
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




:; 111112 8 11111 2.51.0 
wW 
w 
a.:: ~ 

~. ~ I 2.01.1 ..... 
111111.8 

111111.25 111111.4 11111 
1

.
6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or SlAND"RD~-196J·" 

~ 1111'2 1111L2.5W 1=1.0 8 

~ liii 
wa.::W 
iii 

1.1 ::.. ...... ~ 

111111.8 

111111.2~ 111111.4 11111-.1.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF SlAND~RDS·1963·A 

http:111111.25


==~~~~=~~;~~~~==
(;c;;$§.l~iJI1JIJJ~TECHNICAL BULLETIN" No. 70 "biJ ~~~ }'EIlRUARY, 1928 


UNITED STATES DEPARTMENT OF AGRICULTURE 

WASmNGTON, D. C. 


THE COMBINED HARVESTER-THRESHER 
IN THE GREAT PLAINS 

By L. A. REYNOLDSON, Associate Agricultural EcollOmi,~t, und R. S. KIFER, 

Assistant Agric1litul'Ul Economist, Division of Fm'm Jllanugelllcnt and Costs, 

Bttrell_1l oj AIIl"icllltuml Economics; J. 11. J\-lAIt'I'IN', Associate Agronomist, Office 

IIJ Cereal G-rops and Discases, Burealt oJ Plant J1ICiustry, und \V. R. liUMPUllIES, 

Senior EI!ginl1~..,.ing Aide, Dil,ision oj Agricultural Enyhwel-illy, Bureau oj 

Public Roads I 


IN COOPERATION WITH THE ACRICULTURAL EXPERIMENT STATIONS OF 
TEXAS, OKLAHOMA, KANSAS, NEBRASKA, AND ~.'IONTANA 

CONTENTS 

Introduction_ _________ _____________________ _ LI'ago Pago
Comparison 01 costs of harvesting groln______ 30 


Dovelopment lind uso of the combine________ 2 Custom work with combines________________ 35
SCO(lo of the study_______ ,,__________________ :l ~IinilIlum acreages on which n combine 

Descri(ltion of districts 111111 ~~'peoffllrming_.. " would reduco burvesting costs_____________ 36 


Ochlltreo Count;', '1'ox__________________ 7 IIurvesting nnd threshing losses_____________ 38

Alfalfll County, Oklll__________..______ ._. 7 IInrveSting losses________________________ 38

OttllWII County, Kalls___ .•_._.__________ 8 'rbreshinglosses.._______________________ 42 

Perkins County, Nebr______________ .____ 8 
 Losses from shattering nnd lodging______ 44 

'rhe Judith llU!lin in Monlllnll ••______ ••• 8 ClimBtie (nctors a!Tocting tbe us~ oC combines_ 45 


Ago of combines, nnd uccessory equi(lmont Muximum acreage which enn be cut by a 
us~d___ •__ •___________ - ____ •________ •___ ___ 0 combine. _. __________________ ._____________ 51 


Acres cut unnunlly by combincs_. __________ • 11 
 Qunlity nnd condition of wh~'t hnrvested
.Power nndlnbQr_____________________________ 13 with comblne..~_____________________________ 52

Durution of h,lrvest 501150n ______________ .___ 15 MoistUre conteuL _____________ .. _______ 53 

Rnto of harvesting_._______ • __ •• _. __ ...._____ 17 

}'netors influp,ncing the mtc o( harvesting____ 10 fiFe~chf~~I~~==:=::::::==:=:::==:::::=:::: ~ 

lloliabllity of combines______________________ 20 Unaven rlpening ______________ ..... _____ 55 

Elements of cost In Imrvesting with B com- Weods_____________________________ ______ 55
bine ______________________________ ._,_____ 21 Grain storngc _____ --_________________________ 56 

Labor____ .._. ________ •____________ ._____ 21 
 Effect o( the comhine on (nrm orgunizntion__ 57 

.Power, fuel, nndlubrk-nnts ___________ .__ 24 POSSibilities (or usc of com hines In en:lternHcpllirs__________________________ __ _____ _ 27 nrens ...._e ______ . ________ . __ ._______ ________ 58


Sumlllury_______________________ _____________ 58
First cost nnd depreciution______________ 2<J 

INTRODUCTION 

The introduction and use of the small " combine" or combined 
harvester-threshel' for hanresting the wheat crop has been responsible 
for a 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 headel's 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.2 

\ This bulletin, which is n complde rt!port of tho combined harvester·thresher Investigntion mode in 1926 

sUJl<!rsedcs tho preliminnry report Harvesting Wilent witb n Combined Hnrvester·Tbresher In tbe Grent 

Pillins Region, 1026, wblch covered onl}' ccrtnin pbnses of the study. 
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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, 0':: to purchase a combine, is puzzling many farmers, 
especially those who live in areas where a general change has not 
been made. The information contained .in this bulletin was gathered 
tor the purpose of assisting wheat growers to arrive at a decision. 
It should also be of value to college extension workers, county agents, 
and. farm-equipment manufactm'ers and dealers who are called upon 
to consult with farmers on the relative merits of different harvesting 
methods for their farms . 

.FIG. 1.-'I'I1l' type of coml1ined harvester-thresher now in common use on the Pacific const 

DEVELOPMENT AND USE OF THE COMBINE 

Combines were first used in Oalifornia 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 11 swath as wide 
as 40 feet, and required crews of 5 men, and as many as 3u, horses or 
mules. The threshed grain was run into sacks which were sewed 
when full, dumped 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 equipped with 11n engine which pro
pelled the machine and furnished power for the threshing u;~it. Be
cause of their size the use of combines of these t.ypes was not considered 
practicable for the fn.rms of the Great Plnins. About 15 year'S ago a few 
of these machines were brought into the Judith Basin of 1Ylontana, 
where SOIlle are still in use. One or two were carried as far south as 
Nebraska, but their usefulness there was short lived. The present type 
of combine used on the Pacific coast is considerably larger than the 
machines in common use in the Great Plains, and is generally pulled 
by horses because of the hilly character of the wheat .land. (Fig. 1.) 



3 COl\{BINED HARVESTER-THRESHER 

The first small combine put on the market was mannfactured early 
in the pl'esent century. In 1905 this small horse-drawn combine, 
which cut a 7-foot swath, was manufactured in Idaho. Satisfactory 
reports al'e made of its work; yet the duration of its existence was 
mther short, and its use was confined to the intermountain and Pacific 
Northwest States. A little later other small combines were manufac
tured. These machines were used only in the far ·West. The later 
small prairie·;type combine, equipped with an auxiliary enghe and 
pulled by horses or a tractor, was introduced in 1918. (Fig. 2.) 
This gave the fai'mers of the Great Plains a machine which, with the 
developments that have followed in the succeeding years, has proved 
to be practical, efficient, and economical under most of the conditions 
of that region. The newness of the machine, its high cost, and the 
donation of farm prices during the five years following its introduction 
koptthe 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.-A tyP<.' of eombin,~d hllrvester·thresher used in the Grent Plnins. Some combines nro 
equillped with n grnin tnnk, but this outfit delivers tbe grain directly iuto tbe wngon, whicb is 
pullednlong witb tbo mnchino 

Now model combines, with a cut of 8 or 10 feet, drawn by a tr-llctor, 
and with a direct power-drive from the tractor itself, were introduced 
in 1926. (Fig. 3.) Such a machine has specific advantages because 
it requires a smaller investment than do the large machines with 
auxilio,ry motors anel 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 small combine has not been entirely restricted to 
the wheat-growing areas of the Great Plains for, during the last two 
years, farmers in the Corn Belt and Eastern States have been buying 
and using them for harvesting various crops. 

SCOPE OF THE STUDY 

During the harvest season of 1926 the United States Department 
of AgricuiLUl'e, in cooperation with the agricultural colleges and 
experiment stations of Texas, Oklahoma, Kansas, Nebraska, and 
Montana, conducted a study in selected districts of those States, the 
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purpose of which was to determine the practicability and cost of 
harvesting wheat with a combine. 

Detailed informati.on was obtained from a large number of combine 
users and was recorded by the investigators. In compiling this 
information no individual records were discarded because of ineA']leri
enced operators or because unusual difficulties were encountered, so 
the dll,ta presented hem reflect the results obtained by a number of 
combine operators under a variety of conditions. For the purpose of 
making comparisons of harves'bing costs for different methods, infor
mation was obtained from a number of farmers in the same district 
who were using binders or headers for harvesting their wheat. 

}'lG. 3.-A type or power·drive combined harvester-thresher recently introduced to rarmer. or the 
Grent I'luins 

DESCRIPTION OF DISTRICTS AND TYPE OF FARMING 

Conditions in the districts where the combine studies were made 
arc normally favorable to the use of the combine. The prevailing 
topography is level to slightly rolling. The small acreage on the 
slopes along streams did not necessitate the use of leveling devices 
on the combines, and the slightly Tolling 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 aitectsthe draft of the combine or the footing of the trador, it 
may nJIect the harvesting operation. After Tains, some of the trac
tors lacked sufficient poweT to pull the combine up the slopes at 
normal speed . 
. TIle same general type of farming pTevails in the districts in which 

records of combines were obtained. Wheat is the important cmp, 
and on many of these farms it constitutes the only impOl'tant enter
prise. On most of these farms the income from livestock enterprises 
is negligible. The averuge 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 crOD Oil 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 
have been harvested with a combine. The combine could have been 
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used to harvost, sorgluun in the districts whero thl1t Cl'Op is grown. 
Othor crops were hm'vcsted with tho combine, but the lllllchines were 
bought pr.luH11'ily to hnl'vest wheRt and would not have been bought 
to harvest the smnll acronges of other crops grown on thc"1e fl1l·ms. 
TAULE I.-.tivcragc size of farllls and avel'llge -nwmber of acres ·in crops on jarms 

'Wherc combines are owned 

Crop 
Num. I.llnd 

Stllto ber of iu cui· F'lllow S~~e 
tim· 	 Orlliu Illud farmsf,urns liou WIJellt 0 nnr·om loy sor Onts HIlY Other 

ghums 

--------1--- ------------ ---------._--- --
Acre.~ Acrt" Acre." .l'lcrc.'i' .Acres .Acre., .Acre.., Acres 	 Acres .Acrt's 

rJ.'{~llL'~.w ... ~ ~ ...... __ • __ ... _ .... ~(i 070 fil2 0 52 70 10 2 0 '1,026
Okinholllll .........,," 61 :lO:1 211(\ fi a s 0 ""iii' 2 3~8 
Knllsus_ ....... ~_ .... _.. _.. ..,"' .. 28 :Jao 2:11) -18 18 11 20 :J 426 
N Qbrllskll ••••••.••••.•• ~O 117:1 :J2\] 1~ :12 1 23 17 14 ····;;4· Oll 
1\1outIlUIl•••••.••••••,. 57 711 -142 2 6 ------- :1 ]3 1 2<14 9Q.t 

~~l~~:.~~II:Q:_271__.•fi75I 3~2 liS---:!llU14.12--5-r---n-;-w 
I Size of 12 fnrms not obtnin~d. , Tho !tCl'eage of wheltt on the 271 fltrms where records of combine 

opemtions were obtained ranged from 65 k· 1,200 acres. Table 2 
shows the distribution of farms according to acreage of wheat and 
the avol'!1ge !teres ill other crops for farms of oach size group. Of 
these farms, 99 lULd 240 Hcres 01' less in wheat, 83 had 241 to 400 
Heres, 50 hud 401 t,o 560 acres, and 39 had more thnn 560 acres. 
TIl caeh of these. groups there wore other grain crops which could 
11ILve been hn.rvosted with 11 combine. 

TABLE 2.-Aocrayc '!Lumber of acrcs 'in C1'01J8 on janns with different acreagcs of 
wheat where comb·illcs are owned 

Whent 	 Other crops 

Num· 	 1\I1s·FallowArea in wheut (ueros) horof 	 celln·lundfllrms \Vinter Spring '\'o((ll Darley Onts 	 neous 
smull 
grain 

--- .. -.~-.-~ ·-~----!I-----------------------
Acre. ACTl\' Acres Acre., Acre.~ .Acre., Acrts 

2·10 or loss ......................... __ • 99 ISS 16 174 2·1 0 12 2 

2·11 10 ·If)(]................... _•• __ ..... 8:1 2,1)5 tH 3111 72 18 15 1 

·un to 5IiO........ _••• __ .............. . flO 325 	 156 ·ISI 1·15 2·1 15 

061 to 7~~L............... __ ......... . 18 516 	 I:m (j[J.[) 11.2 58 20 2 

721 to~....................... _... . la 40.1 	 282 777 1·10 46 12 

~ll\ud ovor.__.....................__ 8 lH2 	 J~O I,OtH 1[>0 01 2'J 5 


Totul or nvenlge............... 271 !lSI SI 362 7tl 21 


Other crops-Oontinued 
1----;---,----,----,---1 Total Size 

Aron in wheaL (ucres) Ornlu 1\1 iseel· '1'otul Oulti· of 
sorg Corn liuy )ulleous other vnted fnrm 
hum crops crops

------1·-------------------"-
Acres Acre., Acres Acres Acres .lteres Acres 

2·W or h:~SS_6 ........ ~'" ~~",. .. ". _ ~ - ""' •• ....... ~* ...... - ...... 1:1 5n 11 ·1 107 305 421 

2·11 to·I(Xl...................... .~.,~ .. -......-..-.. 7 ~ 13 {; 142 533 OM 

·101 to 51JO ..................................... 13 66 12 4 134 7f>O 0'.12 

(>til to 720 ..................................... iii) ·10 1:1 8 107 961 1,410 

721 to~ ...................................... 20 M 13 :I 1M 1,000 1,·138 

&lll\ud over.................................. 012 HI 6 2 270 1,490 2.672 


12 {; 137 576 '761--_._--
, Sizo 0112 furms noL obtulnc!l. 
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The livestock enterprises on these £111"111S were l'cil1tively unim
pOl·tant as compl"lred with wheat.. The average llluuber of livestock 
for ellch district is given in Table 3. 

TADLE a.-,Average 'lwm/Jcr of lil.1c.~tOGk on farms f01" each elistl'ict Imrveyeel 

AVQrago tuunhor {lor fnflll 

Nmn· Horses ClIttio IStllte berof 
fnrms I---;~--I----;---~--,..---I Swine Sheep 

Milk DoofWork Othor cows cattle ;;.~~\~ 'rotul 

'1'0.,"s••••.•.•.•.••••. "' •••••. 411 8 10 4 33 26 63 12 :18 
Ok1I1holIllI••• , .. " .... __ ••.. 51 6 !! 6 4 5 15 U 1 
KnnslIs ......... , .•.••••• !!8 8 6 17 7 :10 5 

Nebruskn............ ........ ~9 0 2 5 12 13 30 r.4 2 

Montnnn.................... Of 7 1 3 :I :1 U 0 2
----------.--.---- 

'I'otlll or lI\'erngo•••____ 271 8 :I 5 '. 12 I 1l I 28 I 23 8 

.Mechanical power and lllTge units of machinery are widely used in 
the region. The number of fttrms with and without tractors and 
trucks .is shown in T!1ble 4. N early aU farms hl1ve one tructor or 
more and about 50 per ,'cnt of the hnns usc t1lUotor truck. A. few 
fl1r111S were opemted entirely by mechanical power. 

TAULI, 'l.-NumiJer of farms with (md. without tractors (mel tracks 

"---;':-rlIls hllv~~lFllrl;ls hl\vlng ~'l1rIIJS IlJlving Fllrms h'IVillg I 
tmetors of 1~· tmotors of truetors !If tmclors of Farms·hn\'· 1,'urms not 

dmwbllr 15 or 10 17 or IS 2()·(\rnwbnr ing trucks I huving
horsepower druwbur dmwhar horsepower of-

N' u or leg,o; hO~QPowur hor~opowcr or more 

StBte ' ~o~r • . !"--- I \ I I 
fnrms Num-, Nmll- NUfll- tNum· NUIIl- NlllU- Num-\ Num

her ' ber ,ber ber ber i her I ber ber 1 ton :r.{oro
hU\·illg.luwingiluWingihnvillg lul\"ing l11wing,hll"ing hnving or thun ~~c'l Truck 
1 tmc·: JIIore 11 true· more 1tme·' more 1 trae- lIlore less 1 ton I 

____.I ____~!thnnll~~ ~1 ~_:tlInnl ~~ thunl __,_______ 

I I NIUI,·NI,m·I I ucr ber 
'l'oXBS ..... " 46 10 " 20 n 4 •••___ • 6 ....__. 21 2 2:1 
Oklllholl1l1.. 51 ~'2 3 III a 11 ....... 4 .._ 21 1 4 3000" 

Kllns"'.....!!8 \0 _...... II _._••• " 1 .•., •.• _._.••.•_.._.. 3 '...... 6 2.1 
NebrnSkll... 80 :Ill I! 15 ,15 11 Hi ..__ ••_ 7 •.•._.. 41i 8 1 an 
:Montllllc.__ r,7 7 ,I I 22 6 \ 10 2 15 ,\ 31 1 3 25 

-----1--.'j------------------f--
'1'otIlL. 271 nO I :Ii 114. 26 42 \ 2 32 4 12'~ i 12 14 130 

I 1 farlll hlld 3 trucks. 

The alllOltnt of labor used on farms was obtained for all districts 
except the one in Texas, and is shown in Table 5. On a few farms 
...here wheat only was grown the opert1tors were on the farm only 
during seeding and ht1l'vcst. Over one-hl1lf of the farms were oper
ated by one HU1n with the help of some extra labor during the harvest 
deason. A number of the farms on which two men were available for 
the entire yet1l' were operated by father and son or on a partnership 
basis. Few operatol's employed labor that was hired for the entire 
year. Nearly all Jl1l'ms hired extra labor during the harvest season 
and a number used extra help dW'ing the entire summer. On the 
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nVeI'nge these flu'.ms used the equivalent of 3.4 months of extm Iltho1' 
in addition to tbe ,regular Inbor, This extm Inbor was used pl'inci
pally during tbe bllrvest season and for prepllrmg tbe Innd for seeding; 
j t was either Jltluily Inbol', avnilable for 11 short time, or Inbor whicb 
wilshit'ed for the busy sel1son. Dl1Y lnbor, equivnlent. t.o the Inbor 
of one IllI1U for 19.5 days, was used, principally for harvesting and 
thresbing. 

~I\\!Il,}a 5.-Labor 'used on /anl!s on 1vnic!1 combines are owned 

.-'.-.-. --~ ..-~- ...-.--.. --.---.----.--;--- 
Nllmh(~r or fnl"lll~ using yeurly 

Inhorof- A vcrngt' ..t~~Ii~11\1~t~~~- .Numbor 
number of f"rllls N'ulIl- .~~~.- ~ . I"'. of ilion '--'-- on which 

be,' IIf llsednn· less thlln
Acrl'-' III whent Ifnrmsl nuully 1\-rnIl' Mun· 1 ycnr's

Lmall 2 nllm 3 111011 ·i men 5 mon por 1II0nths <lIlYS lilbor 
fnrm fl:,?,;, fN;,;, WIIS used 

· .... ·~-"l-/I· ·,';~-I ·~·.·~'I '~~j -'~I" '--1---------- 2·1[) or loss. ............. . u. _ 

241 to .100•• __ ............ 1. I 2.8 15.0 13 


1.4 3.7 Ii. !} 8·tol to GGL............... ·1:1 20 II 2 I '"_''' 

5(Hto7~lL~ ... ~._~.""_,.h .. _~ 8. 2 2 ~ .. ___ .. .. 
 La 4.0 18.4 4 

2.0 5.0 58.0721 to SS(). .... ........ 8 2 I I ...... . .. -----.---1.0 2.0 42. I 881 find 'l\'er ..... ____ ..... a I •__.... ........ 2 ---- ..---- ..
4.0 ·\.O 44.7 

'l'oLal nr nVel'l\g~ ..... ---;;-[27 ---;.-t '~~- -~:-I ' .. t:1 L~~~J~~=._2~ 
I TJullllr rl\pnrts WCrt,· not. obtained from -10 (arms in rpcxns. 

Conditions ill g'PIll'1'111 1'11'l' the sallie tlu'oughout the Grent Plnins 
rogion, uu t l'(,l'tHin clllU'uetel'ist,les of cueh distriet caused differences 
ill loeal fal'lll ol'gl1nizution RUe! n:tl'ectcd the use of the cOlubines. 
811eh rae!iors us SiZl' of fartus, topogr'llpby, type of soil, Imd climat.e 
all .Il1WC lUl ctl'ect 011 the 'lduptl1bilit.y and use of the combine in the
district. ' 

OCHILTREECOUNTY. TEX. 

Oehiltl'll(1 County is .Ioentl'd along the nor'them bordl,1' of the pan
hnndl(,. Tht' Iwer'llg-o pl'e('ipitation in this section is 24 ,incbes 
nllJ1llllUy. The I.ul/Test senson eomes ILt a time when the monthly
,1'ninfllll .is .less tluLU 3 inelll's, 

'l'lw nn1l'ugo size of ILIl Jarms, us report.ed by the 1925 census of 
ugr'iclILtllr'(\, wns 918 IWr'('s, the uvel'nge whent uerellge being 168 
llel'l'S per' I'llI'm, The fm'lllS on which the recol'ds W'/ll'e obtuined were 
somewhnt 1m'gor thltn those r('ported by the census and had an aver
uge of 512 Ilcr:ps in whoat. Gl'ain sorghum is the principal cultivated 
crop, Some bnrLcy and oats w('I'e gl'Own. 

A fe\\' mtlcbes hl1d large herds of cattle and u few had flocks of 
sh(wp. The sJllnllcl' fanus which were mostly sown to whent have 
li ttle pnsture, and on them liYesto('k is unimportant, 

AU'ALFA CO.UNTY. OKLA. 

Th(' selected distt:ict in Oklllhomll was .Alfl1lfa County, which is 
located on the nort.hcl'll border of the State just west of the ninety
eighth llwddian, 'rhe avernge nnuuulminfall is 28 inches, and the 
mon thly rainfall during the hlLI'Vest senson normally is between 3 and 
4inehes. 'rhe soil is pl'ineipl111y 11 silt 101un, nlthough some of the 
soils 111'e somewhat sandy. 

http:report.ed
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According to the census reports for 1925 the average size 0; farm 
was 2] 2 acres, of whie h 97 acres wel'e in wheat. The farms on which 
reCOl'ds were obtained averaged 348 acres and had 266 acres in wheat, 
Other' crops nncllivestock were unimportant on the farms on which 
combines were owned. 

OTTAWA COUNTY, KANS. 

Ottawa Oounty 3 is just east of the ninety-eighth meridian in the 
northern pn.rt of Kansas. The annual precipitation and the rainfall 
during harn~st twe milch the same as in Alfalfa Oounty, Olda. The 
1925 census of agriculture l'eports the average size of farms as 255 
11.('res, with 82 acres in wheat, 44 aeJ'es in corn or sorghu:m, 8 acres in 
OtLtS, and 10 acres .in hILY. The average size of farmH included in 
this study was 426 acres, with 230 ILCres in whetLt, 66 acres in cOrn 
and gmin sorghum, and 20 llCl'es in hay. A few farms reported herds 
of cattle; many "farms in the section would be classed as general 
farms, although wheat is the importl1llt t'~op on the farms that use 
combines. 

PERKINS COUNTY, NEBR. 

Perkins Oounty lies just east of the north<!ast cornel' of Oolorado. 
The annual proci pitation is ILbout 18 inches with less than 3 inches of 
rainfuJl during the month of harvest. The soils are silt or sandy 
loams, and in some .fields the soil is so loose as to 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, 94 in wheat, 132 in corn, and small acreages 
of O!Lts, btu'ley, rye, !Lnd hay. The farms on which records were 
obtained averaged 911 acres in size, of which 329 were in wheat and 
183 in corn. Hogs are an important enterprise, equaling wheat in 
v!uue of annU!u production on some of the farms. 

THE JUDITH BASIN IN MONTANA 

Judith Busin and Fergus Oounties lie almost in the geographical 
ccnter of MontaIlIL in what is known as the Judith Basin. The 
average !Lllnutd precipitation is about 17 inches, and the rainfall 
during the harvest months is usutilly low. The harvest season in 
1926 wus tlllUSlHtlly miny, and some harvesting was delayed until 
October. The soil in the basin is a clay loam underlnin, at a depth of 
2 to 5 feet, with a layer of coarse gravel. For these counties, accord
ing to the1925 census, the nvemge size of farm was 702 and839 acres, 
respectively. Both winter and spring wheat are grown; the average 
is 103 and 160 acres of wheat per furm, Other crops were unim
pOl-tant. Oombines haye been used for a longer period jn this district 
than in the other districts. 

The farms 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. An 
average of 244 acres were summer-tilled. Other crops were unim
portant 011 these farms, and there was little livestock other than the 
work stock. 

3 OttllWl1 County is not loellted in the typicnl rombine area of Kansas. hut was chosen because it is neor 
the present custorn limit of the comhine area in that State nnd so it W:', thought that rninfall would be nn 
l!lIportallt factor dUring the hnrvest seaSoll. lt is felt thllt the datn frum Alfalfu County, Okln., are fairly 
roprosclltativo of wheat·growing sections of south·central Kunsus, where the farms ure larger Ilnd moro 
combines are used than ill Ottawa County, 
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AGE OF COMBINES, AND ACCESSORY EQUIPMENT USED 

NeaTly one-haH of the combines in use on these farms were bought 
in 1926. Only 83 of the 268 mnchines had been in operation more 
than two sellsons. The average age of all machines recorded was 2.4 
years. 

S.inee combines were first introduced into the distdcts the size and 
type has boon changed somewhat, and some new equipment and 
necessories have been added. The pmchaser now has a widm' range 
of ehoice oJ ul[uipment. Some Itccessories may be wanted, under 
certa.in conditions, that would not always be used. Tho most impor
tant items of t.his new equipment, which lurve been added since the 
iir'St pmil'ie type of harvesters were introduced !lJ'e, the c..'Ctension to 
tho cuttel' bar n.nd platfonn, the straw sprendel', and the grain tanlc 
Stl'ltW bunehers, sacking attnehmellts, self-:foedel'S, and straw carl'ieI'S 
IlI'O not of tOil uRed in the Gront Plains. Table (i shows the number 
lWei size of eom hines pUl'chnsed, by years.4 The combines on which 
J'eeol'ds were obtained were purchased in 1917 or later. The com
bines bought between J 917 and 1921 had a 12~foot cut or a 9-foot 
eu ton whieb the eutting capacity of the machine had been increased 
by the addition of It 3~foot extension to the cutter bar and platform. 

TABLE G.-N'umber of combines by year of 1lltrchase and width of cut 

Number of combines bought in-

Width of cut (feet) 

1017 1018 1010 1920 1921 1922 1923 102·\ 1025 1026 Totnl 

----------1-------.----- -- -----8_________________________________ ______ ______ ______ ______ ______ ______ ______ ______ ______ 25 
2510________________________________ ______ ______ ______ ______ ______ ______ ______ ______ ______ 11 11

.12________________________________ 1 2 5 15 12 8 4 9 7 314 ________________ •______________., _________________ • ______ ______ ______ ______ ______ 1 _____ _ 66 
15 ________ .. _____________________ :______ ______ ______ ______ ______ 3 1 7 J:l 31 1 
16___ • _______________ •____________1_____ • ________________________ ._ .__ 2 12 40 52 55 

166 

~:::::=::::::::::::::::::::::::::!:::::: :::::= :::::: :::::: :::::: :::::: ____ ~_ ----1- :::::: ----2- 3 
1 

~l'able 7 shows the mUllbel' of combines of each size using extension 
cut or other usutJ additional equipment. The change from the 
12-foot to the 15-foot and 16-:foot combine was made by increasing 
the length of the cu tter hal' mther than by malting a corresponding 
increase in the size of the separator. Of the few combines purchased 
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 . 

• The numbcr of combines includl)d in Tnbie 0 nnd thoso which follow deplmd upon tho dnta to be 
shown. Certain cOlllbim's hnve beon omitted frolll some of tho tnbl.,s bemuse of incompiete dntn or other 
irregulnrltles wbkh render thom not compnrnbie with the combines included in the study. 

85334°-28--2 
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TAIlLE 7.-Numbers of combines of each type arId iJize .1tsing various items of 
accessory eqnipment 

Wi~lth IKumbcr Exton' strnw "ragon Gmin1'Yllo or combinu or cut or ~om· sion out sprender elevator tank(rCoL) hIDes 

••. : ....... ==----:m7---u2-mj-m-m 


'rmetor dmwn, with Jlower tllko-olL._._._ 
8 

10 
25 
10 

.. __ .._......_. __________ __________ 
_______..• i 1 

2f) 
9 

12 'Ni 2:1 12 36 10 

Tmcter drawn, with Illullliney ongin" ____ • 

Horso dmwn._. ___________ ._ •• _____ .•____ _ 

15 
1G 
20 
12 
)5 

51 
l().l

3 
3 
3 

31 
51
3 
2 
J 

as 20 22 
711 40 04
2 ___•_____ . 3 

___•_____ . 3 _________ _ 
1 3 _____ • ____ 

16 2 1 1 1 1 

TotnL_.____ •• ___•• _____ 
----_._-_.-.._--'_. -'---... ,- _._._---_.' 

1 Ono mnchiul' used u sacking: ntluchllllmt. 

One-hali of the machines equipped with an ,auxiliary engine made 
use of the extension cut. or the 56 lnachines with a 12-foot cut, 
23 were regular 9-foot mnehilles with a 3-foot extension. None of 
the 9-foot combines was used without an extension. Of the 51 
mnchines with n 15-foot cut, 31 were regular 12-foot mnchines with 
3-foot extension, and of thfl 104 combines with a 16-Joot cut, 51 
were 12-foot machines with a 4-foot extellsion. For a given make of 
machine the threshing and sepanLting caQacity lllay be the same for 
a 12-foot as for 15-foot or 16~foot cut. The separating capacity of 
the machines clifIel's somewhat between machines of the same cutting 
width but of difrerent model. For most of the machines, the thresher 
could handle ordinary yields of grain without difficulty even with the 
extension cut added. A few farmers whose wheat was very heavy 
did not use the extension in 1926, !Llthough it had been used in 
previous years. If the yield 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 amiliary engille in use there seems to bea place for smaller 
machines in this district. In 1926 the smaller power-ill'ive machines, 
were introduced, and 25 of the 124 combines which were purchased 
that yea.r were 8-foot, and 11 were 10-foot machines. Only 3 of the 
machines purchased were 12-foot combines, whereas 83 were i5-foot 
0.1' 16-foot machines. 

The recent models of combines used in the Great Plains usually 
are equipped with a stntw spreader to scatter the straw instead of 
leaving it in a narrow strip. Straw spreaders were more generally 
used on the 15-foot and 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 not using them. 
In some cases where the straw was hea",,}, the spreader was removed 
because the spreader was giving trouble; in other cases it was 1'e
moved, and the straw dropped so it could be burned in the winill·ow. 

A few combines wel'eequipped with straw bunchers, which catch 
the straw and drop it in piles on the field. Few bunchers, however, 
,are used in the districts of the Great Plains region, as the straw is not 
saved for feed and it is not heavy enough on the field to interfere with 
later cultivation of the soil. 
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The common prac.tice in the Grettt Plains is to handle the threshed 
grain in bulle. it few machines were equipped with sacking attach
ment.s, but all except one of the combines for which records were 
obtained used eithe.l' tnuks on the combine or wagons to handle the 
crrain. In cases in which the gmin is hauled by truck there is a 
distinct u,dvantage in using the tRnk on the combine as the grain can 
be run dil'ect;\y from this tl1nk to the truck, and the labor of shoveling 
is eliminated. vYhen grain is stored on the farm or hauled to market 
in wugons, there mtty be no saving in labor from using a grain tank 
on the combine. The grain tank generally is built on new machines, 
and it hus been added to many of the older ones. When motive 
power is insuflkient, as on hilly land, or in light soil, or when a light 
tractor is used, it may be necessary to remove the tank and substi
tute a horse-dnnvn wngonto l'(:llievetbe tractor of some of the load. 
IJ the bottom of the tank is high enough, the grain spout can be left 
open !lnd the grniu allowed to rilll directly into It horse-drawn wagon. 
Some fn.l'.luers report considerable side dmft on combines which do 
nothtlve n gmin tank unless a grnin wagon is nttached 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. 
SOllle stntionn,ry threshing is dOlle without these attachments, but 
add i tional lttbor is theu required for feeding the machines and dis
pOSillg oJ the struws. 

ACRES CUT ANNUALLY BY COMBINES 

In 1926 un nvcmgc of 533 acrcs of slllull grnin had been harvested 
by each tract,or-drawn combine Oll the farms visited. Of this acreage, 
518 acres or 97 pel' (~cnt WHS in wheat, and the remaining 3 per cent 
was used as follows: Barley 12 acres, oats 2, and other small grain 
1 acr~. Two-thirds of this acreage harvested was on the home farm. 

The. harvesting season for nll crops came at practically the same 
time of the yem', and the H.creage of other crops was so small that the 
ha1'Ycsting sellson was not genel'ttlly prolonged by crops which ripen 
nt difl'ercnt times dlu'ing the season. In the Judith Basin of 110ntana 
both sprlng fwd winter wheat m'e grown and, as there is a difference 
of one or two weeks in the tinte of ripening of the two kinds of wheat, 
th.e harvesting season is somewhat longer. As a result, the acreage 
cut per machine was somewhat greater there than in the other 
districts. 

Tmctor-drawn combines of all types and sizes cut annually 553 
acres per mttchille or 20 acres more than their 1926 average. Of 
this H.CreHge, 365 acres were cut on the operator's own farm, and 
188 acres were cut for others. FigUl'e 4 shows the acres cut annu
ally by combines of different types and sizes. The .average repre
sents acres cut per machine in all areas regardless of kind of grain 
harvested. This figme indicates the acreage which.a machine of a 
given size may be e},,"pected to cut in this region. 

Table 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 fOI' combines of the specified sizes 
lie within the limits given in the first column. 
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TABLE 8.-Distl-ibution of combines by ave:rage acres cut annually and by size 

Combines 

Acres cut annually 
S-foot \lO-foot 12-foot 15-foot 1(i-foot 2O-foot 

-----------1----:---------------
Number Nltmber Number Number Number Number100 or less_________________________________ 1 _________________________________________________ _ 

101 to 200__________________________________ 7 __________ 4 _____________________________ _ 
201 to 300__________________________________ 11 1 19 3 1 _________ _ 
301 to 400__________________________________ 4 3 13 10 9 _________ _
401 to 500__________________________________ 1 2 11 11 22 _________ _ 
501 to 000_______________________ ___________ __________ 2 4 11 18 _________ _ 
IIUl to 700__________________ •____..________ 1 2 5 10 _________ _ 
701 to 800_____ ..____________ .. _____________ __________ __________ 1 2 13 _________ _ 
SOl to !IOO__________________________________ __________ __________ 3 3 11 1 
001 to 1,000________________________________ __________ __________ __________ 4 10 __________ 

i:~t ~~ l:~:::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: ________=_ g ---------i1,201 to 1,300__________________ .___________ __________ __________ 1 __________ 2 1 
1,301 to 1,0100_______________ .. _____________ __________ __________ __________ __________ 1 _________ _ 

TotaL _____________________________ _ 
25 10 50 10451 I 

AVERAGE ANNUAL ACREACE CUT PER MACHINE 

TYPE Of WIDTH 0 200 400 600 800 1000 
MACHINE_ Or CUT 

FttT I I 
TRACTOR-DRAWN 

WITH POWER 

8 

I I 
TAKE-OFF 10 

r'" I 
I I 

12 

I I I 
TRACTOR-DRAWN 15 ~ 

WITH 
AUXILIARY I I I 
ENGINES 19 ~ 

I I I I 
20 ~ 

I I 
AVERAGE FOR ALL I I 
TRACTOR·DRAWN -

COMBINES I I 
.Ownqtuln ~ Custom cllftlnq 

FIG. 4.-Acrcs cut annually with combines of different types and 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 Grea,t 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 cut 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 tbJ 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 usually did a 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 cutting 
for others. The size of the machine in such cases has only a general 
relation to the acreage of the operator's own grain. On some farms 
the machine was too small to cl1re for the owned crop; on others the 
capacity was not fully utilized. 

The acreage which a combine will cut annu.ally is determined jointly 
by the length of the harvesting season and the daily capacity of the 
mn,chine. In some sections, where the weather conditions are .such 
that the grain may be allowed to stand for a considerable period 
without great danger of loss from shattering 01.' damage from weather, 
the long harvesting season may enable the opemtor 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 a given acreage should be estimated from the daily capacity 
of the combine and the number of days the machine probably will 
be used. 

In addition to the 249 tractor-drawn combines similar to that 
shown in Figure 2, there were 8 horse-drawn combines. Three of 
these wero 12-foot, tIn'ee 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-drawn machines. 
These machines cut an average of 511 acres of small grain annually, 
just 42 acres less than the average cut by tractor-operated machines. 

POWER 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 engine. At present the size of tractor used and size of 
combine is not always coordinated. In many cases the tractor used 
WIlS purchased primarily for other farm work and as a result the 
tractor in these cllses may be larger or smaller than the size best 
suited to the combine. Where the tractor is already available, or 
is to be used for other work, it may be good practice to use the 
available power rather than to purchase the tractor which.is best 
fitted to the size of the combine. Other differences in horsepower 
of tractors used may arise from differences in soil types or in topog
raphy. On farms with a rolling tOl1ography or light soil a larger 
tractor may be required than on farms with a 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 supplemented the tractor power with horsfls 
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 9. Of the combines equipped with auxiliary engines 
and cutting a 12-foot swath,34 pel' cent were pulled by tractors of 
12 drawbar horsepower or less, 55 percent were pulled by 15 or 16 
horsepower tractors) and 11 per cent were pulled by tractors of 
larger size than 16 horsepower. Larger tractor~ generally were used 

• 
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on the 15-foot nud 16-foot mnchilles. Ouly 14 per ceut of the 51 
mnchiues with It 15-ioot cut used tmctors rnted at 12 horsepower or 
less, whereas 61 pel' cent used tractors of 15 or 16 horsepower, and 
25 per cent used larger tractors. There is little difference in size of 
tmctors used on 15-foot !l.nd 16-foot combines. Of the 104 machines 
with a 16-foot cut, only 17 per cent used tractors of less than 15 
horsepower, 43 per cent used 15-horsepower or 16-horsepower tl'l1C
tors, and 40 per cent used trl1Ctors larger than 16 hursepower. The 
15-horsepower tractor wus most gene.mlly used on machines with 
auxiliary engines, and is the proper size under most conditions, 
Smaller trnctors do not have sufficient power when pulling on soft 
or hilly land, whereas tractors Iltrger than 15 horsepower aeldom 
arc neCeSSltl'y for most 15-foot or 16-foot combines. 

~'Irl. 5.-lIccllusu of soft griJundlLud o.xccssivI> weight ~ tractors nrc (lulling this combine 

TAllL~ n.-/'ower and lllbor wwc{ OIL combines oj cliffel'ent types and sizes 

Numher of combincs llsing

1 
'I'nwtors with druwllllr rating of- Horses :Manlabor I 

WidthlCOlllTypo of combin~ of cut Ibines 
.12 15 or 1i or 20 to ! 31 to COlli- True

horse iii 18 30 45 
power horso- horso- horHo- horso D 8 IO o~:~r~ Helper t::;r~~ 
or loss power power power power aWl'S drivers 

-------1-- -------------- --- - - .. --------
Fl. No.Trncl,Or tlrnwn with { 8 25 2{) _________________________________ • ___ 28 

power lllke 011. ..•• __ to lO 10 •_____ • _______________.. _ _ ___ 10 -----1- ------7 
( 12 56 10 3t 3 3 ___________ .,_ '"... 55 7 56 

'['melor drawn with 115 51 7 31 0 3 1 ______ ._. 51 8 52
lIuxiliary ungitllls____ 1G HH 18 45 29 12 _______ ___ ___ ___ lOll 25 1(H

20 3 _______ 1 _______ 2 _______________ ' ., :! 3 
12 a __________________.._____ •.. _____.. 1 2 •• _ a 3 

IIorse rlmwll ••_...... 15 3 ._.___ •.••_••• _____ •• _____ •• __ . ______ • 2 1 a 3 
10 2 ___ • _____ ... ____ -- .. ----t------- __________ 2 ___ 2 2 

All !.Y1l1lS _______ ==::2ii7-UO-US--"I-r-2011l161 202 --01,-' ---;ao 
________ - ' I 

I For size of crew sec Tablo 15, p. ~l. 

Two meu form the standard crew for a combine with auxiliary 
engine-one man on the tractor and one on the combine. Some 
operators usc nn extl'U. mUll on the combine or to relieve the tructor 
driver. Others, who can put in long hours, use two complete crews 
of two men each. 
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Thirty-five of the 25i combines, or 14 pOl' cent, were power take
off outfits, that is, the motive power was furnished by the tmctor 
which also supplied POWCl' for the threshing unit. Twenty-five of 
these outfits were 8-t'oot and lG were 10-foot machines. There was 
complete millormity in the size of tractor used for machines of both 
sizes (,rable 9) as they are made purposely for operation with tractors 
of a particullLr make and size. 

Whct'e fields Itrc rolling or the soil is sandy, the tractor does not 
!11ways hl1ve sutrieient power to maintain a uniform cylinder speed 
in the combine. This tends to reduce threshing cfHciency, On the 
hLl'ger machine some opemtors supplement the power by adding a 
second tl'twtor or It to11m of horses, On the smttller outfit this is 
pr'lwtiually impossible becl1use of its design. 

The power tl1ke-ofr type of combine is intended for opemtion by 
OIll.V oue lUl1n, but some owners used two men. Practically all of 
the 8-foot mnchines were run by one man, but the mnjority of the 
owners of the lO-foot machines used two men . 

.FIG. O..-A combillo druwlI by eight horses. A t.<!l1l1l is reqUired io pull the wllgon which receives 
t.ho gruin from tho llluchilw liS It i~ threshed 

Eight combines, or 3 per cent of the totnl number, were pulled by 
horses 01' lUules. (Fig. 6.) Eight aniIll.llls ordinarily are required 
to pull the machines. Tl1ble 9 shows thl1t one operator used 6 head 
on his machine, and one operator used 10. The size of combine 
and of horses, the soil, and the topogmphy all influence the nwnber 
of horses or mules it is necessary to use. 

DURATION OF HARVEST SEASON 

The proportion'of the t,irne in which 11 combine will be used during 
any hurvesting senson is chiefly dependent upon weather conditions. 
li'ew farmers in 1926 completed their hllrvest without delay. In 
aleUtion to delr..ys fron1. iudement weather, some time was lost while 
wai.ting for, Qt' making repairs on the machine, and some of the 
operfLtors did not work on Sundays. The numbel' of days availnble 
for cutting the crop on most farms wns tunpl£'l, but some opemtors in 
Mon.tana were pressed fQI~ time in which to complete their harvest. 
Tn,hle 10 shows the dUl'Iltion of the harvest senSOll and the average 
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lltilllber of days worked in each district. The length of the harvesting 
season applies only to the operator's own grain and does not include 
the time used in cutting for others unless the custom cutt,ing was done 
before the operator)s own harvest was completed. 

TARLE lO.-Duration oj haruo.~l season and days used in cutting. 

IDuration J)nys :Percent· 
Stutu Numher 10! hllrvcst u~d in ngo o! 

o! !!lrms sellSon culLin" dnys
(duys) usedD 

'rCX£l..'i ............. _ ...... '" .......... ~ ~ ............... __ .. _ ..... __ ... _.... __ ............ ~._ ...... _ .... ~ ..... .. 45 25 16 ill 

Oklllholllll..................................................... SO 14 9 ill 

Kullsn.'i .... _~_ ....... _.. ,.. ~ ~~~ ....... ~ .. M ~ k" _ M~ ~ ~ ~ ~~ ~ .. _ _ .. "' .............. __ .. ___ ........ ., :l8 1a 9 fjU 

Ncbraslm.................. .................................. 87 III 10 62 

Montunn................................. _.. _............... 56 35 H 40 


'l'otnl or !lwrngc....................... __ .....~ .......... -zti'G1----zi"" ----;21--56-


The duration of seuson as reported WitS determined by taking the 
difference between the date when the operat0r's own harvest began 
Iwd the date on which it ended. It includes Sunduys unci days on 
which no work WIlS dOlle ns well as the working dnys. Not nll the 
favornble duys between the starting tlnd finishing dates were spent 
in cutting on the operator's own crop, for many fllrmers postponed 11 

part. of their own hluTcst in order to do custom work fo1' others. The 
leu~th of senson iudicn,tcs the time the operator's grain stood after the 
ellrliest grain WtlS ready for cu.tting, bu\' the nllluber of cutting days 
l"eported is less than the number of (Ltys -favorable for hurvest. 

The avemge durl1tion of the harvest season on all farms was 21 
days. The length of the senson ranged from 13 dflYS in Kansas to 
35 dlLYs in :Montn.na. On the ILverrl.ge, these operators were cuttl.ng 
during 12 dnys, or 50 per cent of the time, during the harvesting 
senson. In Texas, Oklahoma, KanslLs, and Nebmska the harvesting 
senson had no mOl"e thall the normal amOlill t of moisture, and approx
imately two-thirds of the total time wus used in harvesting the 
operator's own crop. In .Montana the rainfnll during the harvest 
season wns abnormally high, nnci woI"i{: on the operator's crop wus done 
on only 40 per cent of the totul days in the harvest senson. 

The distribution of [nnns uccording to the length of the harvest 
senson is shown in T.nble ll. In extreme cnses the combines were 
opemted for llendy two mouths. Over one-half of the operntors 
worked three weeks or ~ess Imel only one-fifth of them worked longer 
than foUl" weeks. The extremely long harvest season was due to 
unfnvorable weRther or to the fnct thll,t some operators delayed 
cutting their own gmin in order to do custom work for others. 

T.ADLE l.L-F(~rllls classified acCOnlin{I to length oj harvc.~l8cason in days on own crop 

Number NumberLength 01 hnrvest season Length o! harvest scusono! ftlrms o!!umlS 

4 Qr less................................. . i 3i to ·10................................. 6 

5t~8 ........................... _..... .. 22 41 to 0\.1................................. . 3 

ULoI2•••••• _•••••• _ ................... . 2S .:; Lo 4S.................................. 2 

l!lto ttl.......... 52 411 !o 52................................... 6 

17 to 2tl.n_ .. ·16 5:1 to '6.......... _........................ 3 

2Il024 .. ~ •. "_ 3l 57 to 61'................................... .. 1 

2.1l0 ~ww .. ~_ ~'Il 
ZIlla 3~........ ~ •• 18 'l'otn!..........""""......_..... m 

:~! 10 !IlL.... __ .~ ...... ", ••. __ 12 

http:cuttl.ng
http:ILverrl.ge
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The. distribution of farms according to number of days cutting on 
own crop is s1l0w'n in Table 12. On the modal farm tbe cutting of 
owned when,t extended over about 15 days, although on a few farms 
the cutting senson lnsted a month. The combines we.re operated 
tlu'oughout the senson for the most part, and on those farms which 
nee.:led only It few days of cutting, the operator flllished the senson br 
cutting for others. 

TABLE 12.-Furms classified according to tile number of cutting days on own crop 

RATE OF HARVESTING 

The rate oJ harvesting with a combine varies with the size of the 
machine nnd between machines of the same size. Tltble 13 shows the 
distribution of combines according to size and acres cut per day irre
spective of the number of working holli's. Boldface figures in Table 
13 illdicnte that the avel'l1ge ncres cut per day for combines of the 
specified sizes fell withiu the limits given in the first column. 

TAllLE 13.-lJi.~!l'iblltion of combines according to acres cut l)er duy and by size 

Combines 
Acres cut por dllY 

S·Coot 10·Coot IHoot If,.Coot ItHoot 2tHoot. 

-------------1----------------- 
"""mber Nttmber NILmber Nltmber Nltmber Nlt1llber 

10 or ll\ss ..... "' ..... ~ ......... _..... ,~ .. _~~ ........ _.. ~ ....... ,.... .) 

11 tll 15••••• _....,.. •.••• ........ ••••••• Iii :::::::::: ••••....2· :::::::::: :::::::::: :::::::::: 

IOto20................................... 13 2 Il 2 1 .......... 

21 to2fj_......... _.. "'_~~~ ..... ~~."._ .... " ........ _.. " ...... ~ .... _.. ___ .. _... f:t 17 4 1 .. ______.. __ 

2(\t03l1...._"••.•••. , .. ".................... ....... 2 111 10 15 .......... 

:11 to 35........ ".......................... .......... I 6 13 11 .......... 

:16 to 40.__._..__ ._ ...... .................... .......... .......... 2 15 ..35 1 

41 to 45.................................... .......... .......... 1 6 20 .......... 

40 to 00•••__............................... .......... .......... .......... 1 18 1 

fit to 5IL.......................... " ......... .......... .......... .......... .......... 2 1 

00 to O(L ........................,.,••• ,,,. :::.:::::.:.:.:1:::.:::::.:.:.: ====1==== _.__1 ==== 


w Totlll._..... ~•.~.==:.:~:.:....... 25 1 10 5fJ I 5.L I().I 3 


The avel'!lge-group operators of the 12-foot combines worked ~.2 
honl's per dny lessthall did those who cut more thnn the average 
number of acres. Average-group operators of the 15-foot machines 
cut 0.6 of an hOllr less, and those who hnd 16-foot machines, 1.1.hours 
less per day thlLll did those who cut more than the average. Rate 
of tl:avel W~lS slightly f?renter for machin,es that Cl~t mOre thup the 
nyeruge. Ii OJ' the 15-10ot nnd 16-fMt sizes the Yield was slightly 
lower, but the effect of the yield was negligible. 

85334°-28--3 
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Acres cut per day by combines is dependent upon size of machine, 
yield of grain, mte of travel, length of day, and efficiency of the crew. 
'rhe lllutlber of acres cut per day by machines of 11 given size was 
pmctically the snme in !l.ll areus. Table 14 shows the acres cut per 
hom and per foot of cut by combines of different types and sizes. 

l\\lluE 14.-.Acres Cllt 1JIJr hour and 1lel' foot of cut by combines of different tYlles 
and sizes 

-'--"... -_._-_._-;----;---;,----,-------,,...--..,..---;---,---

Gut pcrA tWidth GOIll. Yiold Rllt" o( ILength Out u hour pcr 'l'yp" of l'Omuinll 
o( cut bines ~~~ tmvel o( doy h~~ Ir.;~r foot of 

widtll 

Nlt1ll' "Ifilts'per
1<'«1 her .llusllels 1I0ur HOILr., _.Aerts Aerts Acrts 

S 25 17 2.4 10.:1 16 1. (j 0.11l'l'~:¥~~r.~~'~~~?~.~::~I. ~':'.\~~~.~'~~:)~. { 	 10 10 2·l 2.7 9.S 20 2.6 .2H 
M 17 2.8 10.2 27 2.(1 .).)

{I~'{'motor dnLwu Wttll nuxUiury 	 15 5L 18 :.l.S 10.:1 35 3.4 :23 
ungiIH.'_ ~ _~.> ....... ~->~ _ ........... ~ .. ,,_" ~~ III .lIH ~l 2.8 10.7 40 3.7 .24 


20 3 25 2.4 10.7 48 4.5 .srJ 
Ail trllctor tlmwn. __ ••" .......... 240 HI 2.8 10." 3:1 3.2 ....·..~Iii:1 11 2.5 10.0 ZI 2.:\{ 121Iorso t1mwn._._._._ ....... ____ •• 	 Iii :I .\:1 2.7 10.2 30 2.9 .1Il 

III 2 14. 2.5 11.5 :18 3.3 .21
Ali horso dmwll _________ ._. 8 12 2.5 10.3 20 2.8 

An average of 33 fieI'OS WfiS cut in a 10.4-hour day by the tractor
dl'l1wn and an avcrnge of 29 acros in a 10.3-hour dny by the ho1'8e
(lrn,wn machinos. For the tmctol'-drawn combines there is an increase 
in ncl'QS cut pCI' day by eneh size of machine over the next smnller 
size, amotmtil1g to 62 pel' c~nt, 4 pOl' oent, 30 per cent, 14. per cent: t1Ud 
20 per cent, respoctively. The lO-footmachines cut 62 pel' cent more 
thnll the 8-Ioot mnchines, and 96 per oent as much as that cut by 
the 12..:foot lllnchinQs. The compamtively high degree of efficiency 
for the 10-foot lllllchines, ns complLred with the l2..,foot, is probably 
due to tho fact thltt the slllnllet· combines were new, whereas the 12
:foot machines Were :mostly older machines. Of the horse-drawn 
lllachines, the l6-foot cut 11 daily aCl'enge 27 per cent greater than the 
l5-foot Hutchinos, which in turn 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 dllI'ing whlch the combine can be used, The nverage length of 
day for all opemt.ors wns 10,4homs. In nfew instances the combines 
were opel'l1ted the fttU 24 hours of the day, nnd 110t uncommonly 
the lllachines \VCl'e used for 15 01' 16 hours. In more instances, how
evCl', tmder conditions of high luunidity, some time wns nllowed for 
tho gmin to dry, and the working day ·wns thus shortened. 

The J'ltte of cutting pOl' hom by a machine should be determined 
by the length of the cutter bnr nnd the Tate of travel. Some time 
is lost in the field in tUl'llillg, oiling, lllnking minor adjustments, and 
removing the grain fl'Omthe combine. Because of the variation in 
time lost on different mtLchines,the rate of travel and the hours 
worked pel' day do not nccumtely indicate the distance covered. 
The usunll'ate of tl'llvel is from 2.5 to 3 miles per hour and is appar
ently not related to the siztJ of mnchine. Such differences ilS are shown 
in 'rlLble 14 indicate It higher l'I1te of tl'tLvel for lllnchines eqtupped 
with ILUxilial'Y enginos, Unless the advantage of a higher sp.eed is 
offset by grenter loss of tinle in the field the rate of cutting "hould 
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be increased in proportion to the increase in rate of travel. V\7bere 
the crop is heavy the rate of travel may be limited by the capacity 
of the sepllrator to hondle the grain. 

The ltll'ger mnchines, 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 o-verage of 1.6 acres per hour and the 
lO-'foot machines 2.6 acres. The difference in rate of cutting is 
greater than cnn be acGounted for by the differenee in the size of 
the mnchine. :Mnchines with 11lL"Ulil1l'y engines ha'villg a I2-foot 
cut averaged 2.6 acres per hom, those with a 15-'Ioot Gut averflged 
3.4, lllld those with a Hi-Ioot cut avemged 3.7 aCl\;S. The diffe.rence 
in rate of cutting for these lllachines is Itpproximately proportional 
to the (WYel'ence in size, and the greater acrenge cut by the wider 
machines is presumably due to the ndvantage of size. 

'fhe ,rate of cutting pel' hour for encb 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 Telation between the size of the 
machine ILnd the rate of travel vel' hom, little difference is shown in 
t,he l'11te of cutting per ;foot of width for mac~hines of different sizes. 
The high l'I1te of cutting per hour ILnd pm' foot of width for the 10-'foot 
machines probahly is due to fewer stops and less tinlewasted in the 
field .. 

FACTORS INFLUENCING THE RATE OF HARVESTING 

The size of the machine js the most, important single flLctor directly 
affecting the ra,te of cutting. With two other factors, rate of travel 
ILlld yield of grnin, remaining constant, the rate of cutting pel' hoUl', 
as derived from 214 reports of combines equipped with auxiliary 
cngines., would be increased 0.27 acre by the addition of each foot to 
the length of the cuttcr bnr." 

On this bnsis a.10-foot machine in 20-bushel wheat, traveling at 2.[; 
miles per hour, should cut 20.5 ncres in a lO-holU' working day. A 
12-foot mnehine should cut 25.9 f.(,Tes, a IS-foot mnchine 34 acres, a 
16-foot mncrune 36.7 nCl'CS ILlld a 20-footmncrune 47.5 acres. These 
~stimates of operf/,tion check fairly closely wit.h the averages given 
III Table 14. 

The reported estimated rate of travel does not accurately represent 
the ground coyered by the machine in .a given time. The reported 
figures make no allowance for lost time and do no.t give a true average 
rate of travel. An increase in ncres cut, proportionally 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 haye little effect on 
the rate of cutting per hour. Except in cases of heavy yields, the 
machine can handle the cut vrain without difficulty. Where yields 
of wheat exceed 30 bushels I"er acre it may be necessary to reduce 
the mte of travel in ordertht.t. the combine may handle the grain 
without undue loss; and when cutting lodged grain, .in cases in which 
a grellt deal of straw is handled, the rate of trllyel may be reduced. 

• This increase Is an average relationship shown by 1\ linear multiple correlation analysis giving c roeffi
clont of correlation of 0,81. The regression equntion on which It is based is: D=O.27 A -0.004 1l+0.255 
0-1.21, In which A Is tho length of tho cutter har In feet. fl Is tho acre yield In bushelE, 0 is miles traveled 
J)Ilr hour, nnd D Is the number of ucres Cllt per hour. This means that, with other factors remaining the 
same, un increase of 1 foot in the width of machine would be B-tpeoted to Increase the rate of cutting 0.27 
acre J)Ilr hour. For ench additional bushel of yield with no change in other ractors the rate of cutting wonld 
be B-tJ)llcted to decrease by 0.001 acre per hour. Each increase of 1 mile per hour in rate of travel was asso· 
clated with an increase at 0,255 acre cut per hour. 
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RELIABILITY OF COMBINES 

The reliability of a combine depends upon whether it functions 
properly when needed. Its degree of reliability is best measured, 
in this study, by time lost because of mechanical difficulties when 
harvesting. Interruption of work through machine iailme .not only 
involves the eXl)ense of reconditioning the machine but, at times, 
it means the loss of the services of hi~h-priced labor during the repair 
period, IUld, if the delay is an extend.ed one,the more serious loss of 
time. Frect'lCnt occurrences of this nature will render the machine 
lUlrelittble. n.nd make it an 1mprofitable investment. Frequently, 
doln.y is the result of inefficient operation, which may be caused 
either by uniamililUity with the machine or by carelessness, with a 
resultn.nt 1lUwlUTanted reflection on the relin.bility of the machine. 
This is especin.lly true of new equipment of a complicated design 
which invol ves many mechanicn.l principles. The personal element 
is perhaps the ltu'gest single factor influencing the apparent reliability 
of a machine of this type unless it is thoroughly understood by the 
operator. 

If n. machine is considered a profitable investment by its operator 
there is little doubt thn.t it is reliable. In the Great Plains region 
onlytlu'ee or the interviewed operators expressed doubt as to the 
profitllbleness of thei.r inyestment in n. combine. On the 'other 
hn.nd, some oJ' those who thought that their machines were a profitable 
investment doubtless sustained a loss in using this method instead 
of other methods of cutting or of hiring the grain harvested with a 
combine. This is especin.lly true with owners of some of the older 
.mn.chines. Other operators were doubly handicapped by the use 
of second-hand outfits anl by a lack of experience. The data 
gathered, however, show that, whether due to the merits of the com
bine or pride of ownel'Ship, or overenthusiasm on the part of some of 
the operators, the combine was almost unanimously considered a 
reliable harvesting machine by Great Plains operators. 

:M:!UlY of the farmel'S, when they pmchased 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, cam, and possibilities of the combine. There were 
others, howeyer, without ~/hls experience who were handicapped 
when trouble developed, and depended to a great extent upon a 
representatiYe of the manufacturer for assist!Ulce. Other farmers 
hired operators with some ability !Uld training to look after their 
mn,chines; sWl othel'S used their regular farm hands, some of whom 
knew practicn.lly nothing of the operation of a combine. With such 
operatol'S, the fact that map.y of the machines got through the harvest 
with practically no trouble was possibly the result of good fortune 
rather than of moohanical skill. The results of such operation, 
however, may cause trouble in future harvests. 

:Most of the delays during harvest were caused by replacement of 
parts because of breakage, wear, or poor alignment; 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, 
especin.lly on the new machines, doubtless saved operators much ex
pense for l'epairs and the possible hiring of expert )abor. The servi?e 
J'endered by the manu:facturersl both of an adVIsory natme and ill 
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supplying necessary accessOliestlu·o.ugh their agencies, is closely 1'e
liLted to. the reliability o.f the co.mbine. Adequate service at harvest 
time invo.lves a minimum o.f delay, and with no. o.ther type o.f farm 
machinery is delay acco.mpanied with mo.re hazard than with the 
co.mbine. Once the cro.p is ripe, the speed with which it is harvested 
frequently dete.muines the quantity o.f grain that is saved fro.m lo.sses 
o.ver which the opemto.r has no. co.ntro.L 

Service is naturally best in t.ho.se lo.calities in which the machines 
are in more co.mmo.n use, as the business do.ne by dealers ,there justi
fies 11 mo.re co.mplete sto.ck o.f repair parts. Dealers are frequently 
criticised, and so.metimes justly, fo.r po.o.r service aud failUl'e to. supply 
repair parts, because o.f fL small vo.lume o.f business, change in ma
chine mo.dels, etc. Perhaps the best service these denlers co.uld ho.pe 
to. render wo.uld be in stocking in advance tho.se parts which are 
most sllbject to. replacement. They wo.uld thus be guaranteed a 
renso.nable turnover o.f sto.ck, and at ,the same time be mee,ting at 
lenst the gl'eater po.rtio.n o.f the needs fo.r repairs. 

ELEMENTSQlt' COST IN HARVESTING WITH A COMBINE 

OperatinO' expenses fo.r harvesting with eco.mbine co.nsist o.f the 
Co.sts o.f Iuef andillbricallts, use o.f tractor, labor, and repairs. Fi~ed 
charges to. be luade against the combine are chlU'ges fo.r depreciatio.n 
and interest o.n the investment. Taxes, insUl'ance, and Co.st of ho.using 
might alSo. be added to. the charges made against the co.mbine. 

LABOR 

The crew used o.n the co.mbiur; itself is fait'ly well standardized in 
the Great Plnins. Machines with po.wer-drive fro.m the tracto.r can 
be o.perated by o.ne man who. drives the tracto.r; the machines with 
!LUxiliary engines require the labo.l· of two. men, o.ne o.nthe tracto.r 
nnd o.ne o.n the co.mbine. Additio.nal help is used on many machines 
either because the lnbo.r is availnble o.n the farm 0.1' becnuse of an 
effo.rt to. minimize the time necessarily lo.st in the field. 

Table 15 sho.ws the labo.r used o.n machines o.f different types and 
sizes. Of the :35 mnchines with an 8-fo.o.t cut, o.nly 3 were o.perated 
by mo.re than o.ne man. Of the lO-fo.o.t machines, o.nly 3 were 
o.pel'l1ted by one mnn and 6 were o.perated by two. men. 

TABLE 15.-Nltmber of combines operated by crews of different sizes 

Nuplber Number of eomb~r?:..operated by crewWidth 
'l'ype of combine of cut of com· 

(feet) bines 1---;-----;---,----;--
1 mnn 2 men 3 men 4 men 5 men

------------·1-----------------
T t dru 'th t k II 8 25 22 3 •••••••••••••_••••••••••1rae or wn, WI power 11 0-0 ••••••• 10 ~2 3 6 1 •••••.•••••••.•_ 

. 12 ,ru 1 48 7 •••_••_•••••••_. 

Trnetor drawn, WIth mullillry engine ••••_ i~ 18! ~i 2g '-"-'2' ·······i 
20 3 •••__••. -._..... 2 1 •.••~••• 

------------,.-----
Totnl••••••••••••.••.•••••••••_••__• •••••••••• 240 2tl 180 30 3 

1 Inelildes combine operntor, trnctor driver, and helpers on tho combine, but not grain haulers. 

With a few exceptionsI the co.mbines with alL~ary engines were 
o.perated by at least o.ne tracto.r dliver and o.ne man o.n the co.mbine. 
This crew can h!Lndlethe unit, but many farmers used extra men, and 

1 
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a few who worked till, night used two complete crews. Of the 56 
machines with a 12-foot cut, 1 wns opentted by 1 mall, 48 used crews 
of 2 :men, Rnd 7 llsed crews of 3 men. Of the 51 machines with ,a 
I5-foot. cut, ttll used Cl'CWS of 2 or more men, 1 used tlll extra tract(J,~ 
driver, Rnd 8 used additional helpers. Of the 104 machines witt 'i. 
16-:£00t cut, 2 used extm mRchine operators on the combine, and 25 
used Itdditionru helpers n,rouud the mRchine. The 20..:£00t machir!es 
aU used crews of 3 men or more. 1i(ore of the farmers with the large 
machines used extra lllon in order to reduce the time for oiling and 
lllakillg minor adj ustments in the field. 

The t1Yailable data do not indicate that an incrense in acres cut 
per dltY will result from the use of an extrn illlLUon the combine, 
Unless some greltter c£ftciency in threshing is gained, the employment 
of extm help will not be justified by the additionru work done. The 
extm mtm, in It greu,t mauy instn.nces, is used to relieve the regular 
workers 01' is c[Ll'Tiod ns It SOl't of insW'ance ngainst lost time becnuse of 
mltcrune Itclj liS tmonts or orea""downs thn.t may be repaired in the field. 

The l'ecluetionin Rmollnt of hit'ed hRrvest labor with combine hlll'
ycsting, as compRrod with that used with other methods, is an 
important consideration with mnny farmCl's. On the tractor-drawn 
combines fron1 which records were obtained, 53 per cent of the labor 
was thltt of tho owner or unpttid labor ou the farm, Some of the 
hired labor used wns regllltlrly employed on the ftlJ'm, and a part 
l'epl'esented labor exchauged with neighbors. The small amolmt of 
hired labor l'enders the fa1'l1lO1' comparatively independent of transient 
ItJ..bor 1'01' his lULrvesting opemtions. ' 

A higher gl'Ude of labor usuaUy is hired for work on the combine 
thnn would be employed for harvesting with a binder or headel', and 
wnges Rre somewhRt higher. 'rRble 16 shows the nmnber of paid 
tl.nd unpaid wOl'kers used in opemting combines. vVages for the 
(liJl'cl'cut operations difl'cr somewhat in the different localities and 
show 11 still wider Yltl'iRtion for diil'eJ'ent fRrms in the same locality. 
Table 17 shows R frequency distribution of mtes of payment for 
combine operators, tl'Rctor drivel'S, and haulers. The most COillillon 
l'lttes paid fol' combine operRtors wel'e $5 or $6 per day, but rates 
ItS low as $4 01' IlS high as $8 were not uncommon. Customary rates 
for tmctor drivers were $4, $5, or $6, and $4 was the usual wage for 
lumlers, Helpers on the eombine usually l'eceived wages similar 
to those of the htLlUers. 

TABLE 16.-Paid and 'unpaid labor on combines 
__0'__' _____--,__---,__---,.______________ -

Number of combines using 1-

Width Number Operators Helpers Drivers
~'YPll of comhino of cut of combines 1--'--:---1---;---1'--.---

Un- Un- Un
(fcot) 

Puid puid Paid paid Paid paid 
~"---,-·-----I-----------------------,8 _______________________________

8 25 20'l'motor dmwll, power tnkc-oIT____ j{ 3 ________ 1 2 fi10 10 7 
12 li6 22 33 4 3 29 27 
15 51 15 36 3 5 28 24T~~eir~c_~~~I_\~.~:__~\~I:~~_~~~~i~~I~:~J{ 10 1().j 30 76 1<1 11 62 421 2 1 3 •______ _20 333 ________ 3 ________ ________ 2 1
12Horse dmwn_____________________ { 2 ________ ________ 2 1
15 3 1 L ________ ________ 1 1
]6 1 


Totnt. _•. ______________ •_____________ 

257 163 23 21 120 101 

I For size of crow see Tublo 15, p..21. 
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TABLE I7.-Rales l)uici for lubor '~n combining unci hultling 

~-'J~n;~':'r::~-'-~~; ;;~;~ i"=::T:~:~:" - ;.~~~~ ':"~;;~,-ul-ers-. 
~~- .Numbr.r· .-;;:;::;;\- ~~U;'~br.; ---D-OI-I(!-r.,--I-~-N'-'LI-lIb-<r- N'L_1II_be_r -]oi-'IL-m-bc-r 

1.00 .............. ........... •••••••••• 2 1l.llO.......... .,... 05 52 (]

2.00, •••• ........... ..... ..... L lL 11.50........ ....... 3 1 ........._ 

2.fJ!J. ••• ••••••• ..... 1 2 'II 7.00. ............. 17 7 1 

:1.00................ 3 8 ZJ 7.iill. ............. .10 3 .......... 

:1.50...... II 9 28 8.00... ............ 20 8 1 

.1.00. ,_. ... :!1l W 110 S.[~J.. ............. .1 ..--..- ..- .._- ....-------
'1.50.. •. :I 7 ., 110.00............... 7 1 .......... 

a.OO"... 97 82 27 12.00 ...... ......... J .....- ... -- ......... - .... ------
5.r~l ... 8 IlR' •• " 

~~------~--~----~--~-----

The economy in the use of man Jabor .is shown by n. comparison of 
JIlltll-lloUI's pel' n,('l'e for difl'el'ent methods of hru'Ycstillg. Where a 
bindor is used n.nd the gl'llln i:; eu t, shocked, and tbreshed from the 
shock, the In.bol' pel' a('1'O is ILbout 3.u lt1ltn-hours. 'Yhere the wheat 
,h, l.lIu·\'estod with a hell-dol' the labor per aCl'e is abQut 2.8 man":hours 
IlS cQn,pt1l'ed with t1bout 0.75 mtUl-boUI' for hal'Yesting with a 
COIJl bine.6 

The ('om pal'ison gh'cn includes only the Inhor furnished by the 
flll'lllel' fwd does .not include the Jltbor fU.l'l~ished by the thresher. 
The eost of this threshing labQr is inrl uded ill the rate 'Pilla by the

I fn.rmer for threshing. To obtniu the saving in total 'labor made, 
11pproxin1l1tely Qne 110ur pel' acro should bl~ added to. the iigure giycu 
Jor halTesting w,ith either a binder 01' 11011<1er. A mnchine operated 
by a crew of fh"e pitehers nnd three .mn.cbine men, ILnd threshrag 1,200 
bushels in IL 10-hour dny, would be equivalent to one man-hom Qf 
labol' PCI' aero in whent -thu,t yields 15 bushels per ncre. 

The total It1bol' for luu'Ycsting and threshing is reduced from 
approximutely 4.U lllal1-hOlil's fQr ('utting wHha bindcl' n.nd threshing 
with n Rtn.tiollal'y t,hl'cf3hel', or 3.8111n.11-hQul's for ('utting with a header 
lind Lill'cshillg with It stntionn.r,Y thresher, to Itbout 0.75 lUlln-hQur 
per nt're.in ('ases where the work ,is done with !l combine. 

Jn eltell district" howen'l', the lahQr of C'U ttil1g, shQd;:.ing, and 
hauling bundlcs t,o the threshcl' was :ful'nished by the farmer, and is 
inc.! uded in t.he labor used for hl1n"esting and fhreshing when grain 
is ClI t with 11 binder. Th(' labor req uired, where a header is used, 
iudu(ks cutting aud stnckillg but does not include pitching into 
the separator, T.he 111bo)' reg uired for hauling grain is not included 
in either ('nse, 

The crew to opemte a combine would be no larger than that for 
cutting gmin with a binder and for shocking. For a grain acreage 
so large Lhat more thn.u Qne binder would be needed, a combine 
would reduce the size Qf the harvest new. As cQmpared wjth the 
crew Qf t1 header, t.he crew of a ·combine would be 2 01' 3 men, rather 
than umen. The use of the combine also eliminates the crew neces
sary for stn.tionlll'Y threshing. 

The lltbor needed for hauling the gmin frQm the combine depends 
upon a number of conditions Iwd the labor of hauling varies on 
different fal'lUS. Tahle 18 shows the fru'ms that used difl'erent 
numbers of haulers :for combines of encil size. On seYel'al fnrms 

• Lnbor nnd mntorials used ror binding nnd hCllding nre tnken rrom dntn uscd in compIling the rollowing 
bulletin! \VAMllU['ftN, U. S.t CUST or ,l'llOnUCING WINTF.K Wllt:AT IN CENTItAL OUEA..T 1'1-\1N9 U.KOION 010· TIlE 
UlilTIW STATES, U, S. Dept, ,,"gr, .Bul. liDS, ;l!Ill., Illus. 102-1, 

http:nt're.in
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the hauling was contracted at a fixed Tate per bushel, and the time 
and crew required was not determined. On some farms a part ·of 
the wheat was hauled on contract,and apart was hauled by the 
farm or hired labor. 

T,\DLE 1S.-Labor for haul'ing grain from combine8 

Number of combines usiull-
Width ~?~~;~e: 1__-;-_--;-_---;.--_-;-__

l'ype of comb!no of cut 
(feet) biues 1 2 3 4 5 

hauler haulers haulors haulers haulers 

----'-'---------1--------------------
3 1 ________________~I'rllclor dOllnl. with powor tukO-OIT_______;{ 8 20 10 3 1 ___ -.__________ _

10 8 4 
12 45 Zi 16 1 .-._____ 1 

l'ractor drawu. with uuxiUary engiuo _____ { 15 38 14 19 4 ________ 1 
16 90 33 30 21 5 11 ________________________
20 2 1 

~l'otaL _____•___ •__ •_______ •____ •_____________ 95 i2 28 3 

The munber of haulers used depends upon the bushels threshed per 
day, the clistance hauled, the facilities for loacling and unloaclingJ and 
equip,ment for hauling. The man labor required is probably least 
when the grain can be run directly from the combine tank into a 
truck nnd cnn be unloaded by dumping. Unless the clistance is too 
great, one man can haul the grain from the machine. Whenthe 
grain is stored on the farm and must be scooped into the bin, addi
tionallabor is needed. Some farmers, who had no grain tank on the 
combine, 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 than by trucks, no scooping a.tthe combine 
wasnecessnry, but whm'ethe clistance is long a larger crew of haulers 
would be required. Often an extra hauler with a team and wagon 
was used to insme ngainst delay in tnking the wheat fTOm the 
nutchine. 

The avemge distance from mar.ket was about 5 miles, but the dis
tance :for ull machines ;rauged from a fraction of a mile to .25 miles. 
Tnlcks were generally used for the long hauls. A 16-foot combine, 
equipped with a gmin tank and harvesting 800 bushels per day, 
would require the full time of one 60 or G5 bushel truck to haul the 
gmin to till elevator which is 5 miles distant. 

POWER. FUEL. AND LUBRICANTS 

The charge to be made for the use of the tractor, in combining, 
would probably vary somewhat with size oftractoT, and in actual 
aCColmting it would be ·affected largely by the amount of other 'WoTk 
for which the tractor was used. Except for a few instances in which 
a tractor was hiJ.'ed, the tractor was used for other farm work. A 
few tractors were hit'ed for 50 01' 60 cents pel' acre, with driver and 
fuel fmnished by the combine operator. The rate may be applied 
l'egardless of size of the tractor, for although a larger tractor would 
be used on lnrge combines, the ncreage covered would be propor
.tionnl to the size ·of the combine, nnd the totnl. retmns would be 
commensllrn.te with the size of tractor. 

The fuel used in the tractor varies for the different sizes and for 
incliyidunl tractors of the same size. As the large combines usually 

http:commensllrn.te
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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 
acreage 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 average 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. 

'TAll.LE 19.-Fuel and lubric::mts 1lsed in tractors 

Fucl and oil used pcr tractor 

jo'ucl 011ai 
~rype oC comblnc~ e "" g! ';;l ';;l

'Ci ~~ .9'" '" ;g Ie ;g:0" B " oS t "" c.> "" -S ~ s .c:E § '2 ] :3 
~ '" ""~ ~ '" ~ ...0 

~ Q ! ~ ~ ~ ~ E-o Poi Poi E-o Poi Poi'" 

Peel No. ,tcre.• Blah. Gall.,. Galls. Ga/l.,. Ga1l8. Gall•• Ga/kl. Galkl. GIIII.,. Galls. 
Trllllt?r drnwn wJtb { S 25 213 3.647 114 127 21 262 1.23 0.072 12 0.05 0.003 

power tukc·olt •••• 10 10 2Il'l 7. lOS 200 .\39 42 381 1.30 .0501 12 • (}I .002 
12 &1 287 4,876 153 100 10 269 •. 94 .055 13 • (}I .003 

Tractor drnwn with { 15 50 357 0,385 148 124 27 200 .84 • (}Ii 12 .03 .002 
uuxilinryengines.. J6 J03 423 8,009 201 97 18 316 .75 .036 15 .03 .002 

20 3 6:17 15,918 292 ------ 133 42.1 .67 .027 13 .02 .001-
AIl tractor 

drawn, with 
IIlLlIlhu-yeu·
glues........ -.. ---- 210 375 i,253 178 103 21 302 .80 .(HI 13 • (}I .002 

1 

The combines which had direct-power drive from the tractor used 
more fuel per acre in the tractor than did those equipped with 
.auxiliary engines. The fuel used in these machines should be com
pared to the total fuel used in machines that have two 'power units. 

;Gasoline 01' kerosene is commonly used for tractor fuel, although ~a 
few of the operators used distillate. The quantity of fuel used per 
day by a given machine is approximately the same regardless of the 
kind of fuel. 

The quantity of fuel and lubricants used by combines with aux
iliary engines was i'eported separately for the tractor and for the 
auxiliary en~ine. Table 20 shows the quantity of fuel and oil used 
in the auxilial'yengine. 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 
more economical than small machines. Machines. with a 12-footcut 
used 0.61 gallon per acre, those with a 15-footor 16-foot cut used 
0.59 gallon per acre. The difference in average fuel consumption 
'batween the groups is less than 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 I affect fuel consumption. 

85334°--28--4 
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TABLE 20.-Fuel and l1!bricants used in the a·tlxilia7·y engine 

Gasoline nnd oil per engine 

GrainWidth Com- Aren Fuel OilType of combine thresbo( cut bines cut ed 

Per Per Per PcrTotal Totalacre bushel acre bushel 

Feci Number Acres Bushels Gallons Gallons Gallons Gal101ls Gallons Gal/ons
12 54 287 4,876 176 0.61 0.036 7 0.02 0.001 

Tractor drawn with { 15 50 357 6,385 211 .59 .033 8 .02 .om 
nu.,llIary ongine ___ 16 103 423 8,069 2·19 .59 .029 11 .03 .001 

20 3 037 15,918 250 .39 .016 12 .02 .001 
TotaL. _______ ...... _----- 210 375 7,253 221 .59 .031 9 .02 .001 

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 ,,,-ith the shorter ones. This economy may 
be due in part to the use of the ext.ension 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 IO-foot machine and for a 20-foot machine 
is only 0.13 gallon per acre.7 

Rate of travel per hour has a more significant effect on the con
sumption of fuel. Pl'esumably 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 miles per hour. Consequently a 15-foot 
machine, cutting grain that yields 20 bushels per acre, would burn 
approximately 1 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 economical use of gas in the auxiliary engine, it would 
be advisable to pull the machine at as high a. speed as is consistent 
with clean harvesting and tmeshing.

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

At the same rate of travel, differences in the yield of. grain per 
acre have some separate ·effect on fuel used. The estimated fuel 
used by a 15-foot machine traveling 2:75 miles per hour in grain 
that yields 10 bushels per acre is 0.54 gallon per acre; for a .20-bushel 
yield, under the same conditions, the estimated fuel .c4)nsumption 
is 0.62 gallon; and for a 30-bushel yield the fuel consumption is 
0.71 gallon per acre. 

Since the quantity of fuel per acre used in tmeshing grain with 
a high yield is not much greater than that used for tilleshing gram 

T This estimate is based on a multlple linear correlation analYSis of (uel used per acre as affected by size· 
of machine, yield o( grain, nnd rate of travel per hour. 'rbe coetficient o( correlatlon is +0.92. The effect 
of each fnctor on (uel used is estimated (rom tbo regression equntion, E=2.127-0.013· A+0.0084 B-0.536 C,
when E Is tbe fuel used por ncre, A is length o( cutter har in feet, B is yield o( grain in bushels, and Cis 
mile., traveled per hour. 'rhe averagerelationsbip expressed .is that, with no change in the other (actors, 
lin .incrollSO o( 1 (oat in width of. cut would be associateJ with a decrease o( 0.013 gallon o( (uel (or each acre 
cut. An IncrCllSO of 1 bushel pcr acre .in yield would be associated with an increase of 0.0084 gallon o( fuel 
used per nere, and an Increase o( 1 mile per hour in rate of travel would reduce the.fuel consumed by 0.536 
gallon per lIcrc. In making these estimates care mUst be taken to keep the measure o( the causal faotors 
within the Jl1nlts of the data on which the correlation is based. 
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with a 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 small compared with that for low yields. The lubricants used 
fOl' the t1U:\.-ilittry engine make a small item of expense, and the .amount 
is roughly proportional to the fuel used. 

Fuel consumption per bushel of grain is largely dependent upon 
the yield per Itel'.e, but in general the quantity of fuel requited p.er 
bushel is less for the lu.rge than for the small machines. 

'rhe total q UM tity of fuel and oil used for harvesting with a 
('.omb.ine is shown for each type of machine in Table 21. The average 
fuel used per acre, in units with am;:iliary .engines, is 1.39 gallons. 
For combines with the power drive from the tractor, the fuel per 
ttore is slightly less than for the combines with auxiliary engines, 
and the quantit.y of fuel pel' acre is generally less for large t.han for 
smuJI Jllachines. The 8-foot power-drive machines show a smaller 
fuel eonsumption per n.cre t.han do the lO-foot. power-drive machines; 
but the y:ieldof grl1iu was consist.ently higher where most of the 
10-foot machines were used, tmd the higher fuel consumpt.ion is due, 
in pm'!i nt Jenst., to the heavier grain. The fuel consumption per 
bushel is less for the 10-foot thun for the 8-foot combines. 

TABL.m 21.-1'ot£ll fuel £I'n.d lubric(m/s lined in !.he /:rac/or and a=iliary engine 
---~-- ...-., .. ~ .... ~--~- ---- '-'--~------~------------

Fuol Oil Greuso 

Width Com~l'ypo of comhiuM of out binos Per Por POI' POI' POI'Totul Total
001'0 bushel Totali ;rc~~ bushol nero bushel 

Fl. No. Gall,~. Galls. Gall.~. Galls. Galls. Galls. Lbs. Lbs. Lbs. 
8 25 262 t.23 0.072 12 0.05 0.003 13 0.06 0.004T~~~~~tT~~~~\:~~_~~i:~~_~~~:~~_ { .10 10 381 1. 30 .054 12 .01 .002 18 .06 .002 

.12 50\ 445 1.55 .091 20 .06 .004 18 .06 .004 
15 50 510 .I. 43 .030 20 .05 .003 18 .05 .003~l'~~Ci~o~~'~~~~ _\~~t!~:I~~!~~I~~:_{ HI 103 565 1. 34 .065 26 .06 .003 17- .04 .002 
20 3 675 I. 06 .043 25 .04 .002 38 .06 .002 

Ali trnctor <lruWD, with
IItlxHinry onglno______ .. _.. _--- 210 523 1.30 .072 22 .06 .003 18 .00 .002 

The quantity of oil has the same general relation to size of machine 
as has the fuel used. The grease used on the tractor and combine 
is a small item of cost and,l1.s reported, shows more yariation 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, averttged $2·0 per machine for the season. In 
addition to this cash cost, an averaf?e of two days of man labor was 
used in putting repairs on the comoine and fitting the machine for 
the season's work. This average figure, shown ill Table 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 thisfignre is 
obtained is only 2.4 years, so that practically all machines were com
paratively new and would be expected to show low costs for repairs. 
Durin~ the first year of operation, prac.tically all repairs are made as 
a serVICe by the manufacturer where broken parts show defective 
material or workmanship, and therefore are not reported by the 
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farmer 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 ...Joot machines than on the others, and it is this group that 
had been longest in sorvice. 

TAlH.E 22.-ilverage cost of repairs on combines in 1928 

AgooC Oost oC Labor on '('Ylle or comhine Width oC Combinescut combiues repairs repairs 

Fut Number Years Dollars DaUB 
Trnctor drnwn with power tllke·orr _________________ _ 8 25 1.0 4 0.0 

10 10 1.0 1 .3 

12 56 4.0 40 3.4 


'fractor drllwu with uU.dliury uulllnu________________ _ 15 51 1.8 16 1.5 

16 103 1.7 18 1.11 
20 !\ 1.7 8 .2 
12 :1 8.0 56 3.0

lIorso urnwll __ ..,...._....... _.. __ .. _.. __ .... __ ...... __________ .. _.. __ _ 
 15 3 1.3 5 -------:.i:ii16 2 1.5 24 

'rotal or n.vcrn~o-____ .. _______ ....... ~ .. __ ... _.. ___ "' ...... _ .. ________ .. 
 2.4 20 2.0 

Table 23 shows repnir costs per acre of grain harvested for machines 

of all ages over 1. yeal·. rrhe repairs per acre on the 12-,foot machines 

inet:ensed from 7.5 cents for the second season to 17.4 cents for the 

eighth season. The repnirs on the 15-foot machines increased from 

5.4 cents pOI' ltere for the second season to 9.8 during the fifth season. 

In gcnol"!lJ,I'epILirs pOl' aCI'e are less for the large than for the smaller 
 I' 

Jllachines. Becn.use of the inadeq UIlCY of repair data on older machi.nes 

the Ilverage does not represent the allowance which should be made 

for cost of repnirs. 


TAllhE 23.-008t of repairs rellOr/ed on c01n/Jines of different ages after the first 

year per machine and per acre 


Second year 'l'hlrd year Fourth year 
Wi~~:lOC 1___..,.-__-1-__-;-___1___........___


Type or combine 
'l'otal Per ncro 'fotul Per acre Total Per acro 

---------1-------------------- 
j"etl Dollars Cen~. Dollar.• Cents Dolla.. Cents 

12 30 i.5 33 8.7 34 0.0 
15 2!1 5.4 37 7.2 38 7.5T~~~;::-c~~~~.~I--'~~:~-~~~~~~~~:- { 4.4 0.316 2!1 45 ---------- ---------

l\verllgo ................................ ___ .. 2!1 5.5 36 7.7 ------_ ... -- --- .. ------


Filth year Sixth yeur Seventh year Eighth year 

Type oC combine 
'rotnl Per ucro Totul Per acro Totul Per nero Totnl Per acre 

------1------------------------
Dollars Ctnts Dollars Cents Dollar.. Cents Dollars Cents 

T~~~ft~~~~~[~ir~~~:~- { ~g 1&: ~ _______~~_I-----~~-~- -------==- .. --.~~~~- --.-..-~?- ----.-~:~~ 
.... _______ __________Avernge..... ___ ._..__ ... _--...,..- >0_______ • _>ok________________________ ._ 

The repair cost per acre is probably affected less by the acreage 

cut than IS the depreciation char~e per acre. Table 23 indicates that 

on the machines which have been m use for about one-half 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, 


\ 
1, 
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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 char~eable to the cost of operating 
the.combine. To prorate thelia costs IS difficult, as there are many 
vanables. What part of these costs to charge to harvesting, when 
repairs are necessary shortly after harvest begins or at the beginning 
of another job following harvest, is questionable. Lack of data 
precludes the fixing of a yearly or acre charge for these costs. Per
haps the most equitable charge thltt could be made would be based 
on the total yearly acreage covered by the tractor. The total 
yearly repair and labor costs, divided by the total acreage over which 
tlhe tractor was used, would give a per-acre charge which could be 
made against the tractor for each acre harvested. 

FIRST COST AND DEPRECIATWN 

The combine, with its economy in the use of labor and greater 
convenience in harvesting, has a disadvantage compared with other 
harvesting machines in that it requires a lar~e original investment 
and consequently has high depreCiation and l:J.terest charges. The 
first cost of the machine varies with the size and type of machine 
purchasod. Power-drive machines with an 8-foot or 10-foot cut may 
be priced as low IlS $1,000, whereas the lllrger machines equipped 
with auxiliary engines may cost $2,000 or $3,000, depending upon 
the make and size of machine. 'With so large an investment required, 
many fnrmers who have a small wheat acreage hesitate to buy a 
combine. 

Table 24 shows the average cost to farmers in the Great Plains of 
machines of ditferent types. This cost varies somewhnt with the 
location, the terms of purchase, and the accessory equipment pur
chllsed with the mnchine. 

TABLE 24.-fi'irst cost of combines 

'rype o!.combine 

----------------------1--------
•..•••••..••••••!Tracto(drawn, with power tBke-OfY••.•.••••.••••••...•••_ 8 

10 
25 
10 

$1,043 
1,260 

Tractor drawn, with auxiliary engine ..................................... 
12 
15 
16 

56 
51 

104 

1,810 
.2,084 
2,315 

norse drawn._........................................................... { 

20 
12 
15 
16 

3 
3 
3 
2 

3,315 
1,812 
1,003 
2,290 

Total or average ............................................_.............._.. 257 1,995 

For the most part, the machines have been used for too short a time 
to determine the length of service to be e:ll.-pected under ordinary 
farm conditions. Moreover, the combine is in the process of develop
ment, and a machine may decrease in value as much from becoming 
obsolete as from actual wear and tear. Estimates of the operators 
indicate that, on the average, the machines were expected to last for 
about eight seasons. The expected length of life apparently has 
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little relatiDn to. tbe acres cut annually and under cQnditiQns Qf actual 
QperlLtiQn is probably affocted more by the mecbanical ability of the 
opemtol', nnd the cnre given, to the mnchine thnn by the amount of 
wQrk done eMb SenSDn. For the 257 combines included in this part 
of the study, doprecintion as derived from first CQst, estimated 
length Df service, nnd neres bnrvested annually, is 44 cents per acre. 
Deprecintio.n is Qne Qf the mo.st impQrtant CQsts to. be cQnsidered in 
harvesting with a cQmbine. 

Assuming no :relatiQn between tbe acres cut annually and the life Qf 
the mllchine, tbe chnrge [(\1' depreciation WQuid be a fixed cost, Ilnd 
the chargo pOI' acr'o wDuld depend llugely upDn tbe neres cut each 
yonr. Tnble 25 shows tho depreciatiQn charge per acre fQr different 
mllchines with vnrying acres harvested. 

TAULE 25.-Depreciali01I ill 	vallie of combines per acre for different acreages cut 

Depreciation per acre bur-
Width O(! ~uruber A\'ern~c Year!>" vested anu11a11)' 

'rype o( combine cut ((eet) IO( ~Olll' c~~~tg~e des~~c:!l-I--_;--__:--__blnes 
JOO acres 200 ncrcs 300 ncrcs 

,-----------------
'l'rnctor drawn with power take-l{ S 2.1 $1,013 $12(; $1.26 $0.63 $0.42 

10 10 1,2GO 152 1.52 .76 .M 
J2 56 1,810 218 2.18 1•.09 .731':::~~--(~~~:\~1~-~~;:1: -:,~:.:i~;~~:'-I{ J5 51 Z,OSI 251 1.26 .84

englue........_............... ~ ~ .. _........____ 	 J6 J(}I 2.315 270 1.40 .0:1 
~'O 3 :1, :115 399 1.33lIorse drawn ______• ___ ._. ______ 	 -----2:iii12 :I 1,~12 218 1.09 .7:1 
15 3 1,903 2:!9 .. .,. .... 1.14 • itl"~"""' 

16 ! 2 2,:.!tJO 2i6 ... _-------- J.38 .!!2 

I Depreciation per ncre hnrvested Ilnnual!y 

1'ypo of comhine I 400 I ,501) WO 700 800 -900---;--1-,000-"-1-,1-00

acres t nc:rcs acres ncres ucres acres ncr(',s ncre5 

-----------,-------------- 
'L'raetor drown with power take.oIL __ { $O:~ --$O~3ii' "$O~25- :::::::: :::::::: :::::::: :::::::: :::::::: .4-1 .36 •____••_ • __ •_____ ••________________ •____.54 .50 .-12 $0.36 •_____ •• _____ •_________________ _ 
'rractor drawn wIth auxiliary engine__ 

{ 
:n .56 .46 • ·10 $0.35 $0.:11 ________________ 

I:~ :r1 .___~~_ .___~~:_I--.:.:':- .---~~=- ..~~=~. ---~~~~ Horse clrawn_._._______ •___ ...___ .... .57 .46 .38 .33 • ____ ••• ____._._________ •__ •___ _{ .05 • -16 .:m .:15 .31 •____• __ •______ _• liD 

I Deprecilltion is bllSed upon nn expected U(e o( 8.3 YOIlrs IlS determined (rom estimates or 25i combine 
owners. 

COMPARISON OF COSTS O.F HARVESTING GRAIN 

CQsts of han:'esting grain differ in variQus sect·iQns Qf the. cQuntry 
accDrding to. dj;fIerences in the pricesQf the CQst factDrs. There is 
some variation in prices Qf machines, wages of JabQr, and prices Qf 
fuel and lubricants in diffel'ent parts Qf the Great Plains. SQme 
variatiQn in CQsts per ncre nlsQ occurs with differences in yields Qf 
gmin, althQugh this variatiQn is less when CQsts are computed on an 
Rcre basis l'l1ther than Dn a bushel basis. .A wide difference in acre 
CQsts also. occurs on different farms under similar CDnditiQnsQf 
weather, prices, and yields. VariatiQns in such factQrs as length of 
life Qf the maohine, repnirs, acres cut per day, and mechanical ability 
Df the Qpel'l1tQr cause vnriatiQns in cost-sso that computations repre
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sonting averages aro not applicable to indi\'idual farms. Figure 7 
shows a genom.! comparison of 11l1rvesting costs for different acreages 
of grain eut by binders, hOl1de.l"S, or combines.s 

T'he costs of hltrvesGing with 11, combine used for making the graph 
shown in Figure 7 IU'e computed by applying prices to the average 
quantities of lltbol' and 111l1terial used itS shown by the previous tables 

pc~~~~cr-------;--------r------~------~~------~------~-------, 
DOLLARS 

COST OF HARVESTING AND THRESHING WITH 
~_______I-BINDER, HEADER,OR COM6INE.YIELD__-I-___-l6 

15 BUSHELS PER ACRE I 
--(3)--}s-t.,} --<2"-}tft:!dfJ rt ~}cornbi"eS

~~"" ." .... ~.~ ....__::!~~:: :N'~Cr- -,1).- 12-(00' ~ IOQr;dl)'(aor 

5 

, ~i) --- -121 I . " 

-,,;j~·:-F---:::::T===~~===F~=-=-:l--------r--------
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Fla. 7.-Comparntiva har':ostlng, threshing, and hauling cost with binders, headers, and combines 

on combine oporlttion. Rl1tes of payment for labor and material 
used for binding and heading are comparable to the .rates applied to 
the elements of cost for combining.o 

\Yi.th interest aud depreeiation included in costs, the large invest
ment in ll11lchinery callses a high harvesting charge per acre when a 

! hi l1slnl: the cost (intn shown In the tnhles lind curveS. it is Important, therefore, that the Individual 
kCtlIl clearly in mind the fnet thnt !IiITcrCllC'cs il1 costs do oeeur f,"111 farm to fnrm. 

• l.abor IItIlI mntorinis usc!1 for binding nud beading nrc taken Cram data used In compiling the followIng
bulletin: W ASUUUItN, U. S. Op. cit. • 
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small acreage is c.ut. 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 
service it seems likely that the yearly depreciation would be less .for 
small than for large acreages. The amount of work done probably 
would afl'ect the length of service of the machine, particularly in in
stances where very high or very low acreages were cut. Then de
pt'eciation charged to the binders is based on 10 years of service, 
whe~eas that charged against the' headers is based on 15 years of 
serVIce. 

The cost curve for combines shows the effect of acreage cut on 
cost per acre and emphasizes the necessity of having a large acreage 
in order to decrease the acre cost. As the investment in the 10-foot 
machine is smaller t,han that in the 15-foot machine, and other costs 
per acre are approAiml1tely the same, the total aere cost of harvesting 
is less for the 10-foot, than for the larger machine. The unit cost of 
operation 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 a more 
economical machine than the binder whore 60 or more acres of grain 
nre to be cut. With It l5·'coot combine harvesting costs would not 
be reducod unless approximately 100 nCl'es were eut. 

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

For larger acreages, the cost of cutting and threshing with a com
bine is much lower than for either a binder or a header. ~he small 
combine npPIU'ently is more economical than is the h\l'ge size, up to 
the limit of its cn.pacity, but the cost per acre decreases rather slowly 
nfter the I1ct:el1ge cut is greater than 300 or 400 acres, and the ad
YIUltnge of getting the grain out and threshed quickly probably 
would more thnll equal the small reduction in costs shown. In cases 
ill which more than 300 acres are cut, the difference between acre 
costs with IO-foot or 15--foot machines is small, and the variation 
between costs on separate machines is such that in many instances 
the ll1r16cr mnchine probably would be as economical as the smaller 
one, 01' more economical. Table 26 shows the factors considered in 
computing the costs used in Figure 71 A. 

I, 

~ 
I 

',' 
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TAIILE 26.-C"arge.~ lJer acre with differellt harv6atingmethod8 

Por acro charges 

Io-Ioot comblue H;-Ioot combluo 7-loot bluder 12-loot benderItom ol.cosL 

Quau- Cost Quau- Oost Quau- 0 t Quau- C t 
tlty tity tity os tlty os 

-----------1--------· --------
Mllu labor I_ ••••• _____ •• nlllu·hours __ 0.00 $0"11 0.6.') $0.:10 3.0 $1.80 2.8 $1.40
Horso labor ' •• _ .........hnrso-hours______•__ • ________ ._______ ________ D. U .59 ,1.1 .41 

'rmctor__ ....._....._••_._... _•• _ •• ___.____ .flO ________ .00 ________________________________ 
j.·uol • _____ 

~_ 

............ ___•___ Hnllolls.. 1.30 .32 1.43 .36 ____________•___________________ 
011 1•__ ._.___ ._ ..___ •__ .•_•••_.t10.... .IH .03 .05 .04 ___________••___________________ 
OrOI\50___...._.......__.....poun<ls,. .00 .Ot .05 .01 •_______ .._____________________• 
'L'wlno '.__ •• _••••_______ " .....<10 ...__ ••__ .._•_______ ..___ ._. ________ ,:1. 0 .28 ______.. ______ __ 

¥~~mi,g·;:::::::::::::::::::::::::: :::::::: ..__ ~~~_ :::::::: ____:~~_ :::::::: 1:~ :::::::: I:~ 
Vnrlllble co.~ts.... __ •••• __...... ==~==-wo===--:i:22t==---:t:iii 

Annual chargo.q 

Doprecilltion _____ ........... _._ ••--.............. •_______._____ ________ ________1$22.506.75 1--------1_ $13.33
Intorest '.,.•• .. _ ____________ 1$1.~2.37.8000 1--------1$251.00 1________ _______ 6.0062.52 

I.Lnbor ou combines chnrged at 00 conts per hour; on hinder lind heudors lit 50 conts per hour. 
I Horse Illbor chllrged at 10 cents per hour. 
I j.'11C1 chllrgod nt 25 conls, ollnt 75 conts por I(al1on. 
• 'I'willo charged lit 14 conls pcr pound. 
• 'L'hroshlng chllrR~'1 nt 10 conts per bushel: Iii-bushel yield llSSumed. 
• 1IlIso(1 on 8.3 yours lito lor comblno, 10 yoors lor hludor, \6 yoors lor hORllor. 

1"\nuunl chnrgo por machlno bosed on ono·huH the lIrst cost at tI per cont. 


The farmer on his own farm, with a certain supply of labor and 
power available, may be more interested in actual payments 'than 
ill total charges as shown in Figure 7,.A. The costs which he must 
meet in cash are of first importance. Figure 7, B shows the estimate 
o( immediate costs for different machines with no allowance 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 tho labor of two men would require the hired service 
of ono man 'for 11l11uing, running expenses for operating the combine, 
allel a chn,rgo for :roplacemont of tho machine. With one binder, 
no additional1abol' would be needed for cutting; the extra threshing 
labor might be exchl1nged, and the only immediate costs would be 
for twine, opern.,ting expenses of the binder, and cost of threshing. 
If more thltn one binder, or if a header, is used, more labor necessarily 
wOlud be hired for hnl'vest. 

Table 27 shows the cash cost factors considered in the comparison 
shown in FiO'ure 7, B. These costs would be less when a binder 
(fig. 8) is used than when a smoll. combine is used, unless 110 or more 
acreS were to be cut. For acreages less than the approxim. ate maxi
mum to be cut with a 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 acres 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 a combine was used. 

http:1--------1$251.00
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TA1ILE 27.-Cash costs 'Jler Clcre incidtmt to harvesting by different methods where the 
labor of two men ·is available a1ld threshing labor is exchanged 

Combines 
1Hoot header i-foot binder cost cost 

JIHoot 15·fool 

---,--- ------~,'-----,---,---;-~--,---

QI.lUn"1 Cost QUlln- Cost 1 mn- 2 11111- 3 ma- 1 1Il1l- 2 ma
tlty, tity chine chines chines chine' chines 

--------I,--·~·------------------
:Extm Inbor I_~_-mlln-hollrs-. 0.·10 $0.16 0.30 $0.12 _._-____ $0.27 $O.3U $0.80 $0.00
}'lloll___ .,,_ ..... ___gllllons__ 1.30 .32 1.0(3 .36 ______ •__________'_' __ " _..___•• ________
Oli ' ______ ..........._do..__ . (}j .03 .05 •(}j ________________________________________ 

Grense...... _____._pounds.. .00 .01 .05 .01 ___ •_______..___ ..______ ....__ ......____ _ 
~rwino ,_, _.. _________do.___ ________ ________ ________ ________ $0.28 .28 .28 ________________ 
Rapairs______________________ ________ .10 ______.. .10 .05 .05 .05 .05 .05 

1'hreshing ,----.------------- .:..::::::: --------):=0:= -----.--~~~I~~ 
Variahle costs_________ ________ .62 1________ .63 1. sa 2. to 2.19 2.35 2.51 

Depreciation •• ______________1==l52.OOl==~22.50 45:OiJ~l3.33~ 

I Charged lit 40 cents per hour. 
I Fuel chnrged nt 25 L'Cnts, oli at 7.1 cents per gallon . 
• ~'wlno charged at 14 cents per pound. 
• Threshing chllrgcd lit 10 celllS per bushel Cor II l5-bushel yield. 

'llnsed on 8.3 yellrs' liCe Cor II combine, 10 yellrs Cor binder, J5 year,; Cor hemlor. 


}'IIJ. S.-Harvesting WHcnt with Il binder. H thoro nrc 110 or more ncres oC grain to harvest the cash 
costs will be lowored by using II smnll combine 

If extra labor is needed, or additional charges are made, on a given 
faTIn, the cash costs would be somewhat Ingher, and the point where 
a combine would/rove profitable would lie somewhere between the 
acreages indicate 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 increase proportionally to 
the increase in yield, and a comparison 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 yield 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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per acre. It is only when the gllain is very heavy and the rate of 
tmvel or wid th of SWILth taken must be reduced that yield has an 
11pprocin,ble etfect on acre cost of cutting with a combine. Even 
then the cost does not increllso as.fnst in proportion as do separator 
chn,rges with inc reused am'e yields. 

CUSTOM WORK WITH COMBINES 

A flu'mer who hus a snuill acrenge of ~rtLin may find it advisable to 
ootn,ill a combine for his own gmin and to depend upon doing some 
custom cutting for his neighbors. More than. half' of the combine 
owners did some cllstom wOj'k with their machines. 

Tho p.wf:it in custom cutting depeuds largely upon the rate j'eceived 
POl' acre. In those districts in which the combine had been used ior 
only a short timo tho mte per aure was highet· thl1n in other districts • 

1'lll. U.-UnrvesUng whont with 1\ hOlldor. lC there nrc 80 or more acres of gmin to harvest tho~lISh 
costs will be lowored by using II smnll combine 

in which tho Jimchines were in more general use. The acre rates 
variod from $4 in Texns to $2.50 in Montana. The general rates 
were ftbout $3 POl' ncro in most of the localities. The charge ior 
euttiug is USllltlly higher dlU'ing the fust part of the harvest season 
thu.nlatet'. 'rllOse who expect to hire their grain harvested with a 
combino nre willing to puy IL higher ,rate in order to have the work 
dono eady and sO reduce the risk of loss from the shattering, lodging, 
or blen,ching of the grn,in. LILter in the season, as more operators 
finish their own acrenge, competition ior cutting may reduce the 
J·ute. An operator who wishes to contract a lar~e acreage for his 
lUnehine may chm'ge less thlLn the customary rate if the cutting may 
be .postponed until the latter part of the season. 

'1'ILble28 shows the o\vued acrenge and the custom acreage cut by 
machines of difl'e:'eilt sizes. For mauy of the groups the amount of 
custom work is nlmust as great as the cutting on home fnrms. Except 
for differences in charges forcuttin/? the l'etul'Usper acre for custom 
work lue ncnrly the sILIlle, for all' groups of machines. The net 
retu1'lls (exclusive of fLxed choxges, depreciation, and interest and 
repairs) wOllld be Itpproximately $2 per acre from cutting at the rate 
of $3 per acre. This would Tepresent the expectQd Teturn to the 
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combine owner after deducting costs of labor, fuel, and lubricants. 
Many farmers do much of the work themselves, and are interested 
primarily in the Tetmn to themselves for the use ·of the combine and 
tmctor. With no charge for labor the returns would beapproxi
mately $2.50 per acre. 

TABLE 28.-c-lI,~tom work done by combine owners in addition to cutting their 
own crolJ8 

Num- ]~oturns 
ber o( 
com .Acres, GhnrgesWidth blnc.q ,Acres, cus- Total Tabu Gambino per Gambino'Typo o( comhlno o( cut used own tom ro- ox- andlllbor'ncro (or «(oot) (or crol' cut- ooll'ts pcnses 1cuttingens· ling 
tom 1.'0- Per To- Per 

work till nero tal ncro 

Trnctor-dmwn wi th { 8 12 20ll 1:!8 $2.47 $317 $03 $224 $1. 75 $:!85 $2.23 
power tllke-QIT__....._. 10 ]0 21J2 164 3.32 MO 117 429 2.01 501 3.04 

12 23 ~t23 201 2.78 558 129 42IJ 2.13 500 2. ~8 
Tmctor-drnwn with { 15 36 2IJ4 280 2.1lIl ·SfJ.Ii 208 647 2.24 744 2. 57

nu.dltllry englne __ •••__ 10 70 366 :124 3.02 078 ID5 783 2.42 880 .2. 72 
~'O 3 037 36.1 2.80 1,052 2M 708 2•.20 041 2. 59 

I "Exponses" Includo chnrges (or 1nbor, (uel, oU, nnd grense. No othcr chnrges nrc Included. 
, Totul relurns to combine Is the profit (or uso o( combine und tmctor witb cost o( ltlbor, (uel, nndlubrl· 

cunts deduuted, but with no cbnrgo IImdo (or deprcclntion !lnd repnirs. 
, Return to combine lind Inbor Is tho "rollt (or opornting n comhlne nnd trnctor with ehnrges mnde (or 

(uel und lubrlcunts, but with no deduction mude (or labor, deprecintion, or repllirs. 

Whether this l'eturn would increllse the neteamings of the farmer 
would depend upon the value of his labor in doing other work on the 
fM'm, or upon the cost of hiring labor to pedorm the needed work in 
his absence, It might be more proiituble 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 f01' others may enable a farmer who 
has u smallgrmn acrellge to own and operate proiitably a combine 
for his own gro,in becnuse the saving in .his own harve$t bill is supple
mented by Rl'ofit from outside work. 

With an merellse in the number of combines in a locality, and 
resulting competition among combine owners, the rates for cutting 
mny be reduced lmtil the margin in custom cutting is decreased. 
Those.in the Great Plains who are considering the purchase ofa com
bine with the e:\.-pectationof doing custom work should consider .11. 

possible decrease in the rate oi pay for cutting and a smaller acreage 
to cut each year. 

MINIMUM ACREAGE 	 ON WHICH A COMBL"l'E WOULD ,REDUCE 
HARVESTING COSTS 

Many of the combine operators pUl'chasedtheir machines for use 
primarily on the home acreage, whereas others anticipated additional 
work for neighbors as a means of partially paying for their investment. 
Although the average acres cut per year (fig. 4) show that the larger 
machines were used on the larger acreages, there is a wide range in 
acres cut with each size of machine as indicated in Table 8, due 
chiefly to the influence of custom cutting, 

http:Those.in
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The minimum ,acreage :fo.r which a co.mbine will ,be profitable is 
determined ltu'gely by ,the 'Co.st ·o.f o.ther po.ssible m~,tho.ds o.f harvest
ing. With a co.mbine, the acre Co.st will be less fo.r a large than fo.r a 
small acreage, and the pro.fitable minimum acreage will he set at a 
po.int belo.w which so.me o.ther metho.d will pro.ve cheaper. The 
actual Co.st o.f the harvesting and threshing o.peratio.ns sho.uldbe 
supplemented by .a co.nsideratio.n o.f the probable effect o.f each 
method o.il the labo.r pro.gram o.f the farm, the.effect o.n fo.llo.wing 
cro.ps, and the effect o.ntheco.nditio.n and value o.f the 'grain threshed. 

In a lo.cality where binders are used in preference to. headers, an 
o.perato.r may :find his harvest Co.sts decreased by .a 10-fo.o.tco.mbine 
if he has GO flcres 0.1' mo.re o.f grain to. cut. B.ased o.n the cost ,figures 
used in co.nstructing Figure 8, A, his acre-co.st ,o.f harvesting wo.uld 
be nppl'o.ximately $4.60. In the Gre.at Plains regio.ncustom wo.rk 
was being do.ne fo.r $3 per acre at the time ,o.f this study and, based 
upo.~ present co.mbine o.peratingco.sts, .ano.perato.:t: ,co.uld hire .his 
cutting mo.re profitably at that ;l'ate than purchase his o.wn co.mbme, 
lUlless he hns at lenst 125 ncres. 'With a 15-fo.o.t machine, hiso.wn 
!tel'en~e sho.uicL be at least 100 acres befo.re the Co.sts wo.uld 'be less 
thlLu llll.rvesting with a binder, nnd he sho.uld have 200 acres to. cut 
bero.l'e his Co.st wo.uld be less than the Co.st o.f hiring the grain cut with 
It co.mbine. The profitable mininuull acreage, incases in which 
hClldiup; is the aiternn.tive, wo.uld be so.mewhat greater than where 
a binder is used. 

Table 29 sho.wsthe average o.f estimates made by flU"mers as to. the 
luinimul11 acreage fo.r which they wo.uld o.wn a co.mbine. Theaver
age o.fthe estimates ranged fro.m 127 acres fo.rthe 8-fo.o.t co.mbine 
to. 400 !tcres fo.r the 20-fo.o.t machine. The minimum fo.r 10-fo.o.t 
co.mbines WIlS estimated at 196 acres, and the minimum fo.r the 15
fo.o.t m!tchine averaged 276 acres. 

TAllLE 29.-0wlIers' estimates of -mini"ln1L"m acreage for which a combine is profitable 

Wldtb Number .Average
Typo 01 combine 01 cut reporting minimum 

--- .. _~------------!----I----I----____ 
ACT.., 

8 .24 127
Trnctor drnwn wltb power tnke·olt ___ . ___•__ ._ •• __._.______•_______ \ 10 10 196 

12 47 .209 
16 ,w 276 

~'rnctor drnwn with au.dlinry englne. __ •••_. __________________ •____ _ 16 82 .290 
20 3 .400 
12 3 158 

Horse drn wn • •__________ •••---... .•--...-  •••••-.---.----. .15 3 250 ___ _____ 
16 2 400 

~--~~--_r---
220 248All Inrws ......._••••••••___...•____•___·_··············-·---· -••••••.•••• 


In mo.st cases the o.wners who. made these estimates were co.nsidering 
the header as the alternative harvesting machine, and theyco.nsidered 
facto.rs o.ther than the difference in Co.st ·o.f harvesting by co.mbines 
and by o.ther metho.ds. 

In cases in which the co.mbine was used fo.r custo.m wo.rk,theacre
age o.f owned grn.in necessary fo.r pro.fitable o.peratio.n o.f the co.mbine 
wo.uld be still smaller than either the estimate o.f theoperato.rs o.r 
the co.mputedfigure. 

http:theoperato.rs
http:metho.ds
http:facto.rs
http:acre-co.st
http:o.peratio.ns
http:m~,tho.ds
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HARVESTING AND THRESHING LOSSES 

HARVESTING LOSSES 

Losses of -grain resulting from the different methods of harvesting 
were determined in Old ahoma, Kansas, Nebraska, and Montana. 
The actul)llosses were determined by counting the heads left on 12 
measm-ed plats, selected at l'lmdom, one-foUl'th square .rod in area, 
in ench of the harvested fields. 

Loss counts were taken !titer threshing on some fields that had been 
cut with binders. The heads left in the spaces between shock rows 
and those left in foUl' 01: mO.re shod: bottoms were counted, The 
avemge distance between shocks wnsdetermined by measuring the 
nrea occupied by 10 shock ]'OWS, fmd the spnce occupied by 10 shocks 
in n l'OW, ;From these figtu'es it was possible to compute the loss in 
terms of heads pel' sq unre rod. 

A head snmple wns cut :from each combine-harvested field studied, ' 
and from n llllmber o:f bound !md hended fields. The head samples 
were obtained by cutting all thelwads from twenty-four 4-footlengths 
of drill ,rows taken Rt raudom in the .field, Later the heads were 
counted !md threshed, and the grain WIlS weighed, From these data 
it wns possible to cruculate a yield l)Cl' acre as well as the .average 
weight of grain .per head. 'I 

By combiuiugthe data on losses nud the yield figures it was possible 
to cruculate the percentage of the total yield of grain which was left 
in the field, The nverllge total and percentage losses of grain from 
the headed and bOtllld fields, from which head samples were not 
taken, were culculnted by using the average yield per acre and size 
of bead obtained from the samples from the combined fields in the 
SRme locality, 

The ayernge losses sustained in five distlicts in harvesting 259 
fields with combines, 59 fields with headers, and 34 fields with binders 
are shown in Table 30. The ficrUl'es given n,re the average numbers 
of heads lost pel' sq Ullre rod, The heads listed as "cut and dropped 
on ground" were loose, as they had been cut off by the machine. 
Those listed us ".not cut because on short and lodged struks" were 
not cut off but had been pllssed oyer by the harvesting machine. 
Those listed as ttnot cut becILuse of faulty operation JJ represent 
arbitrary estinultes based on some preliminary counts and n,re -a 
measw'e of the number of uncut spots in the field. Thes~ losses 
varied fl'om zero to as much as five heads per square rod in some 
fields, depending upon the w'iver's skill in guiding the tractor. A 
few of the heads on the ground had been cut .off by grasshoppers
before hlll'vest. 



TAllLE 30.-Average harvesting losses in cutting wheat with combines, headers, and binders in jit'e districts in the Great Plains in 1928 

Heads of wheat lost per square T(ld I I 
District 

Method of har.
vesting 

N he Cut and dropped I N t t b
• um r on b'l"Ound I ' 0 eu ecnuse
of )na· ! 

\ chmes I I i Ou short l or faulty Total 

j .... yerage
weight of, 
grain per j 

bbeBdI 

.
Gram lost per Bcre 

I~ 
Yield perl 

acre I 

Percent· 
ageo! 

roain 
osP 

ro\\ S • stalks tionsI 
Sho~k '1'otal, Or lodged! opera· 

Winter whcat: I-~------------------1'------------ Gram" ,:••-P-'-U-T,-tLy-:I-B-IUI-h-'-z.,-· 

[Comhinc.......... 42 •••••••••. 56 23 2 81 I 0.50 14.50 " 0.24 
Al!al!a Count~•• Okla•••••••••••.•••..••••llIIeadcr............ 18 •••••••••• 102 ; 21 2 125 .50 22.0;; I • a,

Binder............ la I 210 285 I 5 2 2'Yll .50 51.50 " .86 
I COlllbine.......... 28 •••••.•••• lIll 36 2 1491 .29 16.~'9 .27 

Ottawa County. Kans...................1 Hcadcr............ 11.......... 147 I 37 1 185 .29 20.23 I .341Binderl........... 5 32 257 , 15 1 273 .29 29.S.'; I .50 

Perkins County. Nebr................... ~~~:1~~~~:=======:: ~ mi ~ ~ ~ :~~ ~: 1~ ; :~ 
{ 

COIll hillc.......... 32 07 I 50 1 liS .57 ;J.I. 85 I .58 
Judith Basin alld Fergus Counties, Mont. Hcatier............ 2 .......... 145 I 2'l 0 lUi .87 49.74 " .53 

Binder............ 1 401 560 I 12 0 578 .87 H2.16 2. 87 

~~ I 
Judlth Basin and Fergus Counties, MonL Hendcr............ 5 .......... 151 20 0 1i1 .78 46.97 .78 

J 

COlllbiIlC.......... 59 .......... 86 27 0 113 .78 31. 04 :52 

Binder............ 151 130 231 I 5 0 236 .78 64.53 I 1.08 
Combine.......... 10 .......... 125 105 0 ZIO . il 58.261 .07 

Binder............ 2 .......... 280 36 0 322 • fA! 72.15 1.20 
Hill County. Mont.......................1 lIeader...........

i 
1:1 .......... 152 ,';1 0 203 .60 45.88 .76 

I 

Bu~helA 
26.5 
26.5 
211.5 
10.6 
10.5 
10.5 
19.0 
19.0 
24.S 
24.8 
24.8 

35.9 
35.9 
35.9 
0.0 
0.0 
8.3 

0.91 
1.40 
3.28 
2.50 
3.10 
4.58 
3.50 
3.57 
2.58 
3.68 

12. 75 

2.23 
a.37 
4.00 
9.02 
8.34 

16.22 

(") 
0 
a::: 
td 
H 
Z 
t:;J 
t::l 

~ 
;3 
IJl 

~ 
~ 
~ 
~ 
t:;J 
IJl 

~ 
I Figures Bre assumed to he the same for each method of harvesting. except in Dill Connty, Mont. 
• Percentages indicate actual and not cOlllputed losses. 
3 Fields raked after shocks were removed • 

~ 

• Loss data only obtained on machines in this eounty. 

Ci,:) 
~ 
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The variation in losses from harvesting winter wheat with ,com
bines is shown in Table 31. 

TABLE 31.-Losse8 by percentaye classe8, by States, by 190 combines harve8ting 
winter wheat 

Number of combines In

PerL-entago of loss 
Oklahoma Kansas Nebraska Montana All States 

oto 0.9•••••••••••• _•••••••••_•••••___ . '." 2!l .2 tI 4 411 to 1.9.__•. __••_.•__••••_••__ ._.•__.•_._.. 11 11 29 14 652 to 2.9. ___••________._.__.••___ ••____.____ 2 B 
a to 3.0____ • ______________• ___• ______________ •. ______ 4 14 7 31 

14 2 204 to '1.9_. ___ ._••• _•• __ • __••~_____• ________• ____ • _______ • ___• ______ _ 7 2 95 to 5.9______ ••• _________ •• _________..____ • ____________ 2 1 B 
7 to 7.9____________________________________________________________ 4 ___________ _ 5 
6 to 6.9____• _______________________________________________________ 55 ___________ _ 

4Over 8_. ______________________ ~------------ ____________ 1 4 2 7 
'£otaL_________,, ___________________ _ 

2B BB 32 190 

In 41 of the 190 fields of winter wheat cut with the combine the 
loss was less than '\. percent, in 100 fields the loss was less than 2 
per cent, and in 137 fields it was less than 3 per cent. Losses greater 
than 3 percent occurred in uneven or partly lodged grain, on rough 
land, when poor machines were used, when operators were careless, 
ll.lld in very windy weather. The losses in the district in Oklahoma, 
as shown ili Table 32, were lesi3 than in the other district"s because 
of uniform crop development there and the favorable harvesting 
season. The weighted average loss in harvesting winter ·wheat 
with ,combines was 2.63 pel' 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 
.cen.t for conditions that were t,he same as those for whichtheaboyc 
average losses for the combine and header were .determll;l.ed. These 
avera~e percentage losses are based on an .average yield ·0£20.4 
bushelS per acre. The average total losses as computed would he 
32 pounds ,per acre for combines, 40 pounds for headers,and 74 
pounds for binders. 

TABLE 32.-Average losse8 from 118ing combine8, header8, and binders for harve8ting 
winier wheat 

Average per cent lost 

Machine used ~~~~~fl-------r------.------.------.-------
Oklahoma Kansas Nebraska Montana All States 

Combine_____________________ _ 190 0.91 2. 50 3. 50 2. 58 2.63Header_______________________ _ 
41 1.40 3. 10 3. 57 3. OS 3.27Binder________________________ 4.58 _______________________ _
18 3.2B 6. OIl 

The loss figures do not include any losses around the stacks and 
threshing machines, incident to thresillng headed. and bound wheat, 
which are of considerable importance. Neither do they include 
losses by machines which were practically worn out or will.ch 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, 

http:determll;l.ed
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and some fields which had suffered from hailstorms showed losses 
of 12 per cent. Determinations of shattering losses were not made 
because no such losses were ,observed in Oklahoma and Kansas and 
practically none in Nebraska and Montana. 

The heads cut off and dropped on the ground were the greatest 
source of 10s1,\ from the combine and from the header. A few whe,at 
heads were broken Qff 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 canv:as, 
,others were thrown on the ground by the reel ,slats, and others were 
blown 01' jan-ed from the platform. Similar losses occurred when 
the header and. binder were used. Additional losses where the 
header was used ,occun-ed when heads fell between the ,CRIlvases, 
or between the elevating canvas and the header barge, 01' were 
blown, thrown or jarred off the barge in loading or before they 
reached the stack. Oareless loading,careless ,driving of header 
barges, and high winds, were responsible for the greater losses in 
using the header than the combine. These were ,also the chief 
sources of loss from the header reported by Bracken in Utah.10 

Wheat usually was cut ,at a lower point when the header was used 
than when the combine was used, so that fewer heads were left by the 
header on short and lodged stalks, but the additional handling of the 
headed grain resulted in a higher total loss. 

The counts shown for heads left "on short and lodged stalks" ,are 
less than the actual number uf heads found, as an ,attempt was made 
to record .the number of heads of average size. The heads on the 
ground and 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 between the canvases mentioned for the header, 
and, in addition, the heads dropped from the binding platform and 
,the bundle carrier, 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 thedis~rict in Kans,f}s, the' short 
crop, was so poorly bound that nearly all ,of the shock rows were 
raked after the bundles were hauled to the thresher. Even after 
the ralring the total losses exceeded 50 pounds of grain per acre. 

The binder usually cuts the grain closer to the gro.und ,and leaves 
fewer heads on short and lodged stalks than do combines 01' headers. 
The losses sustained by the three harvesting me,thodsare in the 
order of the number of times the crop is handled after cutting. Few 
heads 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 pel' acre. The smallest harvesting loss 

, found in harvesting winter wheat with the combine was 0.3 per cent, 

10 BRACItEN, A. F. LOSSES IN ,lL\1\VESTINO AND THRESHING GRAIN. Jour. Amer. Soc • .Agron. 17: 508
514.1025. 
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in Oklahoma, and tho highest was 15.4 per cent, in Nebraska. Effec
tive harvesting with the combine therefore is possible, but the crop 
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 
set to push the heads onto the platform but not to throw them into 
the air. The sickle and reel can not be adjusted to prevent appreciable 
losses if the crop is uneven in height. In this ir.vestigation the plat
form was found to be adjusted too much, rather than too little, on 
many combines that had an extra man to operate the heading device. 
Many heads were lost in the attempt to avoid cutting too much 
straw. When the reel was set far enough ahead and low enough 
down to lift up the heads on the leaning stalks some heads were 
thrown upward by the reel and did not reach the platform. 

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

:I<'IG. lO.-Mnking n test 011 n mO\'illg combine to determine the qunntity of grain being thrown 
over. 'rllo straw is caught Oil the cnllv,\S while n given quantity of grain is being threshed 

Greater losses by all harvesting methods would have been indi
cated if counts had been made in lodged grain. Combine owners 
reported, almost without exception, that they were able to harvest 
lodged grain ns well or better with the combine than with the binder. 
Lodged grain, therefore, would have shown the combine at an even 
greater advantage. 

THRESHING LOSSES 

Tests were made on 33 combines and 9 stationary separators in an 
attempt to determine which did the best threshing. These tests 
were made by catching the straw and chaff from the machines on a 
canvas sheet while 2~ bushels of grain were being threshed. 
(Fig. 10.) The grain then was separated from the straw and 
chafr on the sheet by winnowing until the wheat that was prac
tically «lean could be measured or weighed. Most of the loss esti
mates do not include the wheat contained in the few heads which 
passed through the machine, but only the grain which was blown or 
thrown out with the straw. .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 
being pulled at the usual speed. The percentage losses are shown in 
Table 33. 

TAULE 33.-'l'hreshing losses delermined on combines and separators in 1926, by 
percentage classes and by State.s 

State, type. nnd number or mnchine 

Percentago throshing Oklahoma Knns!1S Nebraska l\oIontnnn Totnl 
loss 

COlll- Sepa- Com- Sepn- COlll- Selln- COlll- SeIJn- Com- Sepa
bines rators bines rutors bines rutors binos mtors bines ratoll! 

------1·-------------- -------
o to 0.0____________,_ 1 . ___ .___ 1 2 3 ________ 8 3 13 5 
1 to 1.0._____________ 1 ________ 3 2 3 ________ 1 1 8 3 
2 to 2.0______________ 1 ________ 1 ________ 1 ________ 2 ________ 5 _______ _ 
3 to 3.0______________ 1 ________ ________ 1 1 ________ I ________ 3 1 
4 [04.0_________________________._.__ ________ ________ .2 ________ ________ ________ 2 _______ _ 
5 to 5.0______ ._______ 1 ________ ________ ________ ________ ________ ________ ________ 1 _______ _ 
II to 6.0__________________ • _____..____________ ,________ 1 ________ ________ ________ 1 _______ _ 

TotnL ________ --5--·-0 --~--1--5 --1-1--0~--4--33----0 

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 more than 3 per cent was aware of 
having insuflicient POWel' for efficient operation, but a larger tractor 
was not availttble for the machine. The average loss with combines 
was 1.9 pel' cent and with separators was 1.2 per cent, as calculated 
from the mean values 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
bines were operated with no greater waste. One combine in Montana 
was losing practiCtLlly no grain_ The more uniform feeding of the 
combine partly offsets the generally more skillful operation of the 
separators. Most of the combine operators were not familiar with 
necesslLry adjustments, because of their inexperience. In heavy 
wheat, at the usual rate of travel, the combine occasionally lacked 
the capacity to thresh the wheat without some loss in separating it 
from the straw. 

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

The losses occurring in the separators tested, omitting the one 
machine which did not have sufHcient power, were about the same as 
those observed by Blauser 11 in Illinois and Bracken 12 in Utah. The 

1\ Dr,AUSER, r. I'., REDUCING GR,UN LOSSES IN THRES/lING. Ill. Agr. Expt. sta. Oire. 311, 20 p_. Ulus. 
1026. 

11 BRACKEN, A. JP., Op. cit. 
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threshing losses in this study when combines were used were higher 
than wore those shown by Bracken. 

The average threshing loss with combines and separators, plus the 
aYi:lra~e hal'vesting loss when harvesting winter wheat, gives a total 
loss ot 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 bindel'S and headers do not include the 
appreciable waste around header stacks and around stl1tionl1ry sepa
rators. Preliminl1ry tests indicate that several bushels of gmin lllay 
be left around each separator setting, especially where gravelly soil 
prevents 11 careful cleaning-up operation. 

PER CENT LOSS 

COMBI 

• HarvesTing loss ~Thr~sh;ng loss 

FlO. H.-Average losses in harvesting find threshing winter wheat by dilT~rent methods 

LOSSES FROM SHATTERING AND LODGING 

It has beon tho popular belief that only certain varieties of wheat 
are suited to harvesting with a combine. In the Pacific Coast 
StlLtes tho most productive varieties are grown in the different 
localities, almost regll.rdless of the relative shattering of these varie
ties. Goldcoin (Forty Fold) whent is grown on ru,ther large acrelLges 
in severnl localities and is hlLrvested chiefly with combines, not
withstanding its susceptibility to shattering. The strain tested at 
Duvis, Cu.lif., in 1924, did not shatter in that year, as indicated in 
Tuble 34. 

Shuttering percl.'utages of nelLrly all commercial North American 
varieties of wheat wore recorded by V. H. Florell, of the office of 
cerenl crops and diselLses, BUl'elLu of Plant Industry, at Davis, Calif., 
in 1924. Observations on shlLttering were mlLde ILbout 10 dlLYs after 
the grnin wus fully ripe. :Much of the shattering was due to ex
tremely high winds which OCCUl' in the locality where the observlL
tions were mude. Observutions mude over a series of yeurs und in , 
more favomble locnlitiesprobubly would show a lower loss for some \ 

of the varieties. 
The duta for the more important vurieties show thut the hard Ted 

winter, club, and durum wheats do not shlLtter relLdily, Only two 
hlLrd red spring vlLrieties, Prelude and Ruby, showed importlLnt 
shuttering losses. Quality and Bunyip showed the greatest shatter
ing nmoDg the white wheats. Bunyip has been harvested successfully 
with the combine in the SaD JOlLquin Valley of ClLlifomilL. QUlLlity 
usulLlly can not be harvested with the combine without incUl'ring a 
decided loss from shuttering, 
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TABLE 34.-Perccntage of shattering at Davis, Calif., in 1924 among the leading 

North American varieties of wheat about 10 days aJler 11Iaturity 

, 
Per cent Percent 

(,Iuss aud variety 01 shat Class and variety 01 shat
tering teringI-----------.-----------

SoIt red winter: White:I
,~'ultzo·r,[cditerrnncnn_______ •__._._ 95 Qnnlity.______._.._•._..__...________ 05
(1 oens._.______________ ..._____ •___ •• 05 Dullyip__•_____._••__________• ____ __ 00Hudy_.________ ._._. __•__ ••• _____._. 05 l;edcrntion___._••______ •___• ________ 25'l'rumbuiL••••• ,, __________________ , 05 l'acific Dlucstelll______..___....._. __ 6Sonoro•___._•.________ •______••••___ 
OipHy____••• ,..•• ,,,... ............. SO o 
:Fiiut,______ ._ •.• __ ........... _"..... SO 5


DllIlrt _•____..__• __..._•••"'______._ 
liard J:'ederntlou_.__ ._.... __ •••.. _•. ot~~~lson:::::::: :::::::. ~::::::::::::, ll:l Surprlse_.______ •• __ •_•.••_•••_. "'" o 

CIlnddon.__._._•••_............_•.••. ' 50 ITard re!l spring: 

Lionor...__• __ ••••_................. .' 50 Prelude..____ •____ •• _••••_......... , 100 

I'lIrplcstnl\\· ••••• __._........._...... 30 Ruby__..___....._._......_.._•••_•• 50 

Diehi r,[ediLcrruncnn ............ _.. 2.5 15
Hed llobs_____ ._..._....___.. ___.... 
Hico••_________•. __ ._.........."... 20 o 
FlllcllStcr__•••• __ ................... 15 ~~~[1!l}~_:::~:::::::::::::::::::::::: o

Kotll_..____• __ ._.__ •• __........_. _._
Fuil......_. __ ................_...... 10 o 

(lrnndllrlzc.......... .............. 10 lIard red winter:
llluckbllll __._.______ ••__._._________ 
Ashlnnd •• ___........ ....... ' 0 o 
Mealy___................._.... ,.. 5 o
Kanred_______._ • __•• __ •••_____ . _••__ 
ehlnu.••••_........... ....... •.•• 0 oMontnull No. 36____•_________...___ • 
('urroll •••• _.___ •• ,..... ........... 0 'l'nrkey_._...._••______._...__..__.._ o 
lI(}ld~oill .•••••_...... 0 I Club:

llig Club.__.••_........ _.______..___ 

Jones 1·'He••••••• _ ...... -- -- ....... (0) 

Hnrvest \~lIeen.__.......... " 0 o


Hybrid 128••••__ ... _._____ ._••• _._ •• o 
l\[cditcrrnul-aJl___ ... _H". L "'~._~ Jcnkin ••__ •__ ••.•••.•• __"._.'__ •___ o 

,Little Club........._._•.•_.__"._._. o~~~~g~:::::::::::::::::::.... 8IDurulll: 
l'rosllcrlty_........ __ •••.•••• "...... . 0 .l\CInc ..._.. __ ....... _~ ............... __ .. ______ • __ _ o 

Hed Mn~'•••••_._••_. 8I Kubauk,,__•••• _..._••__ •_____ •______ o 

ol~~~l U~~~o::::=::::::::::::::::::::: 0 ! ~~W~~~:::::::::::::::::::::::::::::i o 
Hupert••• _..................- ••-.... () i 


i 

The wheats grown in the Great Plains consist of the hard red winter, 
hurd red spring, nnc! durlUll varieties. The principal variety of hard 
rod spring whent is 11arquis. These same wheats are grown in Min
nesota, northern Iowa, 'Wisconsin, and the northern half of Illinois. 
These Yl1rieties will not shntter enough to prevent harvesting with 
combines. East I1nd south of the States mentioned, soft red winter 
wheats are grown largely. The varieties of soft red winter wheat 
which shttttered more than 30 pel' cent under the dry, windy con
ditions at Davis, Oalif., might suffer losses in the .East when left 
standing -for a considerable period after maturity. Fultzo-Mediter
ranean, Goens, Rudy, TrlUnbull, 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 
soils. Wheats which do not lodge are preferable for any method of 
harvesting. .As the combine harvests lodged ~rain as well as binders 
and headers do, the introduction of the combme into a region would 
not necessitate a 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 .~ACTORS AFFECTING THE USE OF COMBINES 

Weather at harvest time is the chief factor determining the acreage 
per machine that cnn 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. 

I 
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TABLE 35.-Average anmwl and montilly precipitation at 14 stati01l8 in wheat
growing sccl'ions of the Great Plains and humid eastern regions of the United 
States 

PrecipItation 

Record 1----.---..----;-----;----..---Stntion years 
Annunl June July . August se\,!~m. October 

CnuntlInn, ~'e.'(___ • __ •.. 
I Number 
f 17 

IIIc/'tS
:!:!.48 

IlIche~ 
3.S1 

Iliches 
2.10 

.Inches 
2.38 

Inc/les 
2. 52 

Inch .. 
2.10 

Alva,Okln ........ _.. 
l\llnnonpolls. Kulis •••• 
Mndrid, Nobr...... •. .. ......... 
LewIstown, .Mont... '1
AlIlonlll, N. Dilk. .• . .. .. 
Wlltertown, S. Dnk.... .• 

20 
35, 
32 
2S 
30 
32 

2S. 10 
25.01 
IS.:!:! 
19. SO 
20.10 
21.00 

3.&1 
3.SS 
3.·10 
3.G2 
3.87 
3.02 

2.75 
:1.03 
2.50 
2.38 
3.01 
200 

3.SS 
3.02 
2.40 
1.47 
2. 72 
3.02 

3.18 
2.60 
1.20 
1.80 
1.07 
2. 02 

2.4:1 
1. 98 
1.12 
1.30 
1.29 
1.30 

St. Pnul, ~linn ."... ... 
~es MOil,l.as: 10"'11..... . '1 
h.nnslls CIty, :1\10........... "'I
UriJllun. 111.................. 00. 

5.'5 
47 
:~7 
2:1 

28.68 
32.25 
a7.37 
33.32 

4.41 
4.00 
4.66 
3.10 

3.40 
3.01 
4.84 
3. Zi 

3.46 
3.5-1 
4.75 
3.1.1 

3.42 
3.53 
3.70 
2.80 

2.34 
2.00 
2. 21 
2. 20 

IntllnllllPolis, Jntl... ." .......... 51 ·1l.48 4.31 4.13 3.33 3.05 2. 79 
COllllllbus, Ohio ............... 
UnrrislJllrg, I'n............ ' ..• , 

·Ii 
511 

30.02 
37.27 

3.40 
3.65 

3.65 
3.87 

3.22 
4.25 

2. 52 
2.85 

2.35 
2.05 

-"~---~,...~ -~-~-"-. 
r 

-.--.~--. -----_._..,--

Sas,a on th~ ~t:OrrJ$ orabout 
1.600 stations for th~ 20-yearp~rlod 
189S-1914~ and 2,000 addItional 
rtcords. from 5 to 19 !leors In len9lh. 
uniformly adjusted 10 the samet per/"d 

FIG. 12.-AvERAGE JUNE PRECIPITATION. IN INCHES 

The most noteworthy Centure oC the geogrnphic distribution oC the June rninCall Is the relatively
Inrge amount received 'between the enstern Coot hills oC tbe Rockv:Mountains and tbe Mississippi 
River as compllred wltb the annunl nlllount in that region. In most oC this area the Jnne rninCall 
rnnges Crom 3 to 5 inches, being 15 to 20 per cent oC the annual amount. Enst oC the Mississippi
River tbe rainClIII Cor tho month ranges Crom about 3 Inches along tbe Canadian border to IromO t08 
inches nonr tho Gull const. 

The average rainfall duririg 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 which rains of 0.1 inch or 
more occurred, during a 13-year period, are shown for several stations 
in Table 36. The percentage of rainy days was lowest in J\iontana, 
was lf,ss in Illinois, Iowa, and North Dakota than in Oklahoma,and 
was hlghest in Pennsylvania. . 
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FIG. 13.-AvERAOE JULY PRECIPITATION. IN INCHES 

July rtilnCnll results Illrg61~" fromlnenl thtllulorstorms, which ure 1l\0~'q numerous ill thts thnll In 
lillY other lIIonth, Over IIIuch of the Grent l'lllills the IIvertlgo July rtlinfllllis IIppreeillhly l'Iss thnll 
(or Juno, but to tllo ellstwllrd there Is In gllncrnlllli increnso in nlllount o\'cr tho preceding month. 
In tho southwestern region, Includillg western '1'0""5, NU\\'1fo:<ico, lIud IIIost of Arizonn, July Is 
u.'lulIll~· tho wotlesL llIollth oC the yellr. 

··~"-...L:n ,,,",-,;!-.\-I 

Based 0f1 Ih.,. recorrb orabout 
1.600 staflOM for the ZO·year pH'lod 
1895"'19/4. and 2.000 add/llonal 
recorr!$. from 51019 years If) lengfh. 
untformly Q.:Ijusfedto~";SQml!~"Od 

FIG. 14.-AvERAGE AUGUST PRECIPITATION. IN INCHES 

111 August, I~~ In July, rJllnCll1i Is IlIrgol~' the rosult oC thunderstorms, In gOlloml tho googruphlc 
distribution oC Ilrcclpituti\)11 for Aug~t does not dltTer lIIuterilllly Crom thnt of July, Illthough In 
portions oC tho ]?1"lu Stllles tho IIIn0l1ul5 IIro lll\utlily somllwhut less iu August. 
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TABLE 36.-Duration oj harvest season and average number CLnd percentage of 
rCLiny dCLYs at nine stations in the Great Plains and humid eCLstern regions of the 
United Stutes during the 13 yeara, 1914-to 1926, inclusive 

Doys having 0.1 Incb 
or more oC raintall 

~~~tl______.-_____Duration ot barvest senson, Station inclusive dutes (duys) Percentage
Number at barvest 

senson

-----------1-----------------
.Alva, Okln ___•__•••__._•••• __•• __•••_•• June 15 to July 15•••••••_••••_ 31 5.8 18.6 
MIIlneopolIs, Kons •••••• _•• __•••••_•••_ June 20 to July :11 ••••••••••••• 42 7.3 17.4 
:Madrld, Nubl ••• _ ••••_••••••••••••••••_ July 15 to AUI(. 15••••••••••••• 32 5.6 17.5 
Amonla, N. Dnk•••••••_••••••.•••••••_ Aug. 1 to ,\Ul(. 31.._._•••••••_. 31 5.0 16.2 
Lowlstown, ?lont._••••• ____ ._ ........ ,\UI(. 1 to Sept. 30. __••__•••••• (1\ 7.2 11.0
Des J\l~lnes, fown .•••• ___ .............. July 1 to July 31 _______ ._•••• _. 31 5.6 18.1
Urbmm, Ill....... . .......... _._._ ....___.(10._. __ ••• ___ •••••••.••__ • 31 3.8 12.3 
Columbus, Ohio. _ .. _'_"'_"'_""'_' __ .. _do __ •• __ .... __ •••_......__ :11 fl. 7 2I.fl 
lIarrisburg, 1'0...........__ ..... _...." ••• _.do.......................__ al 8.0 25.8 

The dltys on which mins of 0.1 inch or more occlu'l'ed dm1ng the 
harvest month, at six stntions, dlu'ing a l3-year period, are shown in 
Figure 15. 

Hu.!'vesting with the combine hus been successfully practiced in 
the vicinity of Alva, Okla., since 1918. The grllph shows that 
periods of wet weathel' which would have delayed harvesting con
siderably occurred at Alva in 1915 and 1921. In the other yellrs 
the l'ainy periods were of short dlU'ation or Wel'e so intermittent 
thnt there WitS no serious interference with harvesting. The graph 
shows the rain w(,llid llOt hlLYC interfered sel'iously with hurvesting 
in the vicinities of A.menia, N. Dl1k., Des 110ines, Iowa, and Urbana, 
Ill., but thu,t rains were somewhlLt more frequent at Columbus, Ohio, 
and Hllrrisburg, Pa. .At these points rain would have interfered 
more seriously with hllrvedilng with the combine than at Alva, Olda. 
At both points, howe\Tel', hanTesting probably could have been done 
on at least 12 and pel'haps 15 days during the month of July ellch 
year. , 

The number of rainy days is not an exact mellSlU'e of the delays 
caused in hnrvesting. .A. heavy rain causes only a slightly longer 
deluy in halYesting with the combine than does a light rain, because 
the stllnding wheat absOl'bs only a limited quantity of moistlU'e, 
und it cGles mther qnicldy us soon as the weather clears. .A. rain of 
2 inches or more llsuully deluys shock threshing us long IlS it delays 
hl1rvesting with the combine. A rain that is followed by cloudy 
wel1ther mlly delllY hll,rvest several dllYs, whereas 11. shower thut is 
followed by a clen.!' sky may cuuse little delay. Rains that ocelU' in 
late afternoon may not delay the harvest for more than a few hours. 

E\'aporation is gre~t·ter Ilnd hurnidity is less in the Great Plains 
region' than in the Corn Belt, or in the Eustel'n States. The avel'l1ge 
relative humidity Itt 2 p. m. dlU'ing July is shown graphically for 
the United States ,in Figure 16. 
It Clm be seen thnt the humiruty is less in the Grea.t Plains region 

thlln in most of the sections eust of thnt region, This would indicate 
tlutt there would be more delllY in hllrvesting after mins in the 
Ellstern Stntes thnn is the cllse in the Great Plains States where com
bines are now used, FiglU'e 17 presents the comparable average 
rcIative humidity nt 8 a. m. and shows that the Great Pillins and 
Corn Belt Stntes are very similar .in humidity conrutions 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 
Plnins region. 

ALVA. OKLA. URBANA. ILL.TOTAL 
RAINI'ALL 

;':;""""";:~"':;':;'~':;:;"n-r;;..,..,...;:;...,,..,:,:15~ INCHI;S 

2.01 1.44 

4.22 7.30 

1916 1.07 0.47 

1917 2.54 2.73 

1916 1.26 2.51 

1919 1.13 2.04 

1920 3.29 3.08 

1921 6.67 2.54 

1922 3.68 2.51 

•• 4.23 3.26 

Iii •• 

• 
4.48 

0.39 
4.50 

0.86 
1.12 

2.60 

AMENIA. N. OAK. DES MOINES. IOWA 

2.51 1.22 

.90 9.39 

3.51 1.50 
1.41 1.58 

2.97 1.18 

2.67 2.68 

.50 5,66 

3.75 2.49 

.55 7.13 

2.49 0.78 

2D5 2.23 
2.21.50 

2.00 3.69 

COLUMBUS. OHIO HARRISBURG. PA. 

1.64 6.21 

6.85 4.03 

0.66 4.48 

4.09 3.12 
3.342.50 

4.93 6.83 
4.025.18 

2.20 1.26 

2.29 3.91 

4.09 3.33 
4.522.98 

3.27 7.26 
3.944.47 

FIG. 15.-DRYS on which rains of 0.1 inch or more occurred during the harvest month at six stations 
during 1:1 years, \0\4 to 1920, inclusive 

The (LYcrago number of duys on which hnil ocems during the irost
less Rouson in the Unitcct States is shown graphically in Figure 18. 
The arca of grcatest hail occmrence is in the Rocky Mountain region 
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where little whellt is grown. The belt of second greatest hail fre
quency contains importllnt ,,~heat-growing sections of Colorado, 
N ebrnska, and KIUlSIlS, IUld most of the State of Iowl1. Hail is It 

\\:\ ----.Lr--I::--f-J 

8asfJd on the l'flcorcis ofabout 

90 "rrrtiO/J5 for the rllle-yecrr peirxl 

1876-1880 \ 

". 
FlO. !G.-Average relative humidity, 2 Jl. lIl., local time, July 

much greater risk to the wheilt ('l'OP .in the portion of the Great 
J)lluns region where comhincs nrc now used extensively than.in those 
seetiolls whore few comhines lu'e used, 

FlO. li.-,\verage relative hUlllidiL)', S a. Ill., ~eveDty·fl!th meridian time, July 

11itny farmers in the Gl'ellt Plains ('m'ried hail insumnce on all 
grnin (~rops. Some ilu'mel's feel tlmt thore is 1m added risk when 
gl'llin is harvested with 11 combine since the crop must stand from 
7 to 10 clays longer thall when cut with a binder. 
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High and prolonged winds, coming when the grain is ripe and dry, 
sometimes en.use heavy shattering losses. 

Intennittmlt J·u.ins OCClUTing at hu.r·vest time may cltuse a loss of 
vn1tmbletimc, the Itmount depending upon the chmttion and fre
quency of the l'l1.ins and the stlige of ripcness of thc crop. 

Based on the records of about 

ZOO fUll reportm9 srphons 


1.\: (" 
F'Hi. IH.-- A \'erngl' mllulter of dnys with hnil durill~ tim fro:itJe:-;s slmsull, !.m-ycnr JlHriutl, IMUrt-WI"" 

inciusivu . 

MAXIMUM ACREAGE WHICH CAN BE CUT BY A COMBINE 

The UlItxillllllll nCl'ellge which cnu be cut by It combine is dependent 
upon the Hize of the .lIl1Lchine n.nd the length of lihe harvest senson. 
In the Grellt Plains, whe.t'e the lllud win ter wheat will stand for a 
considcl'Il.ble t.ime withoutdetel'iomting inqunlity, the maximum 
acreage which a combine clm cut is very high; many l6..:foot 
mnchines cut .more thn.n 1,000 Itcres. A 15-foot ffinchille, cutting an 
Iwcrngc of 35 ac.I'OS per.' dILY, would eut 525 ncres in 15 cutting days, 
0.1' 700 aC.res in .20 dnys. The lltrgest ncreage reported cut by a 
IS-foot maclune wns 1,100 tteres. A 10-Ioot machine cutting an 
nvel'llge of 25 aC.l'es per day would hl1.ITest 375 acres in 15 dnys or 
500 nCI'es in 20 dnys or cutting. The lnl'gest .nCl'el1ge reported as 
cut by It 10..:foot machine waS 640 neres. 

Owncrs of 10-foot combines cut, on the average, 25 acres per day, 
and t,he l5-foot combines Itvernged 35 Itcres pel' day. At tIns rate, 
w:i~h a harvest season .Insting 15 dnys, the 10-foot machine would 
hn.r:vest 375 n.cres nud a 15-:£oot machine, 52,5 acres. For ttll10-foot 
lllnchines the ILVernge cut d ul'ing the season wns 457 acres j the 15
:foot. mnchiues ll,Vemged 574 am'esi nnd the 16-foot mnchines, 682 
!teres. The difference in total !tcres cut wus due principttlly to varia
tions in the length of the 11lll'Vest senson. ~1ost of the mncltines in 
tttl locltlities wcre cutting suflicient acreuge t·o reduce the cost per 
acre to It cOlllPn.rat;ively low figure. ~1nny oethe opemtol's considered 
that the investment would be wal~l"fLnted with even n smnllel' acrenge 
thnn they were cutting. A grettt many consider'ed that the combine 
wus nbin to httucUe a ltu'gel' ttCl'el1ge thnll they were cutting. 
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'l\UH.E 37.-0wlwrs' estimates of 1//ClX'illL'tUn acreages which can be cul sat·isfactorily 
1vith a combine 

ICombines han"est- Combines han"cst
lng only winter ing both winter 

'Width I or spring wheat Ilnd spring wheat 
Type DC combine of cut I 

(feet) li-----;;---II-----;---
NUIuber Acres Number ..Acres 

___ reported ~ reported harvested 

Trnclor !lrnwn, wltb power lake-ofT__________________ 8 24 258 1 350 
10 10 427 3 450 
12 43 400 9 800 

'l'rnclor-drawn, with au:tilillry cngine ________________ 15 44 640 3 1,100 
16 81 708 0 1,078 
20 3 850 2 1,125·150 ___________________ _
12 3:Uorse !lrnwn_____ ... _____________________ .._________ 53.1 ____________________
15 :l 675 ____________________
J6 2 

All IlIrIll5 ..... ___ • __ ••• ___ .... _.. _______________________ _ 21:J 27 804 

As shown in Table 37, the mlLumum acreage estimated by farmers 
is nearly the same fiS the average number of aeres cut annually by 
machines of the same size. The combines gene.rally were being used 
almost to their full cnpacity, und for lllachines of each size the number 
of acres cut annually is nearly the same fiS the estimated m!LUmum 
I"tcres. vYhe.re both spring and ,,"inter wheat are harvested, the 
ac/'elige cut by each m.achine is incrensed, and for some groups the 
nYel'!lge number of aeres cut exceeds the Jlum bel' of acres which the 
openltOl'S considered the m!LUnuuu capacity of the machine. 

QUALITY AND CONDITION OF WHEAT HARVESTED WITH COMBINES 

QUlility IUld comlition of wheat at the time of marketing determine 
the gl'ade and thus iu:fillenCl1, to a considerable extent, the price the 
grower l'eceives .ro.l' his product. Both of these import!Ult factors are 
influenced by conclitions u,t hru'vcst time, such as ripeness, prevalence 
of weeds, and moistlll'e. Jill of these conclitions can be controlled, 
in some measuro, b)T the operator. 

Fear tlUlt grain harvested with the combine will not keep in storage 
hns in the past clLUsod some buyers of whent n.t both local elevators 
and at terminal markets to be prejudiced ngainst such gl'uin. There 
is no appredn,ble diffeJ'ence, howeveJ', iathe quality of wheat thnt is 
ha/Tested und threshed with a combine, and the quality of whent 
that is harvested with a binder 01' header and threshed by a stationary 
thresl~ing machine, when the conditions under which each is used are 
similal' . 

.Many combine operators, especially those who are operating a 
machine for tho fu'st sefiso.n, 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 condi tiou because of high moistme 
content. If It field ripens lmeycruy, the l"esulting wheat will be in 
POol' conditioIl, because of the IUL"(tlll'e of green kernels. Again, 
woeds, pruticularly Russian thistles and sunflowers, a.1:Iectthe keepiug 
quality of whellt by incrensing the moistme content of the threshed 
grain, Cleaner fieids and the use of cleaner seed ru'e two ways of 
reducing t.he .numbel' of weeds Ilt harvest time. 

Experienced combine operato.rs do not start their machines until 
conditions tu'e ,right for harvesting, As a result, their wheat is of .a 

http:operato.rs
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quality and in a condition equal to that of any wheat grown under 
like conditions thu;t is harvested and threshed by other machines. 
Car-lot shipments of wheat mnde by some of these men gl'l1de as 
b.igh at the terminals as does wheat that is threshed from the shock 
or stacie 

MOISTURE CONTENT 

:Moisture content is usually considCJ'ed an important inctor affecting 
the quulity and condition of wheat, and it is one of the important 
facton; in the official grnill standat·ds. Gl'I1in which has a high 
moisture content cnn not be luilled s!ttisfactol'ily and does not keep 
in _good condition while stored. 

Dluing reccn t yen:rs much wheat hilS been of the lower grade because 
of :its moistu.I'C content. This hus been true whether the whent was 
threshed by the comhine 01' by the statiollll:ry thl·esher. Sincethe 
introduction of the combine ill to the Greltt Plains States most of tko 
tough or dtllllP whont thnt ro!tches the tOl'lllin!U mat'kets is suspected 
of lllw.lng bee.n harvested wHh 11 combine. As a miLtter of fact, whent 
that is th.reshod from shocks Or st!tcks, eithe.r before it has time to 
CUl'e 01' too soon u.ft('.r 1'!lins, is dn.mp or tough, just as it would be if 
th rcshed when in 11 si llIiLtu' cond i tion, by 11 combine. 

U tho wheat is nllowed to stand long enough to dry before harvest
ing wilh 11 combillt', the j'Nmlt is slltisfll,CtOl'Y. .Most of t,he whent 
h!u'\'('$Lod with eOlllbiuE's in 1926 was necepted at elevn.tOl.'s nt the 
snmE' priee as WitS oLlll'l' whon:t of equnl gntde. During most of the 
11llJTest season of 1926, in the Greut Plains, wheat hltrvested with 
co.mbines hnd n l'dlltin:,l}r low moistUl'e content lmd wns in good 
condition. 

In. southern Kansas in 1923, samples of wheat collected from com
bines were fouod by the deplu·tment to contnin from 10.4 to 16.7 per 
cont of .moisture, nnd those threshed fl'om shock, 13 to 17 per cent. 
'Wheat tln'eshed from shoe.ks ne!IT Delphos, Kans., on July 10, 1926, 
two dl1Ys after a rain of about 2.5 inches, contnined an average of 13.4 
pel' CCellt moisture nnd thlLt hnrvested \\rith a combine on the same date 
contnlned 13.5 pel' cent. Thirty lots of wheat harvested with com
bines, Jlllle 22, 1926, at'olmd Cherokee and Burlington, Okla., con
tnined £1'0.([1 11.2 to 14.8 pel' cent of moisture and had an average 
content of 13.2 PCl' cent, and two lots threshed from shocks on the 
same d!Lte had 11.2 nud 11.4 per cent. This wheat appeared to be 
(by Iwd in good condition and weighed 60 to 63 pounds per bushel 
nlihough it was not us dry ns it had been a fewdayse.arlier. A rain 
occll1'.I'ed in thls locality on the night of June 23, and on the following 
day eight lots of wheat; han'ested with combines contained 15.8 to 
17.6 pCI' cent of molstlu'e, the average being 16.8 pel' cent. One lot, 
till'cshed from shocks on the same dny, contnined 13.8 per cent mois
tll1'e. This wheat WIlS too damp to thresh well. These results show 
ihnt wheat will contniu n high percentage of moisture either when 
h!t1yestod with combines or when threshed from shocks too soon 
ftftel' a rain. 

ArOlllld Grnnt, Nebr., in 1926, wheat hnrvested with combines 
shortly after l'ninS contnined up to 18.6 pel' cent of moisture. Later 
the moisture content was as low !tS lOA pel' cent. One lot threshed 
from shocks contained only 904 per cent moisture. Sixteen carloads 
of whent shipped from Gr!tllt 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. l\10st of this wheat was harvested 
with combines, but none of it had heated dUling shipment. 

'fbe moisture conten.t of samples of wheat collected in Hill County 
and the Judith Basin district ·of Montana dming 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 tbtLn did any that wel'e headed and 'thresh\3d, but much of 
the wheat har\'ested with combines contained no more moistme than 
the hended wbeat. The samples of whent harvested with combines 
contained sli~htly 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 screen
ed or blow,Q Oll.t nt the time the grnin wns hnrvested but which had 
dried e.uough to lllnke the separation possible by the tinle the headed 
stncks were threshed. 

TABI.£ 38.-11foistlLre content of .Montana wheat harvested by different methods 

Moisture content (per cent) 
Mothod oC l111r· Number oC I-----.---~ ___~ District vesttng sntuple.s 

lv[axilllulll lvfinilllUllI Ayorago 
-~ ~-- .• _ -.-.- • ___L___ .________1____ 

Hill County._••. _ '" __ '_1 COUJbilll··_________1 J9 li.O D,H 12,2
00 __ ....... ____ .. _..... ___ • Header._....... __ H 11.4 9.2 10.4 


.•:= _____Judith BIISit~~.~...... _ COmlJine__~._._ •.• ~ • ~>{J _20~._4.-,---_1_0_.O-,--__1_1._4 

TEST WEIGHT 

Test weight .is influenced by climatic conditions. It is usunUy 
highest when the gmiu ripens uudel' favomble weather rund the 
nl,ltuml moisture content of the gmin is down to about 11 to 14 per 
ceut. If wheut is left sttUlding after it reaches tills stage, as is likely 
to be the case when the comb.inc is to be used, and if rains raise its 
moisture content materinlly, the test weight is lowered. The test 
weight pee bushel of a given lot of grain is an index to the quantity 
of ilOlll' thnt HULY be milled from such gra.in, and therefore is an 
impo.,·taut gradin~ factor when the official grain stand~rds are 
applied. Test wmght per bushel should not be confused WIth l~gal 
bushel weight. 'fest weight is based on the weight of a given vol
ume of wheat, whereas legal weight is based on weight only, 

BLEACHlNG 

Wheat that is left standing .in tbefield after it is ripe has a tendency 
to bleach. In this bJeaching process the nnturalluster is lost and 
the bran tllkes a whitish 01' washed-out appearance. This change 
takes place u.nder any kind of weather conditions, but its extent 
depends somewhat upon the length of time it is mq)osed and the 
kind of wen,ther it encounters. 

In grading, bleached wheat is ata disadvantage when it is placed 
in the proper subclass under the official grain standards. The offi
cial stlUldal'ds provide till:ee subclasses for hard red winter wheat 
and till'ee fOT haret red spring wheat. These subclasses are based on 
the percentages of durk, bard, and vitreous kernels contained ina 
given lot of grain, and these percentages .are considered indicative of 
quality. The higher the percentage of such kernels, the better the 
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qua.lityof the lot of grain. After grain is bleach~d there are no dark 
kernels, and it is extremely.diffi.cult to indentify the hard and vitreous 
ones. 

UNEVEN .RIPENING 

Wheat from a field that apparently is dead ripe may show a high 
moisture content because of a mixture of green kernels in the grain. 
Riperung 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 likely 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 tl,rOlmd 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 siclde directly in front 
of the machine. IlTegularity in the ripening of the crop and soft 
wet spots in the field are probably the two chief drawbacks to the use 
of combines in many fields. 

WEEDS 

Weeds were not a factor in the harvesting of wheat in the districts 
studied in Texas, Oldahoma, 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 sichle. .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, 
matul'e Russian thistles (Salsola pest1jer) 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 and 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 determine the effect of green Russian-thistle tips on the moisture 
content of wheat was made in Montana 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 tb,istletips, and ·0£ the clean 
wheat at various intervals~fter mixing, is shown in Table 39. 

TABLE 39.-Percentage of moisture in Russian-thistle tips and in clean wheat at 
various intervals after mixing 

LotI Lot 2 

Time 
Tips Wheat Tips Wheat 

---------------·---1------------
Per cent Per cent Per cent Per centAt tlme or .mixing______ ._______________________________________ 71.6 10.0 71.9 13.06 hours later___ ________________________________________________ 45.5 12.0 50. i 15.818 hours Inter______ • _____________________ ._____________________ 39.7 14.2 45.1 17.030 hours later__________________________________________________ 25.5 14.0 36.2 17.243 hours later____ •_____________._______________________________ 23.2 14.8 32. 5 17.4 



56 TECHNICAL BULLETIN 70, U. S. DEPT. OF AGRICULTURE 

The thistle tips contained 71.6 per cent moisture at the time they 
were cut and mi.'{ed with lot 1. The moisture from the green tips 
was rapidly absorbed by the wheat, and the moisture C.,l1tent of 
the wheat increased from 10 per cent to 14.2 per cent in l~ hours. 
The thistle tips mixed with lot 2 contained 71.9 per cent moisture 
at the time of mi.'{ing 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 eJ..-peri
ment, is no greater than that found in much of the grain which is 
threshed during the latter part of the season in Montana. 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 a 
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 fer 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 crop which is 
haryested during dry weather, after the crop is fully ripe; they j 
market 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 haye 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 eJ..-pense of 
extra help, although it means additional handling of the grain. 

With the increasing use of the combine and the movement of the 
crop from farm to market in a shorter period than formerly, local and 
terminal storage facilities htwe 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 gnJin 
is available to mix with it, but when too much damp grain is delivered 
they may l'efuse to accept it. 

Moisture is the prime factor in determining the keeping quality of 
wheat. However, grain which is stored at a 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 as 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 tho 
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 a 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 as if it had been cooled .~ 
to the ail' temperature. ! , 
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If grain is allowed to stand so that it will be in better condition for 
stort1~e, rain 01' hail may cause a greater loss than would have been 
susttuned by harvesting and marketing the greener grain. Weather 
conditions at harvesting and threshing time may run cmmter to the 
best storage condition of the grain so that farmers may have to choose 
between these hazards. 

Terminal !tIld local storage facilities are being taxed by the rapid 
increase in use of combines. Suitable storage for the threshed grain, 
or some prnctical method of drying the moist grain, is needed, lmless 
hanresting can be delayed until the grain is dry. Oommercial driers 
at termintll elevators ar~ '.lsed to condition new whellt and wheat that 
is tough from recent rains, but because of the expensive equipment 
needed, such dl·iers are prncticable only in those pltlces where large 
qutlntities of graillare to be handled. OOllntry elevator operators run 
the grain from one bin to another so that the air passing through the 
sLream of wh&,,,t can dry and cool h. 

On the ftlrm, where mechanical metlns for handling grain are not 
availn,ble, grain may be kept cool and well ventilated by equipping 
bins with ventilatol·s to supply fresh Ilir Ilnd to carry off excess mois
tme. This method will not insure wet gmin from going out of con
dition, but it lllily prevent serious losses from molding or heated grain 
in CtlS()S in which the moisture content is not excessive. 13 

EFFECT OF THE COMBINE ON FARM ORGANIZATION 

The use of the combine in the Great Plains region has not yet had 
a marked effect upon the farm organization. The same general 
type of farming has existed on lllost farms since the range was put 
into cultivation. 'Wheat is the main enterprise, and livestock is 
unimportant on most farms. vVith 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 stuclied enabled the operators to 
hnrycst a larger acrenge with a smaller labor force than they could 
have :laryested by methods previously used. To take full advantage 
of tlw combine, the lllaximulll acrenge [or an outfit of the size owned 
should be hanclied. It naturally follows that the wheat acreage per 
farm. will tend to approach the acreage that can be handled with a 
single combine. This tendency to increase the wheat acreage 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 fmther breaking 
up of grassland. In sections like the one studied in Nebraska, 
where a 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 wheat belt, on the other. An 
increase in size of farms and an increase in acreage of wheat per farm 
may be expected in those areas where the combine can be successfully 
used and where the farms are now too small to allow full utilization of 
Olle machine. 

" COr,F.M.U;, D ...... , aod ROTHGEB, B. E. HEAT-DAMAGED WHEAT. U. S. Dept. Agr. Tech Bul. 6, 32 p.
lIIus. 1927. 
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POSSIBILITIES FOR THE USE OF COMBINES IN EASTERN AREAS 
Combines should not be expected to achieve the same degree of
success in the eastern humid l'egions that they have achieved in the
semiarid western wheat-growing regions, Smaller farms and the
smaller fields tend to make the combine a less economical method of
harvesting wheat, "Weathcr conditions also are somcwhat less
Ilwomble in the East. A. Iltrmer who has a large acreage of crops
to be hnrvested, or who can use his combine on ~eighboring farms,
may find the machine a profitable iIlvestment.

The crops to be harvested may consist of when.t, oats, barley, rye,
buckwhent, sweet clover, red clover, soy beans, millet, and tinlOthy..A Inrgcr acreage of wheat tlm'u of oats, barley, or rye could be cutwithout loss from shattcring. As has been shown, several inlportantvarieties of wbeat that do not shattcr readily nre now grown in theEastern Stlltes. The \Vellther conditions during the harvest period I

in mnny of the Eastern Stlltes Ilre but little more humid thnn thosein some sections where combines nre now used successfuliy, These 
'.1 

fllCts, together with the development of the small combine, point
to a wider usc of this method of hllrvesting in the more bumid sec
tions. In sections in which the strnw is fed or used for bedding,
some objection to the use of the combine will be mnde unless some
satisfactory method of saving the straw is devised. 


SUMMARY 

The combined harvester-thresher has given general satisfaction inhllr\Cesting wheat" in the Great Plains region. Advantages of thecombineal'e as follows: (1) It lowors the cost of harvesting and
threshing; (2) it reduces the amount, of labor required; and (3) it
shortens the harvest and threshing period.

Combines most genarally used in the Great Plains region have cuts
of 12, 15, 01' 16 feet, and each is equipped with an amdliary engine
ILnd is drawn by a tmetor. Power-drive machines with nn 8-foot or
10-foot euttCl' bILl' Ilrc Illso used.
In the hnnds of most operators, combines hn.ve proven to be dependable harvesting mnchines.
Grnill nCl'el1ges cut annunlly by combines of all types and sizes,according to this study avel'llgc 553 acres per machine. The capacityof the machine is prinlarily dependent upon the width of cut and thelength of the hllrvest season. The avernge for different types ofmlLchines ranged from 275 ILcres for the 8-foot machines, to 1,077acres for the 20-footmachines. The average cut by 16-foot machineswas 682 acres.
In geneml, wheat was the only crop harvested by the operatorsincluded in this study. The acreage of other crops was small, and thetime of ripening was so nearly the same as that of wheat that the useof the combine on other crops did not materially increase the eapacityof the mnchines.
The average rate of travel was 2.75 miles per hoUl', and for mostmachines it varied between 2.5 and 3 miles per hoUl'. The size ofmnchine hns no apparent effect on the rate of travel.
The nverage length of the working dn.y was 10.4 hours.Acres cut per hour mnged from 1.6 for the 8..:foot machines to 4,5for the 20-Ioot machines. The 16-Ioot combines ave1'l1ged 3.7 acres 
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per hour. The eut per hour for each foot of width WfLS approximately 
0.23 I1C1"O. The mte of cutting depends upon the rate of travel and 
upon the size of the mnchine. For yields ordinarily reported ill the 
Grent Pillins region, the rate of cutting is only slightly affected by the 
yield per n('re. 

The moro important cloments of cost for harvesting with a combine 
arc charges for labor, fuel, rcpnirs, and dcpreciation on the machine. 

On the Iwerltgo, 0.6 grJloIl of gasoline per ncre was used in the 
auxiliary engino. Fuel consumption per acre in the nuxiliary engine 
is a£fected sOlllcwhnt by tho size of machine, the rate of travel, and 
tho· yield of gmin. 

A trnetor with 11 dmwbar mting of 15 horsepower WI1S most generally 
usod on combines with nn auxilial·y en~illo, although one-third of the 
12-Coot Ulnchinos were drllwn by smltller trnctors. Fuel used in the 
tmctors on combincs equipped with IUl Iluxililll·y engine avernged 0.8 
gnllon per IIno. Tho llu·/?er combines were slightly more economical 
thnn the Slllil.ll mllehines III the usc of fUfll por ncre. 

li'uol used in both auxiliary engine and tractor averaged 1.4. gallons 
per Ilcro. 'rhe tobl1 fuel used pcr nerc in ml1chines with power drive 
was only slightly less. 

L('S5 tilim ollo-half of the 1l1bor used on combines was hired. The 
n\"omgt' alllount of man labor for hllnrosting with a combine is 0.75 
lllltl1-hour p<'r 1t("1"t', ItS compllrod with 3.u mnn-hours usually furnished 
by th(' fllrlllPl" for harvest Ilnd threshing where grain is cut with a 
binder, nnd 2.8 nllLll-holll"s where the Cll tting :is clone with 11 header. 
The crew T(>q uired to operate the combine is smaller thlln the crew 
uSNl for lit-luling, 01· for binding if more tb.a,l'). one binder is used. 

Repllirs an' estlllULted from available datu, at 10 cents per acre. 
For Illl ('ombim's, depreciation Itverll.ged 44 cents per acre. There 

is no Itppl1l:ellt rellLtioll between the I1cros cut 1l.11111lltlly and the 
estimated life of the llllwhine. The per-ncre deprecintion charge 
is l('s5 for Inl'gc than for small t),crenge cut by the same size of machine. 

Interest eiUlrges nrc fixed, IUld the per-acre charge is less for 
llLrg(' than for small acrenges. 

Under similnr conditions, hfl,rvesting costs per acre show some 
vllrintion betwCl'll flLrms ill the sllme nrell. 

li'or small Herengos the cxponsc of hl1rvesting 'with a combine is 
grente1' thun with either a binder or n hender. 'Where 60 or more 
tlcrcs are to be hluTcsted ,,,ith n binder, or 100 or more with a header, 
tilt' sIllnll combine mu;y prove more economical than these machines. 
The large combine mlly be more economical than a binder if more 
thau 100 Ilcres nrc to be cut and more economical thlln a header if 
150 acres Ilre to be cut. The choice between n lllrge or a small 
combine should be lllllde on the bllsis of the capllcity of the machine 
and the ncrellg(' to be cut. Where 300 or more acres are to be cut, 
the Jixed charges of thc combine nre reduced, and the machine is 
then oporated Ilt the lowest cost. 

In cases in which only the usual direct costs are considered, 100 
11eres could be hlln"estecl as chellply with n binder or header as with 
a slllall combine. 

Thc nu·illble costs per Ilcre, bllsed upon charges made for different 
hlllTesting methods, 111"0 $1.47 fOI' 11 10-foot combine, $1.50 for a 
15-foot combine) $3.30 for a 12-foot header} Ilnd $4.22 for a 7-foot 
binder. 

http:Slllil.ll
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The twcmge harvesting loss with combines is 2.6 per cent of the 
total yield IlS compared with 3.3 per cont for 11 header and 6.1 per 
cant 1'01' a binder. The actulLl loss of grain cut with the combine 
aV'el'l1g'cd 32 pounds pel' acre, as compared with 40 pOlmds with the 
hellder and 74 pounds \\'ith the binder. 

The a\TCl'l1g'e tlu'cshing loss with combines was 1.9 per cent of the 
gr'ilin thr:eshed, as compal'ed with 1.2 per cent for the stationary
thresher. 

Iruetors othor than harvest costs which should be included in a 
considel'lltioll of the use oJ the combine are possibility of los~ of 
gmin from weather or' from shattering, disposal of stl'l1W, and the 
quality of gl'llin, including the moistme content ns it is threshed. 

'Whore cClinbillcs are nyailllble for custom eutting a man will find 
it chcaper to hire Ilis grain cut than to own 11 10-foot machine if he 
hILS not mom tlutll 125 acreS of wheat; he can hire it cut more 
chcaply thall to own a 15-foot " , 1hine unless he has morc thllll 200 
acrcs. 

A 10-foot combine should harvest 375 ncres in a 15-day harvest 
senson. The minimum 2ro£itable acrenge in the Great Plains for a 
1l111.chine of this size is al)Ollt 150 acres; the maximum is about 640 
act'os, A 15-foot combiliC should harvest I1bout 525 ncres in 15 days, 
with n minimum of 200 nnd 11 lUaximum of 1,100 acres. 

:Most Illl1chinos in this study wom cutting IlS much ns the operators 
considemd the nUlxinuull caplwiLy of the mnch ines. 

J\'lol'c thl1n on('-half of ttl(' com bille owners wcm doing some custom 
eu ttillg with their Illlwhines. The retul'lls from cllstom cutting may 
cl1nblc an owncl' with a slIlnll n('rengc to obtain 11 proftt on the in
\'estmcnt in a ('0111 bin(' ('\'cn whcn his OW11 acrenge would not warrant 
his pUl'ehllsing a machine, 

PI'OIHlbly t~vo-thirds or mor'e of the wheat harvested with a COl1l

bineis IlIo'veel ofF the fann dUTing hl1rvest or soon thereafter. 
Cnre must be taken in storing grain which is harvested early or 

soon after rams, 
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