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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE COMBINED HARVESTER-THRESHER
IN THE GREAT PLAINS

By L. A. Revvouvson, Associale Agricullural Economist, and R. 8, KirFen,
Assistant Agricultural Eeonomist, Division of Farm Managomenl and Costs,
Bureau of Agricutiural Eeonomics; J. . Manrix, Associnic Agrenamist, Office
af Cereud Crops and Diseases, Burean of Plant I wdistry, and W, R. Hoxpirnies,
Senior Bogineering Adde, Division of Agricultural Enginecring, Burean of
Public Rowds !
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INTRODUCTION

The introduction and use of the small “combine’ or combined
harvester-thresher for harvesting the wheat crop has been responsible
for n marked change in the harvesting methods in the Great Plains
during the last nine years. Farmers in the Wheat Belt, from Texas
to Montana, have set aside their headers and binders and have used
combines in ever-increasing numbers. Thirty per cent of the Kansas
wheat crop was cut with combines in 1926, whereas in 1918 the
machines were used for the first time.?

¥ This bultetin, which is o complete report of the eombined harvester-(hresher investigntion made in 1996
supersetles the preliminary report Harvesting Wheat with n Combined Barvester-Thresher in the Grent
FPlnins Region, 10626, which covered only certiin phases of the study.

? UNITED STATEY DEPARTIENT OF AQRICULTURE, HUREAY OF AGRICULTURAL Ecoxosics, and Kansas
STATE BOARD OF AGRICULTURE. COMNINED HARVESTEL-TORESHERY AND KANSAS WHEAT. 4 o 1928,
[Mimeogtaplied.]
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Individual localities can be pointed out in the Great Plains in
which practically the entire wheat crop is cut with the combine.
The problem of deciding whether to continue harvesting with binders
or headers, or to purchase n combine, is puzzling many farmers,
especially those who live in areas where a general change has not
been riade. The information eontained in this bulletin was gathered
for the purpose of assisting wheat growers to arrive at a deecision.
It should also be of value to college extension workers, county agents,
and farm-equipment manufacturers and dealers who are calied upon
to consult with farmars on the relative merits of different harvesting
methods for their farms.

F, 1.—"The type of eamhined harvester-thresher now in common use ot the Pacifle coast

DEVELOPMENT AND USE OF THE COMBINE

Combines were first used in California and have now been used
for many years in other wheat-growing districts of the Pacific coast.
Some of the combines used on the Pacific coast cut & swath as wide
as 40 feet, and required crews of 5 men, and as many as 36 horses or
mules. The threshed grain was run into secks which were sewed
when full, dumnped to the ground, and picked up later. The threshing
unit on these early machines obtained its power from a large ground-
drive wheel. Later models were equip_peg with an engine which pro-
pelled the mackine and furnished power for the threshing wiit. Be-
cause of their size the use of combines of these types was not considered
practicable for the farms of the Great Plains, About 15 years ago afew
of these machines were brought inte the Judith Basin of Montens,
where some are still in use. One or two were carried as far south as
Nebraska, but their usefulness there wes short lived. The present type
of combine used on the Pacific coast is considerably larger than the
machines in commeon use in the Great Plains, and is generally pulled
by horses because of the hilly character of the wheat %and. (Fig. 1.)
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The first small combine put on the market was manufactured early
in the present century. In 1905 this small horse-drawn combine,
which cut a 7-foot swath, was manufsctured in Idahe. Satisfactory
reports are made of its work; yet the durstion of its existence was
rather short, and its use was confined to the intermountain and Pacific
Northwest Statcs. A little later other small combines were manuface
tured. These machines were used only in the far West. The later
small prairie-type combine, equipped with an auxiliary engiwe and
pulled by horses or a tractor, was introduced in 1918. (Fig. 2.)
This gave the farmers of the Great Plains & machine which, with the
developments that have followed in the succeeding years, has proved
to be practical, officient, and economical under most of the conditions
of that region. The newness of the machine, its high cost, and the
deflation of furm prices during the five years following its Introduction
kept the number in use at a comparatively low figure. Since 1922,
however, the numbers purchased have been increasing rapidly else-
where as well as in the Great Plains.

Fig, 2—4 Lype of combined horvester-thresher used in the Grent Plains, Some combines sre
ermnped With pgrain tank, but this outit dalivers the prain direeily into the wagon, which is
1milted along with the mpchine

New model combines, with a cut of 8 or 10 feet;, drawn by a tractor,
and with a direct power-drive from the tractor itself, were introduced
in 1926. (Fig. 3.} Such a machine has specific advantages becanse
1t requires a smaller investment than do the laree machines with
auxilisry motors and it is operated by a smaller crew. These power-
driven combines were used on farms which had comparatively small
acreages of wheat. .

The use of the smaull combine Las not been entirely restricted to
the wheat-growing areas of the Great Plains for, during the last two
years, farmers in the Clorn Belt and Enstern States have been buying
end using them for harvesting various crops.

SCOPE OF THE STUDY

During the harvest season of 1926 the United States Department
of Agricuilure, in cooperation with the agriculturel colieges and
experiment stations of Texas, Oklahoma, Kansas, Nebraska, and
Montana, conducted a study in selected districts of those States, the
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purpese of which was to determine the practicability and cost of
harvesting wheat with a combine.

Deotailed information was obiained from » large number of combine
users and was recorded by the investigators. In compiling this
information no individual records were discarded because of inexperi-
enced operators or because unusual difficulties were encountered, so
the dats presonted here reflect the results obtained by a number of
combine operators under a variety of conditions. For the purpose of
making comparisons of harvesting costs for different, methods, infor-
mation was obtained from a numnber of farmers in the same district
who were using binders or headers for harvesting their wheat..

Fro. 3~-A type of power-drive eombined horvester-thresher recently introduced to farmers af tha
Greut Ilnins

DESCRIPFION OF DISTRICTS AND TYPE OF FARMING

Conditions in the districts where the combine studies were made
arec normally favorable to the use of the corabine. The prevailing
topography is level to slightly rolling. The small acresge on the
slopes along streams did not necessitate the use of leveling devices
on the comgincs, end the slightly rolling fields affected the harvesting
operations only when the soil was soft. The soil types range from
sandy or silt loams to clay Joams. In those cases in which the soil
type affects the draft of the combine or the footing of the tractor, it
may aflect the harvesting operation. After rains, some of the trac-
tors Incked sufficient power to pull the combine up the slopes at
normal speed.

. The same general type of farming prevails in the districts in which
records of combines were obtained. Wheat is the important erop,
and on many of these farms it constitutes the only important enter-
prise. On most of these farms the income {rom livestock enterprises
is negligible. The average size of farms and the wheat acreage per
farm vary for the different districts, but in all districts the wheat
acreage, including the fallow land for wheat, comprised 60 per cent
or more of the acreage under cultivation on the farms visited. The
importance of the wheat crep ca the farms on which combines were
used is shown in Table 1. There was an average of 362 acres in
wheat, 21 acres in barley, and 14 acres of oats, all of which could
heve been harvested with a combine. The combine could have been
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used to harvest sorghum in the districts where that Crop 18 grown.
Other crops were harvested with the combine, but the machines were
bought primarily to harvest wheat and would not have been bought
to harvest the small acreages of other erops grown on these fatios,

Tavie L—dverage size of furms and wverage wamber of ucres in crops on farms
where combines are owrned

Crop
Tl :

N i Sizo
n el Fnllow

State :::';E': tlva- Cirain lunel Iu::fns
Lo | Wlent HOr- Othoer

ehitius

Aeres N ] X dAeres
Pexns ..., } 7 8 iy ] 2 1,000
DR mhanu . i i b 448
Ky -] Ky i ) i 426
ol
WH

‘Total or pveragy.

P 8lze ol 12 fartw not oblained.

The nercage of wheat on the 271 farms where records of combine
operations wore obtalved ranged from 65 to 1,200 acres. Table 2
shows the disteibution of farmns according to acreage of wheat and
the average acres in other crops for farms of each size group. Of
these farms, 99 had 240 acres or less in wheat, 83 had 241 to 400
aeres, 50 had 401 to 560 aeres, and 39 had more than 560 acres.
Tre cach of these groups there were other grain crops which could
have been harvested with a combine.

Tavte 2—dAserage wumber of acres in craps on farms with different acreages of
wheat whare eombines are viwned

Whent Other crops

Num- . Mis-
Area n wheat {acres) beraf{ i i Fl?fxi:(’l“ colla-
farmus | Winter] Sprive | total Barlay nenuﬁ
stninl
grain

Aeres
210 o7 lows. . 17
211 Lo -1k,
AN to i
Al to TN
IR
881 ol ov

©

A
ST e e
é'-:t-.:'.n:f

T

Other erops-~Continued

Crradn Miscel-] Total
sorg- | Corn | Xny | loneous| other
Tintgy Craps | oorops

Acrer | Aeres
¥ 07

EERTT R 3 143

A0l Lo A6, . K P . 131
S TR L K biirs
THLGH0. e : : 104
841 nnd over oL g 27U

187

1 5z ol"12 farms not oﬁh_nin_u'd.
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The livestock entorprises on these [arms were relatively unim-
portant as compared with wheat. The average numbeor of livestock
for ench district is given in Table 3.

Tanus 3—dverage number of livestock on Jarms for each district swroeyed

! Average nupiher par furn
Num- . !
Stote |rm_ of Hurses Cattla
115 : .
s AL ; Swine | Sheep
. ik | Beel j Young o
Work | Other | oos | sattle | cattls 'Putal
LI e a v m nar o sam e 4 8 [i} A & 25 12 18
Qkiabomag, . al [ 2 L) ' 5 15 v 1
TR - ol 8 i 0 17 7 a0 |3 FR——
dabruska, aean i) ] o 5 12 L4 v} ™ 2
R 1113 1 LT PP i 7 1 3 3 3 U 4 2
'olul or nverngo ... 271 g B 5 12 || Lt a8 4] 3

Mochavical power and large units of machinery are widely used in
the region. The number of farms with and without tractors and
trucks is shown in Table 4. Newrly all farms have one tractor or
more and about 50 per vent of the farms use a motor truek. A few
farms were operated eutirely by mechanical power.

Tanny L— Nwmber of forms with and withoul tracters und truchks

Furms having Farms haviug] Farms hoving| Furms having

trngtors of 18- tractors of tragtors ol tenetors af f Fartus-lmve | oo o0 00
drawhor 15 ar 18 17 ot 18 oilcimwbar | nyg trueks 1) s HO
hatsepower tenwhnr tlenwhar horsepower af— nEing
Num- ur less hursepower | horsepower ur 1ore

N
state | 0 |t = ‘
farms Num-fNum-lNum—lNum— Num- Num-| Num- | Num-
her - her ; ber ber her | ber | ber | her |1ton|More|me.
huvim,'_'lln\'ingghu\'ing}lm\'{ng having having hovinghoving] or j than tor Truck
TLrnee: e § 1trae-| nore |1 tree-" mare |3 trac b mare | less L ton
or 1|.1mn1;‘ tar {ehmand| tor Cthanl] tor then !
' :

Num-| Nem-

: ier bet
ToxoS...... A6 10 5 20 i a1 I S il
Oklnbamn_ | 51 o 3 ] k] N 1 4 i
Knnsas..... o] 10 e |11 PR [ IR L 25
Nebrugkoo. | 80 A 15 13 11 LT £ 1 a0
Monnng...} &7 H 1 & 2 G i 1 3 25

ol 271 1] |1 I 114 26

11 fpem had 3 lrocks.

The smount of labor used on farms was obtained for all districts
except the one in Texas, and is shown in Table 5. On n few farms
where wheat only was grown the operators were on the farm only
during seeding and harvest. Over one-hall of the farms were oper-
ated by one man with the help of some extra labor during the harvest
season. A number of the {arms on which two men were available for
the cntire year were operated by father and son or on a partnership
basis. TFew operators employed labor that was hired for the entire
year. Nearly all farms hived extra labor during the harvest season
and o number used extra help during the entire summer, On the
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average these {arms used the equivalent of 3.4 months of extra laber
in addition to the regular labor. This extra labor was used princi-
pally during the harvest season and for preparing the land for seeding;
1t was either family labor, available for n short time, or labor which
was hired for the busy season. Duy Iabor, equivalent to the labor
of one man for 19.5 days, was used, principally for harvesting and
threshing,

Tanwy 5.—Labor used on forms on wich combines are owned

Numninr of firms using rewrly A TR S0t N
lnbior of— Averne f “eonl Inbor | Numbor

. ntatehior of firnms

i Num- Cog Tk oy b of men an which
Aered (0 wieat by of usel in- less tha
! farins? u'l-:{niiy 35::‘:'1:‘, “l’f[‘“i’ ﬁeﬁ?f
Limin | 2 men | % men |4 men | 6 mon | per | e ‘i’i-'}!'l nhaor

i furm | By | W8S tsed

Stew Vess. Lol Ll a7 2
Ml L L 37 Hs
LT ) R, . -4 M

SHL te TR L

Ti bo A8 .
B8 and ever LoD

1
2
2
1

Tolul ur wverpge., 0 s - A

! Tubar reports wore not obtatned tromy 46 farzs in Texns,

Conditions in general are the sama throughout the Great Plains
region, bub certain characberistics of each distriet caused differences
m local farm organization and affected the use of the combines,
Such faciors us size of fars, topography, type of soil, and climate
alt have au effect on the adaptability and use of the combine in the
district.

OCHILTREE COUNTY, TEX.

Ochittree County is loented along the northern bordir of the pan-
handle. The average precipitation in this section is 24 inches
annually. The harvest season comes at a time whon the monthly
rainfall is less than 3 inches.

The average size of all farms, as reported by the 1925 census of
agriculture, was 918 aeres, the average wheat ncreage being 168
aeres per farm. The Tarms on which the records were obtained were
sonmewhat lurgor than those reported by the census and had an aver.
age of 512 neres in wheat.  Grain sorghum is the principal cultivated
erop.  Some barley and oats were grown.

A Tew ranches had large herds of cattle and o few had floeks of
sheep,  The smaller farms which were mostly sown to wheat have
little pasture, and on them livestock is unimportant,

ALFALFA COUNTY, OELA.

The selected district in Oklehoma was Alfalfa Gounty, which is
focated on the northern border of the State just west of the ninety-
eighth meridian,  The average annual rainfall is 28 inches, and the
monthly rainfall during the harvest season normally is between 3 and
4 inches.  The soil is principally a silt loam, although some of the
soils are somewhat sundy,
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Acecording to the census reports for 1925 the average size ol farm
was 212 acres, of which 97 acres were in wheat. The farms on which
records were obtained averaged 348 acres and had 266 acres in wheat.
Other crops and livestock were unimportant on the farms on which
combines were owned.

OTTAWA COUNTY, KANS.

Ottawa County ® is just east of the ninety-eighth meridian in the
northern part of Kensas. The annua] precipitation and ihe rainfall
during harvest are much the same as in Alfalfa County, Okla. The
1625 ceusus of agriculture reports the average size of farms as 255
acres, with 82 acres in wheab, 44 acres 1n corn or sorghum, 8§ acres in
oats, and 10 acres in hay. The average size of farmg included in
this study was 426 acres, with 230 acres in whent, 66 acres in corn
and grain sorghum, and 20 acres in hay. A few farms reported herds
of cattle; many farms in the scetion would be classed as general
farms, although wheat is the important ciop on the farms that use
combines,

PERKINS COUNTY, NEBR.

Perkins County lies just east of the northeast corner of Colorado.
"The annual precipitation is about 18 inches with less than 3 inches of
rainfall during the month of harvest. The soils are sidt or sandy
loams, and in some felds the soil is so loose as 1o affect the draft of
the combine or the traction of the tractor.

According to the 1925 census of agriculture the average size of
farms here was 546 acres, 04 in wheat, 132 in corn, and small acreages
ol oats, barley, rye, and hey. The farms on which records were
obtained nveraged 911 acres in size, of which 328 were in whest and
183 in corn, Hogs are an important enterprise, equaling wheat in
value of annual production on some of the farms,

THE JUDITH BASIN IN MONTANA

Judith Basin and Fergus Countics lie slmost in the geographical
centor of Montann in what is known as the Judith Basin. The
average annunl precipitation is about 17 inches, and the rainfall
during the harvest months is uswally low. The harvest season in
1026 was unusuelly rainy, and some harvesting was delayed until
October. The soil in the basin is & day loam underlain, at a depth of
2 to 5 {eet, with a Jayer of conrse gravel. For these countics, secord-
ing $o the 1925 census, the average size of farm was 702 and 839 acres,
respectively. DBoth winter and spring whea$ are grown; the average
is 103 and 160 scres of wheat per farm. Other crops were unim-
portant. Combines have been used for a longer period in this district
than in the other districts.

The furros on which combines were owned averaged 904 acres in
size, of which 442 acres were in wheat. The general practice in the
basin is to summer-fallow wheat land once in three years.
average of 244 ncres were swumer-tilled. Other crops were unim-
portant on these farms, and there was little livestock other than the
worl stock.

5 QLtaws County is not located in the Lypical combiine aron of Ransns, but was chosen becruse it is nent
the prosont vistorn Hudt of the combithe asoa {0 that Siate and 50 it wes thonglit that rainfil would be an
Lraportnat feelor during Lie linrvest stason. Tt is folt: thint the date from Adnifs Ceunty, Okla., are fairly
ropresentutive of wheat-growing septions of sonth-coniral Kunsns, where the forms ave larger and more
combiues are wsed tnn in Oltnwe County.
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AGE OF COMBINES, AND ACCESSORY EQUIPMENT USED

Nearly one-half of the combines in use on these farms were bought
in 1926. Only 83 of the 268 machines had been in operation more
than two seasons. The average age ol all machines recorded was 2.4
Venrs.

Since combines were first introduced into the districts the size and
type has been changed somewhat, and some new squipment and
aceessories have been added. The purchaser now has a wider range
of cheice of cquipment. Some accessories may be wanted, under
certain conditions, that would not always be used.  The most impor-
tant items cf this new equipment, which have been added since the
first praivie type ol harvesters were introduced are, the extension to
the cutter bar and platform, the straw spreader, and the grain tank.
Straw bunchers, sscking attachments, self-feeders, and straw carriers
wre not olten used in the Great Plains. Table 6 shows the number
und size of combines purchased, by years.* The combines on which
records were obtained were purchased in 1917 or later. The com-
bincs bought between 1917 and 1921 had a 12-foot cut or a 9-foot
cut on which the cutting capacity of the machine had been increased
by the addition ol u 3-foot exlension to the cutter bar and platform.

Tavue G—Nunber of combines by year of purchase and width of cul

" Numbor of combines hought in--

Wlith of cul {pat)
1020 | 162t I | 1903 | 1924

Al slees Ll i

Table 7 shows the number of combines of each size using extension
cut or other ususl additional equipment. The change from the
12-foot to the 15-foot and 16-foot combine was made by increasing
the length of the cutter har rather than by making a correspondin
increase in the size of the separator. Ol the few combines purchase
in 1923, one-half were 12-foot combines; one-third of those purchased
in 1924 were 12-foot; and only one-eighth of those purchased in 1925
were 12-foot machines.

CThe mumber of combines included i Table 0 aud thosa which Tollow detwnd upon the data to Le
shown.  Cerlhin combines hive boon pmitted frotn Some of Lhe tables beeause of ingomiplete data or other
feregudarities whivh conder them tiel comparable with the combines ineluded lo the study,

85334°—28 2
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Tanus T—Numbers of combines of each fype end size using verious ilems of
ACCEIFOTY LquTpmEnt

Width | Number ! poeo | Sirew | Wagon | Crain

Typo of combiue %}u‘;‘_'; Dlr)ﬁ;’é;l sien cut | spreader | clovator tank
8 L5 20 (RO S, - ]
Traclor deswn, with power tnko-otf___ . 1] 1% 7 1 ]
Ig I ]’:!i 12 16 ig
1 al K- i}
Tractor dawn, with ausliisry copine_.. .. 16 ElEE) it} 40 M
?g S 3
3
Horso drswn. . oo e cecmcemmm— e amamae 15 1 3 I
1 1 ] 1
R RS NS 5 uw 113 143

1 Ome unehing used o seeking ntlaeinnont,

One-helf of the machines equipped with an auxiliary engine made
use of the extension cut. O the 56 machines with a 12-loot cut,
23 were regular S-foot machines with a 3-foot extension. None of
the 9-foot combines was used without an extension. Of the 51
machines with a 15-foot cut, 31 were regular 12-feot machines with
3-loot extension, and of the 104 combines with & 16-Teot cut, 51
were 12-foot machines with a 4-foot extension. For & given make of
machine the threshing and separating capacity may be the same for
a 12-foot as for 15-foot or 16-foot cut. The separating capacity of
the machines differs somewhat between machines of the same cutting
width but of different modet.  For most of the machines, the thresher
could handle ordinary yields of grain without difficulty even with the
extension cub added. A few farmers whose wheat was very heavy
did not use the extension in 1926, although it had been used in
previous years. If the vield is very heavy or if the grain is lodged,
the extension may be removed to prevent reducing the rate of travel.

The tendency has been toward a wider cut for the combine, but
with the suxiliary engine in use there seems to be a place for smalier
machines in tlus disteict.  In 1926 the smaller power-drive machines,
were Introduced, and 25 of the 124 combines which were purchased
that year wero 8-foot, and 11 were 10-foot machines. Only 3 of the
machines purchased were 12-foot combines, whereas 83 were 15-foot
or 16-foot machines,

The recent models of combines used in the Great Plains usually
are equipped with a straw spreader to scatter the straw Instead of
leaving it in a narrow strip. Straw spreaders were more generally
used on the 15-foot aud 16-foot machines than on those with a 12-
foot cut. The 12-foot machines were earlier models, and on many of
them the straw spreader was not included as a part of the regular
equipment. A few farmers who had spreaders were rot using them.
In some cases where the straw was heavy the spreader was removed
because the spreader was giving trouble; in other cases it was re-
moved, and the straw dropped so it could be burned in the windrow.,

A few combines were equipped with straw bunchers, which catch
the straw and drop it in piles on the field. TFew bunchers, however,
are used in the districts of the Great Plains region, as the straw is not
saved for feed and if is not heavy enough on the field to interfere with
later cultivation of the soil, '
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Tho common practice in the Great Plains is fo handle the threshed
grain in bulle. A few machines were equipped with sacking attach-
ments, but all except one of the eombines for which records were
obtained used either tanis on the combine or wagons to handle the
grain. In caeses in which the grain is hauled by truck there is a
distinet advan tage in using the tank on the combine as the grain can
be run divectly from this tank to the truck, and the labor of shoveling
1s eliminated. When grain is stored on the farm or hauled to market
in wagons, there may be no saving in lsbor from using a grain tanl
on the combine. The grain tank generally is built on new machines,
and it hns been added to many of the older ones. When motive
power is insuflicient, as on hilly land, or in light soil, or when & light
tractor is used, it may be neccssary to remove the tank and substi-
tute 8 horse-drawn wagon to relieve the tractor of some of the load.
1I' the bottom of the tank is high enough, the grain spout can be left
open and the grain allowed to run dicectly into & horse-drawn wagon.
Some favmers report considerable side draft on combines which do
not have a grain tank unless a grain wagon is attached to the machine.

Other accessories, such as self-feeders and straw carriers, may be
used to facilitate stationary work to be done with the separator.
Some stationary threshing is done without these attachiments, but
additional labor is then reguired for feeding the machines and dis-
posing of the straws.

ACRES CUT ANNUALLY BY COMBINES

In 1926 an average of 533 acres of small grein hed been harvested
by each tractor-drawn combine on the farms visited. Of this acreage,
518 acres or 97 per cent was in wheat, and the remasining 3 per cent
was used as follows: Barley 12 aeres, oats 2, and other small grain
1 a¢re. Two-thirds of this acreage harvested was on the home farm.

The harvesting season for all crops came at practically the same
time of the year, and the acreage of other crops was so small that the
harvesting season was no$ generally prolonged by crops which ripen
at different times during the season. In the Judith Basin of Montans
both spring and winter wheat are grown and, as there is & difference
of one or two weeks in the time of ripening of the two kinds of wheat,
the harvesting season is somewhat longer. As e result, the screage
cui per machine was somewhat greater there than im the other
districts.

‘ractor-drawn combines of all types and sizes cut annuelly 553
acres per machine or 20 acres more than their 1926 average. Of
this acreage, 365 acres were cut on the operator’s own farm, and
188 acres were cut for others. Figure 4 shows the scres cut annu-
ally by combines of different types and sizes. The average repre-
sents acres cub per machine in all areas regardless of kind of grain
harvested. This figure indicates the acreage which a machine of a
given size may be expected to cut in this region.

Tuble 8 shows the distribution of combines by total acres cut
annually and by size of machine. Boldface figures indicate that
the average acres cut per year for combines of the specified sizes
lis within the limits given in the first columa.




12 TECHNICAL BULLETIN 78, U.S. DEPT. OF AGRICULTURE

TapLE 8,—Disiribution of combines by average acres cut annually and by size

Combines

Agrea eut aunpally
B-loot I0-foot | I2-foot | 15foot | 1Gfoot | 20-foot

Nuwiber | Number | Number | Number | Number | Numiber
i0G or less - - 1 R P

AVERAGE ANNUAL ACREAGE CUT PER MACHINE
TYPE OF wiotn 0 200 a0n 600 8O0

WACHINE, QF CuT 1 T
FEET

[:3

TRACTOR-DRAWN
WITH POWER
TAKE-OFF

12

TRACTOR-DRAWN |5
WITH
AUXILIARY
ENGINES

AVEHRAGE FOR ALL
TRACTOR-DRAWM --
COMBINES

W 5w groin Bz Custom cutting

Fie. 4.—Acres cut anoualiy with combines of different types snd sizes

Of the machines with a direct power-drive, the 8-foot machines
averaged 275 acres each, whereas the 10-foot machines averaged 457
acres. The proportionally higher acreage cut by the 10-foot machines
may be due in part to regional differences in the Great Plains. A
large proportion of the 10-foot machines were reported in the Judith
Basin of Montana, where both winter and spring wheat are grown,
and where the acreage per farm is larger than in the other areas of
the Great Plains.

Of the combines equipped with auxiliary engines an average of
408 acres was cutb by 12-foot machines, 574 acres by 15-foot machines,
682 acres by 16-foot machines, and 1,077 acres by 20-foot machines.
Not all of the difference in acres cut annually can be explained by
differences in the size of the machines. The 12-foot combines were
mostly older machines and were not used for custom cutting to the
same extent that the larger combines were. The wheat acreage per
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farm in tko particular locality and the length of the harvesting season
also affected the acreage cut by each combine.

Custom cutting was done with machines of all sizes, but the larger
machines usuelly did s larger proportion of outside work than the
small machines. Some operators purchased a machine larger than
necessary to handle their own crop for the express purpose of cuttin
for others. 'The size of the machine in such cases has only & generj
relation $o the acreage of the operator’s own grain, On some farms
the machine was too small to care for the owned crop; on others the
capacity was not fully utilized.

"The nereage which & combine will cut snnually is determined jointly
by the length of the harvesting season and the daily capeacity of the
machine. In some sections, where the weather conditions are such
that the grain may be sllowed o stand for a considerable period
without great danger of loss from shattering or damags from weather,
the long harvesting season may enable the operator to cut his crop
with a small machine. On the other hand, under conditions of heavier
rainfall or greater loss from weather, a larger machine would be
required to harvest the same acreage. The size of machine needed
to cut 2 given acreage should be estimated from the daily capacit
gf thedcombine and the number of days the machine probably wi

e used.

In addition to the 249 tractor-drawn combines similar to that
shown in Figure 2, there were 8 horse-drown combines. Three of
these were 12-foot, three were 15-foot, and two were 16-foot machines.
On the basis of work done during the harvesting season, these horse-
drawn combines compared favorably with the tractor-drawnmachines.

These machines cut an average of 511 acres of small grain annually,
just 42 acres less than the average cut by tractor-operated machines.

POWLEE AND LABOR

Of the three different forms of motive power used with 257 com-
bines, 83 per cent were drawn by tractors and were equipped with an
auxiliary cngine. At present the size of tractor used and size of
combine is not always coordinated. In many cases the tractor used
was purchased primarily for other form work and as & result the
tractor in these cases may be larger or smaller than the size best
suited to the combine. Where the tractor is already svailsble, or
is to be used for other work, it may be good practice to use the
available power rather than to purchese the tractor which.is best
fitted to the size of the combine. Other differences in horsepower
of tractors used may srise from differences in soil types or in fopog-
raphy. On farms with a rolling topography or light soil a larger
tractor may be required than on farms with & level surface and firm
soil. The motive power must be sufficient to provide a steady rate
of travel under all conditions. A few operators used two tractors
(fig. 5) and others supﬁlement.ed the tractor power with horses
where the surface was rolling or the ground soft.

The size of tractor used on combines of different width of cut is
shown in Table §. Of the cornbines equipped with suxiliary engines
and cutting a 12-foot swath, 34 per cent were pulled by tractors of
12 drawbar horsepower or less, 55 per cent were pulled by 15 or 16
horsepower tractors, and 11 per cent were pulled by ftractors of
larger size than 16 horsepower. Larger tractors generally were used
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on the 15-foot and 16-foot machines. Only 14 per cent of the 51
mnchines with a 15-foot cut used tractors rated at 12 horsepower or
less, whereas 61 per cent used tractors of 15 or 16 harsepower, and
25 per cent used larger tractors. There is little difference in size of
tractors used on 15-foot and 16-foot combines. Of the 104 machines
with o 16-foot cut, only 17 per cent used tractors of less than 15
borsenower, 43 per cent used l5-horsepower or l6-horsepower trac-
tors, and 40 per cent used tractors larger than 16 horsepower. The
15-horsepower tractor was most generally used on machines with
auxiliary engines, and is the proper size under most conditions.
Smualler tractors do not have sufficient power when pulling on soft
or hilly land, whereas tractors larger than 15 horsepower seldom
rrs necessary [or most 15-foot or 16-foot combines.

16, S—Heense of soft ground und exeessive welght 2 tractors are pulling this enmbine

Tanns D.—Puwer and labor used on combines of different types and yizes

[
L Numiber of combines using—
fhie ractors witl Jeawbar ruting of—— E 1lorsns Man lahor !
. - Width'{"om-

Typo of combing | 00" ias] == = | -
¢ 12 1Goe | 17or | 20t , 21 i0 Cam- Trae-
nrse- | L 18 40 45 hina toror
power | liprso- | horso- | horse- ' lorse- 68 ajier- Helper harse
or lass | power | power [ power { pawer olats drivers

Fy. No,
Trnclor drawn_ with { 8 25 b T, -

power Wnko oilo. .o 14} 13 - i

i 12 wl 1 M 3

Troetor drown with 1 5l 7 Al i

mixilinry engines.... iG 108 18 45 iy

20 i I 1

12 3 1-- -
Narse drawil. ..o 15 3 Y PR -
i 2 .. JR

PRI T os7 | w0 nsl 4 ‘ 2|

1 For size of erew ep Table 15, p. 21,

Two men form the standard crew for a combine with auxiliary
enging—one man on the tractor and one on the combine. Some
operators use an extra man on the combine or to relieve the tractor
driver. Others, who can put in long hours, use two complete crews
of two men each.
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Thirty-five of the 257 combines, or 14 per cent, were power take-
off outfits, that is, the motive power was furnished by the tractor
which also supplied power [or the threshing unit. Twenty-five of
these outlits were 8-foot and {0 were 10-foot machines. There was
complete uniformity in the size of tractor used for machines of both
sizes (Table 9) as they are made purposely {or operntion with tractors
of p particular make and size.

Where fields are rolling or the soil is sandy, the tractor does not
always have sufficient power to maintain & uniform eylinder speed
in the combine. This tends to reduce threshing efficiency. On the
larger machine some operators supplement the power by adding a
secondl tractor or a team of horses. On the smaller outfit this is
practivally impossible because of its design,

The power tuke-off type ol combine 1s intended for operation by
only cue man, but some owners used two men. Practically all of
the 8-foot machines were run by one man, but the majority of the
owners of the 10-foot machines used two men.

16, f.—aA combine (drawn by eight horses. A team i reguitized Lipull the wagon which receives
the gmin from the machine oy it is Lhreshed

Fight combines, or 3 per cent of the total nuniber, were pulled by
horses or mules. (g, 6,) Tight animals ordinarily are required
to puli the machines. Table 9 shows that one operator used 8 head
on his machine, and one operator used 10. The size of combine
and of horses, the soil, and the topography all influence the number
of horses or mules it Is necessary Lo use.

DURATION OF HARVEST SEASON

The proportion of the time in which a combine will be used during
any harvesiing season Is chiclly dependent upon weather conditions.
Few farmers In 1926 completed their harvest without delay. In
aldition to delays from inclement weather, some time was lost while
wuaiting for, ov making repairs on the machine, and some of the
oporators did not worlk on Sundays. The number of days available
for cutting the crop on most farms was ample, but some operators in
Montana were pressed for fime in whieh to complete their hervest.
Table 10 shows the duration of the harvest season and the average
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rumber of days worked in each district. The length of the harvesting
seasou applies only to the operator’s own grain and does not include
the time used in cubbing for others unless the ¢ustom cutting was done
before the operator’s own harvest was completed.

Tanpps 10-—Dwration of harvest season and days used in culling

Numt |I{)i1rnt!ma Trays
umber jof hpevast] 000
State of firlwg | seuden “‘:EE

] Ways) | ohng

1%
B
Kapspd. . E ; 1t

Nutirnshn 6
Moninsa_ H

12
!

Total or svernge 2

|
|

The duralion of season as reported was determined by taling the
difference between the date when the operafor’s own harvest began
and the date on which it ended, It includes Sundays and days on
which no work was done as well as the working days. Not aﬁ the
favorable days between the starting and finishing detes were spent
in cutting on the operator’s own crop, for many farmers postponed n

art of their own harvest in order to do custom work for others. The
ength of season indicates the time the operalor’s grain stood after the
enrlicst grain was ready for cuiting, bui the number of cutting days
reported is less than the number of days favorable for harvest.

The average durntion ol the harvest season on all farms was 21
days. The length of the season ranged from 13 days in Kansas to
35 days in Montana. On the aversge, these operators were cubting
during 12 days, or 56 per cent of the time, during the harvesting
season. In Texas, Okluhoms, Kansas, and Nebraska the harvesting
season had no more than the normal amount of meisture, and spprex-
imately two-thirds of the total time was used in harvesting the
operator’s own crop. In Montana the rainfall during the harvest
senson was abuormally high, and worlk on the operator’s crop was done
on only 40 per cent of the total days in the harvest season.

The distribution of farms according to the length of the harvest
season is shown in Table 11, In extreme cases the combines were
opernted for nearly Hwo months. Over one-half of the operators
worked three weeks or less and only one-fifth of them worked longer
than four weeks., The extremely long harvest season was due to
unfavorable weather or to the fact that some operators delayed
cutting their own grain in order o do custom worlk for others,

TasLe 11 —Farms classified according to length of harvest season in days on own crop

Number
of farins

Nupiher

Lengil of harvest seasan of farms

Length of harvest scason

BT 0 mie el

H10 6. ... ... ..
E7 0 Bl en e

Total..eea.
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The distribution of farms according to number of days cutting on
own crop is shown in Table 12. On the modal farm the cubting of
owned wheat extended over about 15 days, although on a few farms
the cutting season lasted & month. The combines were operated
throughout the season for the most part, and on those farms which
nec.led only a few days of cutting, the operator finished the season by
cutting for othors. )

Tanne 12.—~Ffarms classified according to the number af cutting days on owm crop

Numbher - . MNumber
zeher of days of fartus Nunibor of ditys of farma

L
41 Lo M.

b3 e 48

+Hi to 52

& Lo &

Fte ... ... ... ..

. Total ... ...
Hlodd.. .

————— . - .- e

RATE OF HARVESTING

The rate of harvesting with a combine varies with the size of the
machine and between rachines of the same size. Tuble 13 shows he
distribution of combines according to size and acres cut per day irre-
spective of the number of working hours. Bold{ace figures in Table
13 indicate that the averagse ncres eut per day for combines of the
specified sizes foll within the lunits given in the first column.

Tanne 18.—Iksiribution of combines according o acres cut per day and by size

Combines
Aeres etk per day

8-fnot. 10-fuot i2-foot oot | iefoot | i-fook

Nieaber | Niember | Number | Number | Number | Number
10 OF M8 4 vneea ey |

The average-group operators of the 12-foot combines worked 2.2
hours per day less than did those who cut more than the average
number of acres. Average-group operators of the 15-foot machines
cut 0.6 of an hour less, and those who had 16-foot machines, 1.1 hours
less per day than did those who cut more than the aversge. Rate
of travel was slightly greater for machines tha$ cut more than the
average. For the 15-foot and 16-foot sizes the yield was slightly
lowoer, but the effect of the yield was negligible.

85334°—28 3
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Acres cub per day by combines is dependent upon size of machine,
yield of grain, rute of travel, length of day, and efliciency of the crew.
The number of acres cut per day by machines of u given size was
practically the same in all areas. Table 14 shows the sores cub per
hour and per foot of cut by combines of different types and sizes.

Pauoe lt—dAcres cut per hour and per foot of cut by combines of different iypes

and sizes
; Yiald out | que | Jutner

T Wilth | Con- N Rate of | Longthl Y huttr por

Eygie of combibing of cut | blavs ;)f.r troval | of doy et ber fuol gfe

HerG day JETY: 4 ity
widin
Nt Miles e

Feel ber  |.Aushels)  heor Lfgurs | Acrex | Acrea Aeres
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[ AN 11} [13] o4 &7 2 a 0 Lo
12 i 17 A 2 £ 2.0 Ik
Hraetor drawn with nosilivey 15 ol 18 28 10.3% 30 34 o
LT LT P i i 2 2.8 7 40 3.7 L
) H] ) L) 4 T 48 4.5 i
Al trnctor deswil, oon v e iin o] emmaas 440 ¥ .8 W4 L O I 5. 3
2 3 if 2.5 8.0 i} ) g
Ligrse oW, oo meanan 15 3 1 2.7 w2 30 2.9 )
il 4 4 25 118 48 338 .21
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Axn average ol 33 ucres was cut in & 10.4-hour day by the tractor-
dvawn and an average of 29 acres in a 10.3-hour day by the horse-
drawn machines. For the tractor-drawn combines there is an increase
in acres cub per day by each size of machine over the next smaller
size, amounting to 62 per cent, 4 per cent, 30 per cent, 14 per cent, and
20 per cont, respectively. The 10-foob mechines cub 62 per cent more
than the 8-doot machines, and 96 per cent as much as that cut by
the 12-foob machines. The comparatively high degree of efficiency
for the 10-foot machines, as compured witk the 12-foot, is probably
due to iho fact that the smaller comnbines wers new, whereas the 12-
foot machines were mostly older machines. Of the horse-drawn
machines, the 16-foot cut a daily acreage 27 per cent greater than the
15-foot machines, which in twn cut 30 per cent more than the 12-
foot combines.

At times the amount of work done in a day is restricted by the
hours during which the combine can be used. The average length of
day for all operntors was 10.4 hours. In & few instances the combines
were operated the Tull 24 howrs of the day, and not uncommonly
the machines were used for 15 or 16 hours. In more instances, how-
ever, under conditions of high humidity, some time was allowed for
the grain to dry, and the working day was thus shortened.

The rate of cutting per hour by & machine should be determined
by the lenpth of the cutter bar and the rate of travel. Some time
is lost in the field in turning, oiling, making minor adjustments, and
removing the grain from the combine. Because of the varistion in
time lost on &ifferent msuchines, the rate of travel and the hours
worked per day do not accurntely indicate the distance covered.
The usual rate of travel is from 2.5 to 3 miles per hour and is appar-
autly not related to the size of muchine. Such differences as are shown
in Table 14 indicate a higher rate of travel for machines equipped
with auxilinry engines, Unless the advantage of a higher speed is
offset by greater loss of time in the field the rate of cutting should
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be increased in proportion to the increase in rate of travel. VWhere
the crop is heavy the rate of travel mey be limited by the capacity
of the separator to handle the grein.

The larger machines, of course, would cut a greater acreage in a
given length of time than would the smaller machines. The 8-foot
power-drive machines cut an sverage of 1.6 acres per hour and the
10-foot machines 2.6 acres. The difference in rate of cuiting Is
greater than can be accounted for by the difference in the size of
the machine. Machines with auxilinry engines having a 12-foot
cut averaged 2.0 acres per hour, those with & 15-loot cut averaged
3.4, and those with & 16-foot cut averaged 3.7 acrs.  The difference
in rate ol cutting lor these machines is approximately proportional
to the difference in size, and the greater acreage cut by the wider
machines is presumably due to the advantage of size.

The rote of cutting per hour for each foot of cut, with due allowance
for time lost in the field, should depend entirely upon the rate of
travel. As there is no apparent relation between the size of the
machine and the rate of travel per hour, little difference is shown in
the rate of cutting per foot of width for machines of different sizes.
The high rate of cutting per hour and per foot of width for the 10-foot
}mlmhines probably is due to fewer stops and less time wasted in the
ield. -

FACTORS INFLUENCING THE RATE OF HARVESTING

The sizc of the machine is the most important single factor directly
affecting the rate of cutting. With two other factors, rate of travel
and ymfd of grain, remaining constant, the rate of cutting per hour,

as derived from 214 reports of combines equipped with auxiliary
engines. would be increased 0.27 acre by the addition of each foot to
the length of the cutter hars

On this basis a 10-foot machine in 20-bushel wheat, traveling &t 2.5
miles per hour, should cut 20.5 acres in a 18-hour working day. A
12-foot machine should cut 25.9 &cres, & 15-foot: machine 34 acres, a
16-foot machine 36.7 seres and a 20-foot machine 47.5 acres. These
estimates of opermtion check fuirly closely with the averages given
in Table i4.

The reported estimated rate of travel does not accurately represent
the ground covered by the machine in a given time. The reported
figures make no allowance for lost time ancF do not give a true average
rate of travel. An increase in acres cut, proportionelly less than the
increase in rate of travel, is indicated by the average relation that
exists between acres cut per hour and the reported rate of travel.

Yields ordinarily reported in the Great Plains have little effect on
the rate of cutting per hour. Except in cases of heavy yields, the
machine can handle the cut grain without difficulty, Where yields
of wheat exceed 30 bushels p.er acre it may be necessary to reduce
the rate of travel in order thxt the combine may handle the grain
without undue loss; and when cutting lodged grain, in cases in which
& great deal of straw is handled, the rate of travel may be reduced.

* This inerease is an average ralatiooship shown by & linear mult{ple cotrolution snnlysls piving e coaffi-
clont of carrclation of 0.81. The regression equatfon on which it is based s D=0.27 A—0.004 540,255
=121, in which . is the length of the cutter bar in (eet, £ is the acre vield {n bushels, Cis miles traveled
puor hour, and 2 is the oumber af neres ek per hour.  This means that, with other factors remsaining the
spme, an increuss of L foat in the width of maehine would be expected to increase the rate of cutting 0.27
scro por hout,  For sueh additlona) boshel of yield with no change {n otbier fastars the rate of cutting woold
be oxpected to decreasa by {1.004 acre per honr. Each increase of | mile per hour fo rate of travel was osso-
clated with nn !nerease of 0,255 acra ¢l per hour,
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RELIABILITY OF COMBINES

The relisbility of & combine depends upon whether 1t functions
properly when needed. Tts degree of reliability is best measured,
in this study, by time lost beceuse of mechanical difficulties when
harvesting., Inferruption of work through machine failure not only
involves the expeuse of reconditioning the machine but, at times,
it means the loss of the services of high-priced laber during the repair
period, and, if the delay is an extended one, the more serious loss of
time. Freguent occirrences of this nature will render the machine
unralisble and meke it an unprofitable investment. Frequently,
dolay is the result of inefficient operation, which may be caused
either by unfamiliarity with the machine or by carelessness, with a
resultant unwearranted reflection on the reliability of the machine.
This s especially true of new squipment of o complicated design
which involves many mechanical principles. The personal element
is perhaps the largest single factor influencing the spparent reliability
ol & machine of this fype unless it is thoroughly understood by the
operator,

If a machine 1s considered a profitable investment by its operator
there is little doubt that it is relisble. In the Great Pleins region
only three of the interviewed operators expressed doubt as to the
profitableness of their investment in & combine. ‘On the other
hand, some of those whio thought that their machines were & profitable
investinent doubtless sustained a loss in using this method instead
of other methods of cutting or of hiring the grain harvested with =
combine. This is especially true with owners of some of the older
machines. Other operators were doubly handicapped by the use
of second-hand outfits anl by a lack of experience. The data

athared, however, show that, whether due to the merits of the com-

ine or pride of ownership, or overenthusiasm on the part of some of
the operators, the combine was almost unanimously considered e
relinble harvesting machine by Great Plains operators.

Many of the farmers, when they purchased their combines, were
familiar with the operation of threshing machines, and had been
using headers for some years. Such experience was helpful to them
in the use of their combines. They understood, roughly at least, the
operation, care, and possibilities of the combine. There were
others, however, without {his experience who were handicapped
when trouble developsed, and depended to a greant extent upon a
reprosentative of the manufacturer for assistance. Other farmers
hired operators with some ability and fraining to look after their
machines; still others used their regular farm hends, some of whom
knew practically nothing of the operation of & combine. With such
operators, the fact that many of the machines got through the harvest
with practicelly no trouble was possibly the result of good fortune
rether than of mechanical skill. The results of such operation,
however, may cause trouble in future harvests.

Most of the delays during harvest were caused by replacement of
perts because of breakage, wear, or poor slignment; the duration of
the delay depended upon the accessibility of the part on the machine
and its availability on the market. Service given by manufacturers,
espacially on the new machines, doubtless saved operators much ex-
paense for repairs and the possible hiring of expert labor. The service
rendered by the manufacturers, both of an advisory pature and in
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supplying necessary accessories through their agencies, is clogely re-
luted to the reliability of the combine. Adequate service at harvest
time involves & minimum of delay, and with no other type of farm
machinery is delay accompanied with more hazsrd than with the
combine. Once the crop is ripe, the speed with which it is harvested
frequently determines the quantity of %rain that is saved from losses
over which the operator has no control.

Service is naturally best in those localities in which the machines
are in more common use, as the business done by dealers there justi-
fies n more complete stock of repair parts. Dealers are frequently
criticised, and sowetimes justly, for Foor service and {ailure to supply
repair parts, because of & small volume of business, change in ma-
chine models, etc. Perhaps the best service these deanlers could hops
to render would be in stocking in advance those parts which are
most subject to replacement. They would thus be guaranteed a
reasonable turnover of stock, and at the saume time be meeting at
least the greater portion of the needs for repairs.

ELEMENTS OF COST IN HARVESTING WITH A COMBINE

Operating expenses for harvesting with e .combine consist of the
costs of tual and lubricants, use of tractor, Iabor, and repairs. Fixed
charges to be made against the combine are charges for deprecistion
and mnterest on the investment. Taxes, insurance, and cost of housing
might also be added to the charges made sgainst the combine.

LABOR

The crew used on the combing itself is fairly well standardized in
the Great Plains, Maechines with power-drive from the tractor ean
be operated by one man who drives the tractor; the machines with
wuxiliary engines require the labor of two men, one on the tractor
and one on the combine. Additional help is used on many machines
either because the labor is avallable on the farm or because of an
etfort to minimize the time necessarily lost in the field.

Table 15 shows the labor used on machines of different types and
sizes. Of the 25 mnchines with an 8-foot cut, only 2 were operated
by more than one man. Of the 10-foot machines, only 3 were
opernted by one man and 6 were operated by two men.

TasLg 15 —Number of combines operated by crews of different sizes

Mmuber of combi??s opurated by crew
of b

Width | Numher
Typu of combing of cat of eomi-
{feat)

§men

Tipetor deywn, with power take-off. . ___

‘Tractor deawn, with guxllisry engine

Totnl .

I Inelizdes camtbhine operator, tructor driver, nnd helpers on the combine, but not grain haulers,

With o few exceptions, the combines with suxiliary engines were
opernted by st least one tractor driver and one man on the combins.
his crew can handle the unit, but many farmers used extra men, and
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& few who worked all night used two complete crews. Of the 56
machines with a 12-foot cut, 1 was operated by 1 man, 48 used crews
of 2 men, and 7 used crews of 3 men. Of the 51 machines with s
15-foot cut, all used crews of 2 or more men, 1 used an extra tracter
driver, and 8 used additional helpers. Of the 104 machines with =
16-foot eut, 2 used extrs machine operators on the combine, and 25
used additionsal holpers around the machine. The 20-foot machires
all used crews of 3 men or more,  More of the farmers with the large
machines used extra ien in order to reduce the time for oiling and
making minor adjustments in the field.

The available dats do not indicate that sn incresse in acres out
per day will result [rom the use of sn extrs man on the combine.
Unless some greater efliciency in threshing is gained, the employment
of extra help will not be justified by the additional worl: done. The
extra man, 1n a greab many instances, is used to relieve the regular
workers or is carried as a sort of insurance against lost time because of
machine adjustiments or breakdowns that may be repaired in the field.

The reduction in amount of hired harvest labor with cormbine har-
vesting, as compared with that used with other methods, is an
nportant consideration with many farmers. On the tractor-drawn
combines from which records were obtained, 53 per cent of the labor
was that of the owner or unpaid labor on the farm. Some of the
hired labor used was regularly employed on the farm, and a part
represented labor exchanged with neighbors, The small amount of
hired labor renders the farmer comparatively independent of transient
Iabor for his harvesting operations.

A higher grade of labor usually is hired for work on the combine
than would be employed for harvesting with a binder or hesder, and
wages are somewhat higher. Table 16 shows the nunber of paid
and unpeid workers used in opersting combines. Wages for the
different oporatious differ somewhat in the different localities and
show a still wider variation for differsnt farms in the same locality.
Table 17 shows a frequency distribution of rates of payment for
cowmbine operators, tractor drivers, and haulers. The most common
rates paid Jor combine operators were $5 or $6 per day, but rates
as low as 84 or us high as $8 were not uncommon. Customary rates
for tractor drivers were $4, 85, or 86, aud $4 was the usual wage for
haulers.  Helpers on the combine usually received wages similar
to those of the huulers.

Tanus 16.—Paid and unpeid labor on combines

i Mumber of combines naing i—
Width | Number R
Type of combing of cut of vom- O_perutors Helpers Drivers

ooty binos Un . on-

Puid paigd Paid paid FPaid poid
. . o £k ot 8 25 20 8 S —— e
Fraetor drawn, power tnkepif o { 10 1 7 Y i 5 H
iz 56 bl R 4 3 i 2
Traclor Grawn, with ausilisry 15 Bi 15 36 3 5 2 o
oL H ic4 it i) 1 11 02 42
bt 3 3 1 2 1 S e
B 3 3 I 2 1
Tforse rawsl oe oo aee ! i5 3 i 2 b4 i
16 2 i A% TSR IR 1 ]
137 TR U T " igs 2 21 1y Ml

1 For sizo of grow gee Tabls 15, p. 21,
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Tavne 17-~—Raley poid for laber in combining and houling

o et e e v | e - - . C e ———
m Comhing| Tractor
opurators| drivars

Camldine) Tracter

opoRatars| drivers iaulurs Huta por day

Kata por doy Haulars

Dndinry Numtrer | Nunder | Nusniher Dollurs Nuwinber | Numher | Number
] ] 84 fl

EEsES

T o R M 1D —
=
i !
rhiufon— .

The economy in the use of man labor is shown by a comparison of
man-hours per acre for dilerent methods of harvesting. Where a
binder is used and the grain is cub, shoclked, and threshed from the
shock, the labor per sere is about 3.6 man-hours. Where the wheat
15 harvested with a hender the labor per acre is about 2.8 man-hours
as cornpared with about 0.75 man-hour for harvesting with e
combine.®

The comparison given includes only the labor furnished by the
farmer and does not include the Jabor furnished by the thresher.
The cost of this threshing labor is included in the rate paid by the
Tarmer for threshing. To obtain the saving in tolul Iabor made,
approximately one hour per acre should be added to the Sgure given
for harvesting with either a binder or header. A machine operated
by a crew of live pitchers and three machine men, and threshiag 1,200
bushels in o 10-hour dav, would be equivalent to one man-hour of
lahor per acre in wheat that yields 15 bushels per acre.

The total labor for harvesting and threshing is reduced from
approximately 4.0 man-hours {or cutting with a binder and threshing
with a stationary thresher, or 3.8 man-hours for cutting with a header
and CGhreshing with a stationary thresher, to sbout 0.75 man-hour
per acre in cases where the work is done with a combine.

In each district, however, the Iubor of cutting, shocking, and
Itnuling bundles to the thresher was furnished by the farmer, and is
included in the labor used for harvesting and threshing when grain
is cut with a binder. The labor required, where o header is used,
includes cutting and stacking but does not include pitching into
the seperator. The labor required for hauling grain is not included
i either case.

The erew to operate a combine would be no larger than that for
cutting grain with a binder and for shocking. For a grain acreage
so large that more than one binder would be neceded, a combine
would reduce the size of the harvest crew. As compared with the
crew ol a header, the erew of 8 -combine would be 2 or 3 men, rather
than 6 men. The use of the combine also eliminates the erew neces-
sary for stationary threshing.

"The labor needed for hauling the grain from the combine depends
upott a number of condifions and the labor of hauling varies on
different farms. Table 18 shows the farms that used different
numbers of haulers for gombines of gach size. On several farms

¢ Lnloe angl mptorials used (or Blodding and hending are tnkon from doin used in comptling the following
bullatint Wasnprgs, 4. 8., tusT OF FRODUTING WINTER WHEAT IN CENTRAL QREAT FLAINY REGION OF THE
UNITED ¥TATES, U, 8. Dept, Agr. Bub. 1108, M ., ilus. 1024,
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the hauling was contracted at a fixed rate per bushel, and the time
and crew required was not determined. On some farms a part of
the wheat was hauled on contract, and a part was hauled by the
farm or hired labor.

Tanue 1B —Lubor for hauling grain from combines

Number af combisnes nalng—
Width | Bumber
Type of cotabineg af cut | of pam-
bines 1 2 3 4 5

hawler | hinulers | hauwlers | hotilers | haulers

Fl

Tracler drivwn, with power take-oflo._... 16
4

5 2
Troeter deaw i, with suxiliary enpgine é;
1

T'otul . . - 203 o5

The number of haulers used depends upon the bushels threshed per
day, the distance hauled, the facilities for loading and unloading, and
equipinent for heuling. The man labor required is probably least
when the grain cen be run directly from the combine tank into a
truck and can be unloaded by dumping. Unless the distance is too
great, one man can haul the grain from the machine., When the
grain is stored on the farm and must be scooped into the bin, addi-
tional labor is needed. Some farmers, who had no grain tank on the
comnbine, were hauling grain by truck and used one or two men for
scooping the grain from the wagons to the truck. Where the hauling
was by wagons rather then by trucks, no scooping at the combine
was necessary, but where the distance is long a larger crew of haulers
would be required. Often an extra hauler with & team and wagon
was used to insure against delay in taking the wheat from the
muachine.

The average distance from mearket was about 5 miles, but the dis-
tance for all machines ranged from a fraction of a mile to 25 miles.
Trucks were gencrally used for the long hauls. A 16-foot combine,
equipped with a grain tank and harvesting 800 bushels per day,
would require the full time of one 60 or 85 bushel truck to haul the
grain to an elevator which is 5 miles distant.

POWER, FUEL, AND LUBRICANTS

The charge to be inade for the use of the tractor, in combining,
would probabiy vary somewhat with size of tractor, end in actual
rcecounting it would be affected largely by the amount of other work
for which the tractor was used. Fxcept for a few instances in which
& tractor was hired, the tractor was used for other farm work. A
few tractors were hired for 50 or 60 cents per acre, with driver and
fuel furnished by the combine operator. The rate may be applied -
regardless of size of the tractor, for although a larger tractor would
be used on large combines, the acreage covered would be propor-
tional to the size of the combine, and the total returns would be
commensurate with the size of tractor.

The fuel used in the tractor varies for the different sizes and for
individual tractors of the same size. As the Iarge combines usually
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are pulled by large tractors, the fuel consumption per tractor is larger
for the 15-foot and 16-foot than for the 12-foot machines. A larger
acreags is cut by the wider machines, however, and, as shown in Table
19, the fuel used in the tractor is less per acre for the large machines.
The aversge for all combines equipped with auxiliary engines is 0.8
gallon of fuel per acre. The average tractor fuel consumption per
acre is 0.94 gallon for the 12-foot machines, 0.84 gallon for the 15-
foot machines, and 0.75 gallon per acre for 16-foot machines.

Tanue 19.—Fuel and lubricanls wsed in traclors

Fuol and ofl used por trootor

Fue!

T¥po of combing

Width of cut
Combines
Grato threshed
Distillate

Per bushel

Trietor drpwn with
power take-ofl .

Tractor denwn with
auxilinry engines. |

AN tractor
drawa, with
nux!llary on-
gines.. s F E .80

The combines which had direct-power drive from the tractor used
more fuel per acre In the tractor than did those eqtllll:[p ed with
auxiliary engines. The fuel used in these machines sho dp be com-
pared to the tobal fuel used in machines that have two power units.

Gasoline or karosene is commonly used for tractor fuel, although a
fsw of the operators used distillate. The quantity of fuel used per
day by & given machine is approximately the same regardless of the
kind of {uel.

The quantity of fuel and lubricants used by combines with aux-
liary engines was reported separately for the tractor and for the
suxiliary engine. Table 20 shows the quantity of fuel end oil used
in the auxiliary engine. With one or two exceptions the farmers
used gasoline as the motor fuel in the combine engine. The figures
for fuel consumption per acre show the larger machines to be slightly
mote economicel than small machines. achines with a 12-foot cut
used 0.61 gallon per acre, those with a 15-foot or 16-foot cut used
0.59 gallon per acre. The difference in aversge fuel consumption
between the groups is less then the variation shown between combines
of the same size. Differences in condition of the engine, rate of

travel, yield of wheat, and size of machine, affect fuel consumption.

85334 —28—4
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TasLe 20.—Fuel and lubricants used in the auxilicry engine

Gasoline and ofl per engine

Grain
Wldth | Com- | Ares Fual ol
Type of combloe ol et | bioes out thgash-

Par Fer Par Par
Toted | owe |bushel | To! | fere | bushel

Feet [Number) Acres | Bushely |Quitons |Golions |Gallons |Qolions |Gollons | Gallons
2 M 287 | 4,870 I 06l 0, 636 7 0.02 0.001

Tractor drawn wilh 15 ] 357 | 4,986 211 .58 .03 g N , L
nuxilinry soging. 18 103 423 | 8, 660 210 .59 il 1 R .ol
pa\) 3 6537 | 16,018 250 .38 . B1d 12 .02 L 00L

Tatal,ccaae o[ 20 75| T, 253 251 i Nl 4 .02 NCHY

The average relation between size of machine and fuel consumption
per acre shows the machines with longer cutter bars to be more
economical than those with the shorter ones. This economy may
be due in part to the use of the extension cut on a number of ma-
chines. The separators on some of the 15-foot or 16-foot machines
were the same size as those on the 12-foot combines, and conse-
quently required less fuel per acre cut. The difference between the
quantities estimated for a 10-foot machine and for a 20-foot machine
is only 0.13 gallon per acre.”

Rate of travel per hour has a more significant effect on the con-
sumption of fuel. Presumably the quantity of fuel used in the
engine, during a given period of time, differs very little whether the
machine travels at 2 or 3 iniles per hour. Consequently & 15-foot
machine, cutting grain that yields 20 bushels per acre, would bum
approximately L gallon of fuel per acre if traveling at 2 miles per
hour, but would use proportionally less if traveling at 3 miles per
hour, For economicel use of gas in the auxiliary engine, it would
be advisable to pull the machine at as high & speed as is consistent
with clean harvesting and threshing. :

In heavy wheat it may be necessary to reduce the rate of travel
in order thut the combine may thoroughly separate the grain. This
effect of yield on fuel consumption per acre is reflected in the relation
between the rate of travel and fuel consumption per acre.

At the same rate of travel, differcaces in the yield of grain per
acre have some separate effect on fuel used. The estimated fuel
used by a 15-foot machine traveling 2.756 miles per hour in grain
that yields 10 bushels per acre is 0.54 gallon per acre; for & 20-bushel
vield, under the same conditions, the estimated fuel consumption
is 0.62 gellon; and for a 30-bushel yield the fuel consumption is
0.71 gallon per acre.

Since the quantity of fuel per acre used in threshing grain with
a high yield 1s not much greater than that used for threshing grafn

1 Tihis estimate 13 hased on a multiple linasr correlation rualysis of fuel used ner acre as effacted by size
of machine, yield of graiu, nud rale of travel per hour.  The coetfleient of correlation is +0.92. The afloct
of ench fretor on fuel used is estimated fromn €he regression equution, £=2.127—0.013 44-0.0084 B—0.638 C,
when £ 13 the fual used per nere, A is length of cutter bar in feet, B is yield of grofo in bushels, sod Cis
mlles traveled per hour.  ‘The avernge relationship expressed is that, with ne changa i the other factors,
um inerease of 1 foot io width of ewt wauld be nssoeiated with o decrezsa of 0.013 gallen of fuel for cach nere
cut. An inerease of 1 bushel per sere 1o yield would be nssoeinted with an increase of 0.0084 gallon of luel
used per rore, and sh increase of 1 mile per honr in rate of travel would redues the fual consutued by 0.538
gollon per sere,  In meking those estimates curs must be tsken to keep the mensure of the consal fators
within the limits of the dets on which the correlntion is based.
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with & low yield, the quantity of fuel per bushel is affected largely
by the yield of grain. For high yields, the fuel used per bushel
is smell compared with that for low yields. The lubricants used
for the auxiliary engine malke a small item of expense, and the smount
is roughly proportional to the fuel used.

Fuel consumption per bushel of grain is largely dependent upon
the yield per ncre, but in general the quantity of fuel required per
bushel is Iess for the large than for the small machines.

The total yuantity of fuel aad oil used for hervesting with a
combine is shown for each type of machine in Table 21. The average
fuel used por acre, in units with auxiliary engines, is 1.39 gallons.
For combines with the power drive fromn the tractor, the fuel per
aere s slightly less than for the combines with auxiliary engines,
and the quantity of fucel per acre is generslly less for large than for
small machines. The 8-foot power-drive machines show s smaller
fuel consumption per scre than do the 19-foot power-drive machines;
but the yield of grain was consistently higher where most of the
10-foot machines were used, and the higher fuel consumption is due,
in part ut least, to the heavier grain. The fuel consumption per
bushel is less for the 10-foot than lor the 8-foot combines.

Tanwe 21.—Yolal fuel and lubricants used in the lractor and auziliary engine

Fuol Oll Qreusa

Width
of cat

o Type of combines
Per | Par Totai Por | Por
acre | busiiet i scra | bashel

Tragtor deawn, with power 0. 972 12
take-oll, | E . L0534 i2

i ¥ 1 . Ot . . .

Tractor drvwn, with suesliory | 50 AL 080 2] . R G5
OREINIB . . e ] KIS . 068 29 : 7| .04

. 3 . JH3 25

.| Fallx, [ Gallx. 5 . . gbx

05
06
08

All Lenetor deawn, with
auxiliney sngina ¥ 38| .o72 24 . ey O

The guantity of cil has the same general relation to size of machine
- as has the fuel used. The grease used on the tractor and combine
is & small item of cost and, as reported, shows more variation between
machines of the same size than does either fuel or oil.

REPAIRS

The cost of repairs on 256 combines, operated in 1926, as reported
by the operators, averaged $20 per machine for the season. In
addition to this cash cost, an average of two days of man labor was
used in putbting repsirs on the combine and fitting the machine for
the season’s work. This average figure, shown in Teble 22, does not
represent the average repair cost for a machine for the entire length
of its service. The average age of machines for which this figure is
obtained is only 2.4 years, so that practically all machines were com-
%Lratively new and would be expected to show low costs for repairs.

uring the first year of operation, practicslly all repairs are made as
& service by the manufscturer where broken parts show defective
material or workmenship, and therefore are not reported by the
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farmor as costs. A group of older machines would show much higher
charges for repairs. Average costs of repairs shown are much higher
.on the 12-foot machines than on the others, and it is this group that
had been longest in sorvice.

TaeLs 22.—Average cosl of repairs on combines in 1926

. Width of Agool | Cost ol {Labor on

‘Type of combine cut | |cembines| ooiines| repnirs | repairs

Feel Number | Years | Dallors Days

Tractor drawn with power tnke-off. . o ocoiicecaaaaas Jg ?g i: g '; G.g
12 ?B 4.9 40 3.4
Penctor deawn with puxiliory engloe. .o veeereeeeoes ig lﬁé ::? Jlg }f}
20 ] .7 a .2
13 4 8.0 b 3.0
Liorsn rmWEl e vcma st s s sm s mmmanmana) }g 3 1.3 212 ..........
2 L& 20
Totul or AVerBEY e immmame e cmrar e [eaoema 256 24 0 2.0

Table 23 shows repair costs per acre of grain harvested for machines
of all ages over 1 year. The repairs per acre on the 12-foot machines
inereased from 7.5 cents for the second season to 17.4 cents for the
cighth season. The repairs on the 15-foot machines inereased from
5.4 cants per acre for the seecond season to 9.8 during the fifth season.
In genoral, ropairs per acre are less for the large than for the smaller
machines. Because of the inadequacy of repair data on older machines
the average does not represent the allowance which should be made
for cost of repairs.

Parue 23.—Cost of repairs reported on combines of different ages after the first
year per machine and per acre

Secantl year Third year Faurth year
+
Type of comblng W TIH‘ of
Total | Perncers | Totul | Peracre| Total | Per acre
Feel Dotlars Ceais Dollarx Cenls Dollars Cenis

Tractor drawn, with puxilinry { %g £ E i gg ?;; g ?g
L 16 b 4.4 3 X1 IO
AVEIMER . o cvemmesmmaaslemeae————— 20 55 34 b (8 2 PO I,

F{m_: year Sixth yeur Soventh yeor Elghth year

Type of comnhine
Total | Peraere | Total | Peracro | Totol | Perncre | Total | Per nere

Dojlnrsz Cenis Dollars Cends Dotlars Cents Dollara Cents
a5 10.3 41 125 42 1.3 70 17.4

Truetor druwn, with
4h L1 - P A

auxiilney onglno.... .

Avernye -

The repair cost per acre is probably affected less by the acieage
cut than is the depreciation charge per acre. Table 23 indicates that
on the machines which have been in use for about one-helf the expected
life of eight years of the machine the cash cost of repairs would be
slightly less than 10 cents per acre. In computing harvesting costs,

R R
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an allowance of 10 cents per acre is made for purchase of repairs
on the combine.

Most of the tractors were purchased primarily for other work, but
certain repair and labor costs are chargeable to the cost of operating
the combine. To prorate these costs is difficult, as there are many
variables. What part of these costs to cherge to harvesting, when
repairs are necessary shortly after harvest begins or at the beginning
of another job following hervest, is questionable. Lack of date
precludes the fixing of a yearly or acre charge for these costs. Per-
haps the most equiteble charge that could be made would be based
on the total yearly acreage covered by the trector. The total
yearly repsir and lagor costs, divided by the total acreage over which
{he tractor was used, would give a per-acre charge which could be
meade sgainst the trector for each acre harvested.

FIRST COST AND DEPRECIATION

The combine, with its economy in the use of labor and greater
convenience in harvesting, has & disedvantage compared with other
harvesting machines in that it requires a large original investment
and consequently has high depreciation and 1nterest charges. The
first cost of the mashine varies with the size and fype of machine
purchasod. Power-drive machines with #n 8-foot or 10-foot cut may
be priced as low ss $1,000, whereas the larger machines equipped
with auxilisary engines may cost $2,000 or $3,000, depending upon
the make and size of machine. With so large an investment required,
many farmers who have & small wheat acreaege hesitate to buy a
eombine.

Table 24 shows the average cost to farmers in the Great Plains of
machines of different types. This cost varies somewhat with the
location, the terms of purchase, snd the accessory equipment pur-
chased with the machine.

Tance 24.—First cosl of comlines

Width of Avetnge
Typaof combine ot {feat) cgg{;io;as

Tractor cirawn, with power take-off

Tractor drawn, with guxiliary ongine.

IHorse drawn

Total or avernge.___

For the most part, the machines have been used for too short & time
to determine the length of service to be expected under ordinary
farm conditions. Moreover, the combine is in the process of develop-
ment, end & machine mey decrease in value as much from becoming
obsolete as from actual wear and tear. Estimates of the operators
indicate that, on the averags, the machines were expected to last for
about eight seasons. The expected longth of life apparently has
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little relation to the acres cut annually and under conditions of actual
operation is probably affected more by the meehanical ability of the
operator, and the care given, to the machine than by the amount of
work done each season. For the 257 combines included in this part
of the study, depreciation as durived from first cost, estimated
length of scrvice, and ncres harvested annually, is 44 cents per acre.
Depreciation is one of the most important costs to be considered in
harvesting with a combine,

Assuming no relation between the acres cut annually and the life of
the machine, the charge for depreciation would be & fixed cost, and
the charge per nere would depend largely upon the acres cut each
year. Table 25 shows the depreciation charge per scre for different
muachines with varying acres hurvested.

Tavne 25— Depreciation in value of combines per acre for different acreages cuf

l Pepreciation per acra har-
Whith of, SHmber { Avernge ! Yearly vested annuaily
‘T'ypo of combine Ll comr- § costof {depreeis
cut (feet l bines |combinu] tion!
! 0 geres | 200 acres | 35 agres
Tn}?mr drnwn with power luko- { 13 ?3 $L.043 3126 $1.20 $6.83 $0. -!}2
£ a—— ; 1,20 152 1.52 . Ll
12 it 1,810 naE 18 1.0% -3
Practor drawn with auxiliary 15 Sl 2,88 251 1.2 .-
eoviug 16 pls1) 2N bt I S, 1.40 )
1] 3 15 340 [
Horse tdrawn 2 I ; 1512 218 218 100 it
5 1, b1 B PR L4 )
16 i 2 a, B 1,38 92
Duprecintion por nere harvestad gnnolly
Ty 0f comibibne
00 &) 21 F{LH 00 POU 1% 1,00

i
H
HETRS I qUICS LTS nergs peres agTes ACTes nores

Tracter drawn with power take-olf___ d0.31

- It 7 IO O MO M
Tractor drawn with suziliary englue. . ?Ju i 552 ';E ENE T AR et
Lo .80 1} AL LR .38
K] T — - -
HOrse AW e e e cv e vm e e e A 45 - R
i .55 14 W3

1 Daprecintion s based upon un expected lifo of 8.3 vears 45 detormined from estimates of 207 combino
W 0erS.

COMPARISON OF COSTS OF HARVESTING GRAIN

Costs of harvesting grain differ in various sections of the country
according to differences in the priees of the cost factors. There 1s
some variabion. in prices of machines, wages of Jabor, and prices of
fuel and lubricants in different parts of the Great Plains. Some
variation in costs per acre also oceurs with differences in yields of
grain, aithough this variation is less when costs are computed on an
acre basis rather than on a bushe! basis. A wide difference in acre
costs also occurs on different farms under similar conditions of
weather, prices, and yilelds. Variations in such factors as length of
life of the machine, repairs, acres cut per day, and mechanical ability
of the operator cause variations in costs so that computations repre-
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santing averages are not applicable to individual [arms. Figure 7
shows & general comparison of harvesting costs for different acreages
of grain cut by binders, headers, or combines.®

The costs of harvesting with & combine used for making the graph
shown in Figure 7 are computed by applying prices to the average
quantities of lebor and material used as shown by the previous tables

COST
FLCR AGRL I

OOLLANS
COST OF HARVESTING AND THRESHING WITH
s l—ad.| BINDER, HEADER, OR COMBINE.YIELD
15 BUSHELS PER ACRE|

] ]
=AY sreadern  —E—NComtines
| — Y — ] HE=faer {12 arf i faor

3 *
HUNOREDS OF ACRES CUT ANNUALLY

DIRECT EXPENSE OF HARVESTING, THRESHING.AND
BAULING GRAIN ON FARM WITH LABOR OF TWG ———
MEN AVAILABLE, YIELD IS
o BUSHELS PER ACRE |
—“‘—--lza--}n-»en; —¢2>--}~ adt —@—}r b
_@_

IO SR LR () LR 10y iSsfaar

——— T -

f

4] i F4 2 d 13 6 7
HUNOREDS OF ACRES CUT ANNUALLY

Fia, 7.—Comparntive barvesting, threshing, and houtiog cost with binders, hendors, anid cotnbines

on combine operation. Ratbes of payment for labor and material
used for binding and heading are comparable to the rates applied to
the elements of cost lor combining.?

With interest and deprecintion included in costs, the large invest-
ment in machinery causes a high harvesting charge per acre when a

5 in sl the cost dais shown b the tnbles sedl curves i Is Bnportent, therefore, that the odividus!
Reop clanrly In mind the faet that ditferorces in vosts (o ocedr f2om farm to farne.

? Lobor pind tnatarinds sed foc Bindiog sod besding ure aken from dode used (o compling the followlng
bullatin: Wasnsury, K. 8. Op. cit. .
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small ncreage is cut. Depreciation charges are based in all cases on
an estimate of 8.3 years as the life of the combine, and the same yearly
depreciation is charged regardless of the acreage cut. In actual
sorvice 1t seems likely that the yearly depreciation would be less for
small than for largse acreages. The nmount of work done probably
would affect the length of serviee of the machine, particularly in in-
stances where very gIn.igh or very low acreages were cut. Then de-
preciation charged to the binders is based on 10 years of service,
whereas that cﬁarged against the headers is based on 15 years of
service,

The cost curve for combines shows the sffect of acresge cut on
cost per acre nnd emphasizes the necessity of having & large ncreage
in order to decrease the acre cost. As the investment in the 10-foot
machine s smeller than that in the 15-foot machine, and other costs
per acre are approximately the same, the totel acre cost of harvesting
1s iess for the 10-foot than for the larger machine. The unit cost of
operstion in the Great Plains in 1926 was generally lower for the
smaller combines, including the 10-foot machines.

The cost curves of the combine and binder indicate that if harvest
and threshing costs alone are considered the small combine is & more
economical machine than the binder where 60 or more acres of grain
are to be cut., With a 15-foot combine hervesting costs would not
be reduced unless approximetely 100 acres were cut.

When n header is used, costs are somewhat lower than the acre
cost Tor harvesting with a binder. As compared with & header, the
10-foot combine probably would be more economical where 100 or
more acres were to be cut, The 15-foot combine would not be more
economical then the header unless the acreage was as large as 150
acres.

For Jarger acreages, the cost of cutting and threshing with 2 com-
bine is much lower than for either ¢ binder or a header. The small
combine apparently is more ecouomical then is the Inrge size, up to
the limit of its cupucity, buf the cost per acre decreases rather slowly
aftor the ncreage cut is greater than 300 or 400 acres, and the ad-
vantuge of getting the grain cut and threshed quickly probably
would more than equal the small reduction in costs shown. In cases
in which more than 300 acres are cut, the difference between acre
costs with 10-foot or 15-foot machines is small, and the variation
batween costs on separate machines is such that in many instances
the larker machine probably would be as economical as the smaller
one, or more economicnl. Table 26 shows the fuctors considered in
computing the costs used in Figure 7, A.
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Tanub 26.—Charges per acre with different harvesting methods

Por nere chnrges

Tt of cost kool eomblune | 15-foot comblne)  T-fot blnder | 12-foot hecder

Qe Quun- Quan- Quoo-
tity tity iy | Cust  Thjgy | Cest

mnn-honrs., | 3 o & i 3 3 $1.40
hnrse-Hours, .41
Trsober. oo, .. R
. gallons..
Q2 . o, ...
{irensa . 3 Is..
Twhie o LT o
Ropairs..
Tlireshioge 3,

Varinbio vosts. ..

Anmn! cherges

$152 00 3251, 00 .
Inlerest \ o iiaeaeea 480 .| G252 0.

1 Lobior an conmbitnes eharged at 64 econts por hour; on binder nnd heudors at 5 conty per hout,
¥ Llorgo lnbor elinryax! at 10 cents per hour,

* Fua! charged ot 25 conts, olf ot 75 conls por gallon.

i Twing ehnrged vt B eunts por pound,

4 Threghing elinraed ot 10 conts par bushel; i5-hushe! yield nsaunted,

& st on 8.3 yours e for combloe, 10 vesrs for bindeor, 15 years for hemler.

T Anuval charge por tnoeliina based on ane-holf the st cost i 8 per cent,

The farmer on his own farm, with a certain supply of labor and

power available, may be more interested in actusl payments ‘than
in total charges as shown in Figure 7, A. The costs which he must
mect in cash are of first importance. Figure 7, B shows the estimate
ol immediate costs for differont machines with no allowanee made
for unpaid labor, power, or interest on the investment. To harvest
with a combine the grain crop on a farm that has available the
equivalent of the labor of two men would require the hired service
of ono men for hauling, running expenses for operating the combine,
and & charge for replacement of the machine. With one binder,
no additional labor would be noeded for cutting; the extra threshing
labor might be exchanged, and the only immediate costs would be
for twine, operating expenses of the binder, and cost of threshing.
H more than one binder, or if a header, is used, more izbor necesserily
would be hired fTor harvest.

Table 27 shows the cash cost factors considered in the comparison
gshown in Figure 7, B. These costs would be less when a binder
(fig. 8) is used than 'when o small combine is used, unless 110 or more
acres were to be cut. For acreages less than the approximate maxi-
mum to be cut with & binder, the cost is less than that for a large
combine. With a header (fig. 9) the immediate costs are somewhat
higher, and the harvesting costs might be reduced with the use of a
small combine if 80 or more ncres were to be cut. A large combine
would be more economical for cutting more than 175 acres, For larger
acreages than those shown the harvesting costs would be lower
where & combine was used,
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Tanne 27.—Cash costs per acre tncident to harvesting by different methods where the
labor of Lwo tmen {3 avatlable and threshing labor 8 exchanged

Combines

- - 12-foot heatler
7-loot binder cost vost

1tem of cost 1o-foat 13-font
i
Quin- | r Gonn-1 Lmg- | 2ma- | dme- | 1wa- | 2 me-
tity l Cost | "hey | €05t | ehine | chines | ehines | chine chines
Exten Inbor L omm-honrs..| 0,40 | 30,15 030 .IT[ #0061 30.80 $0.96
Fuel ..., - 1,30 L2 L3 -
ol ... .H .03 L8
Cresse. ... L Nl .65 -
Twined. .. . . 38 .23
Rapalrs R 1] 08 Mis] 05 .04
Threshing + ——— - 1.50 150 1.50 1.50
Vnrinbie costs. ... 2] 210 210 28| =28
Deproeintion oo eee e 200 [uaeaaees 4500 | G750 1M 20,67

1 Charged nt 40 cents per hour,

t Fual charged at 25 cants, ofl at 75 cents por goallon.

1 Twine charged nt 14 cenls par pound.

U Threshing eharged nt 10 cants par bushel for o 15-bushel yield.

¥ Based on 8.3 yenrs” lifo far o combine, 10 years for binder, 15 yenrs for hendar,

T : N . T

Fia, -~-Llarvesting wueat with o hinder. If there ara 115 or more nerss of genin to harvest the cosh
costs will be loweret] by using u sinali combine

If extra labor is needed, or additional charges are made, on a given
farm, the cash costs would be somewhat higher, and the point where
8 combine would prove profitable would lie somewhere between the
acrenges indicn.tedp in Figure 7, A and B,

The harvesting and threshing costs for binders and headers are
based upon yields of approximately 15 bushels per acre. With
higher yields, the threshing costs would inerease proportionally to
the inerease in yield, and a compartison of harvesting costs would
show a still greater advantage for the combine. The cost of com-
bining as computed from the available data are for yields averaging
20 bushels per acre. Costs per acre for the combine are so little
affected by differences in yiellzl that the cost for combining a yield
of 15 bushels would be practically the same as for a yield of 20 bushels
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por acre. It is only when the guain is very heavy and the rate of
travel or width of swath talken must be reduced that yield has an
apprecieble olfect on acre cost of cubting with a combine. Kven
then the cost doss not inerease as fast In proportion as do separator
charges with increased acre yiekds.

CUSTOM WORK WITH COMEBINES

A farmer who has a small acreage of grain may find it advisable to
ebbain o combine for his own grain and to depend upen doing soms
custom cutbing for his neighbors. More than half of the combine
owners did some custom work with their machines,

"T'he profit in cusbom cutting depends largely upon the rate received
per acre. In those districts in which the corobine had been used for
only n short time the rate per acre was higher than in other districta

i, U—uevesting whsat with a hender,  1f Lhere pre 80 or more acres of grnin 1o baevest tho caath
cosls will be loswered by using o smnli combine

in which the machines were in more general use. The acre rates
variod from $4 in Texas to $2.50 in Montana. The general rates
were sbout $3 per acre in most of the localities. The charge for
cubting is usunlly higher during the fitst part of the harvest season
than later. Those who expect to hire their grain harvested with a
combine are willing to pay a higher rate in order to have the work
done early and so reduce the risk ol loss from the shattering, lodging,
or blenching of the grain. Later in the season, as more operators
finish their own acreage, competition for cutting may reduce the
rate. An operator who wishes to contract a large acreage for his
machine may charge less than the customary rate if the cutting may
be postponed until the laster part of the season,

Table 28 shows tho owned acreage and the custom acreage cut by
machines of different sizes. For many of the groups the amount of
custom work is almost as great as the cutting on howme farms. Except
for diflerences in charges for cutting, the returns per acre for custom
work are neatly the same, for aﬁ; groups of machines. The neb
returns (exclusive of fixed charges, depreciation, and interest and
repairs) would be approximately $2 per acre from cutting at the rate
of $3 per acre, This would represent the expected return to the.
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combine owner after deducting costs of labor, fuel, and lubricants.
Many farmers do much of the work themsclves, and are interested
primarily in the return to themselves for the use of the combine and
tractor. With no charge for labor the returns would be approxi-
mately $2.50 per acre.

TasLe 28.——Custom work done by combine owners in addition lo culting their
own crope

Wun- dicturns
T of \
cotn- Acrus, i
Width| blnes | Acres,{ vus- OIS poral | Tatyl Combine1 | Combine
Typo of comibing of eut § used [“owa | tom §, P | “ro- [ e and lahur 3
(feat) ¢ for | erop: | out- m.rol 7| coipts |pomsest
clis- ting cutting
tom To- | Por | To- | Per
work tal | acre | tal | seras
Tractor-frawn  with [ 8 12 200 1281 $2.471 sy $03 | $204 5175 ) 8085 1 2.3
power tnko-oft. ... 10 10 sl 1 3.2 HA M7 420|281 51| 3.04
12 % a3 201 278 58 126 | 420 2313| 500 248
Tractor-gdrawn with 15 30 g ] am R55 o8| 647 | 22 744 | 287
auxillary spgine. ... 16 b i) A 308 VR 18| T3 | 242 BBO| 272
1] 3 837 363 2.80 | 1,052 a4 Tus | 220 Bl | 258

P9 Expensea Inchily chnr%es for ubor, fuel, ofl, and grense. No ather chorges aro included,

1 ‘Polud roturns to counbiuoe is tho profit for use of combing gnd tractor with cost of laber, tue!, and Iubri-
cunte deduetnd, bt with no chnrge made for deprecintion aod ropairs,

1 Roturn to combine and Inbor i the proftt for operating o combine and tracter with charges mnde for
fuel sud fubricnnts, it with no deduetion mnde for Inbor, deprecistion, or repols,

Whether this return would increase the net earnings of the farmer
would depend upon the value of his labor in doing other work on the
{urm, or upon the cost of hiring lebor to perform the needed work in
his absence. It night be more profitable for the farmer to allow the
machine to be idle and to use his time to prepare his land for the
succeeding crops.

The possibility of doing cutting for others may enable a farmer who
has & small graln scresge to own and operate profitably & combine
for his own grain because the saving in his own harvest bill is supple-
mented by profit from outside work.

With an increase in the number of combines in o loeslity, and
resulting competition among combine owners, the rafes for cutting
may be reduced until the margin in custom cutting is decreased.
Those in the Greet Plains who ere considering the purchase of 8 com-
bine with the expectation of doing custom work should consider a
possible decrease in the rate of pay for cutting and a smaller acreage
to cub each year.

MINIMUM ACREAGE ON WHICH A COMBINE WOQULD REDUCE
HARYESTING COSTS

Many of the combine operators purchased their machines for use
primarily on the home acreage, whereas others anticipated additional
worls for neighbors es a means of partially paying for their investiment.
Although the average acres cut per year (fig. 4) show that the larger
machines were used on the larger acreages, there is & wide range in
acres cub with esch size of machine as indicated in Table 8, due
chiefly to the influence of custom cutting.
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The minimum acreage for which a combine will be profitable is
determined largely by the cost of other possible methods of harvest-
ing. With & combine, the acre cost will be less for a large than for a
small acreage, and the profitable minimum: acreage will be set at a
point below which some other method will prove cheaper. The
actunl cost of the harvesting and threshing operations should he
supplemented by a consideration of the probable effect of each
method on the labor program of the farm, the effect on followin
crops, aund the effect on the condition and value of the grain threshed.

In a locality where binders are used in preference to beaders, an
operator may find his harvest costs decreased by & 10-foot combine
if bie has 60 acres or more of grain to cut. Based on the cost figures
used in constructing Figure 8, A, his acre-cost of harvesting would
be approximately $4.60. In the Great Plains region custom work
was being done for $3 per acre at the time of this study and, ‘based
upon present combine operating costs, an operator could hire his
cutting more profitably at that rate than purc]ilase his own eombine,
anless he hus ab least 125 acres. With a 15-foot machine, his own
nereaeo should be at least 100 acres before the costs would be less
than harvesting with a binder, and he should have 200 acres to cut
belore his cost would be less than the cost of hiring the grain cut with
n combine. The profitable minimum acreage, in cases in which
headine is the alternative, would be somewhat greater than where
a binder is used.

Table 29 shows the average of estimates made by farmers as to the
minimum acreage for which they would own a combine. The aver-
age of the estimates ranged from 127 acres for the 8-loot combine
to 400 acres for the 20-foot machine. The minimum for 10-foot
combines was estitnated at 198 acres, and the minimum for the 15-
foot machine averaged 276 acres.

TasLe 20—Owners' cstimates of minfmam gereage for which ¢ combine 18 profilable
g

Width Number | Avernge
of eut reportiog | minimum

Type of combine

Ferl Acres

{

Tractor draws with auxiiinry

Horse denwi

Bl psneBinEyR

]

Al farms - - {

In most cases the owners who made these estimates were considering
the header as the slternative harvesting machine, and they considered
factors other than the difference in cost of harvesting by combines
and by other methods.

In cases in which the combine was used for custom work, the acre-
age of owned grain necessary for profitable operation of the combine
would be still smaller than either the estimate of the operators or
the computed figure,
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HARVESTING AND THRESHING LOSSES

HARVESTING LOSSES

Losses of grain resulting from the different methods of harvesting
were determined in Oklahoma, Kansas, Nebraska, and Montana,
The actugl losses were determined by counting the heads left on 12
measured plats, selected at random, one-fourth square rod in area,
in each of the harvested fields.

Loss counts were taken alter threshing on some fields that had been
cut with binders. The heads left in the spaces batween shock rows
and those left in four or more shock bottoms were counted. The
avernge distance between shocks was determined by measuring the
ares occupied by 10 shock rows, and the space oceupied by 10 shocks
in a row. From these figures it was possible to compute the loss in
terms of heads per square rod.

A head sampﬁ: was cut from each combine-harvested field studied,
and from a number of bound and headed fields. The head samples
were obtained by cutting all the heads from twenty-four 4-foot lengths
of dill rows taken at random in the field. Later the heads were
counted and threshed, and the grain was weighed. From these data
it was possible to calculate a yield per acre as well as the average
weight of grain per head.

By combining the data on losses and the yield figures it was possible
to calculate the percentage of the total yield of grain which was left
in the field. The average total and percentage losses of grain from
the headed and bound fields, from which head samples were not
teken, were calculated by using the average yield per acre and size
of bead obtuined from the samples from the combined fields in the
same loeality.

The average losses sustained in five distriets in hervesting 259
fields with combines, 59 fields with headers, and 34 fields with binders
are shown in Table 30. The figures given are the average numbers
of heads lost per square rod. The heads listed as “gut and dropped
on ground”’ were loose, as they had been cut off by the machine.
Those listed as ““not cut because on short and lodged stalks’’ were
not cub off but had been passed over by the harvesting machine.
Those listed as “not cut because of faulty operation® represent
arbitrary estimates based on some preliminary counts and are a
measure of the number of uncut spots in the field. These losses
varied from zero to as much as five heads per square rod in some
fields, depending upon the driver's skill in guiding the tractor. A
few of the heads on the ground had been cut off by grasshoppers
before harvest.




TasLe 30.—Average harvesting losses in culting wheat with combines, headers, and binders in five districls in the Great Plains in 1926

i i Heads of wheat lost per square rod

< Cut and dropped ; v t Aveérage

. Method of har- | Number on ground ; Not cut because weight of : Yield per|

District vesting i g;‘g\gs- g gli?indpfr Grain lost per acre | * jora )
; ea

On shori | Of faulty
Shock Total orlodged: opera-
stalks tions

¥

Winter wheat: Grams Bushels

[Comhine. . . 26,5

Header. ..
Binder....
y Combine.
Ottawa County, Kans Header...
Binder A
Combine
h Henader...
Combine
Judith Basin and Fergus Counties, Mont_[{ Header..

Binder...

i Combine.
Judith Basin and Fergus Counties, Mont_|sHeader:

Alfalfa County, Okla

‘e

... . e
[EREHRBIBLBE

Perkins County, Nebr. o ccicemaaeaiaos -

PrlomuRupens
aRBLBRSBRESE

—

Spring wheat:

OOCOEC OO
bt
BEREYY

Sroxwn

Hill Cotinty, Mont.b o lleiannaas g S
Bindcr.-...--_._._w

s

ATHSHYHIL-IALSTAYVEH AANIENOD:

t Figures are assurned to b the same for each method of harvesting, except in Hill County, Mont.
3 Percentages indicate actual and not computed losses,

1 Fields raked after shocks were removed.

4 Loss data only obtained on machines in this county,
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The variation in losses from hervesting winter wheat with .com-
biunes is shown in Table 31.

TasLe 31~~Losses by percentage claases, by States, by 190 combines harvesting
winier wheat

Number of combines n—

Percentuge of loss
Cldalhoms | Xunsas | Nebraska | Montans | All States

Tto . e e i 2 a 4 41
1to 18 - n ii bt 14 45
2o 20, - 2 8 14 7 3L
F L - 4 AL 2 20
dtod bl 7 2 ']
Stobi.. . .... . - 2 5 1 8
B B e e I P ]
Flo?b ... - a—- [ [ 4
Gver 8. - 1 4 4 7

Tatnl N W2 P 88 az piui]

In 41 of the 190 fields of winter wheat cut with the combine the
loss was less than 1 per cent, in 106 fields the loss was less than 2
per cent, and in 137 fields it was less than 3 per cent. Losses greater
than 3 per cent occurred in uneven or partly lodged grain, on rough
land, when poor machines were used, when operators were careless,
and 1n very windy weather. The losses in the district in Oklahomas,
as shown In Table 32, were less than in the other districts because
of uniform crop development there and the favorable harvesting
season. The weighted average loss in harvesting winter wheat .
with combines was 2.63 per cent. Losses in the use of headers in
the same districts averaged 3.27 per cent. Losses in the use of the-
binder, as determined in two districts, were calculated as 6.06 per
«cent for conditions that were the same as those for which the above
average losses for the combine and header were determined. These
average percentage losses are based on an average yield of 20.4
bushels per acre. The average total losses as computed would be
32 pounds per acre for combines, 40 pounds for heeders, and 74
pounds for binders.

Tanre 82—dverage losses from using combines, headers, and binders for harvesting
unnber wheat

. Average per cent lost

Muchiao nsed Number of

Oklshome | Eansss | Nebraska | Montane | AL States

Cotbloe.. . ..o 180 0.01 2.50 3. 40 2. 58 261
Header.._ .. 41 1.40 3. 10 a.67 3.08 x
Binder 18 3.28 4.58 — .08

The loss figures do not include any losses around the stacks and
threshing machines, incident to threshing headed and bound wheat,
which sre of considerable importance. Neither do they iclude
losses by machines which were practically worn out or which were
cutting in fields that showed severe hail losses or appreciable lodging.
One old combine in Montana was losing 28 per cent of the total crop,
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send some flelds which hed suffered from hailstorms showed losses
of 12 per cent. Determinations of shattering losses were not made
because no such losses were observed in Oklahoms and Kansas and
practically none in Nebrasks and Montana.

The heads cut off and dropped on the ground were the greatest
source of loss from the combine and from the header. A few wheat
heads were broken off by hail or wind or were chewed off by insects
before harvesting, but nearly all of the heads found on the ground
were dropped in harvesting or hauling. In cutting with the combine
some heads fell in front of the cutter bar instead of upon the canvas,
others wers thrown on the ground by the reel slats, and others were
blown or jarred from the platform. Similar losses occurred when
the header and. binder were used. Additional losses where the
header was used occurred when heads fell between the canvases,
or between the elevafing canvas and the header barge, or were
blown, thrown or jarred off the barge in loading or before they
reached the steck. Careless Joading, careless driving of header
barges, and high winds, were responsible for the greater losses in
using the header then the combine, These were slso the chief
sources of loss from the header reported by Bracken in Utah.®®
Wheat usually was cut at a lower point when the header was used
then when the combine was used, so that fewer heads were left by the
keader on short and lodged stalks, but the additional handling of the
headed grain resulted in & higher total loss.

The counts shown for heads left “on short and lodged stalks?’ are
less than the actusl number of heads found, as an stiempt was made
to record the number of heads of aversge size. The heads on.the
ground shd on the lodged stalks probably were representative of
the size of the heads which were harvested. The heads on the short
stalks were small, and the number actually found was recorded as
the approximate number of heads of average size to which these
small heads were equivalent. -

The losses in binding include cutting losses mentioned for the
combine, the loss hetween the canvases mentioned for the header,
and, in addition, the heads dropped from the binding platform and
the bundle cairier, the heads left where the bundles were dropped,
the heads left in shock bottoms, and those dropped from the bundle
wagons. The heads left in shock bottoms were the chief source of
loss in bound, unraked fields. In the district in Kanses, the short
crop was so poorly bound that nesrly all of the shock rows were
reked affer the bundles wers hauled to the thresher. Even after
the raking the total losses exceeded 50 pounds of prein per acre.

The binder usually cuts the grain closer to the ground and leaves
fewer heads on short and lodged stalks than do combines or hesders.
The losses sustained by the three harvesting methods sre in the
order of the number of times the crop is handled after cutting. Few
heeds which reach the canvas of the cutting platform of the combine
ever are lost, whereas the heaviest losses in heading and binding
occur after the heads have fallen on the canvas.

The harvesting loss sustained by many combine operators was
less than 10 pounds of wheat per acre. The smallest harvesting loss
found in harvesting winter wheat with the combine was 0.3 per cent,

51;5 BRACKEN, A. F. LOSSES IN HARVESTING AND THRESKING GRAIN. Jour, Amer, Hoe, Agron. 17: 508
. 1925,
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in Oklshoma, and the highest was 15.4 per cent, in Nebrasks. Effec-
tive harvesting with the combine therefore is possible, but the erop
must be erect and of even height, the sickle must be kept lower
than the heads on the short and leaning stalks, and the reel must be
sot to push the heads onto the platform but not to throw them into
the air. The sickle and rcel can not be adjusted to prevent appreciable
losses if the crop is uncven in height. In this irvestigation the plat-
form was found to be adjusted too much, rather than too little, on
meny combines that had an extra man to operste the heading device.
Many heads were lost in the atbtermpt to avoid cutting too much
straw. When the reel was set far enough shead and %ow enough
down to lift up the heads on the leaning sbalks some heads were
thrown upward by the reel and did not reach the platiorm, :

Harvesting losses showed little relation to the yield per acre for
the different fields. There appeared to be an approximate minimum
possible less for most fields, The better the erop the more easily
it could be handled within certain limits, unless the crop was uneven
in height or was partly lodged.

Fig, 10.—hIsking n test on n moving combine {0 detefming ihe quantity of prain being throwa
over. 'I'he straw is cauphi on the canvas whilo o glven quuntity of grain is being threshed

Gueater losses by all harvesting mothods would have been indi-
cnted if counts had been made in lodged grain. Combine owners
reported, almost without exception, that they were able to harvest
lodged grain as well or better with the combine than with the binder.
Lodged grain, therafore, would have shown the combine at an even
greater advantege.

THRESHING LOSSES

Tests were made on 33 combines and 9 stationary separators in an
attempt to deterinine which did the best threshing. These tests
were made by catching the straw and chaff from the machines on a
canvas sheet while 214 bushels of grain were being threshed,
(Fig. 10.) The grain then was separated from the straw and
chafl on the sheet by winnowing wuntil the wheat that was prae-
tically clean could be measured or weighed. Most of the loss esti-
mates do not include the wheet contained in the few heads which
passed through the machine, but only the grain which was blown or
thrown out with the strew. Any good separator or combine, when
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properly adjusted, will thresh all the grain from dry wheat heads,

and nearly all machines were doing so. .
A few machines were tested while threshing damp wheat. They

were leaving some grain in the heads, and some allowance was made

for these losses. . The tests were made on separators while the

machines were fed normally and on the combines while they were

’li‘eigjg pulled at the ususl speed. The percentage losses are shown in
able 33.

Tasve 33.—Threshing losses delermined on combines and separalors in 1928, by
pereentage classes and by Stales

State, type, cud vumber of machine

Percan Lalg(\ throshing]! Oklshoms Knosas Neheaskn Montona Total
(v L3

Coni- | Sepm- | Com- | Bepa- | Com- | Sepn- | Com- | Sepa- | Com- | Sepa-
hines bines | rutors | bines | rators | bines | rators | bines | refors

13

O A ke GRS b )

Thirteen of the 33 combines were losing less than 1 per cent of
the grain being threshed, and 21 were losing-less than 2 per cent in
this way. All losses of 2 per cent and over were probably due to
poor adjustment or to overloading of the thresher. Eight of the nine
separators tested were losing less than 2 per*cent. The operator of
the one separator that was losing nore than 3 per cent was aware of
having insuflicient powor for efficient operation, but a larger tractor
was nob available for the machine. The average loss with combines
was 1.9 pee cent and with separators was 1.2 per cent, as calculated
from the mean vealues of the loss classes in Table 33.

The results show that, whereas, on the average, the combines
were wasting more grain than were the separators, many of the com-
biues were operated with no greater waste. One combine in Montana
was losing practically no grain. The more upiform feeding of the
combine partly offsets the genervally more skillful operstion of the
separators. Most of the combine operators were not familiar with
necessary adjustments, because of their inexperience. In hesvy
wheat, at the usual rate of travel, the combine cecasionally lacked
the capacity to thresh the wheat without some loss in separating it
from the straw.

Some of the operators adjusted Sheir machines after the tests were
made and thereby reduced their Josses materially.

The losses occurring in the separators tested, omitting the one
meachine which did not have sufficient power, were about the same as
those cbserved by Blauser ' in Illinois and Bracken * in Utsh. The

m’;ﬂm.«ussn. I. P, REDUCING GRAIN LOSSES IN TERESHING, I Agr. Expt. Bla. Qire. 311, 20 p., iligs,

u iimcxzx. A, F, Op. cft,
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threshing losses in this study when combines were used were higher
than were those shown by Bracken.

The average threshing loss with combines and separators, plus the
avara?e harvesting loss when harvesting winter wheat, gives a total
loss of 4.53 per cent for combines, 4.47 per cent for headers, and 7.26
per cent for binders. These losses are shown graphically in Figure 11.

The percentage losses for binders and headers do not include the
apprecinble waste around header stacks and around stationary sepa-
rators, Preliminary tests indicate that several bushels of grain may
be left around each separator setting, especially where gravelly soil
prevents a careful cleaning-up operation.

PER CEMT LOSS

COMBINE

| |
]

HEADER |

BINDER

|

- Horvestng fosa Threshing fass

F1a. IL—Averags fosses in harvesting and threshing winter wheat by different methads
LOSSES FROM SHATTERING AND LODGING

Tt has beon the popular belief that only certain varieties of wheat
are suited to harvesting with a combine. In the Pacific Coast
States the most productive varieties are grown in the different
localities, almost regardless of the relative shattering of these varic-
ties. Goldceoin (Forty Fold) wheat is grown on rather large acreages
in several localities and is harvested chiefly with combines, not-
withstanding its susceptibility to shattering. The strain tested af
]’Ij‘nl‘;liS' Calif., in 1924, did not shatter in that year, as indicated in

able 34.

Shattering perccatages of nearly all commercial North Awmerican
varieties of wheat were recorded by V. H. Florell, of the office of
cereul crops and disenses, Bureau of Plant Industry, at Davis, Calif.,
in 1924. “Observations on shattering were made about 10 days after
the grain was fully ripe. Much of the shattering was due to ex-
tremely high winds which occur in the locality where the observa-
tions were made. Observations made over a series of years and in
more favorable localities probably would show & lower loss for some
of the varictics.

The data for the more important varieties show that the hard red
winter, club, and durure wheats do not shatter readily. Only two
hard red spring varieties, Prelude and Ruby, showed important
shattering losses. Quality and Bunyip showed the greatest shatter-
ing among the white wheats. Bunyip has been harvested successfully
with the combine in the San Joaquin Valley of California. Quality
usually can not be harvested with the combine without incurring a
decided loss from shaitering,
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TasLe 34.—Percentage of shatiering ol Davis, Calif., in 1924 omong the leading
North Amerivan varieties of wheal sbout 10 days afler maturity
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The wheats grown in the Great Plains consist of the hard red winter,
hard red spring, and durum varieties. The principal variety of hard
red spring wheat is Marquis. These same wheats are grown in Min-
nesobn, northern Iowa, Wisconsin, and the northern half of Illinois.
These varieties will not shatéer enough to prevent harvesting with
combines. Tast and south of the States mentioned, soft red winter
wheats are grown largely. The varieties of soft red winter wheat
which shattered more than 30 per cent under the dry, windy con-
ditions at Davis, Calif., might suffer losses in the Hast when left
standing for a considerable period after maturity. Fultzo-Mediter-
rancen, Goens, Rudy, Trumbull, Flint, Gipsy, and Leap showed the
heaviest shattering losses among the important soft red winter wheats.

Many varieties of wheat lodge badly when grown on wet or rich
sotls. Wheats which do not lodge are preferable for any method of
hacvesting. As the combine harvesis lodged grain as well as binders
and headers do, the introduction of the combme into a region would
not necessitate o change to stiff-strawed wheat varieties. In pro-
longed wet weather, following lodging, some of the grain may be
spoiled by contact with the wet soil and the straw also tends to decay.
The acreage which a combine could cut without loss, following such
conditions, would be limited.

CLIMATIC FACTORS AFFECTING THE USE OF COMBINES

Weather at harvest time is the chief factor determining the acreage
per machine that can be harvested safely during a given period. The
average annual and summer monthly rainfall at several stations in the
Great Plains and humid eastern regions are shown in Table 35,
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TaeLe 35 —Average annual and monthly precipilation et 14 stations in wheaf-
%rowing sections of the Greal Plaing and humid eastern regions of the United
tales

Precipiintion
Stution Recard
years Beptem-
Annnal | Tune July | August ger October

L} B

1 Number | faches dnches Inchey | Tnches Iaches Tnekes ¥
Cnnndinn, Tex__ ... . 17 23.48 3.581 219 2,38 2 52 210 .
Alvn, Okln. oo L - 205 3.64 278 3 E8 318 L4d
Minnenpolls, Kans.... .. . . - 33 4.88 .03 .02 240 1.98
Aladrig, Nebroooooan oaiion 42 4.0 150 240 L. .12
lLewistown, Afont. . - . 28 3.62 238 147 1,80 140
Amenin, N. Dak. . . S 30 387 3.0t 272 1.87 1.29
Whntertown, 8. Dk, .., . 3 3. 02 249 a.02 2 ). uh B
St Papd, Minn o0 . 55 + 4l 340 346 3.42 23 Y
Dies Moelnes, lowa.... . . ] 47 460 3.61 3.5t 15 2 M :
Knnsas City, Moo.... .. ... . 37 -4 66 4. 84 4.75 4.7 221 K
Urbnon, Wl -] 3.0 war 3. 15 280 2.20 .
Indinnmpolls, Imed.. ... ..., ... 54 -1 4.13 3.33 3.05 2,70 I
Colhunbus, Olde._.... ... . A7 3.49 3.65 3.5z b 235 B
Muerksburg, Po..... e e 54 3,54 3.87 425 L85 295

Based o me records of obout
L6 srotions for the 20-year period
F895-1%i4, ond 2,000 edditionc! -
records, froem 5 o dF years in leagih, . i
unifarmiy cojusted 10 The same perled N

L3 ™ i b

Fi0. 12.—AVERAGE JUNE PREGIPITATION, 1H INCHES

The most poteworthy fenture of the peographiv distribution of the Tuna rainfall Is the relatively
largo sriount received betweon the enstern foothills of the Roeky Mountalns and the Mississippl
River os compared with the gnnoal ameunt in that reglon.  In mest of this area the June lofall
rntges [rom 3 to 5 {nches, being 15 to 20 per cent of the shntal amount. East of the Missigsipp
River tho rainfmi] for the month ranges from about 3 inches along the Canndian border to from 0 to 8
inchies pesr the Gulf coast.

The average rainfall during June, July, and August, in the United
States, is shown in Figures 12, 13, and 14. The number and percent-
age of days during the harvest season on whick rains of 0.1 inch or
more oceurred, during a 13-year period, are shown for several stations
in Table 36. The percentage of rainy days was lowest in Montana,
was less in Illinois, Towsa, and North Dakota than in Oklahoma, and
was nighest in Pennsylvania, ;
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Based on the records of abour
LEQ0 srurend for the 20-yeor parod
MABE~1TI%, g3 2,000 adaiponut
recerds, Io S fo i@ georsin ltngth. *
uttformidy idjusted 10 the Stme Perivd

F1a. 13.—AVERAGE JULY PRECIPITATION, IN INCHES

July rafnfull resuils largely fram dooal thutdorstorms, whicti are wwors nilmeroas in this than in
iy uthier tnonth,  Over mingh of the Great Plains the averago July rminfllis spoprechs ity las thnn
{or Jude, Bt Lo the costward chery ix I gosensd np foereiso t amotnd gver tin precoding month,
Lo the southwoesiern regloy, nelding westurn ‘Foxns, Now MMondvo, nad 1most of Arizoon, July s
ety vhy wobtest month of the your,

Based on the records of about
LECD xintons for Hie 20weor peciod
1835=1315, and 2,000 adthonal
records, from Siaid geortiniengh.
uatformiy adiusied fo the some perted

N

a

F1a. 14.—AVERAGE AUOUST PRECIPITATION, IN INCHES

Ty Augreesk, wg i Juiy, radndnil 1s dnrgely Lhe rosuie of thunderstarms, In genoral the fuogm F]

datribution of preefpitativg for Angust (oes not ditfer mnterindly from thut of Juiy, n

f though In
perbivng of the Plaiu Stnies tho ninounts sre nsually sorwwbat less in Aupgust,
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TanLm 36.—Duration of harvest season and average number and percentage of
rainy days at nine slations in the Greal Plaing and hwmid castern regions of the
Uniled Slules during the 18 years, 1914 to 1926 , tnelusive
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or wnora of ruinfoll
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inclusive dutes Percentuge
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Lewistown, Mout, .| Aug. L to Sept. 30
Dres M~{nes, [own.... eemi July 1
Urbnns, Nl ... - tlo
Colunibus, Qldn., . .. . L] P
LTS TETTIT TN L N tla

by July 31,
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The duys on which rains of 0.1 inch or more ocourred during the
harvest month, at six stations, during a 13-year period, are shown in
Figrure 15. :

Hurvesting with the combine has been successfully practiced in
the vicinity of Alva, Olda., since 1918. The graph shows that
periods of wet weather which would have delayed harvesting con-
siderebly occwrred at Alva in 1915 and 1921. In the other years
the rainy periods were of short duration or were so intermittent
that there was no serious interference with harvesting. The graph
shows the rain would not have interfered seriously with harvesting
in the vicinitics of Amenis, N. Dak., Des Moines, Iowa, and Urbana,
Ill., but that rains were somewhat more frequent at Columbus, Ohio,
and Herrisburg, Pa. At these points rain would have interfoered
more seriously with harvecting with the combine than at Alva, Okla.
At both poiuts, however, harvesting probably could have been done
on ab least 12 and perhaps 15 deys during the month of J uly each
year. .

The number of reiny days is not an exaet measure of the delays
caused in harvesting. A heavy rain causes only a slightly longer
delay in harvesting with the combine than does a light rain, because
the standing wheat absorbs only s limited quantity of moisture,
and it diies rather quickly as soon as the weather clears. A rain of
2 inches or more usually delays shocle threshing as long as it delays
harvesting with the combine. A rain that is followed by cloudy
wenther may delay harvest several days, wheress a shower that is
foliowed by a clenr sky may cnuse little delay. Rains that occur in
late afternoon may not delay the harvest for more than a few hours.

Evaporation is grester and humidity is less in the Great Plains
region than in the Corn Beit, or in the Eastern Stetes. The average
retative hwnidity at 2 p. m. during July is shown graphically for
the United States in Figure 16. .

It can be seen that the humidity is less in the Great Plains Tegion
than in most of the sections east of that region. This would indicate
that there would be more delay in harvesting after rains in the
Eastern States than is the case in the Great Plains States where com-
bines are now used. Figure 17 presents the comparable average
relative humidity at 8 o. m. and shows that the Great Plains and
Corn Belt States are very similar in humidity conditions in the early
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morning. This would indicate that delays in starting combines in
the morning would be but little greater in the East than in the Great
Plains region.

ALVA. OKLA. ToTAL URBANA. ILL.  roraL
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Fic. 15.—Days on which rains of 0.1 inch o more oceurred during the barvest month at six stations
dluripg 14 years, 1614 to 125, inclusive

The average number of days on which hail oecurs during the frost-
less season in the United States is shown graphically in Figure 18.
The area of greatest hail occurrence is in the Rocky Mountain region
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where little wheat is grown. The belt of second greatest hail fre-
quency contuins important wheat-growing sections of Colorado,
Nebrasks, and Kansas, and most of the State of Towa. Hail is a

Bogwd on the recovdls of about
90 srations for the fiva-yddr period

1876-1880 \‘\
.l

Fia. 16— Average relative hurnidity, 2 p. i, local time, July

much grester risk to the wheat crop in the portion of the Great
Plains region where combines are now used extensively than in those
sections where few combines are used.

%
Based on the records of
about 200 regufor \Veother

Bureay storens
-\L\:

Fip. 7. —Average relntive humidity, B a. m., seventy-fifith meridinn time, July

Many farmers in the Great Plains carried hail insurance or all
grain crops. Some farmers Teel that there is an added risk when
grain is harvested with a combine since the crop must stand from
7 to 10 days longer than when cut with a binder.
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High and prolonged winds, coming when the grain is ripe and dry,
gometimes cause heavy shattering losses.

Intermittent raivs occurring at harvest time may cause a loss of
valuable time, the amount depending upon the duration and fre-
quency of the rains and the stage of ripeness of the crop.

Bused on the reconds of obouf
202 fuil raporing Slahons

AT

Fui, 14 dovernge nuentaer af diyts witl hudl doring Ve frostloss season, 20-pear perbod, 1kab-H14,
nelusive

MAXIMUM ACREAGE WHICH CAN BE CUT BY A COMBINE

The maximum acreage which can be eut by a combine is dependent
upon the size of the machine and the length of the harvest seeson.
In the Great Plains, where $he hard winter wheat will stand for a
considerahle time without deteriorating in quality, the maximum
acrepge which a combine can cut is very high; many 16-foot
machines cut more than 1,000 acres. A 15-foot machine, cutting an
average of 35 acres per day, would cut 525 ncres in 15 cubting days,
or 700 scres in 20 days. The lurgest acreage reported cut by a
15-foot machine was 1,100 ncres. A 10-foot imachine cutfing an
average ol 25 ncres per day would harvest 375 acres in 15 days or
500 acres in 20 days of cutéing. The largest acreage reported as
cui by o 10-foot muachine was 640 acres,

Owners of 10-foot combines cut, on the average, 25 acres per day,
and the 15-foot combines averaged 35 acres per day. At this rate,
with a harvest season lusting 15 days, the 10-foot machine would
harvest 375 acres and a 15-foot machine, 525 acres. For all 10-foot
machines the average cut during the season was 457 acres; the 15-
foot machines averaged 574 acres; and the 16-foot machines, 682
acres. The differcnce in total acres cut was due prineipally to varia-
tions in the length of the harvest season. Most of the machines in
all localities were cutting suflicient acrenge to reduce the cost per
sere to o comparatively low figure.  Many of the operators considered
that the investment would be warranted with even a smaller acrenge
than they were cutting. A great many cousidered that the combipe
was able to handle a larger nereage than they were cutting.
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Lante 37.~Owners’ estimates of mazimum acreages which cen be cul salisfaciorily
with a combine

Gombines barvesl- | Comnbines harvest-
ing omly winter ing both winter

| orspring wheat and spring wheat

Trpe of combing

Number | Aecres ( Number | Acres
reported [harvested] raported |harvested

350
450
800

Traclor-drown, with suxliinry engine . " : -}é?g

‘Trastor drawn, with pewor toko-off

EHorso drawvn.

Allfnems. . .. ...,

As shown in Table 37, the maximum acreage estimated by farmers
is nearly the sume as the average number of acres cut annually by
machioes of the same size. The combines generslly were being used
almost to their full capacity, and for machines of each size the number
of acres cut annually is nearly the same as the estimated maximum
acres. Where both spring and winter wheat are harvested, the
acreage cub by each machine is increased, and for some groups the
avergge nwnber of acres cut exceeds the number of seres which the
operators considered the meximum capacity of the machine.

QUALITY AND CONDITION OF WHEAT HARVESTED WITH COMBINES

Quality and condition of wheat at the time of marketing determine
the grade and thus influence, to a considerable extent, the price the
grower receives for hus product. Both of these important factors are
Influenced by conditions at harvest time, such as ripeness, prevalence
of weeds, and moisture. All of these conditions can be controlled,
in some measure, by the operator.

Fear that grain harvested with the combine will not keep in storsge
has in the past caused some buyers of whert at both local elevators
and at terminal markets to be prejudiced against such grain. There
1s no appreciable diflerence, however, in the quality of wheat that is
harvested and threshed with a combine, and the quality of whest
that s harvested with a binder or header and threshed by a stetionary
thrﬁfhing machine, when the conditions under which each is used are
similar.

Many combine operators, cspecially those who are operating s
machine for the first season, have a tendency to begin harvesting
before the wheat is fully ripe for harvesting. ~ If hauled directly to
the elevator, this wheat is in poor condition because of high moisture
content. If a field ripens unevenly, the resulting wheat will be in
poor condition, because of the raixture of green kernels. Again,
weeds, particularly Russian thistles and sunflowers, affect the keepin
quality of wheat by increasing the moisture content of the threshe
grain.  Cleaner fields and the use of cleaner seed are two ways of
reducing the number of weeds ut barvest time. _ )

Experienced combine operators do not start their machines until
couclitions are right for harvesting, As s result, their wheat is of &
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quality and in a condition equal to that of any wheat grown under
lice conditions that is harvested and threshed by other mechines.
Car-lot shipments of whest made by some of these men grade as
high at the terminals as does wheat that is threshed from the shock

or stacl.
MOISTURE CONTENT

Moisture content is usunlly considered an important factor affecting
the quality and condition of wheat, and it is one of the important
factors in the officinl grain standards. Grain which has a high
moisture content can not be milled sutisfactority and does not keep
in good condition while stored.

uring recent years much wheat has been of the lower grade because
ol its moisture confent. This has boen true whether the whest was
threshed by the combine or by the stationary thresher. Since the
introduction of the combine into the Great Plains States most of the
tough or damp wheat that reaches the terminal markets is suspected
ol having been harvested with & combine.  As s matter of fact, wheat
thut is threshed from shocks or stacks, either before it has time to
cure or too soon alter ruins, is dwnp or tough, just as it would be if
threshed whew in a similar coundition, by & combine,

If the wheat is allowed to stand long enough to dry belfore harvest-
ing wilh a combine, the result is satisluclory. Most of the wheat
harvesied with combines n 1926 was accepted at elevators at the
same price as was other wheat of equal grade. During most of the
bharvest season of 1926, in the Great Plains, wheat harvested with
combines had n relatively low moisture content and was in good
condition.

In southern Kansas in 1923, samples of wheat collected from com-
bines were found by the department to contain from 10.4 to 16.7 per
cent of moisture, and those threshed from sheck, 13 fo 17 per cenf.
Wheat threshed from shocks near Delphos, Kans., on July 10, 1926,
two days alter a rain of about 2.5 inches, contained an average of 13.4
per cent inoisture and that harvested with a combine on the same date
contained 13.5 per ceut. Thirty lots of wheat harvested with com-
bines, June 22, 1926, around Cherolkkee and Burlington, Olkla., con-
tained from 11.2 to 14.8 per cent of moistwre and had an average
content of 13.2 per cent, and two lots threshed from shocks on the
spme date had 11.2 and 11.4 per cent, This wheat appeared to be
dry and in good condition and weighed 60 to 63 pounds per bushel
although it was not as dry as it had been & faw days earlier. A rain
oceurred in this locality on the night of June 23, and on the following
day eight lots of wheal harvested with combines contained 15.8 to
17.6 per cent of moisture, the average being 16.8 per cent. One lot,
threshed from shocks on the samme dey, contained 13.8 per cent mois-
ture. This wheat was too damp to thresh well. These results show
that wheat will contain & bigh percentage of moisture either when
harvested with combines or when threshed from shocks too soon
after a rain,

Around Grant, Nebr., in 1926, wheat harvested with combines
shortly after rains contained up to 18.6 per cent of moisture. Later
the moisture content was as low as 10.4 per cent. One lot threshed
from shocks contained only 9.4 per cent moisture. Sixteen carloads
of wheat shipped from Grant during the early part of the marketing
season of 1926 showed moisture contents ranging from 9.8 to 16.3 per
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cent on arrival at Omaha, Nebr. Most of this wheat was harvested
with combines, but none of it had heated during shipment.

The mojsture content of samples of wheat collected in Hill County
and the Judith Basin district of Montans duving the 1926 harvest
season is shown in Table 38. In these districts a few individual lots
of wheat harvested with combines ran considerably higher in moisture
content than did any that were headed and threshed, but much of
the wheat harvested with combines contained no more moisture than
the headed wheat. The samples of wheat harvested with combines
contained slightly more dockage than did the samples of the headed
and threshed wheat. Much of this dockage consisted of Russian-
thistle tips and other weeds which were too green and wet to be sereen-
od or blown out at the time the grain was harvested but whick had
dried enough to make the separation possible by the time the headed
stacls were threshed,

Tam.e 38.—Moisture conlent of Montane whea! harvested by different methods

Molsture content {pur cent)

. Maothod of hur-  + Number of
District vosting Shmpies

\
Maxioww | Minimum | Averags
H

T Ceanky oo o o0 o) Combinel oo 19 7.0 06 122
o ... Cenceeceeeet Meadero oo 14 1.4 12 10,4
Judith 1asin. cema| Comddne., . ... ... Lt 2.4 10.4 1.4

FEST WELGHT

Test weight is influenced by climatic conditions. It is usually
highest when the grain ripens under favorable weather amd the
natural moisture content of the grain is down to about 11 to 14 per
ceni. I wheat is left standing alter it reaches this stage, as is likely
to be the case when the combine is to be used, and if rains raise its
moeisture content materially, the test weight 1s lowered. The test
weight per bushel of a given lot of grain is an index to the quantity
of flour that may be milled from such grain, and therefore is an
important grading {actor when the official grain standards are
applied. Test weight per bushel should not be confused with legal
bushel weight. Test weight is based on the weight of a given vol-
ume of wheat, whereas legal weight is based on weight only,

BLEACHING

Wheat that is lelt standing in the field after it is ripe has a tendeney
to bleach. In this bleaching process the natural luster is Jost and
the bren takes a whitish or washed-out appearance. This change
takes place under any kind of weather conditions, but its extent
depends somewhat upon the length of time it is exposed and the
kind of weather it encounters.

In grading, bleached wheat is at a disadvantage when it is placed
in the proper subelass under the official grain stendards. The offi-
cinl stundards provide three subclasses for hard red winter wheat
and three for hard red spring wheat. These subclasses are based on
the percentages of dark, hard, and vitreous kernels contained in o
given lot of grain, und these percentages are considered indicative of
quality. The higher the percentage of such kernels, the better the
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guelity of the lot of grain. After grain is bleached there are no dark
kernels, and it is extremely difficult to indentify the hard and vitreous
anes. UNEVEN RIPENING

Wheat from & field that apparently is dead ripe may show e high
moisture content because of a mixture of green kernels in the gran.
Ripening usually is fairly uniform within a field except in low wet
spots or in spots where the stand is thin. The wet grain from these
spots of green wheat is lkely to cause heating in the threshed wheat.
Some operators cut around the green spots and harvest them later if
they are considered large enough to be worth the trouble. In
cutting around spots there is always a loss of grain where the crop is
crushed down, except when the small power-drive combine is used;
it is mounted directly on the tractor with the sickle directly in front
of the machine. Irregulamty in the ripening of the crop and soft
wet spots in the field are probably the two chief drawbacks to the use
of combines inh many fields,

WEEDS

Weeds were not a factor in the harvesting of wheat in the distriets
studied in Texas, Oklahoma, and Kansas. In Montana, however,
and to-some extent in Nebraska, considerable trouble was experienced
with weeds.

Weeds interfere with the use of the combine only when they are
high enough to be cut off by the sickle. A few operators cut the
wheat rather high in order to avoid cutting weeds, and in doing so
they missed some of the wheat heads. A collection of a few large,
mature Russian thistles (Salsole pestifer) can sometimes stop a com-
bine reel. Ordinarily, only green weeds cause trouble. When
chopped by the cylinder teeth, they frequently overload and choke
the tailings return and the grain elevator on the combine, thus causing
delays end an occasional breakage.

The chief objection to green weeds, however, is their effect on any
wheat with which they become mixed in threshing. An experiment
to delermine the effect of green Russian-thistle tips on the moisture
content of wheat was made in Montansa in 1926. Ten per cent by
weight of green Russian-thistle tips was added to each of two lots of
wheat. The moisture determinations of the thistles were made in
duplicate. The moisture content of the thistle tips, and of the clean
wheat at various intervals after mixing, is shown in Table 39.

Tanre 39.—Perceniage of moisture tn Russion-thislle tips and in clean wheat al
varigus tniervals efler miving

Lot 2

Tips

FPer cent
AL ke of mixing 7.8
6 hiowurs laler
18 haowtrs Inter.
30 hours loter
43 hours loter
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The thistic tips contained 71.6 per cent moisture at the time they
were cub and mixed with lot 1. The moisture {from the green tips
was rapidly absorbed by the wheat, and the moisture c.aitent of
the wheat increased from 10 per cent to 14.2 per cent in i% hours.
The thistle tips mixed with lot 2 contained 71.9 per cent moisture
at the time of mixing with the grain and the moisture content of the
wheat increased from 13 per cent to 17 per cent in 18 hours.

The proportion of green tips to wheat, as prepared for this expori-
ment, is no greater than that found in much of the grain which is
threshed during the latter part of the season in Montsna. These
results show that it may be dangerous to store wheat when harvested
with green weeds, even though the wheat itself may be dry enough
to store safely were it not for the presence of the weeds.

GRAIN STORAGE

Probably two-thirds or more of the wheat that is harvested with =
combine is moved off the farm during harvest or soon thereafter.
About 65 per cent of the farmers interviewed stored no wheat on
their farms except an ample supply for seed. A few farmers store
their entire wheat crop on the farm when they think it is in good
condition. Others store only that portion of the erop which is
harvested during dry weather, after the crop is fully ripe; they
mearket promptly that which is harvested early in the season or before
the grain is dry enough, after showers, to be stored safely. Some
farmers who have a long haul to market and would require extra
help to move the grain during harvest, pile it on the ground and
haul after harvest. This enables them to use the regular crew for
both harvesting and marketing the grain, which saves the expense of
extra help, elthough it means additional handling of the grain.

With the increasing use of the combine end the movement of the
crop from farm to market in a shorter period than formerly, local and
terminal storage facilitics have had difficulty in handling the greater
volume, especially when a large part of such grain is unfit for storage.
Local elevators often take some damp grain when enough dry grain
Is available to mix with it, but when too much damp grein is delivered
they may vefuse to accept it.

Moisture is the prime factor in determining the keeping quality of
wheat., However, grain which is stored at & high temperature is
more likely to go out of condition than is grain which has the same
moisture content and is stored at a lower temperature. The physical
condition of the grain, the humidity, the air temperature, and the
nature and quantity of foreign material also affect the keeping
quality of the grain. Such observations ss have been made in the
hard winter wheat district indicate that under normal conditions the
storage risk is considered to be reduced to a safe point when this
moisture content of the grain is not over 14 per cent.

Tough grain which is stored during hot summer weather is more
likely to go out of condition than is similar grain if stored in cooler
weather. The temperature of grain threshed on a very hot day and
left standing in either a wagon or grain tank on & combine, exposed to
the direct rays of the sun, will rise 5° or 10° above the temperature of
the surrounding air. If such wheat is stored in a bin or a railroad car
the probabilties are that it will not keep as well ag if it had been cooled
to the air temperature,
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1f grain is allowed to stand so that it will be In better condition for
storage, rain or hail may cause a greator loss than would have been
sustained by harvesting and marketing the greener grain. Weather
conditions at harvesting and threshing time may run counter to the
best storage condition of the grain so that farmers may have to choose
between these hazards.

Terminal and loca! storage facilities are being taxed by the rapid
incrense in use of combines. Suitable storage for the threshed grain,
or some practical method of drying the moist grain, is needed, uniess
harvesting can be delayed until the graln is dry. Comimercinl driers
at terminal clovators arc nsed to condition new wheat and wheat that
is tough from recent rains, bub beceuse of the expensive equipment
needed, such driers are practicable only in these places where large
quantities of grain are to be handled. Country elevator operators run
the grain from one bin to another so that the air passing through the
strenm of whowt can dry and cool it.

On the farm, where mechanical means for handling grain are not
available, grain may be kept cool and well ventilated by equipping
bins with ventitators to supply tresh air and to carry off excess mois-
ture. This method will not insure wet grain from going out of con-
dition, but it may prevent serious losses from molding or heated grain
in cases in which the moisture contens is not excessive.'

EFFECT OF THE COMBINE ON FARM ORGANIZATION

The use of the combine in the Great Plains region has not yet had
a marked coffect upon the farm organization. The same general

type of farming has existed on most farms since the range was put
info cultivation. Wheat is the main enterprise, and livestock is
unimportaut on most farms. With the reduction in harvesting costs
made possible by the use of the combine some increase in the acreage
of wheat on some of the farms may be expected.

The combines in the districts studied enabled the operators to
harvest n larger acreage with a smaller labor force than they could
have arvested by methods previously used. To take full advantage
of the combine, the maximum acreage for an outfit of the size owned
should be handled. It naturally follows that the wheat acreage per
farm will tend to approach the acreage that can be handled with e
single combine. This tendency to inerease the wheat acresge may
bring some marginal land now on farms into cultivation; or in dis-
tricts where land is still in range it may result in a further breaking
up of grassland. In sections like the one studied in Nebrasks,
where & choice exists between corn and wheat, wheat will probably
replace corn on some of the poorer corn land.

The use of the combine may cause wheat to move farther into the
semiarid sections now in pasture, on the one hand, and to replace other
crops in the more humid sections of the whest belt, on the other, An
increase in size of farms and an increese in acreage of wheat per farm
may be expected in those areas where the combine can be successfully
used end where the farms are now too small to allow full utilization of
oue machine.

131“ CaLEMAN, D. A., and RotReEs, B. E. HEAT-DAMAGED WEEAT. U. 8. Depl. Agr. Tech Bul. &, 32p.
us, W7,
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POSSIBILITIES FOR THE USE OF COMBINES IN EASTERN AREAS

Combines should not be expected to achieve the same degrac of
success in the castern humid regions that they have achieved in the
setniarid western wheat-growing regions. Smaller farms and the
smaller fields tend to make the combine 2 less economical method of
harvesting wheat. Weather conditions also are somewhat less
favorabie in the East. A farmer who has & large acreage of crops
to be harvested, or who can use his combine on aeighboring farms,
mt‘%r find the machine a profitable investiment,

he crops to be harvested may consist of wheat, oats, barley, rye,
buckwhent, sweet clover, red clover, soy beans, millet, and timothy.
A larger acreage of wheat thau of oats, barley, or rye could be cug
without loss from shattering.  As has been shown, several important
varieties of wheat that do not shatter readily are now grown in the
Eastern States. The weather conditions during the harvest period
in many of the Eastern States are but little more humid than those
in some sections where combines are now used successfully. These
facts, together with the development of the small combine, poing
to a wider use of this method of harvesting in the more humid sec-
tions. In sections in which the straw is fed or used for bedding,
some objection to the use of the combine will be made unless some
satisfactory method of saving the straw is devised.,

SUMMARY

The combined harvester-thresher has given general satisfaction in
harvesting wheat in the Great Plains region. Advantages of the
combine are as follows: (1} It lowers the cost of harvesting and
threshing; (2) it reduces the amount of labor required; and (3) it
shortens the harvest and ghreshing period.

Combines most generally used in the Great Plains region have cuts
of 12, 15, or 16 feet, and each is equipped with an auxiliary engine
and is drawn by & tractor. Power-drive machines with an 8-foot or
106-foot cutter bar are also used.

In the hands of most operators, combines have proven to be depend-
able harvesting machines.

Grain acreages cut annually by combines of gll types and sizes,
according to this study average 553 acres per machine. The capacity
of the machine is primarily dependent upon the width of cut and the
length of the harvest season. The average for different types of
machines ranged from 275 acres for the 8-foot machines, to 1,077
seres for the 20-foot machines. The average cut by 16-foot machines
was 682 acres.

In general, wheat was the only crop harvested by the opergtors
included in this study. The acreage of other crops was small, and the
time of ripening was so nearly the same s that of whest that the use
of the combine on other crops did not magterially increase the capacity
of the machines.

The average rate of travel was 2.75 miles per hour, and for most
machines it varied between 2.5 and 3 miles per hour. The size of
machine has no apparent effect on the rate of travel.

The average length of the working day was 10.4 hours.

Acres cut per hour ranged from 1.6 for the 8-foot machines to 4.5
for the 20-foot machines. The 16-foot combines averaged 3.7 acres
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per hour. The cut per hour for each foot of width was approximately
0.23 ncre. The rate of cutting depends upon the rate of travel and
upon the size of the machine. For yields ordinarily reported in the
Great Plains region, the rate of cutting is only slightly affected by the
vield por acre.

The morce important elements of cost for harvesting with a combine
are charges [or labor, fuel, repairs, and depreciation on the machine.

On the average, 0.6 gallon of gasoline per acre was used in the
auxilizry engine. Fuel consumption per acre in the auxiliary engine
is nffcefed somewhat by the size of machine, the rate of travel, and
the yield of grain.

A'tractor with a drawbar rating of 15 horsepower was most generally
used on combines with an auxilinry engine, although one-third of the
12-foot machines were drawn by smaller tractors.” Fuel used in the
tractors on contbines equipped with an auxiliary engine averaged 0.8
gallon por nere.  The larger combines were slightly more economical
than the small muchines i the use of fuel per acre.

uel used in both auxiliary engine and tractor averaged 1.4 gellons
per acre.  The total fuel used per acre in machines with power drive
was only shightly less.

Less than once-half of the labor used on combines was hired. The
average wnount of man labor for harvesting with a combine is 0.75
man-hour per sere, as compared with 3.6 mau-hours usually furnished
by the [nrmer for harvest and threshing where grain is cut with a
binder, zud 2.8 man-hours where the cutting is done with a header.
The crew required to operate the combine is smaller than the crew
usocl for heading, or [ur binding il more thas one binder is used.

Repairs are estimated from available duta at 10 cents per acre.

TFor all combines, deprecintion averaged 44 cents per acre.  There
is no appurent relation between the acres cut annually and the
estimated lile of the machine. The per-nere depreciation charge
is less for large than for small acrenge cut by the snme size of machine.

Inierest charges are fixed, and the per-acre charge is less for
large than [or smull acreages.

Under similar conditions, harvesting costs per acre show some
varintion between [arms in the same area.

For small acrenges the expense of harvesting with a combine is
greater than with either a binder or a header. Where 60 or more
acres are o be harvested with a binder, or 100 or more with a header,
the small combine may prove more economical than these machines.
The latge combine may be more ecoomical than a binder if more
than 100 acres are to be cut and more cconomicsl than a header if
150 acres are to be cut. The choice between a large or a small
conibine should be made on the basis of the capacity of the machine
and the acreage to be cut.  Where 300 or more acres are to be cut,
the fixed charges of the combine are reduced, and the machine is
then operated at the lowest cost.

1o cases in which only the usual direct costs are considered, 100
zeres could be harvested as cheaply with a binder or header as with
a small combine.

The variable costs per acre, based upon charges made for different
harvesting methods, are $1.47 for a 10-foot combine, $1.50 for a
é{}-gmt combine, 83.36 for a 12-foot header, and $4.22 for a 7-foot

inder.
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The average harvesting loss with combines is 2.6 por cent of the
totel yield as compared with 3.3 per cent [or a header and 6.1 per
cent for o binder. The actuul loss of grain cut with the combine
averaged 32 pounds per scre, as compared with 40 pounds with the
hender and 74 pounds with the binder.

The average threshing loss with combines was 1.9 per cent of the
grain threshed, as compared with 1.2 por cent for the stationary
thresher.

Factors other than harvest costs which showld be included in a
consideration of the use of the combine are possibility of loss of
grain from weather or from shabtering, disposni of straw, and the
quality of grain, including the moisture content as ib is threshed.

Where combines are available for custom cutting & man will find
it cheaper to hire his grain cut than to own & 10-foot machine if he
hes not more than 125 acres of wheat; he can hire it cub more
cheaply than to own & 15-lvot . thine unless he has more than 200
agcres.

A 10-foot combine should harvest 375 acres in a 15-day harvest
season. The minimum profitable acreage in the Great Plains for s
muachine of this size is a{?out 150 acres; the maximum is aboub 640
nerves. A 15-foot combine should harvest about 525 acres in 15 days,
with & minimum of 200 and & maximum of 1,100 acres.

Most machines in this study were cutting as much as the operators
consiclered the maximum capucily of the machines.

More than one-half of the combine owners were doing some custom
cubling with their machines. The returns from custon cubting may
enable an owner with & small acreage to obtain a profit on the in-
vestuient in & combine even when his own acreage would not warrant
his purchasing 8 machine.

Probably two-thirds or more of the wheat harvested with & com-
bine is moved off the {farm during harvest or soon thereafter.

Care must be tuken in storing grain which is harvested early or
soon after raius,
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