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Statement of the Problem

The lack of suiteble machinery, metheds, and techniques in
the harvesting of grass and legume seeds to maintain quantity, quality,
and viability, has contributed to unstable production, variable quality,
and fluctuating prices, Such factors have discouraged farmers in the
Tennessee Valley from producing these crops for seed, Improvement in
harvesting and processing techniques and equipment will assist materially
in eliminating the present difficulties in the production of high quality
grass and legume seeds, Increased availability of locally produced seeds
will contribute to the acceptance of the grassland farming program, Some
of the difficulties encountered in harvest are:

(1) seed loss due to shattering,

(2) Aincomplete recovery of seed during the harvesting operationm,

(3) high moisture content of the harvested material,

These difficulties are intensified by unfavorable weather condie
tions, lack of proper weed control, and uneven maturity of the crop.

Importance of Study

The first and foremost incentive for this study lies in the value
of the seed which is lost each year, The average yield of crimson clover
is 110 pounds per acre, of a potential yleld of 500 pounds per acre, This
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results in a lass of approximately three million dollars which might have
been realized by Temnessee farmers with better harvesting practices, A
major portion of the 1.5 million dollars of orchardgrass seed imported
from Dermark in 1953 wae planted in Tennessee, The entire Southeast
produces over one~half of the United States' supply of lespedeza, crimson
clover, and tall feseue (15)," Increased local production of high quality
seed can result in a substantisl saving and also provide better locally

Scope of Study

There are many kinds of grass and legume seeds that are grown in
Tennessee, several of which are of considerable economic importance, In
ordartolidtthomnarehtoapmticdm,mmlortbuocm
were chosen for study, These were orchardgrass, tall fescue (variety,
Kentucky 31), and crimson clover,

The work in 1955 and 1956 was limited by crop failures to crimson
clover and Kentucky 31 fescue, The erimson clover was grown on the
University of Tennessee Morgan Farm in 1955 and on the University of
Tennessee Blount Farm in 1956, The Kentucky 31 fescue was grown on the
mmsumwwmmmmmm-mw,
Tennessee,

The objectives of this project were as follows:

mhmamfcrtoamhwrdmu
in bibliography at end of paper,
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1, An investigation of seed loss in direct combine harvesting of

the subject seeds, This was to include seed loss prior to
machine harvest,

2. Determination of criteria for proper machine adjustment for

given conditions,

For the successful completion of this project, it was necessary to
use a standard commercial combine which was altered to provide easy cole-
lection of seed at various discharge points, The use of a standard
commercial combine also provided data which would be more applicable for
direct farm use,



CHAPTER II

REVIEW OF LITERATURE

Threshing, the forerumner to combining, was first reported in the
Bible, From that time until the early twentieth centwry, the ma jor |
emphasis has been on the more common cereals--oats, wheat, barley, rye,
and other similar types (3)s But, with the increasing emphasis on grass-
land farming, the need for larger amounts of the special seeds of legumes
andguueahummfocuadth‘mcuntytormmehim-md
techniques to harvest these cropss Only recently research has been
applied to the problem of harvesting these small, lightweight seeds.

The investigation of this problem has resulted in two approaches
to the subject. Preliminary studies attempted to make use of the commercial
combines which were available to the farmer, By development of new opera=
tional recommendations and techniques, these new crops might be efficiently
harvested, As a result of this research on the possible use of the standard
combine, it was apparent that they would not completely solve the problem
of harvesting these seeds, This conclusion led to the second approach to
mmmmtuthommwmwm,mnmram
harvest of the light seeded crops,

McCuen, et al (12) and Park (15) reported that increased rate of
travel resulted in high seed losses due to the overloading of the rack.
Table I shows the relation of speed to seed yleld, The effect of a low
height of cut produces the same overloaded rack condition which increases

the grain loss,



TABLE I

DATA OBTAINED BY PARK (15) IN EXPERIMENTS
TO MEASURE EFFECT OF GROUND SPEED ON
CLEAN SEED YIELD OF CRIMSON CLOVER
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Gowder and Martin (7) mentioned the problem of rack overloading as
effected by a weedy crop. The combine efficiency relative to clean and
weedy crops is shown in Table II. The combine efficiency is that per cent
ucmmmmrmmummmucmuwumm
of seed taken into the combine, Throughout the report, this value is re=
presented by the seed recovered in the seed bin plus that seed felling into
the tailing augers The tailing seed is re-run through the combine and
eventually ends up in the seed bin, :

The date of harvest can alsc adversely affect the combine efficiency,
nmcmueobemmmumm,nuwmtu
be cut at the soft dough stage, Direct harvest usually requires a hard
dough stage of seed development, Some research has indicated a preference
toward combining from the windrow (20).

Bunnelle, et al (2) conducted many experiments on combine cylinder
characteristics, They noted that the peripheral speed of the cylinder is
the most important factor in seed damage, The critical speed varies great-
ly with different seeds, Wolff (21) mentioned the use of angle bars or
mpmummemnmumgwmspmm. The spike
teeth chop the straw excessively.

Harrison (10) reported the relative efficiency of the combine in
harvesting alfalfa, mnutpnaathmnghtbwmmmltdina
recovery of 60 per cent of the total potentisl seeds By catching the
owmdiacharg.mﬂpuss.ngitthmnghﬂnembm;mandu.um
additional 20 per cent of the potential seed was saveds A fourth pass
of this same material produced a L per cent yield.



TABLE II

DATA REPORTED BY GOWDER AND MARTIN (7) ON THE
EFFECT OF WEEDS IN A SEED CROP ON
COMBINE EFFICIENCY

Cutter Ber Loss 234 ka2

100,0 100,0




Bumnelle, et al (2) found that the cleaning shoe load varies
directly with the seed loss over the cleaning shoe., The ratio varies
widely with different crops. The cleaning shoe is composed of two
conponentsy the shoe chaffer which is an adjustable lip, separating rack,
and the shoe sieve which is a metal sieve having either round holes or
slots for the clean seed to pass through, The shoe chaffer is located
above the shoe sieve,

The subject of air control on the combine produces agreement from
all sources--use of a minimum airflow to prevent seed from being blown
out of the combines This is a particular problem with grasses and legumes
whose seed are light and small, Orchardgrass averages 532,000 seeds per
pound; Kentucky 31 fescue, 527,0003 and crimson clover, 140,000 (20),

Stoesz (18) (19) used broom corn bats attached to the standard reel,
to brush the standing crop and the shattered seed from the cutter bar onto
the apron of the combine, He also recommended the extending of the combine
platform to decrease its angular relationship to the ground,

To further reduce the cutter bar shatter loss, a wind reel has been
developed which replaces the conventional rotating unit (16), The new
device consists of a large fan, which by means of ducts and small vertical
pipes in front of the cutter bar, directs a strong blast of air onto the
combine apron, This air blast causes the shattered seed to be blown onto
the combine aprons The loss due to cutter bar shatter ahead of the combine
can be excessive as the harvest season progresses,

MacGregor (13), Robertson, et al (17), and Atkins (1) developed small
panstype harvesters for use on crop breeding plots, Kneebone (11) modified
a hanmermill to process the grass seed harvested by the panetype harvesters,



Dexter and McKibben (L) in 1945 reported the development of a
vacuumstype harvester for clover seed, A large industrial exhaust fan was
used to pick up clover seed through a three-foot wide harvest head,
Dexter and Sheldon (5) rebuilt the original machine to increase the harvest
head to six feet in width, A crop beater was used in conjunction with the
harvest head to facilitate easy pickup of the seed,

Hanna (8) (9) in 1952 reported the vacuum harvester to be more
efficient than the conventional combine, The velocity of air necessary
for vertical and horizontal transportation was calculated for many common
seeds,

Mullen et al (14) in 1953 reported the development of a vacuumetype
harvester to harvest hard-to-get seeds such as nodding stipa and purple
stipa.



CHAPTER IIX

Tost Equipaent-~1955

Combine

S ————— o

The selection of a combine for use on the project was influenced
by several important factors, The use of & standard combine, belonging
to the Experiment Station, was comsidered for the project, The structur-
al changes required in the combine and possible conflicts of use ruled
out the possible use of such a machine, These requirements plus low
initial cost thus dictated the purchase of a used standard combine for
the especial use of the projects

A second important consideration was the combine sige, Use of
the combine for most experimental purposes would be restricted to small
plot areas in order to replicate tests, This in twrn determined that the
combine would have to be of minimum size,

Both requirements, low cost and small size were fulfilled in the
purchase of an Allis«Chalmers Model LO combine, This combine, built in
1940, has a thirty-nine inch width of cut and incorporated all the features

of the larger combines {see Appendix B), A rubber bar type combine cyline
der is standard equipment and is recommended for threshing of grasses and
legumes,

The purchased combine was completely dismantled and 31l broken or
worn parts replaced, Several structural and functional changes were made
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on the combine to facilitate collection of materlal and to provide for
better field operation,

The main combine nnder-frame, tractor hitch and power take-off
drive shaft were removed, A new, heavy under-frame was built to allow the
combine to be side mounted on the tractor (Figure 1 and 2). A detachable
hiteh was designed to provide for trailing the combine for road travel or
conventional pull behind operation,

The tractor power take-off drive was replaced by & separate engine
mounted on the right side of the combine, An Onan two-cylinder, fowr-tycle
gasoline engine, rated at tem horsepower, was selected to power the combine,
(Figure 3)s The gascline tank for the engine was mounted on the left side
of the combine as a safety precaution against fire (Figure L)s Through the
use of a jack shaft (Pigure 5), the bigh engine speed was reduced to a
level consistant with proper combine requirements, The drive between the
engine and jack shaft utilized a slack belt and a hand activated idler
pulley as a clutching device te control the combine operation, The use
of a jack shaft also provided space for supplemental drives for accessory
equipment, such as a blower and an air compressor,

In order to have a more compact machine, the grain bagging spoute
and platform were moved to the right rear of the combine (Pigure 6),

As most of the experimental research on the project would be on a
small plot basis, it was necessary to provide some means of collecting the
clean seed and tailing material, other than through the conventional auger
and elevator, A removable false bottom and a sliding tray was placed under
the tailing and clean seed augers (Figure 7). By removing the false bottoms,



Pigure 1, Front View of Allis Chalmers Model L0 Combine
Side Mounted on Ford-Ferguson Model 9N Tractor

Figwe 2, Three-Quarter Front View of Experimental Combine,
Side Mounted on Tractor



Onan Engine

Figure Lie Left Side View of Combine Showing Location of
Gas Tank



Figure 5, Combine Power Drive Jack Shaft

Figure 6, Grain Bagging Platform on Right, Rear Side of Combine
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the collected material would fall through the augers directly into the
trays below, This provided a fast, efficient method of collecting
materials on each short combine run, _

Ahmgedwttummmdmdwthermtmnuofmw
or apron of the combine header (Figure £). This provided a means of
collecting seed that was lost over the conveyor apron and cutter bare

Suitable fasteners were provided at the rear of the combine to
attach two canvas sheets to collect the material discharged by the combine
rack and shoe (Figure 9 and 10).

The standard four bat reel was replaced by a six bat reel to give
a more even support to the standing crop. Crop lifter attachments were
used on the cutter bar to permit combining of lodged crops.

Provision was made for mounting an air compressor on the combine,
driven from the jack shaft, to provide air to clean the combine between
test runs,

mwmmmlatmwmmmmoomm-m
to hydraulic control, A small hydraulic cylinder was mounted under the
header platform and connected to a hydraulic pump and contrel system on
the tractor,

An air blast wind reel was built for experimental use on the combine,
A Model 2V American blower with a six-inch discharge pipe was mounted on the
right side of the combine, adjacent to the engine, and belt driven from the
engine, By means of flexible connections and sixeinch ducts, the alr was
conducted to a plenum chamber in front and slightly above the cutter bar
(Pigure 11 and 12), Slotted orifices in the plenum chamber distributed the
air across the cutter bar and on to the combine apron (Figure 13)s Adr




Figure 7, Sliding Trays Under Grain Bin Auger and Tailing
Auger, For Collection of Seed Samples

Figure 8, Hinged Bottom Under Combine Front Apron Roller,
for Collection of Seed Samples
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Pigure 9, ' Canvas Sheets Attached to Rear of Combine to Collect
Discharged Material

Figure 10, Field Operation of Combine Showing Collection of
Combine Rack and Shoe Discharge on Canvas Sheets




RS S W AL

Pigure 11, Right Side View of Combine Showing Blower for
Air Blast Wind Reel

.

ﬁgmn. Three~Quarter Right Front View of Combine Showing
ok :

Blower t System for Air Blast Wind Reel



19
velocity across cutter bar was 1600 feet per mimute, Adr-volume control
consisted of two sliding gates on the inlet side of the blower,

Tractor

A Ford-Ferguson Model 9N tractor was used as tractive power for
the combine, A rectangular frame was bolted to the tractor rear axle and
front motor supports. The main frame members were made of four-inch pipe
to support the weight and side thrust of the combine, Quick hitching of
the combine to the tractor was accomplished by use of a ball and socket
hiteh (Figure 1h)s

A self-contained hydraulic pump and control unit was attached to
the rear of the tractor with a direct drive from the power take-off shaft.
This unit provided a two-cylinder, double acting system for a control of

the combine header,

Test Equipmente-1956

Conbine

The combine used for the tests in 1956 was the same basic machine
used in 1955, Several changes were made to improve the ease of operations
The combine side hitch was replaced by a conventional trailing hiteh to
facilitate operation on soft or rough ground, The distributing auger in
wowlmgammmmmﬂwﬂcimnponunrndtom
combine cylinder,

Two detachable wedges were used on the combine rack to impede the
passage of straw to provide better separation, The standard six bat reel



Figure 134 Plenum Duct of Air Blast Wind Reel With Slotted
Orifices

Figure 1, Front View of Combire, Side Mounted on Tractor,
Showing Tractor Support Frame, Combine Ball and Socket Hiteh



was used in all tests in 1956,

The combine platform was lengthened eighiteen inches to decrease its
operating angle with the ground, providing a more even flow of material
to the threshing cylinder, »

Iractor
The Ford-Ferguson Model 9N tractor used in 1955 was used again for

the tests in 1956,

Seed Cloaner

In order to simplify the collection of complete data on the combine
tests, it was necessary to process the combine discharge in the field
immedia tely after each test run, To carry out this plan, a Model 2B
Clipper Cleaner was used (Figure 15). Use of an electric motor drive for
‘this unit and a small portable gasoline engine~electric generator set
(Figwre 16), made it possible to clean the seed as each test was run,

Idscellencous Squipment
Two weighing devices were used to measure the material collected

from each test plots A large platform scale with a specizl wooden extens
sion was used to weigh the combine rack and shoe discharge (Figure 17)s A
small balance was used to weigh the smeller seed samples, Several seed
pans and hand sieves were used to prepare the seed samples for weighing
(Figure 18).

To determine the total seed potential of the various plots, a
measuring frame was used, This frame, three feet square, was used to
mark off areas to be hand harvested,



Figure 15, Field Operation of Seed Cleaner

Figure 16, Gasoline Engine, Electric Generator Used to
Provide Power for Seed Cleaner



Figure 17, Platform Scale with Special Bxtension to Weigh
Combine Rack and Shoe Discharge Material

Figure 18, Hand Sieves, Balance Scales, and Trays Far Preparation
and Measurement of Combine Seed Samples




Field Methods and Procedurese=1955

Crinson Glover

In 1955, plots of crimson clover and orchardgrass were seeded for
use of combire and spray curing tests, The spray curing tests involved
the use of several chemicsl desiccants to evaluate their effect on various
crops, A total crop failuwre of the orchardgrass, and a partial crop
failure of the crimson clover left only a small area available for test.
The combine tests were run in conjunction with the spray curing tesis on
the same crops, Visual observation of combine operation and seed loss
was noted,

The crimson clover plots were on the University of Temmessee Margan
farm, The field was laid off in one~hundreth of an acre plots, These
plots were one combine cut in width, thirty-nine inches by one hundred
thirty-fowr feet long. The combine was set to the manufacturer's recom=
mendation for the crop. The cylinder speed was set to 1600 RyPulls Two
concaves were used and the grate was closed, The combine grate consists
of an adjustable scrden mounted directly behind the combine cylinder.
When the grate is open, threshed seed may fall directly from the combine
cylinder to the cleaning shoe, The shelling plate and concave plate
clearance were set at three-gixteenth inch, A five thirtyesecomds by
three-quarter inch slotted seive was used, The adjustable chaffer was
set to one-third open, The air control valves were shut and a cloth
cover placed over the fan intake (Figure 19).

The threshed seed was collected for each run in the pan under the
combine, The tailings materisl, collected in a separate bin, was re-run



Figwe 19, Left Side View of Combine Showing Cloth Cover
on Blower Intake Screen
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once through the combime at the end of each test, After each test the
combine was run with all controls wide open to clean the machine prior %o
the next plot. The engine driven air compressor furnished air to blow
trash and seed out of the combine, No combine analysis other than visual
observation was made on this crop.

Kentucky 31 Fescue
After the failure of the orchardgrass plots, a fiveeacre field of

Kentucky 31 fescue was located on the Unlted States Depertment of Agri-
culture cotton farm, which was avallable for experimental uses The field
was divided by several gullies and the crop stand was very uneven, which
made it impossible to lay out replicated plots for accurate testss In
order to use the ficld for test work it was required that the entire crop
be harvested, This prevented use of the seed and tailing pans on the
combine and required use of the conventional augers, elevators and
sacking attachment, This situation allowed only preliminary observatlon
of the combine action in the crop.

The combine was adjusted to the manufacturer's recormended setting
for the crops The cylinder speed was set at 1600 R.PM, Two concaves
were used and the grate was closed, The shelling plate and concaves were
set to three-sixteenth inch clearancej chaffer and adjustable sieve set
one~third open, A five thirtyesecond by three-quarter inch slotted sieve
was used. In order to reduce air volume to o minimum, both air control
valves were closed and a cloth cover placed over the fan intakes

The tests were made during the course of harvesting the five acres
of Kentucky 31 fescue, The first test invelved the use of the conventional
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reel, As the combine made the circle of the field, four test rums,
determined by twenty combine tire revolutions (128 feet) were completed,
Vhile the combine was traveling the twenty tire revolutions, the seed
discharging from the seed bagging spout was collected, This test was
replicated once,

A second test to observe the operation of the wind reel was made,
Lack of suitable area restricted this test to two measured runs of 265
feet, While traveling the measured distance, the rack and shoe dise
charge were collected and later hand threshed to determine the relative
combine efficiency,

Field Methods and Procedures«-1956

Crimson Clover

The crimson clover crop in 1956 was on the University of Tennessee
Blount farm, As in 1955, the area available for test provided space for
the spray curing tests but none for the separate combine tests, However,
all of the combine discharge material was collected to get some indica=
tion of losses and efficiency under the one set of operating conditions,
The standard six bat reel was used and the combine adjusted to the
recommended settings which were used in 1955 for crimson clover, All
plots were harvested without change of combine adjustment, The rack and
shoe discharge was run through the seed cleaner and the various seed
weights determined, Hand harvested three-foot square plots were utilized
to determine potential seed available and as a basis for comparison of
combine ylelds,
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Kentucky 31 Pescus

The orchardgrass crop failed in 1956 as in 1955 and the same field
of Kentucky 31 fescue was again used, In order to make better use of the
available crop, three plot areas were laid out, Each plot area was 200
feet longs The combine making two passes per test to give a total plot
length of 10O feet, Seven different combine adjustments were used and
three replicate trials of each adjustment were made with one exception,
Lack of space allowed only two replications on the seventh test, Hand
harvested, three-foot square plots were used to determine the total seed
potential and as a basis for comparison of combine yields,

All combine discharge materials were run through the seed cleaner
immediately after each test. Weights of the material collected, and
clean seed were taken on every test, Tests one through five were made
on June 21, A rain intervened after these tests and it was June 25 be-
fore the balance of the crop was dry enough to combine, The following is
a description of the combine condition on each test,

Test 1
The combine cylinder speed was 1600 R.P.M, The shelling plate and

concave space was adjusted to one-fourth inch with the cylinder grate in

place, The height of cutter bar above the ground was fourteen inches,

The air control valves were both set full clesed and a cloth cover placed

over one air intake, The shoe chaffer was set to one-fourth open position.
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Test 2
The combine grate was removed for this test. All other conditions
were duplicates of test number one,

Test
The height of cut was lowered from fourteen inches to eight inches.
All other conditions were duplicates of test number two,

Test
The shoe chaffer was full open position for this run, All other
conditions were duplicates of test number two,.

Test
The shoe chaffer was set to one-half open position, All other
conditions duplicate test number two,.

Test 6
This test is a re-run of test number five, fon:dnyuhtar. Rain
fell on the crop between test five and test six,

Test 7
All the air on the cleaning shoe was cut off by means of cloth

covers over both air intakes on the fan, All other conditione duplicate
test number five,



CHAPTER IV

DISCUSSION OF RESULTS

Crimson Clover Tests-~1955

The use of the combine in crimson clover was limited to the
evaluation of the spray curing tests, In order to properly evaluate
these tests, it was necessary to set the combine to the manufacturer's
recommendation and to allow no further change in the combine, Further
tests had been originally planned for combine evaluation but were not
possible due to crop failure and lack of uniformity of stand, Crowm rot
and heavy weed growth were encountered,

Although no exact data were collected on crimson clover, several
important facts were observed, Due to heavy rains prior to harvest, the
crimson clover crop was seriously lodged on many plots, Appendix A shows
the incidence of rain and weather conditions for both 1955 and 1956, This
condition created a problem in lifting the erop high enough for the combine
cutter bar to pass under the material, The mechanical crop lifters which
were attached to the cutter bar successfully lifted the crop to allow pass-
age of the cutter bar,

The threshirg action of the combine cylinder was satisfactory, as
checked by visual inspection of the rack discharge, Random collection of
tailing, rack, and chaffer discharge material showed an excessive loss of
clover seed, The standard closed position of the air on the combine blew
a visible amount of seed out of the combine, It was necessary to place
covers over the fan air intake screens to further limit the air flow,
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An attempt was made to count the seed loss on a square foot basis on the
ground, before and after combine passage, Some seeds were visible, but it
was found to be impractical to accurately determine seed loss in this

manner,

Kentucky 31 Fescue Tests=-=1955

The five-acre field of Kentucky 31 fescue used in the combine tests
was originally planted as a cover crop. The crop stand was very uneven,
the field shape was irregular, long and narrow with several deep gullies
running across the field, Part of the land was level, while other areas
were moderate to steep slopes, In every aspect, it was a poor field for
combine tests,

Several acres were combined and various adjustments made to find
optimm settings as determined by samples collected behind the combine,
As with crimson clover, the air inlets to the fan were covered to restrict
air flow,

After the optimum settings were made; the first test was run, using
the conventional reel, Table III shows that on the basis of four runs of
128 feet each, repeated once, the seed collected from the bagging spout
averaged 128,7 pounds of seed per acre. This seed yield gave no considera-
tion to the cutter bar loss or loss from inefficient combine operation. A
second test provided further data to determine the relative losses which
occurred within the combine, Table IV illustrates the breakdown of the
rack and shoe loss and gives some indication of the combine efficiency,
The clean seed yield of 128,7 pounds per acre in the first test represents




TABLE III

YIELD OF KENTUCKY 31 FESCUE BY COMEINE HARVEST

Yieild

Replication Pounds per Acre
1 118.9
2 138

Mean 128,7

32




TABLE IV

FFFECT OF OPERATION OF COMBINE ON SEED
LOSS AND COMBINE EFFICIENCY

KENTUCKY 31 FESCUE
1955
Per Cent
Rack Loss 2546
Shoe Loss 5545
Seed Collected in Bin 1849

(Combine Effieiency)
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only one-fifth of the seed that the combine harvested, based on the
second test of combine efficiency, The high rack and shoe losses to=
gether with a definite clogging of the chaffer and sieves indicated an
overloaded condition,

In all tests, the threshing action of the cylinder was observed to
be adequate for the crop cenditions,

Crimson Clover Testo-«1956

The erimson clover plots, 0,15 acre each, were the subject of three
treatments: five were sprayed with DowCenerals five were sprayed with
Endothal, and five were check plots, The recommended combine adjustments
were made and all plots were combine harvested with the one setting,
Table V indicates the average combine efficiency of the testy The heavy,
lodged mass of crop which must be handled quite roughly, could contribute
to a high cutter bar loss, The shoe and rack losses were very low, A
breakdown of the division of seed on the combine is shown in Table VI,
From this data it is noted that almost half the seed must pass back
through the combine cylinder by way of the tailing system before it is
recovered as clean seed, In the determination of the combine efficiency,
the seed passing into the tailing auger was assumed to be eventually re-
covered as clean seedj therefore, the weight of seed in the tailling auger
was added to the clean seed to determine the combine efficiency,

The hand~harvested plots are compared with the combine-harvested
plots in Table VII, The combine harvest is the total of all seed that is
recovered from the machine: clean seed, tailing seed, shoe, rack and

B T R e




TAHLE V

EFFECT OF COMBINE OPERATION ON SEED
LOSS AND COMBINE EFFICIENCY

CR:[MBO? 9%0“.’3
R Per Cenb
Cutter Bar Loss 1.9
Rack Loss 246
Shoe Loss 743
Seed Collected in Bin 7149

(Combine Efficiency)




TABLE VI

EFFECT (F OPERATION OF COMBINE ON DIVISION
OF SEED ON COMBINE SHOE

CRIMSON CLOVER
1956
Per Cent Division

nto Tailing Clean
Condition Shoe (Loss) Auger Seed Bin
10 M ,461 hh‘z 51.1
2. Sprayed-Dow Ceneral 13.2 53.1 33.7
3, Sprayed-Endothal 848 L6l L8

Mean 849 L7.9 L3.2
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TABLE VII

YIELD OF CRIMSON CLOVER SEED BY COMBINE
AND HAND HARVEST METHODS

Plot — Combine™ Hand Harvest
3 298 (pounds per acre) 277
5 151 277
7 356 576
n 306 320
13 3713 533
15 322 523
Mean 301 1418

lpotal of rack, shoe, cutter bar, seed bin
and talling augers
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cutter bar seed, This data would indicate that the combine collected
within itself, 72 per cent of the seed available to the machine and then
lost 20 per cent of that amount to rack, shoe, and cutter bar losses,
Several factors could influence this relationship between the hand harvest
and the combine harvest, The hand plots were nine feet square compared
with 1300 square feet in the combine plots, The seed weights on the hand
plots were in the vicinity of twenty to forty grams, The small plot size
and the seed weights could magnify greatly any error to a significant
value on an acre basis, Nevertheless, on the basis of six replicated tests
there is considerable field loss indicated before the crop enters the
combine, either due to natural weather shatter, the lodged condition of
the crop, or mechanical cutter bar shatter with the seed falling ahead of
the combine instead of on the conveyor apron,

Kentucky 31 Fescue Testa=-1956

The combine harvest of the Kentucky 31 fescue in 1956 provided the
first opportunity to make combirne adjustments, and to attempt an evalua=
tion of thedr effect, Of the seven tests, it was possible to make five
basic comparisons in regard to each effect on seed yield, Each of these
five relationships were analyzed statistically, Combine losses and
harvesting efficiencies were calculated for each test, With the exception
of one comparison, each was analyzed on three separate bases: the total
amount of seed taken into the combine; the amount of seed in the tailing
auger plus the clean seed in the bin; and the clean seed in the combine
bin,
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The analyses of the grate effect, Tables VIII, IX, and X showed a
gignificant increase in seed yield only in the seed bin with the grate
open, Table XI shows that the division of seed over the combine shoe
between the tailing auger and the seed bin changed slightly with more seed
going directly into the seed bin when the grate was removed, The complete
cutoff of air flow within the combine resulted in the largest diversion of
seed directly into the seed bin, The relative seed loss and harvesting
efficiencies are shown in Table XIT and XIII, In both cases the harvesting
efficiency was less than 50 per cent,

Tables XIV, XV, and XVI indicate there was no significant change in
seed yield achieved by a change in height of cuts The data mean values
varied considerably but were not statistically significant due to the
small mumber of replications and treatments coupled with some heterce
geneous plots. There probably is a difference between the two treatments
but such data does mot lend itself to an analysis of variance due to the
previously mentioned conditions, Table XVII shows the seed losses and
combine efficiency for this test,

The date of harvest had a significant effect on the total amount
of seed the combine handled, Tables XVIII, XIX, and XX record this data,
The mean difference was 622 grams while a 1SD at the one per cemt level
was 216 grams, The rain which fell between June 21 and June 25 could
account for the decrease in seed yield, The weather data, Appendix B,
records three days of rain between these two tests,

The tests which involved the effect of the shoe chaffer, when
analyzed, Tables XXI, XXII, and XXIII showed a significant effect of
seed yield on all three bases, Tables XXIV and XXV also indicated a
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reduction in shoe seed loss and an accompanying increase in combine
efficiency when the shoe chaffer was half or full open,

Test seven, Table XXVI, with the combine air control completely
closed showed no significent total seed yield increase, but Tables XXVII
and XXVIII do indicate a radical change in material flow within the
combine and a good combine efficiency, When the air flow is cut off both
the seed loss over the rear of the shoe and the flow of seed into the
tailing auger is decreased greatly. The cleaning sieves and chaffer were
clogged severely at the completion of the test,

The seed yleld comparison of the small hand-harvested plots to the
larger combined plots is shown in Table XXIX, The factors of small plot
size and seed sample could account for some of the difference between the
hand-harvested plot yields and the yield based on combine harvest,




TABLE VIII

EFFECT OF COMBINE CYLINDER CRATE ON YIELD OF KENTUCKY 31 FESCUE
SEED AS COLLECTED IN COMBINE SEED BIN
TEST NUMBER ONE AND TWO

ANALYSIS OF VARIANCE

Degrees of  Sum of
Source Freedom  Squares Variance F Value
Total 5 731,0
Treatment 1 5h1.6 5h1.6 91,8 #
Replication 2 177.5 88,8 15,1 nst
Error 2 11.9 5e9

#Treatment significant L8D°5 = 12,2 grams
Single asterisk refers to significance at five per cent
1 level, double asterisk, one per cent level
ns refers to no significance



TABLE IX

EFFECT OF COMBINE CYLINDER GRATE ON YIELD OF KENTUCKY 31 FESCUE
AS COLLECTED AT TAILING AUGER AND SEED BIN
TEST NUMBER ONE AND TWO

1 509 (grams) 563
589

2
3
Mean 553

ANALYSIS OF VARIANCE

Degrees of  oum of
Source Freedon Squares _ Variance F Value
Total 5 5408
Treatment 1 1176 1176 1,74 ns
Replication 2 2884 k2 2,1} ns
Error 2 1318 674




TABLE X

EFFECT OF COMBINE CYLINDER GRATE ON YIELD OF
KENTUCKY 31 FESCUE AS COLLECTED AT ALL
COMBINE DISCHARCE POINTSL
TEST NUMBER ONE AND WO
1956

1 1165 (grams) 1350

2 1232 1293

3 1385 1199
Mean 1260.6 1280,6

ANALYSIS OF VARIANCE

Degrees of  oum of

Source Freedom _ Squares Vardance F Value

Total 5 37724

Treatment 1 600 600 0,03 ns
Replication 2 us3 726 0,04 ns
Exrror 2 %671 17835

lrotal of rack, shoe, cutter bar, seed bin, tailing
auger



TABLE XI

EFFECT OF OPERATION OF COMBINE ON DIVISION
OF SEED ON COMBINE SHOE
KENTUCKY 31 FESCUE
1956

T Por Cent Division
Test “o Tailings  Clean
Condition Auger Seed Bin
1. Recommended Setting 9646 3.

(Shoe One~fourth Open)
2. Cylinder Grate Removed 93+5 6.5
3. Low Height of Cut 85.3 .7
e Shoe Full Open 89.7 10,3
S5« Shoe Oneshalf Open 761 2346

6+ Alr Completely Cut Off Te3 9247




TABLE XIX

EFFECT OF COMBINE OPERATION ON CLEAN SEED

L0SS AND COMBINE EFFICTENCY
RECOMMENDED ADJUSTMENT
KENTUCKY 31 FESCUE

Sememamenmmu = %

Cutter Bar lLoss 2.0
Rack Loss S
Shoe Loss 47,0

Seed Collected in Bin  L45.6
(Combine Efficiency)




TABLE XIII

EFFECT OF CQMBINE OPERATION ON CLEAN SEED LOSS
AND COMBINE EFFICIENCY CYLINDER GRATE REMOVED




TABLE XIV

EFFECT OF HEIOHT OF CUT ON YIELD OF KENTUCKY
31 FESCUE SEED AS COLLECTED IN COMBINE SEED

__Source Ww Variance ¥ Valus
Total s 8919
Treatment 1 L373 L373  S.9 ns
Replicate 2 2954 w77 1,85 ns
Error 2 1592 796

L7






TABLE XVI

SEED AS COLLECTED AT ALL COMBINE DISCHARGE POINTS
TESTS NUMBER TWO AND THREE

Source Freedon  Squares Varismse F Valus
Total 5 L6098

Treatment 1 3651 3651 0s3 18
Replication 2 18728 936 0,8 ne
Error 2 23719 11859

lmnotmk. shoe, cutier bar, seed bin, tailing
wonl)

L9
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TABLE XVII

EFFECT OF COMBINE OPERATICN ON CLEAN SEED LOSS AND
COMBINE FFFICIENCY~-LOW HYIGHT OF CUT
KENTUCKY 31 FESCUE
TEST NUMBER TWO
1956

T o v,m—w

Cutter Bar Loss 746
Rack Loss 609
Shoe Loss 3540

Beed Collected in Bin 50.5
(Combine Efficiency)




51
TARLE XVIIT

mwmmwmmmmmmw
SEED AS COLLECTED AT ALL COMEINE DISCHARGE
TEST NUMBERS FIVE AND SIX

ANALYSIS OF VARIANCE

Pegrees of  oum of
Fredon  Squiwes  Varlance ¥ Valw

~Source

Total 5 T55h21

Treatuent 1 680309 600309  205.6
Replicate 2 68198 2k 10 ns
Error 2 661y 3307




TABLE XIX

EFFECT OF DATE OF HARVEST ON YIELD OF KENTUCKY 31 FESCUE
SEED AS COLLECTED IN COMBINE SEED BIN
TESTS NUMBER FIVE AND SIX

m S of
Squares  Variance F Value
Total 1 51439
Treatment 1 2lagh L9k 2,01 ns
Replicate 2 321 1607 0s1 ns
Error 2 2L031 12015




TABLE XX

EFFECT OF DATE OF HARVEST ON YIELD OF KENTUCKY 31 FESCUE
SEED AS COLLECTED IN TAILING AUGER AMND SEED BIN
TESTS NUMBER VIVE AND SIX

—_— — - W -
Replication June 21 June 25

i 1290 (grams) 736

2 1204 938

3 1310 537

Mean 1268 737
ANALYSIS OF VARTANCE

Source Froedom fﬁ Variance F Value
Total 5 509688
Treatment 1 hoaoke  L22gk2 13, ms
Replicate 2 22087 11043 0.3 ns
Error 2 6L659 31853

53
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TABLE XXI

EFFECT OF COMBINE SHOE CHAFFER POSITION ON YIELD OF KENTUCKY
31 FESCUE SEED AS COLLECTED IN COMBINE SEED BIN
mrsmmmn{g&mm,mmx

1 16k

2 96

3 oL

Mean 37.6 118 299.7
ANALYSIS OF VARIANCE
Degrees of  oum of

Source Freedom Squares Variance F Value
Total 8 127822
Treatment 2 108100  ShosO Usl #
Replicate 2 L382 2192 046 ns
Error L 1530 38385

*Treatment significante-LSDgg = 1L0.L
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TABLE XXII

EFFECT OF COMDINE SHOE CHAFFER POSITION ON YIELD OF KENTUCKY
31 FESCUE SEED AS COLLECTED AT TAILING AUGER AND SEED
BIN TESTS NUMBER TWO, FOUR, AND FiVE

__Source Freedom  Squares Varience F Value
Total 8 821363
Treatment 2 802266 L0133 108,3 ##
Replicate 2 7279 3639 0,98 ns
Error L 14818 3704

»+ Treatment significant LSDgy = 228.6
Replicate not significant,



TABLE XXIII

EFFECT OF COMBINE SHOE CHAFFER POSITION ON YIELD OF m'mcq 31
PESCUE SEED AS COLLECTED AT ALL COMBINE DISCHARGE POINTS
TESTS NUMBER %m, AXD FIVE

Treatnent
Shoe Shoe ~ Shoe
Replication One~-fourth Open Full Open Onew~half Open
1 1350 (grams) 1540 1597
2 1293 1313 1547
3 1199 1283 1615
Mean 1280.,6 137846 1586,3

ANALYSIS OF VARIANCE

Degrees of  Sum of
Source Freedom Squares  Variance F Value
Total 8 199766
Treatment 2 146162 73082 12,2 #
Replicate e 296l 1822 2.5 ns
Error L 23960 5990

lpotal of rack, shoe, seed bin, tailing auger.

* tment = 175,
Totinets mr ety © 1P
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TABLE XXIV

EFFECT OF COMBINE OPERATION ON CLEAN SEED LOSS AND
COMBINE EFFICIENCY SHOE cnmm FULL OPEN

Per Cent
Cutter Bar Loss SeT
Rack Loss 742
Shoe Loss Lia3

Seed Collected in Bin 82,8
(Combine Efficiency)




TABLE XXV

EFFECT OF COMBINE OPERATION ON CLEAN SEED LOSS AND
COMBINE EFFICIENCY SHOE ONE-HALF OPEN
KENTUCKY 31 FESCUE
TEST NUMBER FIVE
1956

Per Cent
Cutter Bar Loss Se3
Rack Loss 3l
Shoe Loss 11.h

Seed Collected in Bin  79.9
(Combine Efficiency)
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TABLE XXVI

EFFECT OF COMBINE AIR CONTROL ON YIELD OF
KENTUCKY 31 FESCUE SEED AS COLLECTED
IN TAILING AUGER AND SEED BIN
TEST NUMBER SEVEN
1956

1 736 (grams) 56
2 938 Tk
3 537 (Missing Plot)
Mean 737 630
ANALYSIS OF VARIANCE
TDegrees of Sum of
Source Preedom _ Squares Variance F Value
Total k 108253
Treatment 1 13739 13739 045 ns
Replicate 2 65115 32557 1,11 ns
Error 1 29399 29399

59



TABLE XXVII

EFFECT OF OPERATION OF COMBINE ON THE
DIVISION OF SEED ON THE COMBINE SHOE

KENTUCKY 31 FESCUE

1956
Per Gent Division
Rear  Into Clean
of Shoe Tailirg Seed
Conditdion (Loss) Auger BEin
1, Recommended Combine Setting 50,7 k7.6 147
(Shoe one-fourth Open)
2+ Cylinder Grate Removed L7.6 k9,0 3.4
3+ Low Height of Cut 175 1% § 5042 8.7
he Shoe Full Open L9 853 9.8
5« Shoe One~half Open 12,5 66,8 20.7
7+ Air Completely Cut Off 1.0 742 91,8




TABLE XXVIIX

EFFECT OF COMBINE OPERATION ON CLEAN SEED
LOSS AND COMBINE EFFICIENCY AIR

Cutter Bar Loss 7.5
Rack Loss 2.8
Shoe Loss 0.8

Seed Collected in Bin 88.9
(Combine Efficiency)
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TABLE XXIX

YIELD OF KENTUCKY 31 FESCUE SEED BY COMBINE
AND HAND HARVEST METHODS

“"Combine Tand

Date Replication Harvest Harvest®
June 21 1 8946 (Lbss/  183.9
. s " e
3 91,1
L 101.9
5 7.2 PR
Mean 9849 172.1
June 25 1 1.3 106,9
2 23:3, G
Mean 6243 106,9
Total Mean 8046 13945

Lootal combine intakee-rack, shoe, cutter bar, seed

2bdn, and tailing auger,

Enohpm value represents average of fowr hand harvested
Se



CHAPTER V
CONCLUSIONS

A commercial combine was modified for experimental purposes and
was used to harvest crimson clover and Kentucky 31 fescue in 1955 and
1956,

The combine harvest of crimson clover did net provide any specific
data on the comparative effect of various combine adjustments, It was
noted that a combine efficiency of seventy-eight per cent was achieved,
The hand-harvested plots yielded an average of L13,2 pounds of crimson
clover seed per acre compared with the combine~harvested plot yield of
146,2 pounds of seed per acre; a difference of 267 pounds of seed per
acre, This would indicate a shatter loss due to weather and passage of
the combine through the crop. This loss could be influenced by small
hand~harvest plot sizej small hand-harvest seed sample; and seed loss
in cleaning the combined seed,

The effect of combine adjustment on Kentucky 31 fescue seed yleld
and the flow of seed within the combine was observed, The combine grate
showed a significance effect only on the seed falling directly into the
seed bin, Height of cut had no effect on the seed yield or combine opera-
tion,

A difference of four days in harvest time showed a significant
decrease in total combine seed intake, A rain fell during three of the
four days which would accournt for part of the decrease in seed yield.

The effect of the shoe chaffer control was analyzed and showed a
significant difference between the various positions from one-quarter
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open to full open, The one~half open position showed a significant seed
increase over either the full open or the one-fowrth open position, The
full open position allowed all the trash and seed to fall directly on to
the sieve which was not able to handle the overloaded condition,

This cut off of alr flow through the combine caused a high per cent
of seed to pass direetly into the seed bin, This condition could only be
temporary as the lack of air caused complete clogging of the shoe chaffer
and sleve by the end of the test run, This would indicate the necessity
for a certain ninimm amount of air flow to keep the trash flowing freely
from the combine,

The hand-harvested plots ylelded more Kentucky 31 fescue seed than
was collected by the combine, On June 21 the combine plots yielded an
average of 98,9 pounds of seed per acre as compared with the hand-harvest
plot yield of 172,1 pounds per acre, Four days later, on June 25, the
combine plots yielded 62,3 pounds per acre compared with the hand-harvested
plot yield of 106,9 pounds per acre, During the fouwr-day interval, rain
fell threo of the days,.

The data collected indicates a meed for continuation of this study,
Further study of air wvolume and shoe chaffer effect is necessary before
complete knowledge of the functional operation of a combine is known,
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APPENDIX A

DAILY WEATHER REPORT DURING COMBINE HARVEST SEASON AT

#02

KNOXVILLE, TENNESSEE
MAY, 1955
Tinimum Vasd mam Rain Fall
Month Day Temps Temp, (inches)
May 1 L8 82
2 L8 8l
3 L9 85
h 53 8¢9
5 57 90
6 53 8k
7 58 87
8 58 81
9 L6 81
10 L9 8L #06
1 58 84
12 60 76 1.38
RN e
2 60 7
16 56 70
}'ﬁl 56 82
56 83
19 60 81
20 58 85 +61
2 6l 81
22 6l 78 «39
23 6l 83
2l 67 78
25 66 82 65
26 62 88
g &5 89
66 88 ohils
29 65 77
30 56 73
1 50 76

3.80
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APPENDIX A

DAILY WEATHER REPORT DURING COMBINE HARVEST AT
KNOXVILLE, TENNESSEE
JUNE, 1955

Vinimum  Neximum  Rain Fall

Month Day Temp, Temp, (inches)
June 1 51 82
2 sk 8l
3 Sk 85
b 55 85
5 62 88
6 6l 8s 26
7 63 72 oli5
8 Sk 60 93
9 Sk 7h
10 62 7 82
1n 59 73
12 58 72 «O0l
13 58 70
1 56 75
15 52 80
16 55 8L
17 58 88
18 59 86
19 6k 86 «02
20 6l 87
21 6l 90
22 63 87 «36
23 62 78 +20
2L 60 86 «20
25 66 78 «87
26 62 83
27 60 8L
28 63 80
29 66 83
30 66 86

L5
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APPENDIX A

KNOXVILLE, TENNESSEE
MAY, 1956

DAILY WEATHER REPORT DURING COMBINE HARVEST SEASON AT
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APPENDIX A

DAILY WEATHER REPORT DURINC COMEINE HARVEST SEASON AT

KNOXVILLE, TENNESSEE
JUNE, 1956

Wimdimm  Hexdmum  Rain Fall

Month Day Temp, Temp, (inches)
June 1 58 72 oli9
2 50 60
3 L3 69
L L9 73
5 52 81
6 55 85
7 58 87
8 59 87
b4 66 90
10 62 92
1u 67 92
12 66 90
13 65 91 »03
i) 65 86 +08
15 67 87 1,07
16 g’a[ 88
17 90
18 68 89 02
19 68 90
20 67 78 #23
a k 68 8l
22 69 90 fus
gE 70 90 »10
68 90 +66
25 69 88
26 69 88
% G 52
62 71
29 69 92
30 68 92

2,69
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APPERDIX B

Capacity grain bin, Bu,
Gravity or elevator dump

Shipping wt., standard equipped

SPECIFICATIONS OF ALLIS-CHALMERS MODEL 4O CCMBINE

Lsn
Lon



APPENDIX B

COMPARATIVE ANALYSIS OF FUNCTIONAL FEATURES OF
THE ALLIS-CHALMERS MODEL 40 COMBINE

B e e gt et s = U WW
Conbine
Specification chaigu-c c;ao I?h Olger
Width of Cut (inch) 39 L8 72 68
Type Cylinder Rub Bar Rub Bar Rasp  Rasp
width of Cylinder (inch) 36 28 6l 3»
Diameter of Cylinder (inch) 15 16 15 15
Peripberal Area of Cylinder (Sq. Ft.) 11,8 9.8 21,7 1.5
Area of Separation Surface (Sqe Ft.) 19,3 15,7 U6 23.7
Area of Cleaning Sieve (Sqe Ft.) Lok 5.8 10,4 6sl
Sqe Fte of Separating Surface per 08 0,32 08 0,35
Inch of Cutter Bar Length
mtgrcmm per Inch 0,90 0,58 0,89 0,52
Square Feet of Cleaning Sieve per 041l 0,12 0Lk 0,09

Inch of Cutter Bar Length




