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LEON FrANKLIN SANDERSON ABSTRACT

Since hay making 1s subject to weather conditions, &
large loss results due to extended drylng periods and due to
leaf shattering caused by the common methods of harvesting,
Sefore this 10ss can be reduced & method 1s needed to reduce
fleld drying time,

Crushing alfalfa increages the drylng rate, but the
drying time exceeds the average perlod between rainfall in
humid regions, The increase in drying rate acceleratesg as
drying concditions improve, but the decrease in total drylng
time remailns at from three to four hours in mosgt cases,

Tedding crushed alfalfa does not increzse the rate of
drying when the yleld is 1,5 tons per acre,

The quality of beled alfalfa when placed in an open
storage 1s affected by the density and molsture content of
the bales and the weather conditions during the storage per-
iod, Must will develop in bales with 6 pounds per cubic
foot densltles and 12 percent molsture content, Crushing
does not affect thnese limits,

Pelleting the nay 1s & possible method of golving the
many protlems lnherent with common methods of harvesting hay,
Fundamental requlirements for obtalning good quality pellets
are needed before a macnine can bte made which will produce
pellets from long field cured hay,

The pellet density-moisgture-precssure relationship for



green alfalfa is glven by trne equatlon

= ¢ 0.805 - 0.000002682(Z + 7360)(X - ha.2)

Y =
where

Y - pellet density - grams per cublc inch

X - moigture content - percent

Z - pelleting pressure - pounds per square inch

The coefficlents of this equation are altered by a change
in time of pressure appllication or quality of hay,

The hay should be below 30 percent molsture content to
obtain firm pellets, Pellet densitlies of 25 pounds per cu-
bic foot are recommended for two inch dlameter pellets,
These can be obtalned with 15 percent molsture content hay
by applylng a pressure of 5000 pounds per squere inch, In-
creasing the welght of material 1n each pellet or decreasing
the time of pressure application willl result in a lower pele-

let density,

Two inch dlameter pellets are faster and easgler drying
than elither chopped or baled hay, The narrow diameter re-
duces the wet centers found in baled hay and als0 the par-
tial pulverization of hay stems durlng pelleting allows
better dryihg characteristice than obtained with chopped
hay,

Firm pellets are easier to handle than baled hay and
can be mechanically loaded and stored, Storage space re-

quirements are reduced and pellets can be both mechanically



and self-fed to livestock,

Pelleting recconditioned btaled hay 1s simillar to pel-
leting green hay, The only noticeable difference 1s the
period of time required for pressure application to obtain
good quality pellets. The presence of avallable starches
and sugars 1g more ilrportant to forming a good quality pel-
let than the perlod of tlme the hay has been in storage,
These nutrlents are reduced after a perlod in storage, how-
ever, and in some cases additives may be necessary to re-

gstore tne vlnding qualitles,
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INTRODUCTION

For centuries man has dried grasses and legumes in the
field in order to make these materials suiltable for storage,.
Until recent years this practice has been satisfactory and
the ohly improvements in hay harvestling have been these
which made 1t possible to put up hay with fewer man hours
of labor per ton, This can be seen from studying available
statistics,

After World War I a rural population of 31,614 000
people produced 96,587,000 tons of hay per year (3). and
in 1953 the farm population of 21,890,000 people produced
105,000,000 tons of hay (9). At the same time the average
yield dropped from 1,58 tons per acre (op, cit,) to 1,42
tons per acre (op. cit.).

Thus, even though thls was a period of rapid farm
mechanlization, very little improvement 1in quality of hay
produced or reduction of loss of nutrlents has occurred,
LeClerc (7) has sald that 10 to 50 percent of the value of
a hay crop may be lost due to hay being damaged during
natural field curing with traditional narvesting methods,

Dexter (3) reported trnat in feeding trials with hay it
wag found that hay quality was preserved best by rapid
drying, and that an extended drying period is detrimental,



2
even though no mustiness occurs., Artificlal drying reduces
the loss caused by natural curlng, but the increased cost 1is
prohibitive in many cases (4),

Since weather conditions are uncertain in most of the
ma jor hay producing reglions, 1t 1is essential to the problem
of obtaining better quality hay that a method for signifi-
cantly reducing the field curing time be found. Even in
the humld areas drying time is reduced by crushing the hay
between large rolls, but in many cases this reduction is not
great enough to warrent the added cost of crushing the
hay (5).

Along with the problem of rapid drying to procure high
quality hay, are the methods of harvesting hay, Bender (1)
stated that the common methods used for harvesting hay were
a failure because of the damage to nay quality and loss of
valuable plant nutrients, LeClerc (7) has sugeested a
method on which experiments have been done in England as a
possible solution to this loss. Grass cakes were made from
green hay with a compressing machine,

Although pelleted feeds were introduced in the United
States in 1929 (6), very little fundamental work has been
done relative to making larger pellets or cakes, Congiderable
interest has been shown in harvesting hay by pelleting but
much more information is needed before it will be possible

to perform pelleting on the scale exhliblited with other



methods of harvesting (2).

Hay pellets have also been sug-ested as & method of
reduclng storage space requirements (ibid). The increased
cost of storage facllitles hag caused much interest in
reducing the storage requlrements by compressing the hay
into dense pellets which can be fed to livestock,

The study included in this thesls was preceded by eicht
yearg of research on baled hay harvesting and drying, The
results of the elght years of research has indicated that
further study 1s necessary to determine & method for de-
cre&slng field drying time, The objectives of this study,
therefore, were to investigate crushing and tedding as a
method of fleld curing hay to obtain high quality roughage,
and to determine the fundamental factors involved in pellet-
ing hay as a possible solution of the many problems inherent

in common methods of harvesting hay.
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A STUDY CONCERNING THE EFFECT OF TEDDING UPON THE DRYING
RATE OF CRUSHED HAY; THE RELATION OF WEATHER CON-
DITIONS TO THE EFFECT OF CRUSHING AND THE
EFFECT OF CRUSHING ON THE SAFE STOR-

AGE LIMITS OF BALED HAY

Reagons for the Study

The quality of hay produced in humid areas such as
Michigan has not improved greatly during the mechanization
of hay harvesting. Much of the hay production is still
lost due to damage in the field by rain or molding in storage,
since an average period of two days between rainfall 1is less
than the time required for natural fleld curing of hay (6).
Hodgson (5) saild that as much as 15 percent of & hay
crop may be consumed by field fermentation losses during
an extended drying period, Bleaching from the sun 1s another
deterrent to quality hay resulting in losses of carotene,
Bender (1) has sald that losses as great as 50 percent of
the crop value may occur during natural field curing of
hay.
Each of these logses 1s due to & long drying period and
can be reduced by decreasing the field drying time, Harvest-

ing at a higher percent moisture content* reduces each of

# Moisture contents in this thesls are percent wet basgis,



these losces as well as decreasing leaf shattering of the
dry hay during harvesting operations.

Harvesting of high moisture content hay, however, intro-
duces other more serious problems. Damp hay will respire and
a rise in temperature may occur, Molds develop rapidly in
warm, damp hay (8). If the temperature rises above 158°F.,
microorganisms are no longer active (1ibid), but spots of
scorched hay will occur, If nheating is allowed to proceed
unchecked, spontaneous ignition may occur with the resultant
loss of the hay and structure.

Even if the hay does not ignite, serious losses of organ-
ic matter will occur (1bid) with possible losses of 100 per-
cent of pure digestible protein, U7 percent of all fats,

94 percent of the sugars and 52 percent of hemicellulose,

Hodeson (5) stated that artificial drying 1s successful
in stopping much of this waste, but the cost of the instal-
lation and operation is prohibitive in many instances.

Kleis (7) investigated the quality of hay produced in
the East Lansing area, The majority of the bales inspected
were at best musty, even though many of the farm operators
did not reallise they had any musty hay. This indicated a need

for more information related to the storage of hay,
Review of Literature

Hopkins (6) found that crushing increased the rate of
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drying of the leaves by the same amount 1t increased the
rate of dryilng of the alfalfa stems, He stated that the
only g£a8in by crushling in Michigan would be 1f crushing made
it possible to store the hay 1n less time witn fewer oper-
ations and thus preserve more of the crop, However, the
average drying perlod for crushed hay 1s longer than the
average time between rainfall of two days (ibid) and thus
crushing alone isg of little value in the majority of cases.

In research at Wigconsin (2) it was found tnat crushing
decreaged the fleld drying time during both good and
average drying weather and that the decrease in drying time
wag somewhat greater in good weather,

Heavier ylelds (1bld) were reported to have had smaller
gains in drying rate., Thig would seem to be due to two
factors; crushing 1s less effective 1n a heavy swath due
to the cushioning effect and matting of the crushed hay
becomes more prevalent,

Bruhn (1ibid) found that operating the rolls at higher
pressures produced more effective crushing, but at the same
time the tendency to clog the rolls 1ncreaeed.' He reported
that crushing at a higher roll speed with respect to the
ground speed resulted in more effective orushing. This wag
due to thinning out the material between the rolls and thus
reducing the cushioning effect.

Multiple crushing was reported by Bruhn (ibid) to have



had considerable success in Wisconsin since 1t increased the
drying rate more than once-over crushing with no noticable
increase in loss of leaves.

Ramser (10) reported that crushing improved the palati-
bility of hay by reducing coarse stems sO that they were
less harsh and brittle.

Hopkins (6) made a study to determine the relation of

bale density and molsture content to the quality of alfalfa

hay stored in a natural draft ventilation mow, In order to

obtain must free bales the hay should be dried to 20 percent
moisture content before baling, and the bale density should
not be greater than 6 pounds per cubic foot. He indicated

that somewhat higher moisture contents and densities are

allowable if a little mustiness is acceptable.

ObJectives

This study was made to obtain essential information re-
lated to lmproving the methods of harvesting and storing
baled hay, and thus reduce the yearly financial loss which
farmers sustaln,

The objectives of this study as outlined briefly are to
find:

1. The effect of tedding upon the drying rate of crushed

hay when the tedding is done immedlately after crushing,



2. The effect of crushing upon the fleld dryine rate of

nay ag this effect is related to weather conditions,

3. The effect of crushing upon the relatlionship be-

tween the density of bales, moisture content of the
hay when baled, and the quallty of alfalfa hay
stored in a natural draft ventilation mow,

The fleld experiments were concerned with findine new
methods for decreasings the time required for drying hay in
the field. This consisted of experiments to determine the
effect of tedding immedlstely after crushing upon the
drying rate of the hay, Also investigated was the effect of
weather conditions upon the increase in drying rate by crush-
ing the hay,

The storage experiments were concerned with delineating
the relatsionsnlp of mold development in crushed baled hay
during storage to the density of bales and molsture content
when baled,

Apparatus

The Forage Crugsher The forage crusher used in these

tests was & tralling type implement with two 6 inch x &0-
inch esmooth steel rolls (Figure 1), The rolls were spring
loaded and vropelled by the tractor power take-off, This
crusher did not have a mower attached and could not be con-

nected to a tractor with a rear mounted mower, This made 1%t
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necessary to make a separate operation of crushing after the
hay had been mowed.

The hay wag 1ifted and fed into the crushing rolls by a
power take-off driven, rotating cylinder with retracting
spring teeth., This pick-up worked well ag long as 1t was at
the correct level above the ground surface, However 1t wasg
difficult to adjust the pick-up for varylne eround conditions,

The crusher worked viell in alfalfa and Jjamming of the
rolls wag slight, The Jjammlng that did occur vag as a
result of foreien materlals such as corn stubble refusing to
pass between the rolls,

The Forage Kake-Tedder. The side delivery rake-tedder

used in these tests was & ground driven, cylindrical-reel
type (Figure 2). In order to make it possible to ted a sin-
gle windrow in a test plot, three teeth on the front end

of each reel tar were turned up 180 degrees so that the width
of raking was narrowed to seven feet,

The hay swath was torn apart by the tedder and tossed
into the air several feet. In observing the swaths of hay
in dense areag of the fleld after tedding, the action of the
tedder wag effective in fluffing both crushed and uncrushed
hay.

The Bale Sampler, The bale sampler used in these tests
was designed and constructed by Eggleton(l), This device

consists of a two-inch diameter stainless steel tube approx-
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Figure 1 ‘ the étudj;
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Figure 2. Forage Rake-Tedder Used in the Study.
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imately two feet long, A saw toothed blade is attached to
the end of the tube and the device is rotated by a 5/8 inch
Vstandard electric drill which is mounted in a cradle, The
bale 1s held in a rack where the rotating tube is forced
against the end of thne bale to cut a core sample from the

bale,
Fleld Experiments

These experiments were carried out to obtain data per-
tinent to reducing the required time for field drying hay.
Thls study was set up to determine the effect of tedding
immediately after crushing upon the drying rate of alfalfa,
The effect of crushing upon the drylng rate was also studied
durine different conditions of temperature and relative
humidity.

A twenty acre field of first year alfalfa wlg used
for these experiments., The alfalfa had been seeded in corn
the previous fall and had been cultipacked once after removal
of the corn, The lack of cultivation caused the hay to be
growlng in narrow bands between the 0ld corn rows,

Design of the Experiment. This study was designed so
that the effect of crushing upon the drying rate of alfalfa

could be evaluated during several different weather condi-
tions., In order to have a comparison, one half of the plot

was crushed and the other half was left uncrushed as a
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control,

In order to determine tne effect of tedding upon the
drying rate, the crushed and uncrushed plots were each
divided into a tedded and an untedded plot. Thus, there
were four plots with different treatments.

Each plot was composed of four seven-foot wide swathsg
and was approximeately forty rods long, To reduce the effect
of variations in fertility and density of growth, the four
treatments of each test were conducted on one large plot,
This plot was then divided 1nto four ten-rod long blocks,

The dryines rates of each of the four treatments was
determined by taking moisture samples from each of the blocks
for each of the treatments at intervals during the drying
period, During the first cutting tests, one sample was
taken from each of the blocks for each of the treatments,
This was changed during the second cutting tests to tﬁo sam-
ples to increase the preclsion of the experiment, The re-

sults were then analyzed as a randomized block experiment.

OQutline of the Treatimentsg.
l, Mow hay, no tedding, determline drying rate, rake at

4O percent and bale at 20 percent moisture content,
2. Mow hay, ted immediately, determine drying rate,
rake at 4O percent and bale at 20 percent moisture content.
3, Mow and orush, determine drying rate, rake at 40

percent molsture content and bale at 20 percent,
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4, Mow, crush, and ted, determine drying rate, rake
at 40 percent, and bale at 20 percent molsture content.

The treatments were raked at 40 percent moisture content
to reduce the amount of leaf shattering.

Moisture Content Letermination., In order to obtain an

accurate measure Of the molsture content of the hay in the
windrow a crosgsgs-gection was removed by cutiing with shears
and placed in a ten-pound paper sack, The sack wasgs then
closed and labeled with an i1dentification number, Windrow
samples were weighed inside the equipment traller within one
hour after sampling (Figure 3),

The samples were later taken to the laboratory and
placed in & steam drying oven operating at 150°F. for not
less than 43 hours. The samples wWere welghed upon removal
from the oven and the molsture content computed from this
data,

The moisture content of the bales was found by cutting
a core from the middle of one end of each bale with the
bale sampler, These samples Were weighed and dryed in in-
dividual sacks and the moisture content computed from this

data,
Climatological Data During the first cutting tests

psychrometric readings were taken at regular intervals with
a sling psychrometer, Wind &and cloud cover were noted and
the total rainfall was recorded with a Standard Weather

Bureau Rain Gauge,
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A hygrothermograph and an instrument shelter were used
for the second-cuttlng tests 1ln order to obtain continuous
readings of weather conditions. The hygrothermogreph was
located about a foot above the ground and callbrated with an
agpirator psychrometer at leagt twice each day in order to
get an accurate measure of the relative humidity and temper-
ature at the ground surface, Wind velocities were recorded
with an anemometer wind totalizer located three feet above
the ground (Figure U4),

First Test. The first test was started on June 15, 1955,
The ground was saturated with molsture after several cays of
heavy rainfall, The mowln@ was started at 10:00 &, m, Crush-
ing and tedding were done as seen as mewing was completed at
11:30 a, m. The hay was sampled at intervals for moisture
content (Table 1) and was raked into windrows at 1:C0 p. m

on June 16, The treatments were a&ll buled on June 17 at
3:00 p. m,

gecond Test. This test was mowed at 9:00 a., m, and
and crushing was started at 9:45 a, m, , June 22. The tedded
swaths were completed by 11:00 a, m, and molsture samples
were taken at intervals (Table 2). The hay was raked at
3:00 p. m, June 23 and baline was started at 1:20 p, m. the
following day. June 24,

Third Test, The second-cuttineg tests were begun on

July 20. The hay was mowed, crushed, and tedded at 10:00

8 m,: 11:00 a. m.; and 11:30 a. m, respectively. Weather
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and nolsture content data were taken as before, but two sam-
ples were taken from each block for each treatmeant (Table 3)
to increase the precislion of the tests, The hay wasg raked
at 3:30 p, m, the same day and balling was started at 10:00
a, m, July 22,

Fourtn Tegt. Mowlng, crushing and tedding were started

at 9:30, 10:30, and 10:45 a, m., respectively, on July 2.,
The drying rate wag determined by taking moisture samples at
intervals (Table 4) and the hay wag raked at 4:30 p, m., the
sane afternoon, Railn had been forecast and the baling was
delayed in order to deteramine the effect of crushing upon
the drying rate after & rain, No raln occurred, however,
tefore the hay wag baled at 11:00 a, m, August 1,

Apalygls of the Data, A complete analysls of variance
was carried out on all of the data reported in thls experi-
nent, Each set of molisture content samples was analysed as
a randomlized block to find significant differences between
molsture contents of hay from varlous treatments, The
average molsture contents were then plotted to show the dry-
ing rate of each treatment with xzolsture content versus
drying time for each test (Figures 5, 6, 7, and &),

The drying rete during the first day of each test be-
fore it wasg raked was computed for each treatment (Tatle 7},
These rates in percent molsture 10ss per hour were then an-

8lyzed using the F tegt with treatments versus days to
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Table 1, First tutting doisture Contentg - Test 1
June 15, 1953
Time Uncrushed i Crushed
+ g 1
Day Hour 'Untedded | Tedied Untedded E Tedded
I II - III i IV
iJune aAyeraz = molsture content - percent
| 15 12:00 AX 70.93 69, 64 67.09 } 68,99
| 2:30 PX 57.78 60, 22 54,14 } 554 82 .o
4:00 P | 5S4 | 53,34 50.31 | 43.85
15 10:00 AM | Lé,u2 | k2,85 4O, 41 | 44,02 |
| 1:00 Py 39.32 4o, 71 28,78 30,67 i**
| 3:15 PM | 32,73 | 33,89 30,50 | 31,L45
4:30 Pi 31,52 34,51 24,01 24,91 | #»
) r [
17 9:00 A¥ | 23,64 | 30,91 25.47 | 22.19 E
! ' ! !
10:00 44 | 23.41 | 25,74 | 18,00 | 17.04
| ! ! '
, 2:15 AN | 17.42 | 22.k2 14,78 17.21

All data average of four samples except 10:00 AM June 17

average of two ganyvules,
lyzed &g & randomlzed tlock,

data which indicated a significant difference in molisture

rach get of molgture data wag ar u-.

Tach set of molsture content

content as a result of crushing 1is starred,

* Data significant

## Data highly significant
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Table 2, First Cutting wolsture cvontents - Test 2

June 22, 1355

i Time Uncrusghned Crushed

l e
j Day FLour Untedded Tedded IUntedded i Tedded |
; 1 oI | | \
| June Averagelmoisture content - percent | |
’ 22 11:30 AM | 68,43 | 68,30 66,17 : 67, 42 i i
| 2:15 PM 51,80 | 59.29 - 57.53 52,87 : j
} 40O PU 5T.3k i 61.16  53.27  53.63 KLl
23 11:45 AM Ls, 42 45,69  36.56  bl.e7

| 2:15 Pd 12,33 | Lo,86 32,865 3.4

3:30 Pa 38,43 . 140,89 22.64 . 31,34 .

24 10:15 AM 33,63 i 38,00 . 23,28 . 25,54 »
| 11:30 Al ; 32,62 ' 32,33 25.05 23,20 |
; 1:45 Pd 32,20 | 30.88 20,13 | 2hoos |
i 2:30 P< . 26,57 . 24.72 20, 37 ; 17.25 |9
| o |

All cata average of four gumples, Each set of molsture
duta was analyzei as 4 randomlzed block, Each set of mois-
ture content aata wrnich indlcated & significant difference
in moisture content as & result of crusnhing 1s starred,

haf Lata significant

*# Data highly significant
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Tatle 32, Second Cutting Molsture Contentsg - Test 3
July 20, 1955
T |
Time Uncrushed Crushed |
Day Hour Untedded | Tedded |Untedded | Teddea | |
I I III v
| |
. . )]
July Averuase molsture content - percent
20 12:00 AM 59,89 57.16 61, 83 60. 4o | #*
| 3:00 Py 45,1% b9, 42 37.83 38,05 | **
| §:00 P 35.48 . 41,00 29,38 27.97 | **
! .
| 21  9:00 ax% 31,50 33.95 28,03 22.65 |*
1115 Ad 26, 30 29.97 17.84 18,42 | #x
3:15 P 18,25 26,90 12,91 11,62 [#+
{ils P 21,90 23433 13,19 | 12,37 |**
' ! | l
| \ !
22 9:30 AM 21,91 ' 23,31 17.82 | 14,91 we
|
| 11:00 AX 19.75 21,39 19.12 ! 9;12 '*
| | |
. _ _ I T S

All data average of elcht samples,
centent d4ta was analyzea as a randomized block,

ct molsture cuta wnhich indicated a significant difference as

& result of crushing 1s starred,

b Data significant

#% Data hizhly significant

kach gset of molsture

Each set
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Table 4, second Cuttins ioisture Contents - Test U
July 23, 1955

[ |
Tine . Uncrushed | Crushed '
——— -
bay Hour Untedded | Tedded |Untedded | Tedded i
I I | 1II Iv

| |
July Average molgture contents - rercent i
29 11:30 AX | 6L,<5 64,17 554 85 59.53 | ** |
4:00 PYu 40.19 38.53 25.99 28.79 | we |
;
30  9:00 AN | 39,11 365, 43 27.30 31,17 | #s

3:00 PX 21,16 183,86 13,14 13,34 | #e

31 7:00 PX 21, k2 13,60 10.91 10,84

August i
1 9:30 A | 16,30 16.79 15,80 15,08
11:00 AM 10.97 ' 11,88 11,97 11,50 '

All data average of elgnt samples.

Each get of moisture

content data was analyzed as a randomized block, Each set

of moisture data which indicated a significant difference

in molsture content as a result of crushing 1s starred,

* Data significant

## Data highly significant



m w W
<o taialll SPRJETat ki e ST S R, St i
m w T
-+ : ! t- i w:T.: 3
e / “v RS
ok //w A
m A i
— 1 L™ _,y — L
e o .
“ W A
| \;..2,».. |
| ok
[ f A * R e O T
M | ! |
| : . |
| H | |
B
! / g ! ! W : W
| w A . | ” ” 1% i ST
PN A o i BN |4 |« 2 B ot ) LS T e o s |t e ol 4 ., | Q
& | | 4 RSB P e e
ol FN L il KR s | # | I :
| | | | | e
| | | i
| ! | SRS ot ; ”U,
| | | e | BB i
2 &I.‘l‘ 4! e \“T\[. S i e ] Lo R o * ! ] = \41W.m LN - e gv W‘t1#11'.11r e 2
* , . | &2y | & ”
| £ _ M (SR { w 0
(o | A CEn
201 e foela| L e EESS0 SIS s R BASE) CRRS BB
, ‘ _ = | FrELa .
e e e = moAl
a! | ” | N 3 ,. H )
- _ L e e Zu * S AP IR .....,.W Sasbes o dpuitd 5
. ,q ! | o 4 o R S
i sy Pea L 4 = s i R ol .* N " L
i i ! i { ¢:t i |
— = Sh \W sl it M e ——1 - = \tw,.l 0.!7 P
i R ] W W | PN
R G R i S
s e | pusas e o -] ! H , A M—H
g oed s H m ~ .
Srisa ht H - { op Ny oy
S | ” .” m SN =~
| | | is .
s E R R g = e o e e N
| | e
! I NY ;
| | | \ S
| ! ! | oo
| | | B
e et ,y SN —d¥ e e b - -+ = , 119‘.||Tm1¥1
., i &g w
{ ! i 10 ) e~
| | | T MR B
i ! | \ |
! L . £ e H r W‘N s
| | | { 4- | ! { t | /
, s I .
Wt = e e 5 B e = 5 < “i”:dlt \‘5,-11%er =
1 t _ ! i
M ‘ > Ll L O S
w BT
| SR Bt
| o T B
18 o
b s £ Roeh o¥ N F
BN bHTE
N
— = x5 |||| X\leﬁ!\ —

OWED
7 O WED
CARUSHED

{

TEMARERATURE
EARU

bas
T,
r.

;
L

CRELATIVE HUMDITY |

o

90

| Q
L aialee)

|

T W TR E) ! RIS R ey
L el RS PR T e _ SRR Fart o [l

L/FHNITHHS o | UNZIWFS || ‘,

Wt | FAILY 7T ($isvE LIM) LMTINOD | 3202 7

i
il
i

i m%\%v@,ﬂlxﬁﬂ yrv | | SR

| ! |

HAaON| 23d O<T X OZF

DEENaaZlal ANE0 N3dvd Hdvag N3IDZLIIG OS-HAOPrE "ON




26

Table 5, The Effect of Crushing on Drylng Rate as
Related to Weather Conditions

— ericg Hate B

! Unczrahed C?;;?ed Igiiezszroi ﬁi:g. Hugt&ity
, Percent méi;tuféﬁiosa per hour#| OF Percent
‘June 15 | 4,197 b.3% | 0,143 78 b8
‘June 22 | 2.460 2. 866 0. 406 73 46,5
IJuly 20 4,920 8, 000 3,080 &9 4o
‘July 29 | 6.115 | 7.467 | 1.352 90 34
Average | 4. u23 5. 667 1,243

# Drying rates for the first day before the hay was
windrowed,

Table 6, The Effect of Crushing Alfalfa Upon the Drying Time

’ Weather
Total Drying Time Conditions
Test Uncrushed |Crushed |Decre&se of Temp; Humidity
I III III from I High Low
Hours Op Percent
1 50, 00 47.75 2.25 78 Ls
2 55, 00 52, 00 3,00 73 k6,5
3 28, 25 2k, 50 3.75 89 Lo
29.25 26,25 3,00 90 34 !
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determine 1f any of the treatments had & signiflcant effect
upon the drying rate of alfalfa, Tne t test wag then used
to determine whetner tedding or crushing was effective, The
average drying rates and the differences between the drylng
rates of treatments for the four tests were then compared
(Tables 5, 6 and 7).

The Resultg of Tedding. At no time durlng the tests

wasg the effect of tedding upon the drying rate of crushed
hay significant when the tedding was performed ilmmediately
after crushing, Although decreases in the drying rate as
well as increases occurred, none of these differences were

large enough to be significant (Table 7).
Wnen the drying rates of tedded and untedded treatments

were each averaged for tne four tests, teddalng caused an in-
crease in drying rate for both crushed and uncrushed hay,
Tedding increased the drylng rate of uncrushed hay 0,110
percent moisture loss per nour, The increasge in drylng rate
of crushed hay a&s & result of tedding was 0,139 percent
molsture loss per hour, Thig difference in increase in dry-
ing rate due to tedding between crushed and uncrushed hay
was negligible,

It was observed that in areas of the fleld where the
alfalfa yield wag light, very little matting of the crushed
alfalfa occurred and it was difficult to determine whether

a gswath had been crushed without inspecting individual stems.
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Where the hay was denser, matting was frequent and the
crushed swaths were easlly distingulshed from the unerushed
gswaths. In these dense areas the effect of tedding was also
much e2sler to observe than in the light areas since the
swath was 1n a more ruffled condition after tedding.

The hay yleld per acre was below the average for
Michigan of 1,5 tons per acre (9). The first cutting averaged
1.45 tons per acre, while the second cutting produced only
1.05 tons per acre. If the hay in the test plot had been
denser, tedding would have had a greater effect, but this
effect would not be significant unless a much larger gample
of molsture content was taken,

The Results of Crushing., Crushing caused an increase in
the dryine rate of alfalfa in each of the four tests. The
four tests had an average increase 1ln the dryng rate of 23,3
percent as a result of crushing on the first day of drying
before the hay was windrowed (Table 5), The analysis of
variance indicated this increase was significant,

It can be seen (Table 5) that as drying conditions im-
proved, the increase in drying rate due to crushing became
greater., During poor drying weather with drying rates of
4,197 and 2,460 percent molsture loss per nour for uncrushed
hay, crushing increased the drying rate only 0.143 and 0.906
percent moisture loss per hour, respectively; whereas

during more favorable drying weather with drying rates of
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4,920 and 6.115 percent moisture loss per hour for uncrushed
hay, crushing increased the drying rate 3,080 and 1,352 per-
cent moisture loss per hour, respectively.

The fact that the test with the lowest dryineg rate did

not indicate the lowest increage as & result of crushing 1is
due to two main factors. The most important is that the
effectiveness of the crusher depends on the amount of material
passing through the rolls, The amount of material varies
constantly, therefore the effect of the crusher varies also,

The other factor affecting the results 1s the difficulty
of getting an accurate measure of the molsture content of
the nay., More than twice as many samples would have to be
taken as were taken during the second cutting to remove the
large error due to variation in moisture content of the hay
in the plot,

Another method of obgerving the effect of crushing ag
related to weather conditions is to compare the hoursg of
drying time required to reach twenty percent moisture content
and the decrease in drylng time as a result of crushing, It
can be seen (Table 6) that although the total hours of dry-
ine time increased greatly for poorer weather conditions,
the decrease in drying time as a result of crushing 4id not
vary appreclably, except in one test,

The decrease 1n drylng time was not less than two or

greater than four hours as a result of crushing except in the
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third test. Crushing indicated a decrease of eight hours

in drying time in the third test,

Storage Experiments

Thils study was made to determline the effect of crushing
upon the relationship between density of bales, moisture
content of hay when baled and the quality of hay when stored
in a natural draft ventilation mow,

These studies were made 1h the Cage Hay Laboratory at
East Lansine, The hay for the tests was obtalned from the
same fleld used for the fleld experiments.

Design of the Experiment. Thls study was made with
crushed and uncrushed hay in order to evaluate the effect of
crushing on the development of mold in stored baled hay,
Both crushed and uncrushed hay were baled over a range of
molsture contents, The molisture limlits were set by previous
work (6) which indicated that hay would be moldy when baled
above 35 percent and would be must free when baled less than
20 percent molsture content, 1In order to get & range of
densities, the tension on the baler was varied from loose to
tight at each of the four moisture ranges chosen between
35 and 20 percent molsture content,

Briefly, the procedure was to bale four windrows of
erushed hay and four of uncrushed hay at a desired moisture

range, The first windrow wag baled with the tension springs
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on the bale chamber completely loogsened; the second windrow
wag baled with the springs Just snug; the third had three to
four additional turns applied and the fourth nad the maximum
pfessure allowed without breaking the baling twine, Each bale
was tag<ed to identify 1t, The bales were all taken to the
hay laboratory where each bale was welghed, and a core san-
ple removed for molsture content determination.

The bales were space-stacked in the hay laboratory
(Figure 9). This was dohe by leaving spaces up to six inches
wide between the stacked bales which allowed the natural
circulation of air around each bale in the stack, This is
called natural draft ventilation, or natural mow drying.

The bales were inspected for must after a period of 12
to 16 weeks in storage, A scale which clasgcifies the extent
of must development was set up for grading the hay, These
gradeg were:

Must free - no must present

Slightly musty - a trace of must present

Musty - bale has decidedly musty characteristics or
1s moldy.

First-Cutting Test, Thils experiment was started on
June 27. The hay ﬁas mowed at 2:00 p. m. and crushed immed-
fately, Both plots were raked at 9:00 a. m, on June 28,

The baling was started at 2:00 p. m, June 28, and was com-

pleted at 2:00 p. m, June 29,
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111 111

Figure 9, Space-gtacked Bales in an open Mow,
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Core sampling of bales and welghing was completed by the
evening of June 30, These bales were stored in two closed
bing of the hay laboratory, The dimension of one mow was
12 x 20 feet and the other wag 24 x 20 feet. The walls and
floorsg were covered by plywood and the only ecirculation of
alr» wasg through the open doors and the roof ventilators.

The average daily temperature high during the first
Ve ek of storage was 72°F. Precipitation occurred on four
daya of the first week with a total rainfall of 0,66 inches
for the week, The United States Weather Bureau twelve-year
a&Vverage for East Lansing was 71°F. and 62 percent relative
hham3idity for the month of July,

The bales in this test were opened for inspection after
16 weeks of storage,

Second-Cutting Test, Hay was mowed &t 10:00 &, m, and
r&ked at 4:00 p. m, July 25. Baling was begun the following
dey and was completed by 12:00 &, m, July 27.

The humidity had been very high during the latter part
O the test and 0.45 inches of rain fell immediately after
the hay was sheltered, The sampling and weighing was com-
Pl eted by the evening of July 26, These bales were stored
in an open bin of the hay laboratory, Two sides of the bin
Were open and the floor consisted of a one inch wire mesh
layed over the joists.

The average dally temperature high during the first week

of gtorage was &20F, and the average daily relative humidity
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