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INTRODUCTION. 

ERhaio is a widespread misunderstanding regarding the so-called los 
caused by shrinkage of hay. The Department of Agriculture is con: 
 stantly receiving requests for definite statements as to the extent of 

. this loss under various conditions, and for Hoods of curing and stor- 
3 Most of these 

= 

| A hose preted in a ae are hay growers, country shippers, = 
_ receivers, commission men, brokers, and consumers in nonproducing 2 

territories. 

Any request from the producer for data on this subject immediate i 
and naturally suggests this question: ‘‘Why should the hay grower es ts 

2 in po Bony about loss due to tee vie oe 

: occurs when hay is stored in the ae or stack, when, as ‘a matter aid 

_ fact, ordinarily there is no loss of feedng value, and properly no loss 
in market value. ae a definition of market hay as discussed i in 
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Those who have been accustomed to regard all kinds of field-cured _ 
hay as marketable hay at the time it is stored and the loss of water 
as a real loss will be interested in the following report on some experi- — 
ments conducted at the Kansas Agricultural Experiment Station in 
1904: 

Occasional reports have appeared in the agricultural press of the Middle States 
advocating the baling of clover hay while in a wilted or partially cured condition, 
claiming that the method was an economical practice, and that it made a better grade 
of hay than could be made in the ordinary way. These reports have led to consider- 

able discussion among western farmers and in the farm papers as to whether alfalia 
could be profitably handled in the same way. In order to determine at what stage 
of curing alfalfa may safely be baled, and whether this method of handling the crop 
is a practical one, the Farm Department conducted the following experiment last 
season: 

The baling was done July 16 witha 14 by 18 * * * [two-horse] hay press * * * . 

This press has a capacity of 1 ton or more of prairie hay per hour. The alfalfa used was 
the second cutting of medium growth, from an old field, and was about one-fourth in 

bloom when cut. Fifteen bales were made from green alfalfa, which was raked and 
hauled to the baler immediately after being mowed. Six bales were made from alfalia 

that was wilted, having been mowed in the morning and baled in the afternoon of 

the same day. fourteen bales were made from alfalfa that was cut July 14 and put 
in cocks July 15. This alfalfa was in the ‘‘sweat” when baled, and did not differ 
much in moisture content from the wilted alfalfa. Nineteen bales were made from 
well-cured hay in proper condition to stack. ; 

TasLtE XVI.—Giving data on baled alfalfa. 

Average | Average 
weight dry 

Stage of curing when baled. . of bales | weight 
at 

baling. | Oct. 12. 

Loss of 
weight. 

Pounds. | Pounds. | Per cent. 

DICER GULRC ORE ers ioc Saker eee EI ao cent = SRS ee ate, ee oe i Se 

RE CEE Viper Seep ee ee rm es Ne Moet Pans aaa els Se eon ol Sees ener el pet 164 57 65.2 
VN TLERS 0 Tas Se es ae ea ee ee os RR 9 ia ge a ae Bee SPs Nn er es 167 92 44.9 
LEED: SSE Ta Pa oe ce ree eR Ue OU eR RM oe NE Oph eles Livia 96 43.9 

81 76 | 6.2 

Baling green alfalfa was hard work for the men and teams, and was also a strain 
on the press. The cured hay handled much easier and baled faster. It will be 
observed from Table XVI that the average weight per bale of the cured alfalfa, when 

baled, was 81 pounds, while that of green alfalia was 164 pounds, and the wilted 
167 pounds. The wilted alfalfa was pressed tighter than the green alfalfa. The 

men who did the baling were inexperienced in the work and were able to make 
about twenty 3-foot bales in an hour from the green alfalfa. About one and one- 
fourth hours were required for making the same number of bales of the wilted 
alfalfa. The capacity of the baler was not tested in the dry alfalfa, but 10 tons | 
per day of 10 hours would represent about the average capacity of the press. 

The bales of alialfa were stored in an open shed and placed on edge insingle vertical 
tiers, a space of 6 to 10 inches being left between the tiers to allow a free circulation — 

= 

4 
ug 

: 

a 
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La 
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of air. The uncured alfalfa was examined at frequent intervals, and notes made ee a 
on its condition of curing. It had developed considerable heat within 24 hours after 
baling, and the fermentation lasted about 25 days. The outsides of the bales which 
were exposed to the air were not at any time very warm, but the interior was very 
much heated. On October 12 the alfalfa bales were weighed and examined. All of — eS. 



0 ) good ee in any of these bales, and not much that would be eaten by Hoce Ve 
‘of the hay was covered by a white mold, and some of it seemed to be partially rotten i 

The hay which was baled when wilted and that baled from the cock was about o: 
_ the same grade, and but little better in quality than the hay which was baled whe 
green. The heavier and more closely pressed bales .contained the best hay, b 
- none of it was salable hay, and the best of it was inferior for feeding. The hay whi 
- was baled after being cured was seemingly as good a grade of hay as when baled, a 
_ just as good as if it had been stacked. It hada good color and the leaves were w: 

ae ‘retained. It would grade No. 1. 
Tt may be concluded from this experiment that it is not advisable to bale alfa 
except when it is well cured and dry enough to stack * * * . (Kansas. Sta 

Agricultural Experiment Station. Bul. 123. March, 1904. Pp. 230-232.) 
In this experiment an attempt was made to bale and market alfalfa in different 
stages of curing. The interest centers around the baling of hay when wilted anc 

_ alsoin thesweat. It was found that such hay spoiled in the bale and was not even fit —__ 
for feeding. The loss by shrinkage in the bale amounted to about 45 per cent, whi 
was about the same as the loss in experiment 1, page 4. Thus it will be seen t 
itis an error to class such material as hay and to regard loss of water as causing a loss — 
tothe producer. The experiment also bears out the view that hay can not be classec 
as hay unqualified, until it has passed through the ‘‘sweat’’ which is the final stage 
_ of the curing process. It will be of interest to note that the hay which was w 
_ cured and in condition to be baled lost only 6.2 per cent of water when stored so th 

_ the air could circulate freely between the bales. 

Commercial dealers in hay, on the other hand, sometimes ue 
actual money losses on account of shrinkage, as, for example, when | 
< _ partially cured hay, containing more than the normal percentage of 
a water, is delayed too long in transit, or when it is held for a con- 
e Elerablo length of time in storage. If such hay is kept movin 

_ rapidly through the successive steps of marketing any loss that m 

affect anyone, except, perhaps, the consumer. Even the latter does _ 
_ not lose if he buys by the bale rather than by weight. 
Cases in which serious loss is entailed by shrinkage are the exce 
tion. Heavy shipments of ‘‘new”’ hay do not usually appear on t 
- market until after the process of shrinkage is practically over; indeed, 
_ hay is not customarily classed as marketable until it is thoroughl 
cured; thatis, until it has almost ceased to shrink. Thus it appea 

that ho one has any real reason to feel seriously concerned over the 
question of shrinkage, least of all the producer. 

later. (See experiment 6, p. 5.) In-some instances there may 
only 80 tons or even less when it is baled or weighed out sever 
panos later. Many hay erowers have been led to believe tha 



fifth of the tonnage harvested. If it- were true aes an eran: ‘Tos 
of nutrients takes place, there would be good reason for the hay — 
grower to become alarmed and seek information that will enable hin 
to prevent it. That the department 1 is often asked to furnish data = | 
regarding methods of curing and storing hay which will tend to pre- _ | 
vent shrinkage is evidence that many farmers believe that the — 
question of shrinkage is a serious one. 

Some farmers make a practice of weighing newly made hay just 
before it is put into the barn and wish to know the amount of shrink- 
age that will take place, under average conditions, in order to be able 
to estimate the amount of hay there will be after the shrinkage has 
ceased. This knowledge is desirable when estimating the quantity 
of hay that is needed on the farm or the quantity that can be sold at | 
some later date. Buyers and shippers of hay often buy hay baled ~ 2 
from the cock or windrow and then hold it for some time before 3 
selling it. A general knowledge of the question of shrinkage would <@) 
be of value to aac. 
it is the purpose of this bulletin (1) to give data on the average 

water content of several kinds of hay at harvest time, (2) on the loss 

of water and dry matter during the curing process, (38) on the loss 
during the time the hay is stored, and (4) to point out when shrinkage 

in hay is an actual loss and whom this loss affects, and when the 
apparent loss is not a real loss, but is simply a natural result of the 
normal curing process that all good hay must undergo. 

RESUME OF DATA ON SHRINKAGE. 

CUE ryt pr apeeea er 8 men PCPs wean tr ao 
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During the past 30 years many experiment stations have con- 
ducted experiments to ascertain the loss occurring in hay when 
stored for varying lengths of time in the barn or stack. The follow- f — 
ing selected data, arranged in order of decreasing percentages of 
loss reported, a what has been accomplished in ae to ascer- 
tain the rate of shrinkage 1 in hay: 

(1) The largest loss due to shrinkage is reported by the Pennsyl- 

vania station.1 Two plots of clover, not adjoining, were cut at 
each of three periods of growth, (1) the clover heads in bloom, 2) 

partly dead, and (3) nearly all dead; the dates of cutting were June — a 
22, July 3, and July 19. The hay was weighed when put into  § ~— 
the barn, and then reweighed five or six months later, in order to 
determine the weight of the ‘‘dry” hay. The hay cut in bloom ~ a 
lost 42.2 per cent, that cut when partly dead lost 44.2 per cent, ~~ 
and that cut when heads were all dead lost 25.7 per cent. 

(2) At the Missouri station? a stack of second-growth clover, a 

weighing when put up in July 6,514 pounds, shrank in weight by 
the following March to 4,548 pounds, a loss of 30 per cent. 

_1 Pennsylvania State College, Report for i886, pp. 271-276. =& : 
* For report of experiment see Michigan, State Board {of Agriculture and Experiment Station, 1901, = 

p. 287. : = 
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(3) At the Pennsylvania station (see footnote, p. 4) the average 

shrinkage of early-cut timothy hay (in bloom and stored in the barn) 
was 25.7 per cent and of the late-cut timothy (nearly ripe) 18.8 per 

‘ cent; varying in the former case from 14.9 per cent to 36.5 per cent 
and in the latter case from 15 per cent to 23.4 per cent. The aver- 
age loss for all cases during two years was 22.2 per cent. 

- (4) At the Arizona station? in 1906 the third crop of alfalfa from 
the entire farm was cut and the stack completed about July 20. 
This stack contained 23 tons and 1,796 pounds. The stack was sold 
December 14 and at that time contained 17 tons of first-class hay 
and 2,825 pounds of poor hay, or a total of 18 tons and 825 pounds— 
a shrinkage of 5 tons and 971 pounds, or 23 per cent. 

(5) At the Michigan station (see footnote’, p. 4) on August 31 

and September 1, 1896, 6,110 pounds of hay were put into the barn, 
made from clover sown in the spring of 1896. The growth had been 
succulent, but the hay was well cured. On February 6 following, 
during a. period of damp weather, it was taken out and weighed 
and found to have lost 22.6 per cent. A portion of it was musty 
when reweighed. 

(6) This station also reports” asimilar loss with timothy hay. In 
the summer of 1887, 130.5 tons of timothy, in good condition, were 
put into the barn. The following January 100.5 tons were baled. 
The chaff, dirt, and short hay from under the press amounted to 
1.5 tons. This indicates a shrinkage of 28.5 tons, or 21.7 per cent. 

(7) Wale+ found that the shrinkage of meadow hay in the stack 
several months amounted to 17.33 per cent. Clover hay stacked 
for several months lost from 15 to 17 per cent. 

(8) A stack of alfalfa hay, containing 19,372 pounds, was made 
at the Colorado station® June 15, 1899. The following February it 
contained 15,904 pounds, a loss of 3,468 pounds, or 17.9 per cent. 

(9) At the Utah station ® a ton of timothy hay was weighed and 

placed in the barn July 20. On April 20, nine months later, it 
weighed 1,686 pounds. The loss peonniel to 15.7 per cent. 

(10) At the Kansas station’ a bag of millet hay was buried in 

the mow from July 21 until the elles March. The loss dunes 
the eight months amounted to 14.25 per cent. 

(11) At the Michigan station * on July 6, 1898, 5,763 pounds of 

Mammoth clover hay that had been fairly well cured the day before, 

2 Forreport oiexperiment see Michigan, State Board of Agriculture and Experiment Station, 1901, p. 287. 

3 Arizona Agricultural Experiment Station, Eighteenth Annual Report, 1907, p. 224. 

4 Journal South-Eastern Agricultural College, Wye, No. 18, 1909, pp. 52-53. 

5 Colorado Agricultural Experiment Station, Bul. 57, 1900, p. 7. 

6 Utah Agricultural Experiment Station, Fourth Annual Report, 1893, p. 36. 

7 Kansas Experiment Station, First Annual Report, 1888, pp. 117-121. 

8 Michigan State Board of Agriculture and Experiment Station. Annual report, 1901, p. 286-287. 
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kept in the heap overnight in the field, and buuicd to ce kee at : 
9 a. m., was stored in one of the large bays in the station barn. The 
hay had been very dry when raked. On February 18, 1899, the © 
hay weighed 5,117 pounds, showing a shrinkage of 646 pounds, 3 
equivalent to 11.2 per cent in 7 months. 

(12) Investigations made at the Kansas station ® led to the con- 
clusion that, as stacked, well-cured alfalfa will contain from 16 to 24 

per cent of moisture, fully air-dried hay from the stack or mow 
should contain 10 to 12 per cent of moisture, and the average shrink- 
age of well-cured alfalfa hay put into the stack or mow, by loss of 
moisture, should not be greater than 10 per cent. 

(13) At the Missouri station 1° 5,678 pounds of timothy was stacked | 
as drawn from the field. ie weighed the following spring, it 
had shrunk to 4,972 pounds, a loss of about 12.7 per cent. 

(14) At the Kansas station (see footnote 7, p. 5) orchard grass 
hay lost 9.01 per cent and bluegrass hay lost 10.05 per cent in the 
mow in 6 months. 

(15) At the same station (see footnote 7, p. 5) a bag coral 

prairie hay buried in the mow for 6 months lost 7 .33 per cent. 
(16) At the Michigan station (see footnote 8, p. 5) on June 27, 

1896, 5 tons of very dry timothy was drawn from the field and, 
after weighing, was placed in the barn in a mow, separated from the 
rest of the hay in the barn. It was, later, temporarily covered with 
erain in the straw. Six months later, on January 26, it was removed 
and found to have lost 684 pounds, or nearly 7 per cent. 

(17) At the Kansas station (see footnote 7, p. 5) a mixture of 

orchard grass, clover, and a little timothy, buried in a bag in the mow 
for 6 months, lost 5.71 per cent. 

(18) At the Michigan station (see footnote 8, p. 5) in July, 1897, 

1,100 pounds of clover hay, containing a little timothy, was put in 
the barn directly from the windrow, being unusually dry for hauling | 
from the field. It was reweighed November 12 following, when it — 
showed a loss of but 398 pounds, or 3.6 per cent. 

(19) At the Utah station (see footnote 6, p. 5) a ton of clover — 
hay put in the barn July 15, 1892, and removed April 20 following, 
lost 75 pounds, or 3.75 per cent. 

(20) At the Kansas station (see footnote 7 p. 5) three tests with 
prairie hay buried in the mow for 6 months showed that the loss 
amounted to about 3.50 per cent. 

(21) At the same station (see footnote 7, p. 5) one bag of prairie er 

hay, buried in the mow for 6 months, lost only 0.58 per cent. Jn 
another case the loss amounted to but 0.29 per cent. 

9 Kansas Agricultural Experiment Station. Bul. 155, 1908, p. 258-259. 

10 Michigan State Board Agriculture and Experiment Station. Annualreport, 1901, p. 286-287. 
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GAIN IN WEIGHT IN HAY iN THE STA CK AND BARN. 

Mgr: some s of the experiments carried on to determine the rate of 
shrinkage occurring under average conditions, it was found that 
instead of a loss there was a decided gain in weight in hay in the — 
_barn and stack during several months. The results of some of ues 
experiments are as follows: 
— (22) At the Kansas station (see footnote 7, Dp. 0) a, Dagon prairi 

hay buried in a mow of hay for 4 months nfnied 0.4 per cent. 
. (23) A bag of clover hay, at the same time, gained 3.17 per cent — 
fan 45 months.  — é 

(24) Gains have also occurred when large amounts of hay were 

used in experiments. At the Utah station (see footnote 6, p. 5) : 

4,565 pounds of timothy hay was stacked on July 20, 1892. On — 
a April 21, 9 months later, the hay was weighed and fan to have 
_ gained 70 pounds, or 1.5 per cent. 
" (25) Again, at the same station (see footnote 6, p. 5), 4,090 ae 2 

: of clover was stacked on July 15, 1892, and the followiae April the — 
~ hay weighed 4,528 pounds, showing a gain of 438 pounds or 10. % 

per cent. : 
DATA NOT CONCLUSIVE. Ge 

ee In evaluating the results of these experiments two outstanding 
facts must be taken into consideration. The first is the wide and 

seemingly unexplainable variation in the percentages of loss due to 
shrinkage. The extreme loss, experiment 1, amounts to 44.2 per | 
cent. The losses found in the other experiments gradually decrease 
until a minimum loss of only 0.29 per cent is found in experiment 21. 

_ Experiments 22 to 25 show actual gains in weight, varying from 
0.4 to-10.7 per cent. In other words, the extremes show a range of 
gain and loss amounting to 55 per cent from the time the hay was 
taken from the field until it was well cured in the stack or barn. 

The second fact to be considered is the lack of data concerning th 
Manner in which the experiments were carried out. There are prac- 
tically no data on the methods used in curing the hay or the treat-_ 
ment the hay received up to the time it was removed from. the field. 

_ experiment it is necessary to note carefully every factor that may have 
a bearing on shrinkage. These are the factors that every good hay- 
maker observes and makes allowances for, more or less, when making 

tedder to accelerate curing; length of time the hay is in the swath 
~ windrow, bunch, or cock; time of day the hay is put into the barn or 
stack; and water Eomiern of the hay when stored. 



When data on these vital facie are included slot ae 7 os 

results of a shrinkage experiment, the loss or gain in weight, whether 
it be large or small, at once becomes easy to interpret and will be 
found to be in accord with the natural laws that govern the curing 
of hay. 
Many shrinkage experiments have been made without determining 

the water content, either at the time the hay was taken from the field 
or at the end of the experiment. (See experiments 2, 4, 5, and 6.) 
The hay was merely weighed when put into the barn or stack and 
again at a specified later time and the amount of loss by shrinkage 
was determined by the difference between the two weights. It is 
the publishing of the results of such experiments, especially when a 
comparatively large loss occurred, that has led many hay growers to 
believe that an actual instead of an apparent loss takes place when 
hay is in storage for some time. 

This belief has been further strengthened, in some instances, by 
statements to the effect that besides the loss of water there has been 
a loss of dry matter, because of fermentation (the amount of which, 
however, is unknown) without giving adequate evidence to show that 
‘any such loss has occurred or even that conditions were favorable 
for fermentation.!! The loss of dry matter will be discussed later. 

FACTORS AFFECTING DETERMINATION OF SHRINKAGE. 

FIRST FACTOR—WATER CONTENT WHEN CUT. 

There is a great difference in the amount of water contained in 
grasses and legumes when cut, while curing or being made into hay, 
and after becoming well-cured hay. A knowledge of the normal 
water content of hay in these various stages will throw light on what 
may be expected to happen during the final stages of curing. Table I, 
compiled from Henry’s Feeds and Feeding, shows the average water 
content of different kinds of hay, as determined by a ie series of 
tests. 

TABLE 1.—Water content of ‘‘unwilted’’ hay. 

ae : Difference 
Average. | Minimum. |Maximum.| between 

\ extremes. 

a 

Per cent. Per cent. Per cent. Per cent. 
phereLuy ab dierent Stages. s.s<.\cecss cuss eecises = 61.6 47.0 78.7 31-7 
Eee RnOp A A OIOOM 8. Sync Le See ag aa oe 65.3 51.5 76. 2 24.7 
HaeCmelovier, aicciflelemt SLALES =. css ee see ee eee 70. 8 47.1 91.8 BieG 
‘Alsike clove Crain: bloom 2232 aa ee ee oe ee 74.8 Ce tid 
Alfalfa, at different StAZCS SSS aeceoe ae aeons eee eee 71.8 49.3 82.0 32.7 
Cowpeas EE Pad ep, <a hn ais pay ee eae ee 83.6 72.8 93.1 20.3 
OSD CPS Bs ret Sonia ecu ate = cee op ena mae st) By ain ee 75.1 63.6 81.5 17.9 
AHOETS OMBOT AS Gene Sens ee arse ates ge ee a oe ae a 61.0 51.1 70.8 19.7 
GALEN aS a ate See ee aes ee a aie eaten e oe. Meal Oe, Se (628 acs Sows SSE SSe Se ee 

CO BP Se Tes aa DS Pe gS ree Teena SAE heehee AY) 102 Qe cock Pat OSE eee eee 
BEE Vice pre eee tee Se NS A ne pees Beem 180 0- |S. Soe Se ee eee 
AV RURY RDS 2 Sele Ts ae ed ea RE eens et PU 42,67 |S cnet sa A ee 

11 Utah Agricultural Experiment Station, Third Annual Report, 1892, p. 47-48. U.S. Department of 
Agriculture, Bulletin 353, 1916, p. 6, 17. 
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Forage plants contain comparatively large amounts of water at 
harvest time. The average water content of timothy, redtop, John- 
son grass, and other grass hays is from 60 to 70 per cent. The water 
content of alfalfa, clovers, cowpeas, etc., is somewhat higher, ranging 
from 70 to a little more than 80 per cent. The maximum water 
content of hay plants occurs, not at harvest time, but when they are 
young and are growing vigorously. As the plant approaches ma- 
turity its water content is gradually lessened,” because the growing 
has almost stopped and the plant requires only sufficient food to_ 
mature its seed. The minimum water content is found at this stage. 

There is a rather wide difference between the maximum and 
minimum water content of grasses and legumes at the time they are 
cut for hay, depending largely on the length of the harvest season, 
which sometimes exceeds three weeks. Hay cut at the earliest 
possible date will have a much larger water content than that cut 
at the end of the haying season. The variation in the quantity of 
water in timothy cut at these two extremes amounts to almost 32 
per cent. (See Table I.) A slightly greater difference is found in 
some of the legumes, clover and alfalfa, for example. 

This great variation in the quantity of water in hay when cut is 
alone ample cause for a considerable difference in the amount of 
shrinkage that occurs in the barn or stack. This is the first im- 
portant factor that influences shrinkage of hay. In actual practice 
it frequently happens that hay cut at the end of the haying season 
is more throughly cured than that cut at the beginning of the season, 
because the late-cut hay will lose a greater percentage of its total 
water content in a given length of time, other things being equal, 
than will early-cut hay ‘‘full of sap.’’ Therefore it is obvious that 
there may be a considerable difference in the water content of two 
lots of hay when they are removed from the field and, consequently, 
a difference in the amount lost by shrinkage. The water content of 
field-cured hay varies considerably, as is shown in Table II. 

12 See Utah Agricultural Experiment Station Bul. 48, 1897. Alfalfa or lucern for water content of alfalfa 
from May 4, when plant was 64 inches high, until August 24, when leaves were dry. 

U.S. Department of Agriculture. Bul. 353, 1916. 

183958°—20—Bull. 873 2 
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TaBLE I].—Water content of field-cured and well-cured barn and stack-cured hay: 

Field- 
cured hay. Well-cured barn or stack hay. 

Difference 

Maximum. Minimum.| Average. and 

water 
“content.”’ 

Per BAG , Per cent. Per cent. Per cent. 
8. : mo thy(allianabySes) seeces asee aes eee se eee eee 9 6.1 11.6 22.8 

himMoyReably: COMUl DIOOMmee == ees tne Hees eee 28.9 7.0 12.8 21.9 
Timothy, late bloom to early seed........-.-=-.---..--.- 21.6 7.0 14.1 14.6 
iRedtop (altanalyses):2-.cn---5- sane 2 oie sce ee woe 2 28.0 6.8 9.8 Zoa2 
IRCAtOp, bas lOOMte 8 ote ore eee Reet SA epee oe See ee 6.8 8:0 |:o: 3 ee 
SAISTKCIGIOV GRA aek = Sonate a clae eels a cat ete Se See Pee toes ten S| sero sae 5.3 12S) |e aoe oe eee 
Malia (airanalySes). coche he. koe een ee aee ete 30.0 4.6 8.6 25.4 
Red clover (allanalySes) ==seeer ser eee eee eee see eeere 31.3 6.0 13.0 25.3 
COM PC Breese aaa ek ea cee ne Sess Bee eee eee 7.6 Ql Alea eee 
SOVaUCAN 5 See. caresses eee esas nen sees see eee eee « 20.0 6.1 8.6 13.9 
JOHNSON SPASS 2 5 Sse <i os Sass oe Bee ie wieis sSalseeines = eee Sos See eae see 1Q1k. ci eae 
BES ATIC Vase atexe ose ele eee biwtey a¥ai= ieee win) Seay tere ee ete mick oto ete 15.0 6.4 10.0 8.6 
Oa see ae eee bh Sere Rec eee se gist aces se oom 26.5 9.5 12.0 17.0 
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1 Taken from U.S. Department of Agriculture Farmers’ Bulletin 22, 1901, Henry’s Feeds and Feeding, 

16th edition, and various experiment station reports. 

3 Estimated. 

SECOND FACTOR—MAXIMUM WATER CONTENT WHEN STORED. 

Available experimental data and the experience of practical hay 
makers establish the fact that there is a wide variation in the amount 
of water in hay when put into the barn and stack. This is the second 
important factor bearing upon the percentage of shrinkage in hay. 
The highest recorded percentages of water in hay when put into the 
barn and stack (see Table II) show that the average maximum for 
timothy, alfalfa, and red clover is about 30 per cent, timothy 28.9 
per cent, alfalfa 30 per cent, and red clover 31.3 per cent. It is not 
known under what conditions hay with a 30 per cent water content 
will cure out properly, or whether the safe maximum is higher or 
lower than this amount, since here again there is a lack of definite 
data that would be of utmost value to the haymaker. No syste- 
matic experiments have been made to determine the maximum water 
content that field-cured hay may have without subsequent injury 
by heating. | 

Tt is safe to assume that the three lots of clover used in experiment 
1 (p. 4) contained considerably more than 30 per cent of water. 
Their losses by shrinkage were 42.2, 44.2, and 25.7 per cent. If these 
lots when cured contained the average amount of water found in 
good barn-cured hay (13 per cent), it follows that they contained 
49.7, 51.4 and 35.3 per cent of water, respectively, when put into the 
barn. It is not known whether the hay in these experiments cured 
out properly or was spoiled because of the high water content, but in 
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one case (experiment 5, p. 5) clover hay, which lost only 22.6 per 
cent by shrinkage, was partly musty at the end of the experiment. 
Considering that the normal water content of cured hay amounts 
to 13 per cent, the percentage of water in this particular lot at the 
time it was put in the barn was 32.66 per cent. | 

The Kansas station *% has found that alfalfa containing as much 
as 24 per cent of water will cure out properly in the stack. In the 
semiarid West it may be safe to stack hay containing more than 24 
per cent of water, while in the South and parts of the East, where 
the humidity is greater and unfavorable weather often prevails, it 
may not be safe to put up hay with such a large water content. 

THIRD FACTOR—NORMAL WATER CONTENT WHEN CURED. 

The normal water content of cured hay is the third important fac- 
tor to be taken into account. Shrinkage in hay practically ceases 
when the water content reaches a certain point which varies with 
climate (See “Average,” Table IT), and not until then is the curing 
process finished in barn or stack hay, which may then be rightly 
classed as well-cured, marketable hay. As the water content of hay 
baled from the windrow or cock is sometimes above normal, it is 

subject to shrinkage in the bale. The average normal water content 
of hay is the amount of water usually contained in hay after it has 
passed through the ‘‘sweat” or “‘heat’’ in the stack or barn and is 
ascertained by averaging all available water-content analyses. In 
the case of timothy (see Table IT), 221 water analyses have been 
averaged, giving an average of 11.6 per cent. In the cases of other 
hays fewer analyses are available, which probably accounts, in part 
at least, for the variation in the figures presented as representing 
the average water content of the different grass and lecume hays. 

FOURTH FACTOR—MINIMUM WATER CONTENT. 

Sometimes hay becomes very dry. In fact, in the West “dry” 

hay is discriminated against on account of the loss by shattering and 
because it is thought to lack. palatability. The water content in 
“dry”? hay is shown in Table II, under “minimum.” When 
the percentage of water in hay is so low that the air will no 
longer absorb any of it, the hay is said to contain a minimum amount 
of water. The minimum water content which is the fourth factor 
depends upon the humidity of the air, length of time the hay is 
exposed to such air, and the amount or bulk of hay in the stack or 
barn. 

To lower the natural minimum it is necessary to subject the hay to 
artificial drying, as is done in the laboratory when making a deter- 
mination of dry matter. The figures given in the table do not imply 

13 Kansas Agricultural Experiment Station, Bull. 155,1908. pp. 258-259. 
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that hay usually becomes that dry or that the hay grower should 
expect such a low water content under average conditions. A low 
minimum water content is reached naturally only during very unu- 
sual conditions, such as a long exposure in a very dry and hot climate 
like that found in the Southwest. Neither should it be expected that 
the water content, having once reached the minimum, will remain 
constant, unless the temperature and humidity of the air remain 
constant, a condition which does not prevail in the larger part of the 
hay-growing section of the United States for any great length of time. 

From the data presented it is shown that the minimum water con- 
tent of timothy is 6.1 and of alfalfa 4.6 per cent. The minimum for 
the other kinds of hay is slightly higher—the average for all being 
6.52 per cent. If the average or normal water content figures are 
averaged for all of the hays for which the minimum has been figured, 
it is found that hay, in general, contains about 10.32 per cent of 
water when well cured. The difference between the two averages is 
3.6 per cent. 

FIFTH FACTOR—ATMOSPHERIC HUMIDITY. 

The water content of cured hay in the stack, barn, or bale is subject 
to fluctuations, caused by changes in atmospheric humidity which is 
the fifth factor to be considered. If hay contains a larger percentage 
of water than does the air there will be a loss by evaporation. If 
the hay is drier than the air it will absorb water. A change in 
humidity affects a small quantity of hay to a relatively greater extent 
in a given time than it does a large bulk. 

Oat hay was baled on June 1, 1913. The average loss during July and August, when 

the weather was unusually dry and hot, amounted to 1.4 per cent. Small samples, 
weighing 44.5 ounces, taken from the bales and inclosed in cotton bags and suspended 
wnder shelter, where the air could circulate freely, lost an average of 4.3 per cent 

during the same period. Again, on June 1, 1913, four large bales of oat hay, averaging 
243.8 pounds, were made. The loss by August 1 amounted to 9.8 pounds, or 4.02 per 

cent. During the first 25 days of September there was an aditional loss of 3.4 pounds, 
or 1.4 per cent. From September 25 to December 1 there was a gain of 1.4 per cent, 

which brought the weight back to 234.1 pounds, the weight on August 1. 

Experiments with small bales of oat hay made the following year (1914-15) showed 
a much larger proportional fluctuation. The bales weighed, on an average, 178 pounds, 

or one-third less than the large bales used the year before. The small bales, baled on 

June 1, 1914, had lost 8.1 per cent by August 31. From that date until February 25, 

1915, they gained a total of 5.9 per cent, making the net loss from June 1 to February 

25 but 2.2 per cent. The loss was attributable to the dry weather during July and 
August, and the gain to the wet weather during the winter months. 

It should not be inferred, from the results of experiments to date, 
that hay in small bales will always lose more by shrinkage, or that their 
normal water content will be subject to a greater degree of fluctuation 
than that of hay in large bales. Information is lacking on the one 

14 U. S. Department of Agriculture, Bull. 353, 1916. p. 32. 
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practical point of interest to the hay maker and shipper—that is, the 
manner in which the bales were stored during the experiment. If they 
were stored separately, cross piled, placed on the top or outside of a 
pile, or in a small pile by themselves, then the small bales would 
naturally be influenced by weather conditions to a greater extent 
proportionally than would large bales. If baled hay is stored flat- 
wise—that is, the bales resting on their sides and no air space allowed 
between, then there should be practically no difference in the amount 
of gain and:‘loss due to changes in the weather, etc., between hay in 
large bales and hay in small bales, provided the degree of compression 
were the same. 

Reactions from changes in the weather do not affect the entire 
mass of hay quickly unless the bulk is small. In large mows and 
stacks the hay in the interior is more or less protected by the top 
and side layers of hay; consequently it loses water slowly without — 
being affected by exterior changes in humidity. The center of the 
stack often dries out much more slowly than the top and bottom. 
The Colorado station'® found a difference of 10.3 per cent in the 
amount of water lost by different parts of stacked alfalfa hay. A 
large stack of well-cured alfalfa was put up June 15, being divided into 
four layers by slats. On February 12, eight months later, the loss 
of the different layers was found to be as follows: Bottom layer 
17.6 per cent, third layer 17 per cent, top layer 23.8 per cent, and 
the second layer only 13.5 per cent. Experiments by Wale * also 

show a greater loss by shrinkage in the top layers of stacked hay 
than in the lower layers. 

These experiments explain why hay that is baled after having 
passed through the sweat sometimes loses weight by shrinkage. 
The loss of water occurs in the hay taken from the middle of the 
stack, where it has been insulated by the hay on the outside. 

- It is not definitely known to what extent the degree of atmos- 
pheric humidity influences the water content in well-cured hay in the 
barn or stack. The data indicate that, under average conditions, 
the water content will vary with the weather from 2 to 4 per cent 
below normal, to about the same amount above normal. There is — 

need for a number of carefully conducted experiments to determine 
the extent of gain or loss of cured hay in storage. 

The loss by shrinkage of well-cured hay during dry weather is, in 
time, offset by the gain in weight during wet weather, although, in 
individual cases, shrinkage may cause a loss to the producer or 
shipper. In various hay-growing sections the high price of hay during 
the summer months (see p. 26) more than makes up for any loss 
caused by low water content. 

15 Colorado Agricultural Experiment Station, Bull. 57,1900. p. 6-10. 

16 Journal Southeastern Agricultural College, Wye, No. 18. 1909. p. 52-53. 
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SIXTH FACTOR—EFFECT OF TIME ON SHRINKAGE. 

The sixth factor in the shrinkage of hay is that of time. The time 
factor is not nearly as important as 1t would seem to those who have 
not given the matter careful consideration. A study of the 25 experi- 
ments given on pages 4 to 7 will show that, in general, there is no 
correlation between percentage of loss and lapse of time, as affecting 
hay in the barn or stack. In other words, the amount of loss that 
may occur during three months has absolutely no mathematical 
relation to the amount occurring during six months, nine months, etc. 
The average loss by shrinkage in the 25 experiments amounted to 
about 16 per cent. The average length of the experiments was about 
six months, the shortest experiment lasting four months and the 
longest about nine months. The average loss of weight in these 
experiments has no significant relation to average time. (See rule 
for measuring shrinkage, p. 21.) The relation of time to amount of 
shrinkage of barn and stack hay is significant only during a com- 
paratively short period, that is, while the hay is going through that 
part of the curing process commonly known as “‘sweating ” (heating and 
fermentation), which lasts from three to six weeks, or perhaps a 
little longer. Whilethis process or change is taking place in the stack 
or mow, the greatest reduction in water content also takes place, and 
very soon after sweating ceases the hay will be found to contain its 
normal percentage of water. The amount of shrinkage that takes 
place after the first month or two is comparatively small, and 
humidity or condition of the weather becomes a much more important 
factor than does that of time. The factor of time is important, 
however, while hay is curing in the field, in that it affects shrinkage 
later on. 

SHRINKAGE OF NEWLY MOWN HAY. 

It has been pointed out (see Table I) that newly-mown hay con- 
tains a large amount of water, and that about three-fourths (see 
Table IT) of the water must be ‘“‘cured out” in the field before hay 
is ready to be put into the barn or stack, if it is desired to make 
first-class hay. The prime question regarding shrinkage is not how 
much hay will shrink from the time it is cut until it can be stored, 
but how much the haymaker should allow hay to cure in the field. 
During ideal hay-making weather hay loses water rapidly and in a 
comparatively short time, if not handled properly, will lose as much 
as 90 per cent or even more of its water content, becoming so dry 
that there will be no further loss by shrinkage in the stack or barn. 
When this happens there is liable also to be a decided loss of color, 
and with legume hay there may be a large loss of leaves by shattering 
when the hay is handled. 

£> 
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Experiments ‘7 made in California showed that, in one instance, 
alfalfa cut at 10.22 a. m. lost 39.1 per cent of the water in an hour 
and a half, and that by 4 p.m., about 64 hours later, it had lost 63.7 

per cent of its total water content. Timothy, in Ohio, lost 30.4 per 
cent of water from noon until 5 p. m., when the temperature at noon 
was but 76° F., indicating that the conditions were not very favor- 
able for curing. 

The Iowa station found that different plats of alfalfa cut and 
hauled on the same day may vary as much as 20 per cent in shrink- 
age, the hay handled early in the day possibly containing twice as 
much moisture as that hauled in the afternoon. 

A comparatively small difference in the length of time hay remains 
in the field, in the swath, and in the windrow after it has cured suffi- 
ciently to be stored may make a decided difference in the amount 
lost by shrinkage in the barn or stack. 

At the Utah station ' two lots of clover hay put up the same day 
showed a difference of 14.45 per cent after being stored nine months. 
The hay stored in the barn lost 3.75 per cent and that stacked gained 
10.7 per cent. 

The knowledge which enables the farmer to tell when hay has lost 
just enough water to make it safe to put it into barn or stack is 
valuable and indeed essential, while a knowledge of the exact per- 
centage of shrinkage that takes place during field curing is neither 
necessary nor helpful to the average haymaker. 

LOSS OF DRY MATTER. 

A part of the so-called loss in hay, through shrinkage, is sometimes 
due to an actual loss of dry matter. The accepted usage of the term 
‘‘lost”’ to denote both loss in water content and a reduction in the 
amount of dry matter in hay after being in storage for some time is 
somewhat misleading. It is quite proper and self-explanatory to 
say that hay has lost a part of its water content, for this is exactly 
what has happened—the water has actually been taken out of and 
away from the hay. But when it is said that there has been a loss 
of dry matter during the shrinkage of hay, the impression may be 
given that the dry matter is also carried out of and away from the 
hay. Asa matter of fact, dry matter is ‘‘lost”’ in a more roundabout 
way than is water, which evaporates whenever the percentage of 
water in the air is lower than that in the hay. Furthermore, once 
gone, dry matter can not return, as water may. 

Water is a comparatively simple compound and readily changes in 
form as the temperature of the air varies. The dry matter of hay, 

17U.S. Department of Agriculture Bull. 383, 1916. p. 28-30. 

18 Towa Agricultural Experiment Station Bull. 137, 1913. p. 67-858. 

19 Utah Agricultural Experiment Station, Fourth Annual Report, 1893. p. 35-87. 
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however, is composed. of a number of rather complex substances, 
such as protein, carbohydrates, fats, and fiber, which are not appre- 
ciably affected by the changes of ordinary air temperatures, or by 
time, as limited by the length of time hay is usually in storage. 

If the term ‘‘destroyed’’ were used in place of ‘‘lost’’ it might better 
convey the idea that a loss of dry matter does not take place as easily 
as does that of water, or at least that the conditions under which it 
occurs are different. The indiscriminate use of the term “‘lost’’ and 
a lack of knowledge of conditions under which dry matter may be 
destroyed seem to have led some to assume, in certain instances at 
least, that dry matter has been destroyed when conditions do not 
warrant such an assumption. 

The primary cause of loss of dry matter in hay is improper or 
insufficient curing of the hay before it is put into the barn or stack. 
Hay that contains too much water, either because it has not been 
sufficiently cured in the field or because it has been wet by rain, is 
liable to lose a part or even most of its dry matter later on. The loss 
of dry matter is not due merely to direct loss of water, as is some- 
times supposed, but largely to conditions arising from the mistakes 
or misfortunes of the haymaker. Hay is stored when insufficiently 
cured, either because the haymaker uses poor judgment or because 
he is unable, on account of unfavorable weather, lack of haymaking 
machinery or help, to cure his hay properly. In such cases as the 
water content is above the maximum, destruction of dry matter is 
possible. 
When wet or undercured hay is put into the barn or stack it soon 

begins to sweat and ferment, just as does properly cured hay. The 
degree of heat engendered in the fermentation of well-cured hay 
does not injure the dry matter. In the undercured or wet hay the 
temperature continues to rise until more or less of the hay is discolored, 
charred, or even burned to ashes. Such high temperatures are 
engendered primarily by the excess water in the hay, which creates 
conditions favorable for bacterial growth and chemical action, 
involving various changes in which heat is produced. In some 
instances continued cloudy, rainy, or foggy weather, by preventing 
the evaporation of water from the hay, may render conditions 
favorable for the destruction of dry matter, a situation which could 
not arise during dry, sunny weather. 

Keable and Wale * found that ‘‘newly ricked hay (clover), under- 
going a natural fermentation, soon reaches its maximum tempera- 
ture, i. e., toward the end of the first or the beginning of the second 
week after the hay was put into the rick.’”’ It was also found that a 
second fermentation occurred, beginning about three weeks after 

20 Journal Southeastern Agricultural College. Wye. No. 18, 1909, p. 52-55. 
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the hay was ricked. It was also found that there was a direct 
relation between temperature and water content of the hay, the 
highest temperature occurring in the stack that contained the largest 
percentage of water. 

‘The material for rick No. 1—first-cut clover hay— was in ordinary good condition for 
stacking, and when cut into in December was found to have undergone a rather low 
fermentation, being only slightly browned and in good condition. 

The material of rick No. 2—second-cut clover hay— was greener when stacked, and 
as was to be expected, the maximum thermometer readings were somewhat higher 
than in the case of rick No. 1. The hay produced also showed a deeper brown color, 
owing to the higher temperature of fermentation. 

The highest temperature occurring in the two stacks while under- 
going fermentation was between 140° and 150° F. The investiga- 
tor’s conclusions are as follows: 

It seems unlikely that any harm to the dry matter will result where the hay has not 
exceeded a temperature of 150°F. How much higher the temperature may safely rise 
it is at present impossible to say; so much depends on the size of the rick and the 

- degree of consolidation that has taken place. The less the consolidation the more 
air there is present, and the higher the temperature is likely to rise. At the same 
time imperfect consolidation is generally to be found in ricks of small size, but on 
account of the small bulk more heat is lost by radiation, and hence there is less liability 

to fire. 

According to Hoffman, ?! the organic matter in hay is destroyed at 
a temperature of 226° F. or over. 

When spontaneous combustion occurs in clover, heat is generated in the hay, 

oxygen being taken up from the air and the organic matter transformed into carbon 

dioxid and water. The water moistens the hay, and the moistened material ferments 

because of the presence of bacteria. The fermentation also produces carbon dioxid 
and water, as well as small amounts of hydrocarbons, hydrogen, organic acids, enzymes, 

etc. Heat is also produced from the fermentation. The fermentation is more rapid 
if the clover is moistened at the beginning. However, the water produced by the 
oxidation of the material is sufficient to start it. The fermentation of the hay causes 
the temperature of 133° F. At this temperature a more violent oxidation takes place 
and the temperature rises to about 194° F. Other processes then take place which char 

‘the material and cause a slow rise in temperature to 226° F. When this temperature 
is reached, the hay rapidly heats and the charring proceeds rapidly. All these 

processes destroy at least half of the material. Theoretically the temperature may 

reach 374° F. 
According to the tests made, clover hay may become ignited at 302° F. to 392° F. 

Therefore the temperature may rise sufficiently high to cause spontaneous combustion. 
Oxygen from the air is essential to combustion. 

These experiments confirm the belief that there can be no appre- 
ciable loss by destruction of the dry matter in hay in storage when it 
has been properly cured in the field, provided the hay is protected 
from injury by rain. In other words, the natural sweating or curing 
and the resultant shrinkage of hay in the stack or barn do not involve 

2 Hoffman, F. H., Zeitschr. Spirit-ind., 1897, Nos. 35, 39, 41, 42, 45, 47,50, abs.in Biedermanns-Central- 

blatt fur Agriculturchenue, v. 27, No. 6, 1898. p. 295, 296. 
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a destruction of dry matter, because such hay does not contain 
enough water to engender a temperature sufficiently high to injure — 
the dry matter. 

It should not be inferred, however, that such loss from well-cured 
hay in the stack will be no greater than in the same kind of hay in the 
barn. Itis a matter of common knowledge that there is often quite 
a serious loss when hay is stacked for el months. An unavoid- 
able loss, caused by the action of the sun and rain, is sustained when 
hay is stacked and left uncovered. The sun bleaches the outside of 
the stack and rain often causes the hay to discolor or even to rot. 
The amount of loss in such cases depends largely upon the skill exer- 
cised in building the stack, and while the greater part of the loss is 
caused by discoloration, which lowers the grade and, consequently, 
the market value, there is also an actual loss of dry matter because 
of mold and rotting. 
Lipscomb ” in 1907 showed that there was a decided loss through 

discoloration by rain, when hay had been stacked for several months. 
Two stacks of nee hay were put up in July. At the end of four 
months 20 per cent of the hay i in one stack was found to be unsalable 
and fit only for bedding or feed as roughage. There was a loss of 
about 40 per cent in the other stack at the end of eight months. As 
a matter of fact, there was, strictly speaking, no great loss of dry 
matter, but such hay is considered as worthless or lost since it is not ~ 
marketable. 

METHODS OF MAKING HAY TO PREVENT UNNECESSARY SHRINKAGE. 

There is no method known whereby hay can be so cured that it will 
retain, indefinitely, a larger percentage of water than*is normally 
contained in such hay after it has gone through the sweat and is 
thoroughly cured. The water in hay~is not chemically locked up as 
is the dry matter, and, for this reason, the haymaker is unable to con- 
trol, except within very narrow limits, the water content of hay after. 
it has once become entirely cured. A knowledge of these facts should 
not cause the haymaker anxiety, for, as will be shown later, the loss 
of water or shrinkage does not ordinarily entail a real money loss to 
him. 

It is very important that a close watch be kept on the water con- 
tent, or rather on the rapidity with which water is being taken from 
hay while in the various stages of curing in the field, not with a view 
of checking the shrinkage to take place later in the barn or stack, but 
because loss by shattering depends upon the dryness of the hay when 
handled. The more dry hay becomes in the windrow or swath the 
more it will lose by shattering, and this is a real loss of the most nutri- 
tious part of the plant, especially of legumes. Hence, it is highly 

22 U.S. Department of Agriculture, Farmers’ Bulletin No. 362. 1909, p. 26. 
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important that the haymaker watch the curing of hay very closely, to 
note, first, just how long it may lie in the swath without shattering 
too much when raked into the windrow, and, second, just how soon 

the water content falls so low that the hay can be stored without 
- danger of spoiling in the sweat. Incidentally another benefit accrues 
from handling hay at just the proper moment. The hay that has 
not been allowed to become too dry when stored has the best color. 
This is an important factor in market hay, for color “sells” hay. 

STAGE AT WHICH HAY IS CUT. 

The stage of maturity at which hay is cut does not affect the amount 
of water contained in hay after it has gone through the sweat. The 
Pennsylvania station ** conducted experiments for two years_ to 
determine the best time for cutting timothy to secure the greatest 
amount per acre of total nutrients. There was a difference of about 
16 days between the early cutting and the late cutting. The average 
shrinkage of early cut hay (in bloom) was 25.7 per cent and of the 
late cut (nearly ripe) 18.8 per cent. The amount of shrinkage was 

_ determined by weighing the hay, and had the exepriment been con- 
cluded with merely the weighing, as many others have been, the 
results would have indicated that it is best to cut timothy late, since 
there is less shrinkage, about 7 per cent in this instance, than there is 
in early cut hay. However, after the hay had been weighed, a water 
analysis was made in each case, which showed that the early cut hay 

contained an average of 8.94 per cent water and the late-cut hay 8.83 
per cent, indicating that the time of cutting has practically no influ- 
ence on the water conteht of thoroughly cured hay. Late-cut tim- 
othy in reality is inferior to early cut, since the former contains a 
smaller percentage of total nutrients and is inferior in color to the 
latter, and hence does not command as good a price on the market. 
_At the Maine station ** two lots of timothy were cut, one in full 
bloom and the other 18 days later. The early cut hay lost 16.6 per - 
cent of water in 9 months and the later-cut hay lost 18.1. At the 
end of the experiment the early cut hay contained 10.4 per cent of 
water and the late-cut hay 9.7, a difference of only 0.7 per cent. 

The results of these experiments indicate that while the percentage 
of shrinkage of early cut and late-cut hay may vary greatly, the 
water content of the hay when cured does not Tey appreciably with 
the stage of maturity at which it is cut. 

23 Pennsylvania State College. Report for 1882-86, pp. 271-276. 

24 Maine Agricultural Experiment Station, Annual Report, 1890, p. 55-67. 



20 BULLETIN 873, U. S. DEPARFMENT OF AGRICULTURE. 

CURING PRACTICES. 

The best way to prevent a large shrinkage in stored hay is to get 
rid of the greater part of the surplus water while the hay is curing in 
the field. If this is done, the commodity when put into the barn or 
stack will be good field-cured hay, instead of partially cured forage 
which must of necessity be subject to a large shrinkage, frequently 
accompanied by discoloration and destruction of dry matter by heat- 
ing and other processes. 

Detailed methods of curing hay? will not be given here, but the 
careful use of the tedder, or of the left-hand side-delivery rake, or 
both, will, in average haying weather, cause the hay to cure quickly 
and evenly throughout and thus prevent excessive shrinkage later on. 
Heavy yields of mixed timothy, clover, and alfalfa should be tedded 

soon after cutting and sometimes again before being raked. If hay 
is left undisturbed in the swath until it is hauled the top hay appears 
dry and leads the haymaker to believe that it is ready to haul in. 
Such partially cured hay will lose considerably by shrinkage in 
storage. The use of the tedder will cause the hay to cure out evenly. 
If part of the curing is done in the windrow, the left-hand side 
delivery should be used, as it throws the hay into loose windrows in 
such a position that the air has access to it and cures it rapidly. 
It is safe to rake hay in a greener state when the side-delivery rake 
is used than with the straight or sulky rake. This is the chief ad- 
vantage of the side delivery. It is not to be recommended for 
raking legume hay that cures altogether in the swath, because of the 
loss of leaves by shattering. 

METHOD OF STORING. 

If he thinks it worth while, the haymaker may control, to a limited 
extent, the loss of water from part of his hay at least, by the way in 
which he stores it. It has already been noted (see p. 13) that 
when hay is put into large mows or stacks the hay in the interior 
shrinks more slowly than does that of the top and sides. Water is 
lost more rapidly from hay in small stacks or mows than from large 
ones. It would not pay, however, to build large hay barns or stacks 
merely in an attempt to delay the escape of a comparatively small 
percentage of water for a short period. The economy of making 
large stacks depends on such factors as amount of labor required 
and the method of disposing of the hay, rather than on that of trying 
to conserve water above the normal percentage found in well-cured 
hay.” The practical haymaker does not give the matter of shrinkage 
any thought in deciding what size to make his stacks, as the labor 
involved in making a large stack counteracts the saving in shrinkage. 

5 See Farmers’ Bulletin $43 for information on haymaking. 

26 See Farmers’ Bulletin No. 1009 for a general discussion of size of stack to make uffder different condi- — 

tions. 
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LIMITATIONS OF RULES FOR MEASURING SHRINKAGE. 

If a definite rule for measuring shrinkage could be laid down, it 
could be used to advantage in all of the hay-growing sections. That 
there is a need for such a rule is shown by the number of inquiries 
received by the Department of Agriculture. Such a rule could be 
used to determine the yield of experimental plots, but its greatest use 
would be to the hay grower who hauls his hay on wagons to the barn 
and has easy access to wagon scales, for it would enable him to com- 
pute, to the ton, just how much hay he would have for sale after 
~deducting the amount needed on the farm. Again, if he grows hay 
for the winter feeding of stock, he could easily determine, by using a 
rule for shrinkage, how much live stock he could keep during the 
winter. Merely weighing the hay as it comes from the field, on its 
way to the barn, does not give a significant figure to the average hay 
grower, since he does not know whether the shrinkage will be 10, 20, 
or 30 per cent; indeed is not sure that there may not be a gain a few 
months later. 

The Rhode Island station used a rule allowing a 20 per cent re- 
duction in the weight of field cured hay to represent barn-cured hay. 
This rule was based on the usually accepted idea of practical farmers 
in that State. In 1902 the actual weights of field-cured and barn- 
cured hay were taken to check the accuracy of the 20 per cent rule. 
With one plot there was an error of about 6 per cent, in another about 
5 per cent, and in another about 0.5 per cent in total shrinkage. 
Tn each instance it was found that a 20 per cent allowance for shrink- 
age was too great.”’ 

The Kansas station says, in regard to the average amount of 
shrinkage: 

Men experienced in handling hay usually figure on about 20 per cent loss in the 
weight of the hay after itis put into the mow. The statement is also made that each 
bale (size and weight not given) will shrink from 2 to 5 per cent in weight. 

It appears that the amount of moisture retained in cured hay when stacked varies 

with different kinds of hay and with different conditions of curing. Ordinarily the 
loss in the weight of hay stacked when well cured and protected from loss other than 
that which may occur by natural shrinkage should not be greater than 10 to 15 per 

cent.”8 

According to this investigator, hay in the mow loses considerably 
more by shrinkage than hay in the stack, provided the stack is pro- 
tected from loss other than that which may occur by natural shrink- 
age; that is, loss from bleaching and rotting due to exposure to the 
weather. To prevent such loss it would be necessary to protect the 
top and sides of the stack, which is exactly what the barn does, and 
the amount of shrinkage would of necessity be the same in the barn 

27 Rhode Island Agricultural Experiment Station Bull. 82, 1902, p. 130-131. 

28 Kansas Agricultural Experiment Station Bull. 175, 1911, p. 331. 
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and protected stack if the same kind of hay (cured to the same degree) 
were placed in each. Theré are no experimental data showing that 
hay in the barn loses more by shrinkage than hay in the stack. In 
fact, the average loss of the hay stored in the barn, in the data cited 
on pages 4 to 7, amounted to 14.7 per cent, while the average loss in 
the stacked hay was 18.6 per cent. 

An earlier statement from the same investigator regarding the aver- 
age amount of shrmkage does not agree with the one just reviewed. 
In speaking of the shrinkage of alfalfa he says: ‘‘The average shrink- 
age of well-cured alfalfa hay put into the stack or mow by loss of 
moisture should not be greater than 10 per cent.” ?* Again: ‘‘Men 
experienced in the handling of hay usually figure on about 20 per 
cent loss in weight after the hay is put into the stack or until it is 
sold or baled.” 

In these instances the implication is that there will be the same 
amount of shrinkage in the mow as in the stack, and in either case it 
‘should not be greater than 10 per.cent.”’ This estimate is about 
half of the amount of shrinkage figured by men experienced in 
handling hay in Kansas. 

From hen and other data presented it will be seen that ar gen- 
eral rule for measuring shrinkage would have to allow for such wide 
variations that it would cease to be a rule, while a rule based on the 

average amount of shrinkage would be of no value to the individual 
hay grower. | 

The shrinkage of hay is influenced by such variable factors as the 
weather, stage of maturity when harvested, and different methods 
of curing, and the resulting product varies from half-cured forage to 
dry-sunburnt hay. What the individual haymaker wants to know is 
approximately how much hay shrinks when cured by a given method 
under given weather conditions. For example, the man who lives in 
a dry, irrigated section and cures his hay in the swath and windrow 
wants to know the average shrinkage of hay cured under such condi- 
tions. Again, those who put their hay into the cock and leave it 
standing until it is really well cured, want to know how much hay cured 
in this manner will shrink. The average shrinkage of hay from all 
hay-growing sections means nothing to the individual. The results 
of experiments already made show such a wide variation that they 
are of but little value, if any, to the haymaker in any specified hay- 
erowing section. (See p. 7.) 

This being true, how then can the haymaker, who so desires, 
estimate the shrinkage of his hay? There are two ways of determin- 
ing shrinkage. First, when the hay is cured in a more or less hap- 
hazard manner—that is, when no definite system is used—or when 
unfavorable weather interferes with the curing, average samples of 

29 Kansas Agricultural Experiment Station Bull. 155, 1908, p. 258. 
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the hay may be taken and a water determination made, as is done 
in determining the grade of shelled corn. By subtracting the average 
normal water content of the kind of hay in question from the average 
found by analysis a fairly accurate estimate may be made. This 
elaborate process must be repeated every year, and for every field of 
hay cured under new conditions. The taking of average samples will 
be found to be no easy matter, and it is doubtful if it will pay, in 
many instances, to have a water determination made. By the appli- 
cation of the second method it will be possible to establish a definite 
rule for the shrinkage of hay on a particular farm under given condi- 
tions in regions where weather conditions are fairly constant. The 
conditions under which it will be possible to work out such a rule 
are: The acreage of hay cut must be comparatively large, so that 
haymaking is one of the principal farm enterprises; a fully equipped 
crew, well organized, must be used; and the weather must not be 
subject to sudden changes. 

In the prairie and alfalfa section of the Middle West and West 
haymaking is often conducted on a rather large scale, day after day, 
during most of the summer. In a well-organized crew the rakes are 
kept a certain length of time behind the mowers. The hay always 
remains about the same length of time in the swath and windrow 
and it is nearly always cured to about a standard degree when taken 
from the field to barn, stack, or press. In other words, the hay- 
making is done in a businesslike and systematic manner, and guess- 
work is entirely eliminated, so that well-cured hay one day means 
exactly the same thing as well-cured hay on any other day. Under 
such conditions it is possible to work out a definite and permanent 
rule for shrinkage. This can be done by weighing the hay before and 
after storing or by having water determinations made in a laboratory. 
The average shrinkage as determined for one year will hold true for 
following years as long as the system used and the conditions remain 
the same. 

_ The weather in the East and South is sometimes very changeable, 

which makes it impossible always to cure hay as desired in the field, 
so that no shrinkage rule could be worked out that would apply 
uniformly to hay cured in these regions. 

MONEY LOSS CAUSED BY SHRINKAGE. 

The grower, feeder, and shipper naturally wish to know whether or 
not shrinkage causes a direct money loss, and, if so, under what con- 
ditions, and whom such loss affects. From a practical or economic 
standpoint it may be said that shrinkage becomes of importance only 
when it affects the feeding value or tonnage of hay. In considering 
such loss shrinkage will here be considered as loss of water only, since 
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it is the loss of water in most instances, and not dry matter, that hide 
a bearing on the practical side of the question. 

Gonsidered purely from a farm-management siAndaoiee shrinkage 
in storage always means a certain initial loss to the producer, inas- 
much as the handling, hauling, and storing of hay containing an 
excess of water increases the cost of production by requiring extra 
labor and time to handle the excess weight. Sometimes this extra 
cost is more than offset by improvement in the quality of.the hay, 

‘because it is stored as soon as it is safe to haul, and thus cures out 
properly in the barn or stack. The extra expense of handling heavy, 
improperly cured hay that will afterwards spoil by heating, however, 
is an absolute loss that can not be recovered when the hay is sold 
or fed. 

THE PRODUCER DOES NOT LOSE. 

The shrinkage of hay does not cause a direct money loss to the 
producer who feeds his hay, for the water lost has no actual feeding 
value, and there is just as great a total of nutrients in a barn of hay 
after a normal shrinkage has taken place as there was when the hay 
was put into the barn. In calculating rations, however, it will be 
necessary to feed a smaller amount of thoroughly cured hay to fur- 
nish the required amount of nutrition than when feeding ‘“‘green”’ 
hay (see definition, p. 31) containing an excess of water. For this 
reason the producer who grows hay for feeding on the farm need not 
be concerned about the so-called loss from shrinkage. 
When hay is grown for the market, shrinkage sometimes involves a 

money loss under the present system of marketing, though not to the 
crower. Hay is not graded according to the percentage of water 
contained, asis corn. Hay containing more than the normal amount 
of water is often shipped to market. This kind of hay does not 
always bring top prices, however, for if it is ‘‘hot’’ it may be graded 
down, until the price not only makes allowance for the excess weight 
of water contained, but also for the damage (discoloration, etc.) 
resulting from excessive heating during shrinkage. When hay which 
has passed through the sweat, but still contains a higher water con- 
tent than normal is shipped to market, the producer is paid for the 
extra water therein at the rate paid for the hay itself. This selling 
of water at the price of market hay is allowable at present, but when 
a deliberate attempt is made to make and market hay with a water 
content above normal it very nearly approaches, in theory, at least 
what may be called ‘“‘sharp practice.”’ 

The hay grower, however, should not be blamed entirely for 

attempting to avoid what he may think is likely to be an actual loss 
by shrinkage. in 1882 Jordan *° advocated that the hay grower 

20Jordan, W. H. Experiments and investigations conducted at the Pennsylvania State College, 

1881-82. p. 7-14. [Unnumbered publication.) 
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protect himself against loss of water by shrinkage. He assumed that 
if hay was worth, say, $10 per ton when cured in the field, the pro- 
ducer should not receive less than this price during the remainder of 
the year. According to his theory the farmer should advance the 
price of hay sufficiently from time to time to cover the loss of water. 
In other words, he advocated that if hay is worth $10 per ton when 
made, and loses 24 per cent by winter, the producer should sell it 
for about $12.50 per ton. 

There are serious practical objections to this theory. In the first 
place, it is assumed that the price of hay remains stationary during 
the entire year, which does not happen in practice, since the price 
varies according to demand, size of current crop, local conditions, 
etc. Again, the producer does not ordinarily determine the price of 
hay. This is done in the city markets, and the price of hay sold 
locally is based, in general, on the quotations of the nearest city 
market. 

As a matter of fact, only a very small percentage of the annual 
hay crop is sold on the market while it contains an abnormally large 
amount of water, for during the time it is going through the ‘‘sweat,”’ 
in the barn or stack, which usually continues from 3 to 6 weeks, hay 
is not marketable and is not in condition even to be baled. Hence 

there is no logical reason for assuming that the water lost during this 
period of the curing process causes a loss to the producer, since the 
hay is not a marketable product until shrinkage 1 is over. 

Neither is there any valid reason for assuming that the price of 
hay at haymaking time, when both old and new hay are scarce, should 
set the price of hay for the remainder of the year. The price of new 
hay during July and August is much higher in several of the leading 
markets than during the winter months when shrinkage has ceased. 
The high price of new hay is due, in part, to the comparatively small 

amount baled, and to the fact that during July and August farmers 
are too busy with such crops as hay, corn, and small grain to haul 
hay to market. in other words, new hay often sells for more than it 
is really worth, if we consider the high percentage of water it some- 
times contains and the price of thoroughly cured hay during the 
winter months. The 20-year average monthly price (‘‘high’’) of 
timothy in four leading markets is shown graphically in figure 1. 

The amount of newly made hay sold loose from the field during the 
hay-making period is comparatively small, and the local price has no 

effect on the price of thoroughly cured market hay later on. If the 
price of new hay happens to be lower when hauled from the field than 
the price of thoroughly cured hay later, it is not necessarily because 
its large water content is taken into consideration, but more likely 
because the cost of baling is eliminated, as is also the cost of hauling 
and storing away or stacking, if the buyer does the hauling. 
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There is also another very serious and practical objection to 
the recommendation that the producer protect himself against 
loss of water by price fixing. Let us assume, for the moment, that 
the producer is able to fix prices on hay so that he will receive the 
same rate, based on the price of hay at harvest time, for a ton of dry 
matter during the entire year. Here the impracticability of this 
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Fig. 1.—Average “high” price per ton of timothy hay, by months, for 20 years, 1896-1915, for four 

leading hay markets. (Data compiled from Yearbooks of the U. S. Department of Agriculture.) 

scheme becomes evident. How can the producer determine the water 
content of his hay so that he can fix the price before it is sold? 
He can not very well reach all parts of the mow or stack to get the 
sufficient number of average samples to ascertain the actual water 

content by a chemical analysis. Samples can easily be taken while 
the hay is being baled, but the greater percentage of hay is sold or 
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the price per ton is agreed on before it is baled. For these and other 
reasons it seems evident that if the hay grower takes advantage of 
what he considers a good offer for his hay he may safely forget about 
any so-called loss because of shrinkage. 

_ This view was also held by Failyer ** 30 years ago. Writing in 
1888, which was about the time that many of the earlier experiments 
were being made to determine the rate of shrinkage in hay, he said, 
in discussing the results of a number of shrinkage experiments, made 
with several kinds of hay: ‘‘The conclusion to be drawn from these 
results is that if the hay is not obviously green and ily cured, no 
great shrinkage need be feared.” 

Failyer did not favor advancing the price of hay as it cured out in 
the stack or barn to make up for the loss of water. Instead of using 
the price of hay at harvest time as a basis for computing the value 
of throughly cured hay in winter, he advocated the reverse. He 
fioured the value of newly made hay from that of hay after shrinkage 
had taken place. In discussing an experiment in which there was 
shown a loss of 10 per cent of water, and which he regards as an ex- 
ceptional case, he says: ; 
Even in these excepted cases the shrinkage is much less than many suppose. * * * 

This [referring to a 10 per cent loss] means that a ton of the hay as hauled in [field 
cured] would weigh only 1,800 pounds in the winter, and that if a ton of this hay 

weighed in midwinter is worth four dollars, the ton weighed at the time the sample 

was buried [when put into the barn] would have been worth three dollars and sixty 
cents. This would be worth considering; but in most cases the loss is much less than 
this. 
= LOSS TO SHIPPER AND COMMISSION MERCHANT. 

Shrinkage sometimes causes a loss of money to those who make a 
business of dealing in market hay. Such loss may be entailed when 
hay is held in storage, in the bale, waiting for a favorable market. 
The amount of shrinkage in hay that has passed through the sweat is 
not large, yet if large quantities of hay are held in storage the total 

” very quickly. 
Loss of this kind is most likely to be sustained in storing hay that 

has been baled from the windrow or cock and bought immediately. 
When those who handle this class of hay dispose of it quickly they 
suffer no serious loss of money through shrinkage. In other words, 
as long as the hay is kept moving from shipper to commission man, 

and from him to retailer or consumer, no one person who handles the 
» hay will lose very much on account of shrinkage, except possibly the 
consumer. If the hay is held in storage the loss may sometimes be 
made up by disposing of it on a good market. Those who make a 
business of speculating in hay count on the price advancing suffi- 
ciently to cover the loss from shrinkage and allow them a profit 
besides. : 

31 Kansas Agricultural Experiment Station. First Annual Report, 1888, pp. 117-121. 



28 BULLETIN 878, U. S. DEPARTMENT OF AGRICULTURE. 

The dealer may lose money on account of shrinkage when he buys’ 
a certain undoubted amount of excess water in the hay at the price 
of market hay. Therefore he is wholly justified in assuming that 
when this loss is caused by shrinkage it is a positive money loss. In 
order to make up for such loss he advances the selling price when it is, 
within his power to do so. 

WHAT IS HAY? 

The misunderstandings regarding shrinkage, especially those 
bearing upon economic phases, would never be so widespread as they — 
are to-day if there were a clear and definite understanding as to just 
what is hay, and if there were standard terms used to designate the 
kind or condition of hay at any stage of curing. 

It may seem, at first thought, that it is a comparatively easy mat- 
- ter to describe or define hay so that all of those engaged in the pro- 
duction or utilization of this crop may have a common, definite under- 
standing concerning it, a product with which almost everyone is more 
or less familiar. It is only when one undertakes to define the term 
that he begins to appreciate the difficulties that make practically 
impossible the framing of a single definition that will embrace all of 
the different kinds of hay and that will be acceptable to all classes of 
people engaged in the.hay industry. 

These difficulties have nothing to do with the question of grades 
or quality of hay as they are known on the market, because the 
question of grade concerns only a definite and well-understood kind © 
of hay. The unqualified term ‘‘hay,’ however, may mean any one 
of a great number of things, from grass that has been just cut to hay 
that contains less than the normal water content. In view of this _ 
fact it becomes apparent that to be able to define precisely it will © 
be necessary to have not merely one, but several definitions, each of 
which should describe accurately a particular kind of hay. 

INDISCRIMINATE USE OF TERMS. 

No one class of men concerned with the hay industry may be said 
to be responsible for the present conflicting ideas as to just what 
constitutes hay. Hay, in the farm management or labor sense, may 
be something quite different from hay as viewed from the standpoint 
of the city commission man or the consumer. For example, it is 
quite common, indeed almost universal, for the farmer to speak of 
‘““mowing hay,” ‘‘tedding hay,” or “‘cocking hay,’ when as a mat- 
ter of fact the material thus spoken of is not in reality hay at all. 
Strictly speaking, we mow grass, and use the tedder on fresh or 
partly cured forage that is being made into hay. 7 

The many terms commonly used to describe hay that is ready to : 
be put into the stack, barn, or bale are given in Table III. 
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| Tapie III. SS nt variously used by growers to describe the condition of hay when Duk : nye 
into the barn, stack, or bale. ae 

[Actual condition of the hay.] aes 
bie: 

. oe ed ba aes ; Overcured: Stems brit- 
Undercured: Stems full] content too high. avet cured: Entire) tle. Leaves dead, dry, ge 

-of sap but leaves dead | Highdegreeoffermen-| Plantcuredoutevenly; andsunburnt. Will be ih. 
and dry. Spontaneous! tation indicated, con-| 204Sufficiently. Will| little or no shrinkage; = 
combustion and heavy siderable shrinkage, have a normal shrink- | possibly a gain in wa- , 
shrinkage indicated. destruction of dry age and make “‘choice ter in storage. Will 

matter, and possibly hay. make medium to poor 
discoloration. quality of hay. 
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eae ee eee no 524) Pairly welleured....222|)Kairly well curede. = 32: 
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epee Sa Seas aieie wes SDT yps ese cies eS ea Ve Uy ERs Spee am er ae a ee a y 
Set SARC ee ee CunreGSaccece ec oon se EOCUTCO et eset seme ee (Our eds 
ie CES EM GRE Sees In good condition. ......| In good condition. ......| In good condition. 
pee puccess fully cured= 232 pupcesshay: Cunecdas ss Buccesstary cured. 

Tee eee mire Sree LAH Gx ners Ce tet ae eons | SUIAM Gis cp ee ee ree 
MCE EES Hsia Sears rep or ana eady GosnaWl ssc Readystovhaul- aa assee. Ready to haul. 
oe EEE ae SRS eS Ea ei Er eC Se A In good shape........-.- Tn good shape. 
SSSI E OR S COST SSO AC ESCs ape ree a espa eer Ready to bale...........| Ready to bale. 

Swath-cured=.-... 1.5. Swath-cured...........- Swath-cured.:....2:.-2. Swath-cured. 
Windrow-cured.....-..... | Windrow-cured......... Windrow-cured.......-- Windrow-cured. 
@unedsnicock= 22222223. Cunediim: cocks s22acse =e @uredamcocksseeees 5 -= Cured in cock. 
Cured in bunch.......... Cured in bunch......... Cured in bunch........- Cured in bunch. 
Micld-curedsa< =. sscesnases Hreld=cured ess. =e oe Field-cured........ Stee ese Field-cured. 

Many of these terms are used interchangeably, and often it will 
be found that a term which means one thing in one locality willmean  _ 
something else in another. Thus ‘‘tough’’ hay may be either hay 
that is undercured or hay that has been thoroughly cured out but has 
become dampened by dew or rain. The terms ‘“‘successfully cured,” 
“ready to haul,’ ‘‘swath-cured,’’ ‘‘bunch-cured”’ or ‘‘windrow- 
cured,’’ are all more or less confusing and are interpreted differently 
by individual haymakers. To one, ‘‘dry’’ hay in the field is hay 
that is ready to haul to the barn or stack but will be subject to a 
normal amount of shrinkage. To another, ‘‘dry”’ hay is hay that 
has been overcured, while those who bale from the field think of 
‘‘dry”’ hay as hay ready for baling without serious heating or loss 
of moisture in the bale. 

Tt is only natural that hay producers should occasonally describe 
conditions of field-cured hay in local terms that are misleading to 
farmers in other parts of the country. There is less excuse, how-— 
ever, for the spreading of the same confusion by official scientific —_ 
publications. : 
A review of the literature on shrinkage experiments shows that A 

sometimes investigators themselves do not understand clearly what 
constitutes hay, or at least they have not used terms that accurately 
describe the material with which they were experimenting. a 

In experiment 5, page 5, ‘‘well-cured” hay lost 22.6 per cent by = 
shrinkage, while in experiment 11, page 5, hay that was only “fairly a 

well cured”’ lost only one-half as much, or 11.2 per cent. 
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In experiment 18, page 6, hay that was “unusually dry” lost 3.6. 
per cent by shrinkage, while the hay in experiment 11 which was 
“very dry” lost 11.2 per cent-by shrinkage, or more than three times 
as much water as the hay that was ‘‘unusually dry.’’ These two 

_ terms should be practically synonymous, yet the results with two ~ 
lots of hay varied greatly. 

It has been shown that the general term ‘‘hay”’ is universally used 
to describe material that varies in degree of curing from that of “hay” — 

that is nothing more than green forage to ‘‘hay”’ that is so dry thatit 
contains but 3 per cent of water. Since it is not to be expected that 
such general and long-established usage will be changed, it becomes 
necessary, for convenience, so to qualify the general term as to make — 
terms that specifically and accurately apply to the several different — 
stages through which hay passes before it becomes what in the strict 
sense would be classed as hay, that is to say, the kind that is recog- 
nized as hay on the market. 

In compiling the following suggested definitions of different kinds — 
of hay, as determined by stage of curing, the experience and termi- 
nology of shippers, receivers, and farmers in the several hay-growing 
sections of the country have been drawn upon. No attempt has been 
made, of course, to define the various grades and mixtures of market 

y hay. - 

The definitions here suggested deal only with the several stages 
_ in the process of curing. 

DEFINITIONS OF HAY. 

Market hay.—Hay that is thoroughly cured and can be baled 
immediately and marketed if it is so desired is market hay. (The 
term ‘‘market hay’’ has been used in this sense in this bulletin.) 

The trade rules for the better grades of hay require, in part, that the 
hay shall be properly cured, sownd, and of a good or otherwise specified 
color. In order to meet these requirements hay must go through 
the sweating or final stage of the curing process. Properly cured, — 
sound hay which has gone through the sweat can contain only the 
normal percentage of water, except durimg long periods of extremely — 
wet or dry weather. Even then the water content will not vary more 
than a few per cent either way from normal. The question of shrink- 
age or loss of water in market hay need not concern the hay producer, 
since there is just as great a chance of a gam above the normal content 
as there is of loss in many sections of the United States. 

New hay.—New hay is a term used on the city market to distin- 
suish the current crop from last year’s crop. It is most frequently 
applied to hay that has been baled from the field and shipped to 
market. Itis not used after the ‘‘old’’ hay crop has been disposed of. 

Old hay.—Old hay is a market term used, after hay has been har- 
vested, to describe last year’s crop. 
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; 7 tlt ee is a term enanty Sonlied to hay, ee. 
= Ale hay that reaches the market while undergoing sweating. Hot 
hay is in the final stage of curing. The heating may sometimes be 
caused by tight packing in a car with a metal mane which becomes — 2 = = hot and starts the heating. If new hay is a long time in transit it. 

2 ne often heats, whereas if it reaches the market quickly and is unloaded 
J __ and properly piled in a warehouse, heating may sometimes be avoided. | 
= Dry hay.—Dry hay is a market term used, especially in the West, 
-__when hay has become so dry that it shatters easily when handled. 
____ This kind of hay is thought by some feeders to lack palatability. _ 

The term ‘“‘dry”’ is used locally to denote the condition of hay when — B 
_ ready to be put into the barn or stack, and also to describe hay after __ 
shrinkage has ceased. ee 

Green hay.—A term proposed for use on the farm to describe all __ 
- hay that has been field-cured but is not sufficiently cured to be baled | Be 
» - andmarketed is green hay. Such a term would correspond,inaway, 
- ___ to the term “‘green”’ as applied to unseasoned lumber to distinguish 
it from air-dried or kiln-dried lumber, and would have no special 
a reference to the color of the hay. If this or some other more appro- __ * 

priate term were customarily used in speaking of hay in the barn 
or stack while it is in the sweat or heating period, during which time ae 

e- the larger part of the water lost by shrinkage occurs, it would tend — 2 
to correct the hay Hage eee that Shee: causes an actual — = 

money loss. After ‘‘green’’ hay has passed Jeune. the sweat it 
becomes ‘‘new”’ (market) hay. 

_ Barn or stack cured hay.—The farm terms barn-cured or stack eee 
_hay are sometimes used in speaking of hay that has passed through _ 
the final (sweating) stage of curing and is ready to be baled and = 
shipped. Very little, if any, shrinkage is likely to occur in hay that © 
has been thoroughly ue in the barn or stack. _ 

Field-cured hay.—Field-cured hay is a very indefinite term embrac- a 
ing all of the terms given in the list on page 29. It is used to denote 
the degree of curing in the field. When partially-cured hay is put ae 

into the stack, barn, or bale it is said to be ‘‘field-cured.”’ <a 
The degree of curing of this kind of hay is not always the same, 

since it depends on how the hay is to be utilized. if hay is to be put © 
into the barn or stack, then field-cured hay, in sections where the ~ x 

weather is subject to eaddon changes, should be cured just enough 
es so that it will go through the sweat without developing temperatures — 
that will injure the hay. This is done to avoid, as far as possible, 
any danger of loss by sun and rain which may occur if the hay is left _ 

-—-—s exposed too long 1 in the field. A shrinkage of 10 or 15 per cent in 
____ field-cured hay is to be expected as a part of the natural curing 
; process. : 
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; the hay so brittle that it will break or shatter easily when being 
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If the hay is to be baled in the field, from the windrow One: ia ro | 

stack. The curing should be carried as far as possible without making 

baled. The loss of water by shrinkage will be considerably less in 
hay properly field-cured for baling than in hay properly field-cured — 
to be put in barn or stack. © 

First-cutting hay, etc.—The terms ‘‘first-cutting hay,’ ‘‘second-— 
cutting hay,” etc., are used to distinguish different crops of hay, such 
as alfalfa and clover that are cut more than once a year. It has 
become necessary to use these terms in the market, especially for 
alfalfa, because a consumer may, for various reasons which are not — 

always very clear or well-based, prefer a certain cutting for feeding a 
certain class of stock. 

SUMMARY. 

_ (1) The question of shrinkage is one that has always been of inter- 
est to those engaged in the production and utilization of hay. The 
producer wants to know how much hay shrinks because be believes 
that it results in a direct money loss when he grows hay for the market. 
The shipper and dealer want to know how much hay shrinks, so that 
they can make allowance for this factor and thereby avoid disputes 
and losses. 

(2) The percentage of shrinkage in hay is influenced by the follow- 
ing factors: (1) water content when cut, (2) maximum water content 
when stored, (3) normal water content when cured, (4) minimum 
water content, (5) atmospheric humidity, and (6) effect of time. | 

(3) Many experiments have been conducted, during the last 30 
years, to determine the rate of shrinkage in hay in the barn and - 
stack. The loss in weight was found to range from 0.29 per cent to _ 
42.2 per cent and the gain in weight ranged from 0.4 per cent to 
10.7 per cent, making a total variation of about 53 per cent. | 
(4) All efforts by investigators to determine the average rate 0 
shrinkage, in order to formulate a definite rule to be used at harvest 
time to calculate the percentage of ‘‘dry”’ or marketable hay, have 
failed. The reason an unvarying shrinkage rule can never be used 
for a large producing territory is because of the effect of such factors 
as variation in the time of cutting, methods of curing, and the weather, 
which will always cause a wide difference in the percentage of shrink- | 
age in hay on individual farms within a given territory. 

(5) The experiments show that there is no correlation between the 
lapse of time and the percentage of loss by shrinkage. Im other 
words, the amount of loss that may occur durmg 3 months has no 
mathematical relation to the amount occuring durimg 6 months, 9 — 
months, or other period. 7 

(6) The widespread publication of experimental data showing 
comparatively large losses by shrinkage, during several months, has 
been misleading, especially to producers, because the investigators — 
failed to point out that the greater part of the loss occurs before the 
hay is in proper condition to be baled or marketed and that the loss, 
which is practically of water only, is simply a part of the natural 
curing process, and, therefore, should have no commercial value. 
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| od in the proper Conon, ‘shrin age dc 
pr fe of the producer until after the final cu 

own as_ fermenting or sweat stage, has been finished 
in the stack or barn and the water content has become normal, 
The shrinkage that actually affects the producer’ s profits is due 

=) 10. a relatively small loss in weight caused by continued dry 
_ weather which lowers the normal water content of marketable hay 
_ This loss is liable to be offset by the increase in water above normal, 

_ which takes place oun the damp weather when hay absorbs water _ 
se from the air. 

- (8) Shrinkage causes an actual loss to the shipper or dealer when he 
buys and stores hay containing more than the normal water conten 

- for well-cured barn or stack-cured hay (a) when the hay has been 
baled from the windrow or cock and is bought before it has gone 
entirely through the ‘‘sweat,”’ or (6) when a large mow or stack 
baled and sold immediately after having gone through the ‘‘sweat.”’ 

_ __In the first mstance practically every bale wil shrink more or less, 
: hile in the second instance only the hay from the interior of the ee 

pile will lose in weight. 
_ (9) There is practically no loss of dry or nutrient matter durines the 
ones of hay while in the barn or stack, provided the hay has bee 
properly cured before it is hauled from the field. Undercured hay 

containing an excessive amount of water, is liable to become so ho 
in the barn or stack that it will become discolored, charred, or, in 
extreme cases, entirely burned up by spontaneous combustion. 
(10) Under certain conditions the producer can determine how 

= “much shrinkage to expect in hay produced on his farm. These con 
itions necessitate (a) an adequate, full sized, experienced haymaking 

—erew; (0) the use of a definite, efficient, and practically unchangeable ~ 
nethod of operation and curing; and (c) comparative freedom fro: 
interference by unfavorable weather. Under these conditions the 
average shrmkage can be determined by wens a given quantit 
or by a water analysis. The percentage of shrinkage found will be 
applicable until the conditions are changed. 

ADDITIONAL COPIES 

OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 

GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 

5 CENTS PER COPY 

A 




