience, he will cure it in windrows.

Wratever the method emnloyed, it is Justified if,
with a minimum smount of lebor, time, and exvense it not
only reduces the moisture content to about 157 but also
enables the retention of the natural green color snd the
saving of the grester percent of the leaves of the forage
plants being cured for ray.

Curing in the sweth is comnmonly practiced by

those farmers producing grass hays. This 1s explained by

the fact that timothy, and the other grasses, beceuse of

their hollow stems and long narrow leaves, dry out very

quickly, &s 8lready mentioned. 1In favorable weather tim-

othy, for example, can be cut in the morning and hreuled

to the stack or mow in the afternoon. This saves the

damage cgusged by rein when hny needs to be left in the
field for severel days, &s is done with legunes. In eddi-
tion, the comnaratively smali use of mechinery in curing
in the swath mekes this method very economical for curing
grass hays.

Many farmers cure legume ray in much the same
menner with the occasional use of & tedder to stir up the
hay and hasten its drying after which the hey is windrow-
ed with & side-delivery rake 2nd loaded on to the
racks with a hayloader. 1his system of curing legume Bay

however, is et the expense of excessive bleaching and loss

of leaves and, therefore, is not recommenaed,

L]




Curing hay in the cock is most extensively

practiced in preparing £1fslfse hay and is zlso considerably

used with many of the other legunes. It is a prectice tlret

hes been followed for such & long time that fermers seem
reluctant to give up this custom for the windrow method,
which cures hay more cheszply, more quickly, more efficiently,
and with as good = quality, if not better, &s *that secured

from the cock. The method of curing tay in tre cock seems

to have origineted from & custom that wes nrevelent in Zng-
12

land previous to 1884, At thet time, the hey wnas cocked up

every night so that the lceves would absorb the least smaant

of dew or rain thet migkt occur before the following merningz.

Every morning these heans would be spread out ond exposed to

the sun to. @llow for furtrer dryine. This lgborious rro-

cess of tkrowing the hsay into bunches ct night and speading

gpart sgein early the next day wes continued until the hsy

wags thought to be cured. At present the orocedure followed

in euring hay in cocks is to sllow the Fay to lie in tre
sweth, after mowirg, until &1l surface moisture hes evsporated,
Then it is reked &nd piled by kaend into cocks where it remains
for from five to ten days until it is considered cured. Very
often hay ceps are used to nrotect the trsy in cese of rain.
These are said to increcse the gquelity of tre rey, but it is
questionable end somewhet in dispute ss to whether the cost

of hay ceaps sand the lsator involved in using them is entirely

offset by the increase in thte quality of hey resulting from

their use. This general custom of curing rey in tre cock is

o
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manifestly & very slow and expensive one and conseguently

is becoming less =nd less widespread 1in its use,.

Trhe introduction of the side-delivery rake end
with it, the curing of hey in windrows, has come &s & dis-
tinet measure of relief to producers of 8lfalfs and otlrer

legune hays. #here before, it required from five to ten
deys to cure these leguse hays in cocks, this is ncw done
with disvatch in from two to three deays in the windrows,

The side-delivery rake is & farm implement devised to form
one or two swaths of hey et & time into long fluffy rows of
hey through which the gir can circulete freely and in which

the greater percentuge of the leaves cre vrotected from

direct exposure tc the searing sun. Two different proce-

dures of curing hey in the windrows sre £t present in use,
One is to allow the hey to lie in the swath, after hsving

been cut, until it has wilted end then form it into windrows

13
with a side-delivery rske =2nd lesve until cured. The other

procedure, very effectively used in lichigan, is to follow

the side~delivery rake sfter the mower acs soon as possible,
14

or even to mow and rake in the seme operation. In cases of
rainfall thre windrows gre given a ha2lf turn sfter tle réin

has stopoped and the surface hay and ground have dried.

Half turning, once during curing, is also reconmended for a

heavy stand or when the weather is unusuelly hot, in order

to facilitate a more uniform drying. An important factor

favoring the curing of ray in windrows is the ease with

whieh the finished product csn be loaded into the hay racks






with a hsy loasder, a procedure imprecticel where hey has

been socked. The superiority of curing hay in the windrow

is established and it is only a question of time until every

ton of legume Lay will be cured in that manner,

A very small nercentage of the hay nroduced im

cured by methods other then those mentioned sbove, In some
15 16

vicinities, &s in Weshington and Colorado, & few tons of

brown hay' or 'stack-burnt hay' are cured by stacking direct-

ly from the mower. ZIZnsiling hay, & method sdvocated by the

Italian Government and becoming pnovular with Itelian farmers,

has been experimented with somewhat in this country but hes

17
found little favor here. Curing of hay by means of artifi-

: ]
cial heat, already urnder consideretion as early sas 184?, and

19

receiving considerable attention in England has not yet been

found to be of prectical value for use in the United States,

64,
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A Review of Literuture cdoes not arpear
with this report, becuuse up to the tiue of writiag
no scientific article pertai.ines to the phase of

curing hay prescnted herevith hud yet neen publiched.
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Preliminary Field Experiment
Number I

ose
. This experimens$ wés undertsken for the purpose
of determining the nature &nd differences of loss of mois-
ture from alfalfa plants being cured under conditions, here-
in known &8s Disect Sunlight, Medium Shade, Intense Shade,

and Partial Exposure.
Material

The alfalfa plants used in this work were of the
Hardigan Variety, obtained from the border plot of & series
of varietal test plots. There was need for &t least 700
alfalfa plants and these, at the time of cutting, were se-
vered approximately two inches above the ground with &
corn knife. The plants, after they were cut, had &an averege
height of 18,37 inches @&s determined by the accurate meas-
urements of twenty-two 8l1lfalfa plants the height of whioh,
with figures given in inches, are as follows:- 2I.50 inches,
I7.50 inches, 16.60 inches, I7.50 inches, I5.00 inches, I7.00
ineches, 2I.50 inches, I19.00 inches, I6.756 inches, 16.00 in-
shes, I7.76 inches, 16.25 inches, 18.00 inches, 2I.75 inches,
22.50 1inches, I7.75 inches, I8.50 inches, 20.75 inches,
16.50 inches, 20.25 inches, I6.50 inches, 20.25 inoches,
I19.50 1inches, I9.00 inches. This gives an average height

per plant, as mentioned, of I8.37 inches.







Tr.e conditions cf direct Sunlighrt, fedium Shade,
Intense Shade, and Pertial Exposure were orovided for in
the following menner. For Direct Sunlight, s8lfslfe plants
were simply denosited on the ground snd left there directly
exposed to the sunshine., Bunting draned over a wooden frame
four feet long, two feet wide, snd two snd one r21f feet in
heighth was used to effect !edium Shtode. Intense Shede was
obteined by dresping @ double thipmkness of burlep over s
wooden frame of the size just mentioned. Partiasl Exposure
was secured by plocing double thicknesses of bunting over
the upver half of slfalfa plants that had been placed on
the ground. 211 of these four conditions were effected on
freshly harrowed ground.

Thirty-one gir-tight cens were used for teking the
ten plants samples hourly and were kept in a burlap sack in
6 shady place while the experiment was in oneration. The
cans were number 2, plain tin, round Spencer friction cans,
three and one half inches in dismeter and four and three
fourths inches high, equipped with friction caps, and menu-
factured by the American Can Company of New York.

An inclosed psn balance bf the Torsion Balance
type, Style 254, was used in m&ing the periodical weighims
of the 100 plants of easch group,

Zosin was used for the staining phase of this
exveriment. It was prepared by dissolving 70 milligrems of
the Eosin powder in 200 cubic centimeters of tap water.
Twenty-two two dram glass vials, two end one fourth inches

tall and one half inch in diameter were employed for the
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steining, the stem of each plant to be stsined being in-
gerted to within one eighth of an inch of tre bottom of the
vial, all vials being filled with Eosin uvn to the bottom of
the corks. A perforation had been made through each cork
sufficiently lerge to allow the easy vassage of an nlfslfa
plant stem; after this perforation each cork was split
lengthwise into two pieces., Parowax, heated over Sterno,
canned heat, and sllowed to cool until & scum hzd formed
over its surface, was used in sesling esclL vigl, the stems
being slightly moved to prevent air-fight sealing and tte
consequent formation of a vacuunm.

The Procedurse.

At 7:30 A,M., June 5, 1926, 700 plants were cut
off and divided into four lots of 175 plants each, each lot
being placed under its respective environment, one under
Direct Sunlight, snother under lMedium Shade, a third under
Intense Shade, end s fourth under Partial Exposure. 1In
each lot of plants 100 were kept avart, weighed at once,
and weighed hourly thereafter five times during tr~ fore-
noon and every one and one half hoursduring the afternoon,
the results thus obtasined being used to calculate the loss
in grams, the rate of loss in percent, snd the vercentage -
of moisture content of the alfaulfa plents under each of the

conditions at the time of each weighing. The 75 plants re-

maining in each lot were used for moisture test purposes.

Samples, ranging from 7 to 10 plants per sample, were taxen






hourly five times during tre forenoon and every hour and
one half, or three times, during the afternoon fromeech of
the four lots of plents. Irese ssmples were plsced in gir-
tight cans and kept cool in the manner slready referred to.

At spproximetely hour end a helf intervals during
the day individusl plants were taken from esch lot and
treated in Eosin as described above. 1In addition, whenever
welghings and samplings were mede, the temperature of esch
of the four different conditions was taken and recorded.

The can semples of slfalfa plents were removed
to the lsboratory at the end of the day where the lesves
were cut off st their junction with the petioles, The
leaves from each sample were then weighed sevasrstely, snd
similarly the stems, and ell dried in en electric oven
for five hours at & hegt of 110 degress Centigrade. At
the end of this period s8ll samples were egain weighed and
the loss in weight used to cslculste the moisture percen-
tages of the leaves and stems.

Results.

An inspection of the results of this preliminery

field experiment, represented in Tables, 12, 13, 14, end 15
Table 12,
Exp't. June 5, 19246,
DIRECT SUNLIGKET.

Loss of lloisture from =21felfe plants.
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rable 12. Con't.

100 Plantg Weirshed Hourly, /
Tempera-  Weight of Loss Percent Moisture

Hour ture °C. Plants in Loss Content
Grams Grams
8:15 24 402 86 2l1l.39 79.09
9:18 25 316 31 9,82 62,17
10:15 32 285 18 6.32 56,07
11:156 30 267 31 11.62 62.53
12:15 36 236 35 14.84 46,43
1:45 39 201 25 12.44 39.54
3:15 37 176 12 6482 34.62
4:45 26 164 32427

Samples Taken for lloisture Test.

weight ieight Loss ‘Percent
Number of Before After in Hoisture
Plents Heating Eeating Weight Content  Hour
Grams Grams Grears y
10 34.9 7¢3 27.6 79.09 8:15
10 22.8 6e3 16.5 72.37 9:15
10 29.0 9.5 19,5 67.25 10:156
10 19.4 5.8 18.6 70.11 11:15
10 17.9 S.1 12.8 71.09 12:15
8 9.9 4,3 5.6 56.56 1:45
8 : 11.7 6.2 5.5 47,01 3:156
9 10.7 6.2 4,5 42,06 4:45

Total-238=59,20 7






Table 12. Con't.
Loss of lLloisture by Leaves.
Humber  Welgrt Weight Loss iloisture
Hour of Before After in Content
Plants Drying Drying Weight %
Grams Grams Srams
83116 10 14.4 2.9 11.5 79.87
9:15 10 9.8 8.9 6.9 70.41
10:15 10 11,9 3.6 8.3 69.75
11:15 10 9.2 2.8 6.4 69,57
12315 10 7.7 2.4 5.3 68,84
1:45 8 3.9 1.9 2.0 51.29
3:15 8 4,8 3.4 1.4 29.17
4:45 9 4.2 3.2 1.0 23.81
Loss of Moisture by Stems.
~Welght Welght Ioss 1In lloisture
Before After Weight Content Hour
Drying Drying Gre.ms fo
Grams Grams
20,5 4.4 16.1 80,49 8315
13.0 3e4 9.6 73.85 9:15
17.1 5.9 11.2 65. 50 10:15
10.2 3.0 7.2 70.59 11:15
10.2 2.7 7.5 73.53 12:15
6,0 2.4 3.6 60.00 1:45
669 2.8 4,1 59.43 3:15
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Teble 13.

Expt. June 5, 1926.

Loss

IMEDIUM SHADE

of Lloisture from alfalfa plents.

100 Plants Weighed Hourly

Tempera~ Welght 88 1n Percent Holsture
Hour ture °C. of plant Weight 1loss Content
Grams Granms 7

8:30 15 372 54 14.52 80.82

9:30 20 318 28 8.81 69,08

10:30 21 290 9 3.11 63,00

11:30 25 281 12 4,27 61.06

12:30 24 269 12 4.47 60.06

2:00 21 257 10 3.89 55,84

3:30 23 247 8 3.24 52.75

5200 21 239 51,91

Samples taken for lMoisture test.

Number Weight Weight Loss in lloisture

of before after weight Content Hour

Plants heating heating grams 4

grams  grans

10 31.8 6.1 25.7 80.82 8:30

10 27.7 8.7 19.0 68.60 9:30

? 24.4 9.0 15.4 63.12  10:30

10 25.3 7.9 17.4 68.78  11:30

8 20.5 5.1 15.4 75,13  12:30

8 20.3 6.2 14.1 69.46 2:00

§ 14.4 4.7 9.7 67.37  3:30
5300

Total 133.35. 76 %.
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Table 13,

Con't.

Loss of lloisture by Leaves.

Number Weight  Weight Loss 1In lloisture
Hour of Before After weight nfontent

Plants Drying Drying grams i4

Grams Grams
8:30 10 13.5 2.7 10.8 80,00
9:30 10 12.2 2.7 9.5 77.87
10:30 9 11.3 5.7 5.6 49,56
11:30 10 9.8 3.0 6.8 69.39
12:30 8 8.6 2.3 6.3 73,26
2:00 8 8.8 2.7 6.1 69.32
3:30 8 6.1 1.9 4.2 68.86
Loss of loisture by Stems

Yoight Weight Loss in Moisture
before after weight content Four
drying drying grams V4
grums grams
18,3 3.4 14,9 ‘81,43 8:30
15.5 6.0 9.5 61.30 9:30
13.1 3.3 9.8 74.81 10:30
15.5 4.9 10.6 68.39 11:30
11.9 2.8 9.1 76.48 12:30
11.5 3.5 8.0 69.57 2:00
8.3 2.8 5.5 66,27 3:30
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Téble 14.

p'te June 5, 1X 6.

INTENSE SEADL.
Loss of lloisture from alfalfs plants.

100 Plants weighed hourly.

Temvera- \Weight Loss in Percent 'oisture

Hour ture °C. of plants weight [Loss GContent
grams grams 7 3
8:45 14 447 46 10.29 72.33
9:45 15.5 401 26 6.49 65.24
10:45 18.0 3786 18 4,80 60.68
11:45 18.5 357 11 3.08 57.77
12:45 19.0 346 14 4.05 55.98
2:15 21.0 332 13 3.92 53.72
3:45 20.0 319 8 2.51 51.62
§:15 19.0 311 50.32
Samnles taken for lloisture test.
No. of  Weight Wieight Loss in Ifoisture Hour
Plants before after weight Content
heating heating grums. %
grams grams
10 41.4 11.5 29.9 72.23  8:45
10 41,7 9.6 32.1 76,97 9;45
10 22,7 6.4 16.3 71.81 10:45
7 27.2 10.0 17.2 63.24 11:45
8 23.9 6.6 17.3 72.39 12:45
8 19.8 5.3 14.5 73.24 2:15
8 12,3 3.9 8.4 68.30 3:45
8 21.0 6.2 14.8 70.48 5:15
Total 136 30.43%

~.
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Table. 14. Con't.

Loss of lioisture by Leaves.

Yo. of #eight Leiasht Loss in .0isture
Hour Plants before safter weight Cortent

drying drying grons A
grams  grams

8:45 10 16.2 6.4 9.8 60.50
9:45 10 16.1 4.9 11.2 69.57
10:45 10 9.5 2.4 7.1 74,74
11:45 7 10.7 3.9 6.8 63.56
12:45 8 9.5 20 6.9 72.64
2:15 8 7.7 | 2.1 5.6 72.73
3:45 8 5.0 1.8 3.2 64.00
5:15 8 8.5 2.8 5.7 67.06

Loss of 'loisture of Stems.

Weight Loss 1n  Ilolsture
Weight after weight Content Hour
before drying drying FTEenms o
grams grams
25.2 5.1 20.1 79.77 8:45
25.6 4.7 20,9 81.65 9:45
13.2 4.0 9.2 69.70 10:45
16.5 6.1 10.4 . 63.04 11:45
14.4 4.0 10.4 T2.23 12:45
12.1 3.2 8.9 73,86 2:15
7.3 2.1 5.2 71.24 3:45



T7able 15,

Exp't. June 5, 192Z06.

PaTIAL ZLPOUSUL.

Loss of lfoisture from £1fsl1fa plants,

100 Plents weighed hourly.

Tempera- Weignt  Loss 1in pcrcent uoisture
Hour ture °C. of Plant Grsms 1loss Content
grams 1 A
9:00 27 413 68 16.47 = 74.34
10: 00 34 345 38 11.02 62.10
11:00 34 307 33 10.75 55.26
12:00 39 274 30 10,95 49.3%
1:00 34 244 37 15.17 d3.92
2:30 40 207 24 11.59 37,24
4.:00 33 183 7 - 3.83 32.94
5:30 176 31.68

L R Y e el e e e e

Samples tuken for uoisture test.

Welght welght Loss in tloisture
No. of Dbefore after weight Content Hour
Plants hLeating heating grems 0
grams grams
10 41.3 10.6 30.7 74.34 9:00
10 23.3 6.0 17.3 74.25 10:00
10 26,8 8.5 18.3 68.29 11:00
7 13.5 4.4 9.1 67.41 12:00
8 13.8 4.6 9.2 66.67 1:00
9 16.2 6.2 10.0 61.73 2:20
8 9.2 5.7 3.5 38.05 4:00
8 10.4 4.5 5.9 56,74 5:30

Totel 237 574395
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Teble 15, Con't.

Loss of Lloisture by leaves.

To. of  Welgkt  .elght Loss 1n .olisture
Hour plents before cfter weiglt Content
drying drying grems A
grams grams
9.00 10 17.4 5.1 12.3 70469
10:00 10 10.5 2.9 7.6 72.39
11:00 10 11.3 4.1 7.2 63,72
12:00 7 5.6 2,1 3.5 62.50
1:00 8 5.9 2.0 3.9 66.11
2:30 9 7.1 2.9 4.2 59.16
4:00 8 3.6 2.8 .8 22,23
5:30 8 4.5 2.2 203 51.12
Loss of lloisture by stems.
Weight Weight Loss in  Moisture
before drying after drying weight Content Hour
grsms grams grams %
23,9 5.5 18.4 76.99 9:00
12.8 3.1 9.7 75.79 10:00
15.5 4.4 11.1 71.62 11:00
7.9 2.3 5.6 70.89 12:00
7.9 2.6 5.3 67,09 1:00
9.1 8.3 5.8 63.74 2:30
5.6 2.9 2,7 48.22 4:00

5.9 2.3 3.6 61.02 5:30
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and Figure 20, reveal several intercsting facts.

It becomes arparent at once that the greatest
loss and reduction in moisture content occurred under
partial exposure to sunlight and under direct sunlight.
Tables 12 and 15 show that during this one day curing
period the plants decreased by almost 607 of their weight,
Under Direct Sunlight the moisture content decreased from
79.09% to 32.27%, a loss in weight of 59.207; similarly,
the plants under Partiel Exposure decreassed in moisture
content from 74.34% to 31.68%5, or & loss in weight for
the day of 57.394% In contrast to this, the curing under
Medium Shade and Intense Shade was comparatively mild, &s
is evident from Tables 13 and 14, for under Medium Shede
the moisture content was lowered from 80.827% to only 51.91%
end under Intense Shade from 72.337% to only 50.327.

It is to be observed, that the moisture content
dropped to 23.81% in the leaves of the plents drying in
Direct Sunlight, whereas, under Medium Shsde and Intense
Shade, this figure wes maintained at 68.867% and 67.067
respactively, and only once fell below 51.127% under Par-
tial Exposure. This drop in the moisture content of
leaves from 79.87% to 23.817 under exposure to direct
sunlight within the first ten hours after curing perha-s
eiplains the excessive shattering of leaves slways ex-
perienced in curing alfelfe hay in the swath,

Moreover, it is significant that in 211 condi=-

tions btut Direct Sunlight, the leaves and stems dry down

7.
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practically at the same rate with the moisture content
hovering ar5und the same mark. In Lledium Shade, for ex-
ample, the leaves, at the end of the veriod, fad a moisture
content of 68.86,5 end the stems 66.27% In Direct Sunlight,
however, the drying of the leaves goes on at a rate far ex-
ceeding that of the stems, so that at the end of this period
the leaves have reached as low & moisture content as 23,817
while the stems still hsve 53.85% This means dry, brittle
leaves and green tough stems, & condition which, added to
that of shattering, makes exposure to direct sunlight, as
obtained in the swath perticularly undesirable for curing
alfalfz haye.

Purther inspection reveals thet the greatest rate
of loss occurs during the first hour after cuttinz, follow-
ing which there is a marked decreese in the rete of moisture
loss which increases agein efter the second or third subse-
quent hour. For example, under Direct Sunlight the percent
loss off moisture was 21,397 during the first hour snd
dropped to 6,327 in the third hour and by the fifth hour
hed recovered to & rate of loss of 14.84 % egain. Similarly,
under lledium Shade during the first hour of drying the pver-
cent loss of moisture was 14,52% which dropred to 3,117%
in the third hour and by the fifth hour lLad recovered to
4.47% The results sppesring in Tebles 14 and 15 also
further establish that fact.

Table 16.
The Effect of Sunlight, Shade, and
Partiel Exposure on the Ability of

L1falfas Plants to Take Up Rosin. *

JRR W
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June 5, 1926 Amount Staln Heignt. Eeight of
Hour taken up Reached by Plaent
Cubig Centimtrs. Stain inches. 1Inches.

DIRECT SULNLIGHT

9:30 2 cc. 5% in. 19 in.
11:00 1 2 15 v
12,10 9/16 " 2 v 14

1:30 11/16 " o 15

3:00 7/16 * o 123 v
4:30 6/16 " 1 143 v

MEDIUM SH.DE
10:00 17/8 ce. 4 in, 19 in.
11:00 11/16 " 1o 16% "
12:00 1 1046 " 2z " 133 v

1:30 11/16 " 1% » 184 "
3:00 11/16 " 1 3/8" 153 n
4:30 7/16 " 138" 133

~ INTEL.Z SHADE |
10:50 1 6/16 cc 8% in. 154 in.
12,00 14/16 " 332 n 192

1:30 1 " 5/8 " 20.
3:30 134 n 6 " 153 v
4:30 13 n 11.4 " 16 "

‘ PARTIAL EXPOSURE.
10: 50 14 co 1 in, © 18 1/8 in. l
12:00  13/16 " 11/8 " 14 " |

1:30 /8 " 33/8 " 17 6/8 *
'3:00 13/16 " 132 17 "
4330 3/8 15/8m 16 5/8 "

* Plants were removed from stein during the early evening
of June 7, 19z6.
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Teablel6 shows what hapoened when plasnts from the
four different lots were placed in stain at the Yours indi-
cated. Most stain was taken up and resched the highest
points in those nlants that were kent under Intense Shade.
In contrast to this, the minimum emcunt of staining took
place in the plants that were kept in Direct Sunlight. 3e-
tween these extremes are the plants under Medium Shade and
Partial Exposure which experienced only moderate staining,
with those under lfedium Shade somewhat in sdvsnce of the
others. It is c¢lear from this that the more the plants
with their leaves sare grotected from direct exposure to
sunlight the greater will be the gctivity of the plant sap
in the fibrovascular system of the alfalfa and the greater
will be the force which attracts the stain @p through the
stems and out into the leaves, It follows from this that
to facilitate the greatest possible movement of moisture
from the stems out into the leaves, where it is removedhby
trangpiration, it is desirable to protect the plants and
their leaves from excessive exposure to sunlight,

SUILARY

l. The greatest reduction in moisture content
took place under Partisl txposure and Direct Sunlight.
Hoisture loss under Medium Shade and Intense Shade was mild.

2. An excessive drying out, leading directly to
shattering, occurs in the leaves of those alfalfa plants
exposed to direct sunlight.

3. The rate of loss of moisture from the leaves

was about the same as from the stems under conditions of
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Medium Shade, Intense Shede and Partial Exposure. How=-
ever, under Direct Sunlight, the leaves cured out far
more rapidly than did the stems, leaving the stems green
and juicy when the 1eave§0w%§e already sufficiently dry,
obviously, a condition, a1vbid;d in actual hay curing.

4, The greatest rate of moisture loss in
elfelfa plants take® place during the first hour after
cutting, decreases markedly during the following two
hours, and then increases agsain.

5. The average moisture content of green, un-
cut alfalfa plents a8t this stage of maturity, in which
they were 20.37 inches tall on an asverage and had not
yet begun to flower, is 76.647%

6. JExposure of alfalfe plants to direct sun-
light greatly decreases the movement of moisture from

the stems out into the leaves where the moisture is re-

moved by transpiration.

7 e




-Preliminary Field Experiment
Number 2

ose
. This experiment was performed to determine
whether a repetition of the work conducted in the First
Preliminary Field Experiment, usimg similiar materials
and technique, would produce tho same results 88 obtained
then.
Materials

The materials used in this experiment were the
same as described above in the report of Prolimina:y Pleld
Experiment Number I, with these exceptions.

Twelve hundred slfalie& plants were used on this
occasion having &an average length of 24,25 inches as taken
from the careful measurements of twenty-nine plants, given
in inches &8s follows:- 22.00 inoches, 24.50 inches, 24.00 in-
ches, 25.50 inches, 22.50 inches, 20.00 inches, 25.00 inches,
27.00 inches, 25.50 inches, 24.00 inches, 25.00 inches,
26,00 inches, 24.00 inches, 28.00 inches, 26.50 inches,
25,00 inches, 22.50 inches, 24.50 inches, 22.00 inches,
19.50 inches, 24.50 inches, 25.50 inches, 2;.00 inches,
26,00 inches, 26.00 inches, 23.00 inches, £5.25 indches,
26.00 inches, &nd 2I.256 inches. These figures give an
average height, as mentioned, of 24.25 inches per plant.

B82.
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Pourty sir-tight, friction-cep cans, of the tyve
described in the foregoing experiment, were used for tre
reagson appearing in thé account of the procedure shortly
following.

The Eosin stain used was prepared by dissolving
280 milligrams of the Eosin powder in 400 cubic centimeters
of tap water. This is double the strength of that used
before for the sske of effecting a more conspicuous stain-
ing of the alfalfa plants.

The contrivances used to effect lledium and In-
tense Shade were again two wooden frames, this time, how-
ever, being five feet wide, five feet long and two and one
half feet high. Over one of these a single thickness of
white bunting was tacked into place end over the second a
double thickness of burlap. To secure Partial Exposure
double thicknesses of green colored bunting were used and
placed over the upner half of the plents as before,

Procedure.

The exveriment was started at seven o'clock of
Wednesday morning June 16, 1926, by cuttirne the twelve
hundred alfalfa plants. These were divided into four
groups of three hundred plents each. Zach group was at
once transferred to its resoective enviromment of either
Direct Sunlight, Medium Shade, Intense Shade, or Partisl
Exposure by placing on freshly harrowed ground snd cover-
ing with the fresmes for shade, with green bunting for

partial exposure, snd with no covering for direct exposurse

8 3.
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to the sun. Two sets of a hundred plants each were kept /
separate in each group and these weighed sevsrately and

regularly at the hours indicated, namely, every hour in the

forenoon, every hour end & half in the afternoon, &nd on

the following day once in the morning end on€€in the even-

ing. The remeining one hundred plants in each group were

used to tske can samples of ten plants each for use in de-

termining the moisture content of leaves and stems. In

teking these samples, which was done at the intervsls just

mentioned, the lcaves were at once sepnsreted from the stems
with scissors &t the junction of the leaves with tre vet-
ioles and placed in & senzrste cen proverly lebelled, tte
gstems being placed in snother can. These cen ssmples were
later tasken to tke leboratory, weighed, heafed for five
hours in an electric oven at 110 degrees Centigrsde, weighed
again, and the loss in weight used in cslcula*ing moisture
content of the ssmples. Temneratures for ezch of the cond -
tions were also taken regulerly as given in the tebles.

The steining tests were csrried on emnlpying the
technique described in thre revnort of the ZPrelimirsry Field
Experiment Lumber 1. These tests were made from each group
every hour from 7:30 to 11:30 2.2, and every hour and &
half thereafter up to 4:00 o'clock P,ll. The plants were
removed at the end of the following day snd the results de-
termined aﬁd tsbulsted.

The weather during *hese two dsys was fair and

clear on the first day with averoge June temnercture ond



humidity, Dbut wes cloudy during tre second d:y with incress-
ed humidity snd lower tempersture.
Results.
The results obtsined and presented in Tebles 17,
13, 19 and 20 end Tigure 21 and summarized in Table 21

Table 17,

Set 1. Toss of "oisture from _.1falfa ™lonts

Time of Temnerec- Vieigtt cf Toes in Rate of Moisture

day ture °C. 120 »slants weight Loisturc Content
Cour grems grems  10ss pA

}5
7:00 16.5 546 81 14.84 77.20
8:00 22.0 465 47 10.11 65,72
9:15 25.0 418 25 5.99 59.10
10:15 27.0 393 27 6.88 55,56
11:15 30.0 366 35 9,57 51.75
12:45 34.0 331 41 12,39 46,80
2:45 31.0 290 25 8.63 41.00
4:45 26,5 265 8 3.02 37.47
6/1"7
9:45 28.0 257 51 19.85 36.24



Table 17 cont'd.

Set 2.
Weight Loss in Rate of lloisture
Hour of Plants Weight lloisture Content
Grams Srams Loss % %
2:00 674 87 12.91 77.20
8:00 587 46 7.83 67.23
9:16 541 40 7.40 61.97
10:15 501 27 5.39 57.38
11:15 474 26 5.49 54.29
12:45 448 67 14.96 51.31
2:45 381 34 8.93 43,64
4:45 347 15 4,33 39.74
6/17
9:45 332 61 18.38 31.04
7:30 271
Loss of lLioisture from Leaves and Stems,
Leaves
Time of Initiel Weight Loss Moisture
day weight after weight Content
Hour grams heating grams
grams
7:00 20.1 4.4 15,7 78.11
8:00 21.3 5.6 156.7 73.71
9:15 15.2 4,5 10.7 70.40
10:15 21.7 6.5 15.2 70.06
11415 24.5 7.8 16.7 68,17
12:45 22.0 7.6 14.4 65.46
2:45 11.7 4.8 6.9 58,98
4:45 13.2 6.6 6.6 50.00
6/7
9:45 10.8 5.4 5.4 50.00
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Teble 17 Con't.

Stems,
Time of Initial Weight Loss in  Moisture
day weight after welght content
Hour grams heating grams 7
grams
7:00 25.5 6.0 19.5 76.48
8:00 23,1 5.6 17.98 75476
9:16 19.7 5.7 14.0 71.07
10:15 28.1 4.6 23.5 83.63
11:15 27.2 7.5 19.7 72.43
12:45 32.3 10.1 22.2 68.74
2:45 18.2 6.6 11,6 63,74
4:45 20.5 8.1 12.4 60,49
67
9:45 16.7 C.9 9.8 58.69
7:30 18.5 7.0 6e5 48.15
Table 18.
MEDIU SEADE
set 1. Loss of Yoisture from Alfalfa Plants
Time of Temvera- Weight of Loss in Rate of Moisture
day ture 0C. 100 Plants weight moisture Content
hour grams grams Toss % %
7:30 18.5 633 56 8.85 77.20
8:30 2040 577 34 5.90 70.37
9:30 21.0 543 27 4,98 66,22
10:30 25.0 516 25 4,85 62,93
11:30 28.0 491 42 8. 56 59.88
1:30 27.0 449 32 7.13 54,76
890 21.0 399 27 6.77 48,66
;00 25.0 372 59 15.87 45.37
7:30 21.0 313 38.17

87
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Set 2.
Table 18 Con'ts

Time of wWeight of Loss in Rete of foisture
day 100 Plants weight moisture Content
hour grams grems loss 7

7:30 668 50 7.49 77.20
8: 30 618 38 6.15 71.42
9:30 580 27 4.66 67.03
10:30 553 24 4,34 63.91
11:30 529 52 9.83 61.14
1:30 4717 32 6.71 55.13
3:30 445 24 5,40 51.43
5:30 421 40 9.51 48,66
6,7

10: 00 381 58 15.23 44,03
7:30 323 37.33

Loss of loisture from leaves
end Stems.

Leaves,
Time of Initial Weight Loss in Moisture
day weight after . weight content
hour grams heating grams

grams
7:00 20.1 4.4 15.7 78,11
8:30 14.1 3.3 10.8 76,60
9:30 18.2 4,5 13,7 75.28
10:30 19.8 5.2 14.6 73,78
11:30 14,5 3¢9 10.6 73,11
1:30 10.5 3.6 649 65.22
3:30 18.4 6,5 11.9 64.68
5:30 15,0 5.6 9.4 62,67
10:00 9.7 3.7 6.0 61.86

7:30 10.2 4.5 5.7 55.89
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Teble 18 Con't.

Stemse
Time of Initiel veight Loss in lfoisture
day Weight after weight content
hour grams heating grams 4

grams

7:00 25.5 6.0 19.5 76.48
8:30 14.5 3.2 11.3 77.94
9:30 21.0 4,9 16.1 76.67
10: 30 28.3 6.8 2l.5 75.98
11:30 18.4 4.4 14,0 76,09
1:30 16.2 4,2 12.0 74.08
3:30 29.3 8.9 20.4 69.63
5:30 24.2 7¢9 16.3 67.36
10:00 14.2 5.1 9.1 64.09
7:30 16.2 6.2 10.0 61.73

Table 19.

INTZIISZ SHEADE.

Set 1. Loss of !"oisture from 2l1felfs Plants.

Time of Tempera- ieight of Loss in Rate of IMfoisture
dey ture °C. 100 plants weight Ifoisture Content
(hour) grams grams loss %

7:45 16.0 636 32 5.03 77.20
.8:45 18.0 604 23 3.81 73.31
9:45 20.0 581 19 3.28 70.52
10:45 23.0 562 20 3.56 68.22
11:45 23.0 542 30 5.54 65.79
3:45 23.0 512 21 4,11 62.15
3:45 22,0 491 17 3.4"7 59,60
gyi? 21.0 474 36 7.60 57. 54
10:18 23.0 438 58 13.25 53.17

7:30 21.0 380 46.13
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Table 19. Con't.

Set 2. / |
Time of Wieight of Loss in Late of [loisture
day 100 Plants weight moisture content
(hour) grams grams loss 0 YA

7:456 639 28 4.39 77.20
8:45 611 19 3.11 73.83
9:45 592 29 | 4,90 71.52
10:45 563 18 3.20 68602
11:45 545 28 5.14 65.84
1:45 517 23 4,45 62.46
3:45 494 18 3.65 59.68
5:45 476 36 7657 57.51
6/17

10:15 440 64 14.55 53.16
7:30 376 45,43

Loss of foisture from Leaves and Stems.

Lcaves.,
Time of Initial Weight Loss in Moisture
day weight after weight content
(hour) greams heating grams A
grams

7:00 20.1 4,4 15.7 78.11
8:45 12.3 3.0 9.3 75,60
9:45 19.7 5.0 14,7 74.62
10:45 19.8 4,9 14,9 74.25
11:45 14.9 3.9 11.0 73.83
1:45 15.6 4.2 11.4 73,08
3:45 16.8 5.0 11.8 70.24
5:45 15.3 5.0 10.3 67.33
10:15 8.1 3.1 5.0 61.73
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Table 19 Con't.

Stems.
Time of Initial Weight Loss in loisture
day weight after weight content
(hour) grams heating grams :

grams
7:00 25.5 6.0 19.56 76.48
831456 16.2 3¢9 12.3 76.93
9:45 24.1 5.9 18.2 75,52
10:45 26.2 6.2 19.0 75.40
11:45 20,2 4.7 15.5 76.74
1:456 22,0 5.6 16.4 74.55
3:45 25,2 6.5 18.7 74.21
5:45 20,9 6.0 14,9 71.30
10:15 11,0 3.7 7.3 66.37
7:30 8.5 3.5 5.0 58.83

Table 20,

Set 1.
PARTIAL EXPOSURE

Loss of loistume from Alfelfa Plants
Time of Tempera- Weight of loss in Rateof Moisture

day ture OC. 100 Plants weight moisfure content
(hour) groms grams loss %

8:00 19.0 631 51 8.09 77.20
9:00 21.0 680 31 5.35 70.96
10:00 25.0 549 38 6.92 67.17
11: 00 29.0 511 35 6.856 62,51
12:00 28.0 476 62 13.03 568,23
2:15 28.0 414 45 10.86 50,65
4:15 35.0 369 14 3.80 45,14
6:15 22.0 365 16 4,51 43.43
6/17

10:45 35.0 339 57 16.82 41.48

P e ——

7:30 21.0 282 34.51






Teble 20 Con't,

Set 2.

Time of day ‘Weight of Loss in Rate of loisturs
hour 100 plents weight moisture content

grams grams loss % %

9:00 | 564 30 6.14 72448
10:00 554 39 7.04 68475
11:00 515 36 7.00 63,92
12:00 479 71 14,83 59.45
2:156 408 45 11.03 50.64
4:15 363 17 4,69 45,05
6:16 346 22 6.36 42,95
6/17

10:45 324 60 18.52 40.21
7:30 264 32,77

Loss of foisture from Leaves and Stems.

Leaves.

Time of Initiel Weight Loss in Moisture
dsy weight after weight content
(hour) grams heating grams grams %

7:00 20.1 4.4 15.7 78.11
9:00 14.4 3.7 10.7 74,31
10: 00 15,8 4,0 11.8 74,69
11:00 11.1 2,8 8.3 74,78
12:30 19,0 3.5 15.5 81,58
2:156 12.1 4.5 7.6 62,81
4:15 12.1 5.2 6.9 57.03
6:15 16.4 5.3 11.1 67.69
10:45 10.5 4,6 5.9 56.20

7:50 4.0 207 103 52.50
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Table 20 Con't.
Stemse.

Time of day Initial Weight Loss in lloisture

(hour) weight after weight content
grams heating grams 2
grams
7:00 25.5 6.0 19.5 76.48
9:00 19.9 4.5 15.4 7739
10:00 25.8 5.3 20,5 79.&6
11:00 14,0 62 10.8 77.15
12:30 18.7 5.1 13.6 72.73
2:156 16.4 4.8 11.6 70.74
4:15 21,3 6.8 14.5 68.08
6:15 18.8 5.2 13.6 72.35
10:45 15.7 6.3 9.4 59.88

7:30 8.3 3.4 4,9 59,04

Lo ey - —
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confirm the remarks made in the first experiment. On this

ooccasion the most extensive drying occurred in those slfalfe
plants that were directly and partiaslly exposed to the sun-
light with the former somewhat in the lead as will be seen
from an inspection of Tables 17, 20, 81 and Figure 21. These
82lso show that the moisture content dropped more moderately
in medium shade and especially so in intense shede.

Further the leaves drop to a lower moisture content

namely 30.447, in the plants exposed to sunlight than in those

under any other condition. The next lowest are the leaves of

partially exposed plants in which the moisture content drops
to 32,50%. It will be noticed that in the shaded plants the

moisture content in the leaves is maintained above 5074 Tor
leaves to dry out to &s low &s 30.44% even in two days sllows

for little wonder corncerning the reasonsg for shatterine in

the swath,
Again, the greatest of moisture loss occurs during

the first hour, drops down during the second and third, snd

recovers perceptibly at the fourth hour again. Examination

of Tables 17, 18, 19, and 20 will reveal this fact clearly,

fully substantiating & similar remark made in reporting Fre-

liminary Field Exneriment Number 1.
Attention is called to the tendency which comes

to the foreground rere and was £lso observed in the first
'experiment, namely that exposure to the reys of the sun in-
creases the rate of moisture loss from the lesves markedly

above that of the stem, so thot the leaves dry before the

stems do.

——
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In Direct Sunligrt @nd Pertisl Exposure, for instance, thre
differences between the moisture contents of the leaves and
stems at the end of the two days are resnectively 13.297
end 26,546, the lesves having become that much drier during
the length of time indiceted. Lway from the sunlight under
Medium £hede and Intense chade the differences in finel
moisture contents between lcaves and stems sre only 5.847%
and 7117 respectively. In the field this is to be inter-
preted as indicating an even curing of alfalfa plants, in
the windrows and bunches with retention of leeves and &n
uneven curing, in the swath accomnonied with shsttering

or loss of leaves.

The moisture content of green, uncut alfalfa
plents et this stage where they heve resched an average
heighth of 2621 inclres with flowers not yet formed snd
lower leaves still entirely green was found to be 77.207% .
This 18 ¢647% higher than the 76.647% received for tte
younger alfalfa plents used in the First DTreliminery Tield
,ppsrently there is no correlation between

Experiment.

the increase in maturity of alfelfa plsnts snd the decrease

of their moisture content.
Teble 22.
The Effect of gunlisht, Shade, snd Partial
~xposure on the ibility of [1felfa Plants

to take up Zosin,
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Tetle 2& Con't,
DIRECT SUNLIGET MEDIUM SHADL.
Eour at Stain  Eeight! Height ' gStein Id ght Feight
wrich stain &ab- resched of ' &b- resclred of plant
was applied. sorbed. by stain plant ' sorbed by stain
in plent : in plant _
%130 8.4cce 92 in. 22 in.: 8.# cc. 9.5 in. 25¢in.
8:30 7. " 62 " 24E !
9:30 6.4 " 3z " 24, " ; 5.4 " 9,0 " 24, "
10:30 6.7 "  BF ™ 25E MY 3,0 9. " 25, "
11:30 4,6 " 4, " 22g "' 8.0 " 104 " 26, "
1:00 4,5 " 5 " 20, " : 5.0 " 9, " 24, "
2:30 2,0 " 3 " 25, " E 4,8 " 8¢z " B, "
4:00 3.0 " 52 " 27, " v 5,0 " 114 " 263 "
INTZENSE SHADZ PARTIAL EXPOSURE
Hour at Stain EHKeight Heigkt ' Stain Feight Feirclkt
which stain ab- reached of ' ab- reached of
was anplied., sorbed by stain plant ' sorbed by stazin plant
in plant : in plant
7:30 8.8 cc. 13% in. 25. in.: F.
8:30 5.8 " 8% " 22§ "
9:30 2.6 " 5% mog4dk Mt 7.2 ac % in. 26 in.
10:30 3.4 " 8 " 22, - 7.9 " 11, " 26 "
11:30 7.5 " 84 " 19% - 6,0 " 6% " 23 v
1:00 3.2 " T, " 243 " : 4,6 " 5k " 251 m
2:30 8.0 F 5. M 255 "t Bz w4 v gg
4:00 3.6 " 3, "™ 21 v : 4,3 "™ 33w 211 m
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Table 22 gives the results secured from the
staining tests of alfalfa plants with Bosin. There is
not such a marked difference this time between the amount
of stain taken up by those alfalfa plants exposed to sun-
light and those shaded. However, the height reached by the
stain in the plants shows that the exposure to direct sunlight
considerably interfered with the maximum movement of moistum
through the plant. For example, in the plants under Direct
Sunlight the stain only attained a height of 3% inches amd
53 inoches respectively in the last two tests, whereas, under
Medium Shade the stain was attracted up into the plant to s
hoight of 8% inches and 114 inches respectively in the last

two tests.

Summary.
l. The moisture content decreased to the greatest

extent in the alfalfa plants under Direct Sunlight, to a
less extent in those under Partial Bxposure, still less in
those under Medium Shade, and decreased to the lowest extent
in the plants under Intense Shade.

2. The loaveé of 8lfalfa plants exposed to direct
sunlight daried Q&ln in only two days ocuring, to a moisture
content undesirably low because of the shattering that re-
sults from it.

3. The rate of moisture loss is at its greatest
during the first hour, drope during the secomd and third
hours amd increases again beginning with the fourth hour.

4. Exposure to direct sunlight tends to increase
the rate of drying of leaves above that of the stems result-
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ing in uneven ouring in the field. Protection from the
sanlight enables leaves and stems to cure at approximately

the same rate assuring even drying out.
5. Bxposure to direct sunlight interferes with

. maximum movement of moisture in the plant from the stems

imto and out through the leaves, as shown by the staining

tests.
6. The moisture content of green, uncut alfalfa

plants in the stage of maturity described above is 77.20%.

€5 o3 m——
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Preliminery Field Experiment.

Number 3

PurEoso

This experiment of staining alfalfa plants with
Eosin solution at different stages under different cordi-
tions was conducted to test, a little more extensively then
before, the effect that direct sunlight has upon the movement
of moisture up the sfems end out through tre leaves.

Material

The Eosin solution was prepered by dissolving
three and one half grams of powdered Eosin in five liters
of tap water,

™o hundred 4-dram glass vials, which were used,
were two and three fourths inches tall end five eights
of an inch in diameter and were equioped with split corks
perforated lengthwise with & sufficiently large bore to
accommodate the stems of the alfalfa plants.,

Two hundred plants were taken from the border
alfalfa plot mentioned esrlier in this work. The plants
were in full bloom and after cut were of the length indi-
cated in Tebles 23 and 24.

Table 23,
DIRECT SUNLIGIT

Steining Alfslfe Plants with Eosin,

cut in Air Cut Under Staln

12:15 M. Temp. 45%, Av. Am't. Stein-9.57 cc. Av. Hgt. 24.05 in,

No. of height height stain ' No. of Height Height amount

plants of plant reached used. ' plants of plant reached stain
by stain ' by stein used.

1 23.5 in. 23.5 in. 80 cec. 6 26.5 in 26.5 in 14X cc
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No. of Height Height Stain ' No. of Height Feight Amount /
plant of reached used ¥ plant of reached stein
plant by stain .;7 plant by stain used
2 20.5 in. 20.5 in 10.0 cci g 28.5 ine 2B.5 in. 2.9 cc.
3 27.0 " 26,0 " 1l1l.6 " : 8 27.5 " 27.5 " 6.0 "
4 25,0 " 25,0 " 7.9 " : 9 21,0 " 21.0 " 9.0 "
5 26,0 " 26,0 " 9.4 " : 10 25,5 " 21,0 " 9,1 "

Average 24,2 " 9.,38" 1 Aversage 23.9 " 9,76" i
12:30 M.-Temp 45°C. Av:-E;:E:-§;%I;:5:§5 cc..v. Egt. 22.80 in, F}
1 25.5 In. 25.5 in., 14.1 cc: 6 26,0 in.26.0 in. 12.0 @c. L
2 20.0 " 200" 85" 7 24,0 " 24,0 " 7,6 " .
3 21,0 " 21,0 " 5.6 " : 8 22,5 " 22,6 " 7.3 "

4 24,8 " 24.5 " 6.8 ¥ : 9 23,0 " 23,0 " 6.1 "
5 21,0 " 21,0 " 8,8 " ; 10 20,6 " £).5" 5,7 "
Average 22,4 "  8.96" '  Average 23,2 ",  7,74"
12:45 M.~ av. 4n't Stein - 7.94 co. iv. Hel ght-20.55 In.
1 17.5 In. 17.5 in. 2.0 cc: 6 18.5 in.18.5 in. 4.8 «.
2 23,0 " 23.0 n 9,1 " : 7 26,0 " 26,0 " 14,5 v
3 24,0 " 24,0 " 8.4 " : 8 22,6 " 22,5 " 7.8 "
4 21,0 " 21,0 " 4,0 " : 9 16,5 " 16.5 " 9.3 "
5 20,0 " 20,0 " 9,4 " ' 10 19.5 " 19.5 " 5,1 "
Average 21,1 " 7,58 1 Aversage 20,6 " 8.30",
1:00 P.id, Temp. 38°¢C. ;;:-EE;:-;E;;;:;OS cc..v. Egt. 18.5 In.
£20.0 in. 20.0 in 11.5 cc; 6 19.0 n. 12.0 in 5,3 cc.,
2 22,0 " 18.0 8.3 " : 7 22,5 " 19.0 v 6.0 "
3 19.0 " 1%.0 8.6 " : 8 20,0 " 0.0 " 1.7 "
4 17,56 " }7.5 " 6.6 " : 9 8.0 " 18.0 " 5.3 "
5 16.5 " 16.5 " 10.5 " : 10 8.0 " 18.0 " 6.5 "
Averege 8.2 " 9.10" ¢ Averege 18.8 " 6.96"



103,
Table 23 Con't.
cut in Air Cut under Stain

Yo. of Ekight Height  Amount !
plant of plant reached Stain ' Humber Feight - Height

inclres by stain used ' cof of nlant rcachred Amourt
inches cc. T plant inches by staein stain
T inches used cc.

) {

1330 2,l{s - Temp..45°C-Av. im't Stain-8,82 ce- Av, Height 19.15 in,
|

1 20.5 in 20.5 in 9.5 cc: 6 16,0 in 16.0 in  9.4cc
2 8.0 " 18,0 * 9,5 " : 7 15,0 " 9,5 " 4,5 "
3 23,0 " 23.0 " 13.9 " : 8 20,56 " 20.5 " 6.0 "
4 24,0 " 24,0 " 10,1 " : 9 18.0 * 18.0 " 9.9 "
5 22,0 * 22,0 "™ 7.6 " : 10 19,0 " 19,0 " 7.7"

Average 21,7 ™ 10,12" ! Average 16.6 " 7.50"

2:00 P,M. Temp. 48°C Av. Am't Stain - 8.62 cc. AV. Feight 17.9 in

1 21,0 ¥In 17.5in 6.4 cc: 6 19.5 in 19.5 in 9.0 «
2 8.0 " 18,0 " 12,9 " : 7 19,5 " 16,5 " 5.7 "
3 18,6 " 18.5 " 7.3 " '8 19.0 " 19,0 " 11,4 "
4 19,0 " 1%9.0 " 8.0 " : 9 17,5 " 17.5 " 11.3 "
6 16.5 " 16.5 " 6.4 " : 10 19.5 " 17.0 " 7.8 "

Average 17,9 " 8.20" ! Average 7.9 " 9,04"

2:30 P,M, Temp-45°C-Av, 4 't. gtain-7 17 cc=-Av. Height 16.95 in.

1 23.0 in 20.,5m. 7.6 cc: 6 12. in 17. 1in 6.7
2 22.0 " 18.0 " 9.0 " ¥ 7 23,5 " 23,5" 12.0 "
3 18,0 " 18.0 " 5.9 " * 8 19.0 "  19.0 " 6.0 "
4 19.0 " 6.5 " 4.4" ' 9 20,0 " 12,0 " 3.5 "
5 21.0 " 21.0 " 8.1 " S 10 22,5 " 19,0 " 8.5 "

Average 15.8 " 7,0 B T Average 8.1 " 7.34"
3:00 P,U.-Temp 54°C. Avj-;;:;-gggigz-;:gg ce Av. Height 17.60 in
1 19,0 in 16.5 in 5.7 oc: 6 2l.0in 19,0 in 8.0 ce
2 23,0 " 20,0" 4,9" v 7 20.0 " 16,5 " 5,8 "
3 19.5 " 16,0 " 6.9 " : 8 8.0 " 16.0 " 11,2 "
4 18,0 " 150" 8.3 "' 9 22,0 " 18,5 " 7.8 "
5 20.0 " 20.0" 8,0 T

10 21,0 » 18.5 " T
A O NCrma A"E o YRR e e «“T ot gT"
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Table 23 Con't,

Cut in Air Cut under Stain
No. Height  Beight Amount Yijo. Het ght  Height
of of plant reached Stain 1Yof of plant reached Anmount
prlant inches by stain used Tplant inches by stein stain
inches cc. 1 inches used. CC

) §
4:00 P,M, Temp 49°C- Av. Am't %Stain-4.15 cc Av. Height 11.00 in
1)

1 17.5 in 12.5 in 5.8 ce ' 6 20,5 in 9.0 in 3.7 cc
2 20,0" 14.0" 3.6 " s 7 18.0 " 7.5 " 4,0 "
3 18.0 " 14.5 " 6.2" ' 8 220" 9.0" 3,8"
4 185" 135" 37" 1 8 165" 4,0" 2,8 "
5 200" 200" 53" '10 19.0" 6.0 " 3.1 "

Average 14.9 " 4,927 ¥ Average 7.1 " 3,38"

5:00 P.H. Temp 430C. Av. Am't Stain 6.44 cc. AV, Height 14.17 in
1 20.0in 11.54in. 5.7 co ' 6 16.0in 7.5 1in 5.5 co
g 16,0 " 9.0 " 4,0 " 7 200" 200" 5,2
3  17.75"  15.25"  5.8" 8 19.0" 19,0 " 9.3 "
4 21.0"  19,00" 10.7" 9 17.0" 17.0" 7.8 "
5

17.0 17.0 "  G.1 " 10 18.0 6.5 " 4,3 "

>t of ‘6w d uf w0 rag W =

Lverage 14,35" 6.46" ! Avereage 14,0 " 6.&2"

——
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Table 24.
SEADE.

Stai ning #1falfe Plants with Zousin.

Cut in Air Cut undecr Stein

No.. of Height Feight _‘mount ' Eeight FHeight Amount

plent of reacrhed stain ' No. of of reacred stein
plant by stain used ' plant plant by stain used
inches 1inches CCe 1 inches inches cC.

12,15 M. &4v. Am't Stain 8,03 ce. Av, Feight 21.80 inches.
?
1 22,0 in 22,0 in 8.2 ce' 6 21,0 in, 21.0 in 7.5 cc

2 22,5 " 22,5 " 12,0 " S 7 19,5 " 19,5 " 4,7 v
3 25,0 " 25,0 " 10.6 "' 8  22,5" 225" 9.8 "
4 19.0 " 19.0 " 5.4 "' 9 235" 235" 10.8 "
5 22,0 " 22,00" 5.0 " '10 2.0 2L0" 6.3 "
Average 22,1 " B8.,24" ' Lveresge cl.5 " 7.82"
12:30 1. Temp 270C- ;v:j§;5{1§§;ﬂ;:?iyﬁ cc. iv. Yeight 23.85 in.
1l 25.0 in £23.0 in 11.8 cc: 6 21.0 in 21.0 in 7.0 cc
2 22.5 " 22,5 " 8.0 "' 7 250" 250" 7.7
3 18.0 " 18,0 " 5,9 " '8 245" 245" 5.6 "
4 25.0 " 25,0 " 7.5 " : 9 24,5 "  24.5" 6.3 "
5 21,0 "  21.0" 7,3 " '10  27.0 " _27.0 % _10.0 "
Averege  £1.9 "  8.10" i iverace 24,8 " 7.32"
13:45%av. sn't St:'nir:-7-.-g9--c-g.-: .;;.--??gi—g-ht 20.85 ir.,
1 © 25.0 in 24,0 in 8.7 cc: 6 22.0 in  22.0 in 7.7 cc
2 22.5 " 225" 1.7 "' 7 205" 205" 7.0
3 23,0 " 23,0 " 7.4 " '8 2L0" 20" 6.3 "
4 19.0" 19,0 " 6.2M" ' 9  20,0" 20.0" 7.6 "
5 22,0 " 22,0 " 5.8 " 3 10 14.56 " _14.5" _5.5"
Aversage 22,1 " 7.96" ' Aversge 19.6 " 7.22"
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Teble 24 Con't.

Cut in Aiir

Cut urd er Stain

No. of Height Ieight smount' HNbd.of Height Feight Amournt

plant of plsnt reached stein ¥ plant of nlent reached stain
inches by stain vsed ! inchtes by stein used
inches cec. : inches  cc.

1;00 P, s Temp 270C. AV, am't Sfain- 8.5 ce. 4v. Height 21,06 in
1l 21.6 in 21.0 in 7.6.00: b 21,0 in. 21.0 in. 8.8 c
2 21.5 " 21,5 " 6.0 " : 7 23,0 " 23.0 " 12,0 "
3 21.5 " 2l5 " 9.0" ' 8 19.5 " 19,5 " 7,0 "
4 20,0 " 20,0 " 7,9 7" : 9 20,0 " 20,0 " 7,0 "
5 25,0 " 25,0 " 15,0 " : 10 18,0 " 18,0 " 4.8 "
Average 21,8 " 9.1 "7 Average 20,3 " T.92"
1:30 P.M. Temp. 270C, A;:-E;;;-%;;;;- 8.33 cc. Av. Hgt. 20,3 in.
1 18.5 n 18.5 In 9.0 Go: 6 15,5 fn 15,5 ¥fn 7.0 cc
2 21,0 " 21,0 " 10.6 " : 7 19.0 v 19,0" 8.8 "
3 17,5 " 17.5 " 4.4 " : 8 82,5 " 22,5 " 11,0 "
4 22,56 " 22.5 " 8.4 " : 9 20,5 " 20,5 " 8,7 "
5 21,0 " 21,0 " 8.3 " ' 10 25,0 " _ 25,0 " 7.1
Average 20,1 " 8,14" ¢ Average 20,5 * 8,52"

2:00 P.M. Temp 28°c. A;:-Z;7§-§E;I;--;.4e ce. Av. Height 19.15 in,
1 18,0 in 18.0 in 6.1 cc: 6 18.5 in 18,5 in 12.0 cc
2 20,0 " 20,0 " 4.6 " : 7 20,5 " 20,5 " 7.1 "
3 21,0 " 21,0 " 6.8 " : 8 19.0 " 19.0 " 8.5 "
4 22,5 " 22.5 " 5.6 " : 9 18,5 " 18.56 " 10.5 "
5 16.5 " 6.5 " 6.4 " : 10 7.0 " iz.0 " 7.0
Average 19.60" 5,9" ' LAversge 18,7 = 9,028"
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Teble 24 Con't.

No. of Height Height  Amount ' Jo. Height Weight  Amount
plent of reached of ' of of reached of stain
Plant by stain stsin ! plant plant by stain used
inches inches used cc.? inches inches CCoe
| §

2:30 P, M, Temp 280C, Av, 4m't Stein 8,03 ecc. Av., Hgt. 19.40 in,
]

1 22.0in 22.0 in 7.6 cc : 6 20.5 in 20.5 in 9.1 cc.
2 17.5 " 17.5 " 6.6 " 17 18.0 * 18,0 " 7.8 "
3 20,0 " 20,0 " 6.1 " ' 8 16.5 " 16.5 " 6.5 "
4 16.5 " 16.5 " 5.8" ' 9 20,5 " 20.5 " 10.6 "
5 19,5 " 19.5 " 10,0 " ' 10 23,0 " 23,0 " 10,2 "
.
1

Average 19,1 " 7.22"

Averege 19,70" 8.,84"

3:00 P,M. Temp. 28°C, Av, Lm't Stein- 8.32 cc Av. Heigrt 19.65 in,

| §
1 18,0 in. 18,0 in 8.4 cc. ' 6 24,0 in 24.0 in 9.0 cc
]
2, 21.6 " 21.5 " 7.4 " L4 7.0 " 17,0 7.3 "
|
3. 24,0 " 24,0 " 15,0 v r 8 16,6 " 1l6.5" 7.7 "
\j
4, 20,5 " 20,5 " 4,7 " r o9 18,5 " 18,5 " 9,3 "
]
5, 20,5 " 16.5 " 9.4 " r 10 16.6 " 16.0 " 5.0 "
Average '
20,9 " 8.98 " ' Aversge 18,4 " 7.66 "

1 17.0 In. 17.0 in 9,0 cc ' 6 22,0 in 22,0 in 11.4 cc.

2 23,0 23,0 " 8.5 " r 18.0 " 18,0 " 7.6 "

3 22,5 " 18.5 " 8.4 " ' 8 15,5 " 15,5 " 7.8 "

4 18.0 " 18,0 " 12,7 " LI 16,0 " 16,0 " 5,1 "

5 8.0 * 18,0 " 5.4 " ' 10 20,0 " 20,0 " 6,7 "

Aversge 18.9 " 8,8 ce ' Averege 8.3 " 7.,72"
--------; --------- .

5:00 P.l. Temp. 27 .5°C., Av. &m't Stain 8.36 cc iv. Hgt., 28D.35 in
|

1 23,0 in 23,0in 8,0 co ' 6 17.0 in 17.0 in 6.3 cc
T

2 19,0 " 19.0 " 14.8 " ren 20,5 " 20,5 ¢ 8.6 "
| §

3 19.0-" . 19.0 v 7.3 " *r 8 20,0 " 20,0" 6.5 "
|

4 19.0 " 19.0 " 6.0 " 't 9 20.0 " 20,0 " B M

5 22,0 " 22,0"™ 10,2 " r 10 24,0 " 20.0 "

<] @O 3
L]
] O &

" "

-

AVeraca 20,4 v 9,32 " Lverage 20.3
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For Direct Sunlight the plants were placed in the

open, on the stubble surface of mn adjacent plot, directly

exposed to the sun. For Shade the wooden frame described in

the report of Preliminary Field kxperiment [fumber 2, covered

with two thicknesses of burlap, was placed over the plants to

be kent shaded.
Procedure.

At 12:15 C'clock P.M., June 30, 1926, the two

hundred alfalfa plesnts were cut, the first group of one

hundred »nlants pleced in Direct Zunlight end the second grouvp

placed in the Shade. it once ten vlants were teken from each

group and their stems inserted into the glass vials which hsd
previous ly becn filled with Eosin solution to the bottom of

the corks. The stems of five plants of each group were, how-

ever, first dipped into a dish of Zosin solution and threir
ends clipped off unmler the stain to determine whether cuttng
under stain facilitates the movement of the stain up into the

plants, This entire performance was repeated as whown in

Tebles 23 and 24, every fifteen minutes up to 1:00 o*clock

P.l,, every half hour thereafter up to 3:00 o'clock P.li.,

and every hour therecfter up to 5:00 ofclock, ct whick inter=

valg temneratures were also teken end recorded. The plants

stained were kept in an upright position by supoortinc in ob-
long metal boxes, one box for the group left exposed to the
sun and another for the group keont in shade.

Immedictely after five o'clock the plents were re-
moved to the leborztory where they remsined until the morning

of July 2. ZIxactly 44 hours efter the first ten plants from



gech group had been treated, they were removed from the
vials end the otrer plants then removed in tre order in
which had been originally inserted irto the viecls, nanely
at fifteen minute intervals from 8:15 A, to 9:00 A.lL.,
every half hour then until 11:00 A.ld., 8nd every hour follow-
ing up to 1:00 P.,lide In this manner every group of alfslfa
plants had been left with the viels of stsin ex=ctly 44 hours.
After the plants had been sensreted from tre vials, the length
of each plant end the distance up with tke stsin hed been
pulled in each was measured s well as the smount of stain
in cubic centimeters teken up as menifested by the zmount
remaining in the vials, These results were tren tabulated
end are given in Y“sbles 23 snd 24 end summerized in Teble
25 snd Figure 22,

Teble 25.
Summaery of Tebles 23 and R4, comnaring averages of.amount of

stain taken up and heignht reached in alfelfs plents under
Direct Sunlight and under Shede.

Dimect Sunlight Shade.
Time Tempera- Amount Ileight ' Temp- Amount Fel ght
P. M. ture 0Z., c¢f stain reached ' ercture of stain rescred
6/30/26. taken up by staint' ©c, taken un by stain
Cub, C. 1inches ! Cub. C. inches,
12:15 9.57 cec 24.05 in? 8.03 co 21.80 fn.
4
12:30 45 8,35 " 22,80 " ¢ 27, 7.71 " 23,35 "
t
12:456 7. 94" 20,85 " 1t 7.59 " 20,85 "
]
1:00 38 8,03 " 18.50 " ¢ 27, .50 " 21,06 "
) L
1:30 45 8,82 " 19.15 " ¢ 27, 8,33 " 20,30 "
2:00 48 8.62 " 17.90 " ¢ 28 7.46 " 19.15 "
2:30 45 7.17 " 16,956 " ¢ 28. 8.03 " 19.40 "
3:00 54 7.33 " 17.60 " 1 28, 8.32 " 19.65 "
4:00 49 4,15 " 11,0 " ¢ 28. 8.26 " 18.60 "

5:00 43 6.44 " 14,17 " 1 27,5 8.36 " DL,35 "
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The distances indicated in the staining of the plants are
those up to which the stems and leaves were plainly seen to be
stained and beyond whioch no steining was evident externally.
Results

It becomes clear at once that the special treatment
of clipping the stems of the alfalfa plants under stain did
ﬁot influence the staining to any recognizable extent and that,
therefore, the same results are secured whether the stems are
clipped in the air or under stain.

AT this point it is well to consider the action of

Eosin. The fact is well known and extensively taken advantage
of by Plant Physiologists, that in passing up into and through
plants Eosin does not diffuse through the plant sap but follows
up after it as it recedes up and out of the stems into the
leaves with the moisture escaping into the atmosphere as vapor.
Therefore, the path taken by the escaping moisture in alfalfs

plants will be marked by the stain, for wherever the stain ap-

pears the moisture hés preceded it. Hence, since in this ex-

periment such large majority of leaves were stained, &s indie
cated in Tables 23 and 24, it cé&n only mean that the path taken
*This remark is substantiated by the statement made by Lr. H.
F. Clements, an instrustor in the Plant Physiology Department
of this College. lr. Clements says:"In all my class work I
find that Eosin will not diffuse through living cells or through

the walls of the vessels, but that the dye itself must be car-

ried in order to show its effect.”
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{by much of the moisture in the drying of alfalfa plants is
through the leaves

On the basis of this, it is very evident from
the results obtained and represented in Tble 25 and Figure
22, that exposure to direct sunlight had a deleterious
effect upon the leaves by lowering their capacity for giving
off water and their subsequent ability of drawing up stain.
For under the condition of Direct Sunlight the plants had
been s0 effected that st the end of the dsy they were no
longer able to raise the stain more than from II.00 inches
to I4.I7 inches up the stems and leaves nor take up more than
from 4.16 to 6.44 cubic centimeters of stain. On the other
hand, the plants whose leaves had been protected in the shade
oontinued to take up stain from the beginning to the oonclu-
of this experiment with unbated intensityg. At the beginning,
for excample, the plants in the shade were taking up over 8
oubic centimeters of stain and &8s high as 2I1.80 inches up the
stems with their 1eavos{ and at the conoclusion:the plants
were 8till taking from 8.26 to 8.36 cubic centimeters of stain
and up &8 high as from 18.60 to 20.35 inches.

Summary

I. Exposure to sunlight of cut 8lfalfa plants re-
duces the power of the leaves to give off moisture as mani-
fested by their ability to take up stain.

2. Eosin performs equally well regardless of whetjer

the stems of the alfalfa plants are cut in the air or under

the stain.
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llajor Tield Ixperiment.
Purpose.

Tre llajor FTield Experiment wes cerried on with
alfalfa hay cured in the field under five different methods,
vig.: hay cured in windrows made with a curved tooth, left-
hand drive, side-delivery rake; hry cured in windrows with
& straight tooth, left-rend drive, side-delivery rske; hay
cured by bunching with & dump reke and after three gnd ore
half deys built into cocks snd ellowed to remain there for
a dey; hay cured in the swath; hay cured in the swath far
approximately three and one helf deys ond then cocked. The
experiment wes conducted for the purnose of determining sas
fas as possible, first, how moisture is lost from forage
plants in the process of curing into hgy; &nd second, what
influence different methods of curing have upon the repidity
of moisture loss and upnon the memmer in which the loss tekes

nlace, either through the leaves, through the stems, or

about equally from both.

Description.

Cooperating with lIr. Rel ph Fudson, who has cherge
of the College Parm, it was made possible to carry this ex-
periment through under typicsl Michigen field conditions and

with the kinds of hay making implements actually used by

Michigan farmers.

The work wes conducted in Field 21 of the liichigan
State College ™arm., In this field a very good stand of =2lfelfs

had been secured, mowing of which was begun when the meadow

TR - e e —



wes gbout 1/10 in bloom and the lower leaves of the alfalfs

plants were just beginning to discolor. The section of the

field used for the experiment in question was centrally loca-
ted and in sn area of the field in which &n average growth

hed been made constituting a stand which yielded about a ton
end one half of cured slfslfs Lay to the acre, as near to the

average of the state slfalfa hay yield as could be secured.

The nroject itself was started 2t three o'clock in
the afternoon of Thursday, June 24, 1926, sllowed to run its
course the subsequent Friday, Saturday, Sunday, and 'ondsy,

terminating at about eleven o'clock in the forenoon of

Tuesday, June 29, when the hay wes hauled in. During this

time the weather was also of about trhe averege kind trkat the

i{ichigan farmer in genersl has to contend with during the

hay meking sesson. There was & light shower during each of

the first two nights of this period snd two days of rather

cloudy, cool weather, Reports from the Weather Bureau show

that during the early morning of ¥riday, June 25, from gbout
1 to 2 A, & 1ight shower took place with a rsinfall amount-

ing to ten hundredth of sn inch. During the evening of the

same day (Friday, June 25) a light rain fell avproximately

between the hours of 10 and 11 P.M. to the evtent 6f nine

hundredth of an inch. The Sszturday and Sundey of this periogd

were quite cbudy keeping the temnerasture down to &«n everage

of 17 degrees Centigrade during Satyrdsy and to 22 degrees

Centigrsade during Sunday, from 8 to 13 degrees lower tran

e _m’:
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the averages of the other days when a temperature a&s high as

36 degrees Centigrade was resched at times.

Reference has already been made to the five differ-

ent methods under which the hay of this nroject wes cured.

These were arranged for es follows. Five swaths were cut with

& mower mowing an eight foct swsth, with the swath side by

gide running the width of the field., Lt omce cne of the swaths

was raked into & windrow with a curved tooth, left-kand drive,

1

side-delivery rake; a secord swath was windrowed with s
2

straight tooth, left-hand drive, side delivcry rake; a third

swath was bunched with a dump rske; and the fourth and fifth

swaths were allowed to remsin untouched. The cut salfslfa

was left under these conditions until hsuled,in, with threse

two exceptions. The bunched hay after sporoximately three
snd one half days wes built into cocks each weighing about
from 80 to 100 pounds and left trere until rarvested. The
hay of one of the swaths also, after gonroximetely three
and one half days, wes built into cocks of about the same
size of those just mentioned, end tkren left untouched until

hauled in.
Trese five swaths were mowed and the first tkrres

raked as described at three o'clock Thursday esfternoon, June

Immediately samples of ten plants each were taken from
Tris

24.
the two windrows, the bunched hLey, and from the swattrs.

sampling was reveated at hourly intervals that afternoon

1. Manufasctured by the John Deere 2low Company of iloline, Il1l,

2. Manufactured by the ifassey FPerris Harvester Comnany of

Cetavis, U.Y,

— s ——
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until six o'clock and the following day, PFridsy, fouwr times

during the forenoon, During the rest of the reriod, sumples

were taken three times Pri dsy afternoon, only once Saturday
forenoon and Sunday afternoon beczuse of the unsettled wes-
ther described esbove, ome .londsy forenoon, again lMondsy

afternoon, and then shortly before the hay was hauled in

Tuesday morning, June £9. The ten plants, chosen whenever

8 sample was taxen, were selected to be 28 renresentative
as possible, seven being taken from the inside of the wind-
rows and bunches and three from the outside, since for this
work it could be ssfely cssumed thet in the windrows end
bunches about 702 of the vlants were inside end nbout 307
on the outside of these formations. 2s soon es the ten
plants were taken in euch case tie lesves were at once

severed at the vnoint of their Jjunction with the petioles

with tre use of scissors. 4hese leaves were tren pleced in

egn air-tight, friction top can &nd the stems similarly
placed in another, ecch can being oroverly lebeled. Tre
cans used were number 2, nlsin tin, round tnencer friction
cans, three cnd one half inches in digmet:r #nd four and
three fourth inches high, equipved with friction cans, and
manufectured by the Lmerican Can Comnany of llew York. In
conjunction with this, whenever a sample wss teken the
temperature was 2lso teken end recorded in order that sny

differences trut mey exist in the teumnorature of boy cured

under these warious conditions might bhe msde sccessible.

114,



In order to have these records as accurete «s possible
the therometers used were kept buried beneath the surface
of tre ray in all ceasec,

After the can samnles of lesves srd stems had
been teken, tkey were removed to the lzberatory =t the
end of each rz21f day, the leaves snd steus carefully
weighed, and trese then nleced in «n electric oven in
which they were hented a2t 110 degrees Centigrade for five
hours., Following this they were cgain weighed, the loss
in weight determined, from which was cslculeted the mois-
ture content of the leaves, of the stems, 8snd of tre
entire plent for every hour at which tre hey wes samoled
under the five methods as well s the vercentage of ttre
entire moisture of the plants to be found in the lesves

and in the stems.,

Results,.

With the aid of these figures it has been possible

to trece the loss of moisture from deay to day duri ng nro-

cess not only of the plants, but also of the leaves end

stems.

this nroject the lezves gnd stems dry down ot zbout the sare
rzrté, or whether the rate of moisture loss of one exceeds

that of the other and row this holds true with the different

métho ds of curing.

Tr.e results secured from curing 8lfelfa fray in

windrows mede with & curved tooth, left-hand drive, side-

delivery ruke are given herewith in Yables 262 and 26B

and sumarized in Pigure 23,

Some idesa is, therefore, obtained ©s to whether in
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It is evident from these figures that there is no dis-

tinective difference between the rate of moisture loss

of the lcaves and trat of the stems, The moisture of

the stems is, however, maintsined st & somewhat higher
figure than the leaves, since the leaves dried down from

& moisture content of 66.93% to that of 11.37,5, while the

stems in curing dropped from & moisture content of 67,357

to one of only 23.64% Yet this is to be expected when one \

congiders the woody nature of the stems with their &lmost

b v mea .

impermeable epidermal layer as contrasted to the delim te 5‘_

tissue of the lcaves with their fine, exceedingly porous

epidermal leayer,
A8 8@ result of this difference in the rate of

moisture loss between stems and leaves the distribution of
the totel moisture ch&ﬁges elso, quite as is8 to be exnected.
It will be observed from Teble 26B that at the time the
plants are cut elmost helf of the moigture in the vlant

is located in the leaves, 46.207 to be exact,end 53.80 7%

of the moisture is located in the stems, This tends to

conform, somewhat, with the propa tion of leaves to stems,
for s 1is well known spproximately 407 of nlfalfa nlsnts

is leaves and 604 is stems. As curing oroceeds, it

naturally follows, that since the leaves are giving off:

moisture at a2 somewhat higher rate than the stems, less

of the moisture of tke nlant will be located in the lesves

and more in the stems at the time the hgy 1is resdy to be
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hauled in. “hat this is true, can be annreciated by the

fect that on the morning of the fifth dsy, 16.137% of the
moisture wss located in the leaves and 83,877 in the stems.
Consideration given to the total moisture content
of alfalfa undergoing curing in the curved tooth kind of
windrow regvesls in Table 263 a moisture content in green,
uncured alfelfs of approximetely 67.16, snd which, during

curing, drops to 20,137 moisture in ~1fslfe hey ready for

the mow or stack. Closer anslysis of these figures will

show, moreover, that the greatest moisture loss occurs

after ‘the first four hours and, in this instance, during

the second dsy of curing. For durineg Fridsy the moisture
J g g

content of the ray dropped over 255, more tran ! of the
total moisture, whichk is at least more than twiée £s gresat
a rate of loss as occurred st any other time, regardless
of the fact that during that day the temnerature was not
a8 consistently high as during llonday and Tuesday, June &
and June 29 respectively,

Insvection of results renresented in Tables

274 end 273 and Figure 24

Teble 274,

"Straight Tooth" Windrow Curing. Degresse in Moisture

Content of Leaves and Stems cf Alfalfa Iey Cured in

Windrows .sde With a Straight Tooth Left-kFand Side

Delivery nraie,
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«

and secured in curing alfulfa hoy in windrows mde bty a
streight tooth, left-rand drive, side-delivery rore, sub-
stantiate the remasrks just concluded and shav no difference
in hay cured by the two types of windrows. The leaves cure
down nraétically to the same extent ss in the other dindrow
namely from & moisture content of 62,5046 to one of 15.39 7
and similarly the stems cure out et about tre samn rcte,
from 66,13, moisture to 18.06,5% Trese results also
emphasize ggsin that there is a tendency for the leaves

to cure out more thoroughly than the stems and that, al-
though when green over 40,5 of the moisture of the plent is
located in tre leaves, this drops until 31.58,5 of the .
moisture is located in the leaves when the hay is cured.

In regerds to the total moisture content of ttre
kay, the differences at vasrious stages of the euring in
these windrows is exceedingly smell so that these results
do not substantiate the belief thst hey in a "curved
tooth" windrow cures out any differently thsn hay in s
"gtraight tooth" windrow, %The rate of curing agsin shows
the greeatest reduction of moisture occuring after the
first four Lours or during the second dey in this instance.

The results given in Tables 284, 283, and Tigure 25

* This is in keeping with the capacity manifested by
the leaves of giving off moisture &t s somewhat grester

rate than the stens do,
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were secured from alfalfa hasy cured in bunches for

approximately three =nd one helf days and in cocks for

the remainder of the time. They demonstrste thst alfalfa
hay cured in the manner just indiceted undergoes the seme

moisture loss that it does when cured in the windrowse.
This set of figures substantistes 2l1so the fact thst there

is a similar loss of moisture in leaves and stems, but

less thoroughly on the part of the stems. In gddi tion, tte

loss of evem $ of the moisture during the second dey is

again strikingly noticesble.
These general statements are 11 further borre

out by the results obtained from curing alfalfa hey in tle

sweth cs reoresented in Tebles 29A, 29B, igure 26, It is

evident from this that whatever the ovrocesses sre thst are
carried during the curing of hay, those nrocesses will go on

regardless of which particulsr one of the methods described in

connection with this nroject is used, Fowever, it is also

apparent and the fact should not be overlooked that £he hey
curing in the sweth was reduced in moisture content to en

unnecessarily low figure, physically menifested in dry,

brittle, eesily shattered lesves, This accounts for the lsrge

lJoss of leaves from shattering whichk alwsys takes nlace whren
alfalfe hay is cured in the swath and which was particularly

evident in this work as contrasted to the retentin of leaves

where the Lay was cured in windrows or bunchkes. Insvection of

the figures secured when hay from the swaths was built into
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cocks about thirty hours before being reuled in shows tls t
this had some effect in retarding too ezcessive & loss of
moisture from the entire vlants during the lest dey of curing.
3ut even so, lying in the swath up to that time hsd such an
influence that the lecaves continued to dry down as quickly sas
before with just as much shattering. Tre inferiority of
curing hay in the swaeth to curineg in windrows or bunches is
only too sovnorent,

Conclusions.

The conclusions to be arrived at from the results of
this major field experiment, further sumnsrized in Tables 30

and 31
Teble 3Q.

Comparison of the Reduction in Moisture Content of the Five

During llethods. Percert lLloisture Content,

Time Humid- Straight Zunches - Swath
ity 7 ©°c curved ©°C. tooth followed swsth followed

tooth windrow CC. by cocksOC 0 by cocks
windrow.

6/24 -

3%) 24 67.16 24 64.80 28 65,51 30 67.20-= —=—

4:) 37 23 64.79 24 66.88 25 60.00 24 68,86 == —=—

5;) | 20 63.94 18 64.78 24.5 60,79 23 69.65== =-—

6/25

7%45 83 16 65,98 16 65,79 14 59,21 16 61,40== == -

8:45 19 63,91 21 64,64 17 61.57 21 62446 =—n -

9:45 22 68.33 20 59,54 21 67.66 23 57,52== =e==

10:45 62 21 61.87 24 57.46 225 56,71 265 54 5l-= ==--

1; 28 59.47 23 49.46 30 51.58 34 48,12e= ~=--

3: 40 21 49.12 24 56,72 215 46,16 36 39,80== ===

53 22 40,13 18 44,61 26,5 55.56 25 41,09== ===-

6/26

1 -%5 67 18 49.01 19 51.33 16 5155 16 47.24== ~=--

8(% 46« 22 33.88 20 £9.63 26 39,07 225 29.01== === -

/
§0§§5 75 24 29,04 .
3:15 37 26.5 24.006 23.

27.49 £22.5 33.14 23.24.64 225 24
24.09 27 13.25 34 19,30 27 25 1R
8

9:30 60 23.5 20.13 42 17.12 &6 23.23 3% 13.34 27 1




4
\‘Cr

Table 30, Cont,
Note: Rain occurred on the morning of June 25 ¢t from 12:
to 1; 4A.ll. to the extent of 410 cf &n inch; =2nd occurred
during the evening of June 25 from 10: to 11:00 P,L, to thre
extent of .09 of sn inch.

Table 31.
Comnrricon of the Tecrerse in lfoisture Corntent of the Leaves

wi th thct of the Stems.

woisture Percentiege of Lecves ljoisture Percen*cze of Stems,
Curved Streigkt Zunches Curved Streieght Zunches

Time tooth tooth & weth tooth tooth & coers Swth,
windrow windrow cocks (Swth) windrow windrow

0/c4

LH 66.93 62.50 68.77 66.67 67.35 66413 65,22 67,65
4; 64.22 6621 89,24 66.40 65.26 67.42 60,96 70.50
62.03 63,16 59.939 59.62 65,39 66,17 61.74 78.34
66.45 63.64 57.15 062,38 65,61 67.26 61.46 60453
8:45 60,58 63485 60.55 61.61 66.43 65.56 62.69 63.173
9:45 64,20 54,91 54,91 54.96 70.17 ¢€2.61 60,39 59.3¢
10:45 &6.42 55.39 52.89 51,06 64,97 ©59.32 59,88 57.15
L: 59.61 39.45 44,93 37.65 59,36 55,96 56,67 55.12
33 41,56 55.31 41.80 23.05 55,44 57.84 50,00 48463
5 25.40 34.62 21l.43 25,00 49.50 50,58 67,89 49,59

6,26

19:15 45.66 45,79 49,14 43.75 51.82 54.55 83,97 49.58
6/27

3:30 19.68 12.83 29,34 13.21 40.80 36.46 94,71 383 9
6/28 cocks

10:15 15.79 11.30 14.04 12.0-1%85 36,18 34.79 42.01 3182=34 C7

5:/15 10.21 11.95 4.45 345-12,97 3028 30.65 25,00 24,7 1-33.9-
6/:9
9:30 11.37 15.39 1567 1L91-9.31 23.04 18.06 27.5% 14.11-223.62/

1
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and Tigure 27, cre as follows:=-

l. Lo significent diffecrences exist befween the
results secured from curing clfalfa hey in either the windrow
nade directly after mowing with a curved tooth, left-hand
drive, side=-delivery rake, the windrow made directly after
mowing with a straight tooth, left-hand drive, side-delivery
rexe, or in bunches made directly efter mowing and cocked,
three and one half days later.

2. Curing elfelfs hay in the swuth results in too
rapid a loss of moisture narticularly in the leaves thereby
ceusing an unnecesscry smount of shattering., This effect
is not counterascted even when the hay which hes been in the
gswath for three and one half days is cocked 30 hours or
less before sctually being hauled in.

3¢ The rate of moisture loss from the stems is
similar to that from the leaves in alfelfa plats nrotocteld
from the sun. In plants exposed to the sun the rate of mois-
ture loss from the leaves significantly exceeds that from the
stems,

4, Stems do not dry down ss thoroughly or to &s low
8 moisture content as do the leaves,

5¢ The moisture content of green, uncured alfalfs
plants et the stage of maturity st which the flowers are com-
ing into bloom snd the lower leaves are becoming discolored

is approximetely 655 The moisture content of cured sglfalfe

130.

hay ready to be hauled to tre mow or stack is approximately207,

6. From 4075 to 5073, of the moisture of green,



121.

uncured alfalfa is located in the leaves., [fter the £l-
falfa haes cured from 16,13/ to 31.58% of the moisture is
located in the lesves and from 68.577% to 83,877 in the
stems,

7. ©he grestest moisture loss, over 257,
occurs after the first four hours of curing gnd, in this

experiment, during the second dsy of curing.



Conclusions

rl.e results secured frou the experimcntal work
coaaucted in coaaection vith this thesis proolem are ot
such & nature thut tne wrivter Icvels jusiviiied ia iormula-
ting the ITollowiug conclusiohs.

ls 1Le lesves are an importunt sgeacy in the
ranoval oi moisiture irvid alislfa plants oeiqu. cured in
the preparation lor haye. LThis rewmarK is varraated becuuse:

8. <otlalning tests Lave skhiovn the puth taden by
moisture in escapia, irom altalfa plants to be tLnrou-h vie
leaves.

be sn even drying out oi leaves sau Stems is
secured wien alsalfa pluniS sre protected 1row exposure 1o
the =ua auring the tiwme oI curing, wheress, ihe leaves ary
excessively rapid wid the stews comps8ratively slovly on
tLhose plants trut are exjposed to direct suulignte. rsor
when & moisture p.rcenta.e oi 1o, Is assumed i1or the
leaves unaer &1l covuaitions it I.as oeen skhonn that the
Stews 01 the plunts iu the wiandrovws have 1rom lo-Zo,e
moisture, wkereus, trose in trne swath still nhave &s ri_h
a moisture couteat &s Irovm 41l-o4,0e 11.i8 dewoustrates
tlat wi.en the function of the leauves is aestroyed oy tuhe
searing action oi vie sun the aor.al loss ol muisture lrom
the stems 1s iankioited.

2. 10 secure couparatively c¢ven aryin. o1 tue
alialfa plaats sua vie retenticn oi leavesS slialla lsy

shoula o0¢ cured in viadrows or ia ounches that are iater
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cocked. Curling ia the svath should not oe practiced oe-
cause it causes too rapid & loss ol moisture Irouw ke leaves
wiich becowe dry and orittle viilc the steus still have a
Ligh moisture contvent.

d¢ in this worKk slialfa huy cured eyually well ia
punches trut were later cocxed &s it ala in vinarows. oe=-
cause 0L the tiue and lavor saved oy curin, ia wicmdrovs, a
well estuonlisked lact, inc lutter is ooviously the wmc.tnod to
be recouriended.

4, In wWwis worg sliaslia Lay curea egually well in
windrgﬁs immde Witk a curved tooth, lert-isad arive, siae ae-
livery raxe as it aid in windrows usade with & straig ht tooth,
left-huand drive, side aelivery rade.

5. wiile alfalia Lay is curing the i reatest mois-
ture loss seews tou Jsccur duria, tre Iirst Lour lunediately
arter cutting, snd auring tre w.elve Lours ol sunsiine 1ollo-
wing the rir-t relt day, or i1our Lours of curing.

6« 1he avera:ze moisture content ol ireem, uacuat
altalta at the stuze oI .mturity recow.snueu 10r cutting
naisely, whken 1/10 of the alialfa is in bloom =nd the lower
leaves sre oegianning to discolor, Las oeen founu vo ve
65.000. The avurs-.e molsture content oi alfalra hay, ilield

curea, reaay o ve nauled to the wmow. or stacK is «0.UO0, 00
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