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INTRODUCTION. 

Modern agriculture requires an enormous amount of power to per- 
form the annual farm operations, and there is a continuous, potential 
demand for any device that will afford cheaper and more convenient 
power on the farm. This situation has stimulated the production 
of many types of mechanical substitutes for the farm horse. 

Although mechanical power outfits for farm operations have been 
used in large and increasing numbers for several years, there have 
been very few reliable data available to the public on the perform- 
ance of these outfits under ordinary service conditions. Much of the 
information which has been offered has originated from sources which 
would indicate that the presentation of the subject would be a biased 
one or has been furnished by men who were obtaining good, perhaps 

NotEe.—This bulletin is intended to make available to farmers who contemplate buying a tractor the 

experience of many other farmers who have already used one; it is suitable for distribution west of the 

Mississippi River. 
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exceptional, results from their outfits. At the same time, men who — 
have not succeeded are not usually inclined or afforded an opportunity 
to make their experiences generally known. It is necessary to con- 
sider carefully the results obtamed by all users, whether they have - 
succeeded or failed, in order to obtain correct information as to the - 

present status of the farm tractor. The data in this bulletin are based 
upon the experience of a large number of users in both classes. It is 
important for everyone interested that a reliable and impartial survey 
be made available. The relative efficiency of various makes of 
tractors is not considered in this bulletin. It is obvious, however, 
that this factor of the efficiency of some particular machine may be a 
most important one to the individual farmer. 

DESIGNATION OF TRACTORS. 

Owing to the numerous terms used to designate tractors in various 
sections, it may be well to state that in this bulletin the term “gas 
tractor” is used to designate those machines which derive their power 
from an internal-combustion engine burning a vaporized fuel (regard- 
less of the kind of oil burned), which are designed for pulling imple- 
ments and for doing stationary work. When the term ‘gasoline 
tractor” occurs it denotes an outfit of the kind just mentioned in 
which gasoline is regularly used for fuel. Similarly, the term “ kero- 
sene tractor” is used to denote a “gas tractor” in which kerosene is 
the ordinary fuel. By a “steam tractor” is meant an outfit deriving 
its power from steam generated in a boiler, heated by means of a fire 
of coal, wood, straw, or similar fuel. 

The smaller machines, designed especially for cultivation, plowing, 
etc., commonly known as “autoplows’” and “ autocultivators,” in 
which the tillage implement and power plant are combined in one 
unit, have not been considered in this bulletin, as these do not prop- 
erly come under the title of tractors. While there are numerous types 
of these small self-propelled plows and cultivators intended particu- 
larly for use on small farms, few of them have been in actual service 
long enough and in sufficient numbers to demonstrate their ability 
to perform the work for which they are intended. 

Nor should the data or remarks contained herein be considered as 
applying to the various types of small tractors designed to pull two 
or three plow bottoms and selling at a comparatively low figure, large 
numbers of which have been placed on the market during the past © 
few months. These small, low-priced outfits represent the latest 
phase of the development of the farm tractor and may fairly be con- 
sidered as belonging to a different class than those under discussion 
in this bulletin. While they give promise of proving an economical 
source of power for a great deal of the field and stationary work on 
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the average farm, they have not been in actual use under service 
conditions for a sufficient length of time to demonstrate their utility 
conclusively. 

STEAM AND GAS TRACTORS. 

The self-propelled steam thrashing engine was the prototype of the 
modern steam tractor, the latter differmg from the former mainly in 
the size of the drivewheels and transmission gears. In other words, 
the steam tractor, generally speaking, was an outfit designed pri- 
marily for stationary use, but it was gradually adapted to the 
heayier work of hauling implements and to other work requiring 
power. A number of years were required for its development, but it 
finally proved its value on the large areas of prairie opened up for 
settlement in the West. 

At its best, however, it had several serious disadvantages. It 
burned bulky fuels, of which it could carry only a limited supply and 
which required considerable time and labor in conveyance. It con- 
sumed a large amount of water, which in a dry country was fre- 
quently a serious handicap. It was heavy and cumbersome and 
required a man of considerable ability to operate it properly. It 
ordinarily employed a crew of three to five men and of two to four 
horses. A delay of half an hour or more was often experienced in 
getting up steam pressure sufficient to commence work, and consid- 
erable fuel was consumed in keeping up steam during stops. In 
many cases the fire would be maintained all night in order to have 
the engine ready for work the next morning. 

These objectionable features were practically overcome by the gas 
tractor. It burned a fuel of less bulk and attained a higher thermal 
efficiency, so that it could easily carry sufficient fuel for a half day’s 
run, and in many cases for much longer. One 2-horse load of fuel 
would keep the engine in operation for several days. It used com- 
paratively httle water, and, if desired, a low-priced oil could be sub- 
stituted for water in the cooling system. It weighed less per unit 
of power than the steam tractor, was shorter, and could therefore 
turn in less space. While it demanded a thoroughly competent 
operator in order to secure the best results, he could easily attend 
to the entire operation of the engine and would frequently find time 
to operate the plows as well, although the crew usually consisted of 
two men and occasionally of three men and two horses. The motor 
could be started in a moment’s time, and no fuel need be consumed 
when the outfit was idle. 

After the steam tractor had been used for plowing for several 
years, an insistent demand developed for a plowing outfit without 
the disadvantages of the steam tractor. The early gas tractors were 

built largely to meet this demand. The gas tractor has therefore 



4 BULLETIN 174, U. S. DEPARTMENT OF AGRICULTURE. 

been developed primarily as a plowing engine, with belt work a sec- 
ondary consideration. Although it was actually superior to the steam 
tractor in the ways mentioned, it was. nearly a decade before it 
developed sufficiently to prove this superiority and became a real 
competitor with the steam tractor. Most of its growth has qccurred 
during the past 11 years, and in considering the rapidity with which 
it has been made it might at first appear that it must have been due 
to its superiority over both the horse and steam tractor as prime 
movers for the farm. As to its superiority over the steam tractor 
there is no doubt. The sales of steam tractors for farm work other 
than thrashing fell off as those of the gas tractor increased, and the 
steam tractor is seldom found to-day except in sections where suit- 
able fuel is cheap and convenient, thus giving it an advantage over 
the gas tractor. The decline in the number of steam tractors used 
for farm work is shown by the age distribution of those reported: 

One year old, 37; 2 years old, 65; 3 years old, 65; 4 years old, 88; 5 years old, 76; 

6 years old, 33; 7 years old, 25; 8 years old, 24. 

THE GAS TRACTOR AND THE HORSE. 

While the gas tractor has almost completely replaced the steam trac- 
tor, as has been stated, neither the steam nor gas tractor has affected 
the sale or use of farm horses to any great extent. (See Tables XXII 
and XXIII.) 

A careful study of the subject shows clearly that the rapid growth 
of the gas tractor was not due to its superiority over the horse, but to 

the fact that large tracts of unbroken prairie land were being opened 
up in the West and that sufficient horses were not available to break 
the ground and bring it under cultivation. Gas tractors could be, 
and were, manufactured in a much shorter time than it would have 
taken to raise the necessary horses for this work. But as this new 
country developed, horses were rapidly imported, colts were raised, 
and more and more of the farm work was performed with horses. 
Quite frequently the tractor which had broken the prairie and brought 
it under cultivation was entirely replaced by them. 

A similar condition existed recently in Kansas. An epidemic 
diminished the number of farm horses in that State by thousands, and 
the number remaining was insufficient to perform the field work. 
Immediately hundreds of traction engines were shipped into the State 
to meet the power requirements. Whether these machines will © 
retain the ground thus opened to them remains to be seen. Under 
similar conditions in other States they have not done so, indicating 
that they are either not as satisfactory as horses for farm work or 
are more expensive. 7 | 

The failure of the gas tractor to maintain its position as the prin- 
cipal prime mover in those sections where it was first introduced was 
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‘apparently not anticipated by those interested in its production. 
On account of its failure to maintain this position the heavy demand 
for gas tractors in those sections was only temporary, and an over- 
supply of tractors was placed upon the market, resulting in depression 
in the industry. Similar overproduction due to lack of foresight 
has occurred in other lines of farm equipment, one of the best exam- 
ples being the oversupply of grain harvesters during the period of 
rapid multiplication of the improved models. 

Generally speaking, the farm tractor has thus far merely supple- 
mented the work of the farm horse and relieved him of the heavier 
work; it has not actually replaced horses to any considerable extent. 

TRACTOR RATINGS. 

When internal-combustion tractors were first introduced, there was 

considerable confusion among engine users as to their ratings, owing 
to the fact that several methods were used in computing and desig- 
nating their horsepower. There are still several formulas used in 
computing the power developed by the motor, but the terms by which 
the power is denoted have become more uniform and more generally 
understood. The terms “brake” or “belt” horsepower are used 
to denote the total amount of power which the engine will develop 
and transmit to a belt for stationary work, such as thrashing. This 
amount of power may be computed or ascertained by actual meas- 
urement with a proper apparatus. 

The “‘drawbar”’ horsepower is the belt horsepower minus the 
amount of power required to propel the weight of the tractor. Most 
tractors require approximately 50 per cent of the total power devel- 
oped by the engine to move its own weight, leaving the remainder 
available for pulling other implements. The amount of power 
which is actually exerted on the drawbar varies, of course, with 
the weight and construction of the tractor, and may be either com- 

puted or measured with a dynamometer. The tractor ratings are 
ordinarily expressed by writing the brake horsepower after the draw- 
bar horsepower; thus, ‘‘30-60”’ would indicate a tractor having a 
pull of 30 horsepower on the drawbar and developing 60 for stationary 
work. 

The term “‘ horsepower’ denotes an amount of power equivalent to 
that developed by a 1,500-pound horse moving at the rate of 24 
miles per hour and exerting a pull equal to one-tenth of his own weight, 
or 150 pounds. This represents a power output capable of raising a 
weight of 33,000 pounds to a height of one foot in one minute, and 
these figures are commonly used in computing the power developed 
by an engine. A pull equal to one-tenth of his weight is considered 
a normal load for a horse. As most farm horses weigh less than 
1,500 pounds, it is apparent that they do not ordinarily furnish a 



6 BULLETIN 174, U. S. DEPARTMENT OF AGRICULTURE. 

full horsepower. A 1,200-pound horse moving at the rate of 24 
miles per hour and exerting a pull of 120 pounds (one-tenth of his 
weight) would develop only four-fifths of a horsepower. Thus, 
an engine delivering 20 horsepower at the drawbar would be exerting 
a stronger pull than 20 horses (averaging less than 1,500 pounds’ in 
weight) normally do hour after hour. It should be borne in mind, 
however, that the engine is capable of delivering at the drawbar in an 
emergency but a fraction in excess of its rating of 20 horsepower, 
while 20 average horses are able for a short time to pull several times 
their normal load; that is, the engine might be overloaded to deliver 
25 horsepower, while the 20 horses can be so urged as to deliver 30, 
40, 60, or more horsepower for very short periods of time. 

SOURCE OF DATA. 

In obtaining the data on which this bulletin is based, several 
hundred owners in sections where tractors are most widely used were 
personally visited, and conditions were observed and interviews had 

with farmers using tractors as well as with those who did not use 
them. At the same time the opinions of business men with regard 
to the use of tractors by farmers in their vicinity were secured and 
brief histories of the experience of users were recorded. 

A letter was addressed to all bankers located in the farming sections 
of the United States lying west of the Mississippi River, requesting 
their opinions as to the effect of the tractor on the farming industry 
in their vicinity, the desirability of the tractor as an investment for 
a farmer, their practice regarding the loan of money for the purchase 
of a tractor, and related questions. (See Table II.) 
A letter was addressed to more than 13,000 tractor owners, inclosing 

a list of questions to be answered, the replies to which were tabulated 
and are shown in the following pages. The distribution of these 
tractor users by States is shown in Table I. Replies were received 
from about 40 per cent of the men addressed, but many of the reports 
were discarded because tractors had not been used for a sufficient 
length of time to enable their owners to form an opinion as to their 
merits. However, more than 2,000 men who had operated their 
outfits for one or more seasons furnished detailed reports. 

TaBLeE I.—Distribution of tractors in States west of the Mississippi River, showing the 
approximate number of owners reported by bankers. 

| Tractor | Tractor || Tractor 
Stake. | owners | Stale, owners. State. owners. 

North Dakota..-..... 3, 200 | WOKAS 2 ieee eee 650) |) Arkansas: —.. Soe etoe 80 
South Dakota.......- 2, 100«||" Missouri. 23-2 2-222 345.41 AvIZ 00a: S22 12s cee eee 20 
WOANISAS eee ee 1905) | OR showman oo ee 335 iNew Mexicose-a-- ones 15 
WOW ise eee see 2 15.200) ||? Coloradoe-- 4 eee 265al| INGVadas aces ane an 5 
Minnesota ciiocins fs 2 1-060] Wyoming 2572 2-2-2 1303} | Witah. ae tbo Ss ee 5 
Montanarestss acs-22 9507) (Orecousse= see ee 125 
WNoebraska sn eae sos 730 || Idaho. .-...- B Acco eae eae 105 Total esa sa 13, 327 
Califormig: 2.22. 22-2: | 700 || Washington........-- 102 
————————— er ?’],)T0—0—0— OO 



FARM EXPERIENCE WITH THE TRACTOR. 7 

OBSERVATIONS OF BUSINESS MEN. 

Most of the inquiries to business men were addressed to bankers. 
It is believed that bankers have a more intimate knowledge of the 
financial standing of the farmers of their community than most other 
classes of business men and are also more likely to furnish an unbiased 
and unprejudiced opinion, based on their knowledge of the financial 
success of the men who are farming with horses and those who are 
using tractors. ‘The prosperity of the bankers of a community 
depends largely upon the prosperity of their patrons, and they naturally 
keep well informed on all factors influencing the welfare of the com- 
munity. It appears from many of the answers that the writers had 
been carefully observing the effect of farm tractors for several years, 
and their conclusions were based on actual knowledge of the general 
prosperity of the men who farmed with horses and those who used 
tractors. 

The replies received from all classes of business men showed that 
where tractors had been used to any great extent or for a considerable 
length of time the business interests have become prejudiced against 
them and believe they have had an injurious effect on the farming 
community and general prosperity of the country. Hundreds of 
facts and arguments were furnished in support of these opinions, 
which were not in a form permitting tabulation. The principal 
reason advanced seems to be the fact that a great many men who 
have purchased tractors have failed to make them pay, and a large 
percentage, having bought expensive outfits on time, lost their entire 
property through foreclosure proceedings and judgments on notes. 

It is unfair, however, to ascribe all of these failures to the ineffi- 
ciency of the tractor; as faulty operation had its share. A very 
important contributing cause has been the poor business management 
and judgment of the farmer in incurring an obligation nearly or 
quite equal to the entire value of his property with no means of meet- 
ing it except the production of a good crop or the possible performance 
of a large amount of lucrative custom work. While a good crop 
might save him from bankruptcy, he would be more properly termed 
“lucky’”’ than a good manager. ‘The failure of a crop the first year 

after the purchase of the tractor has often been sufficient to ruin the 
owner, while serious breaks or other accidents have frequently 
accomplished the same result. 

Without referring further to the reasons for their opinions, most of 
the business men consulted do not consider the tractor a good invest- 
ment for the average farmer. The opinions of bankers as to the 
effect the tractors have had on the farming industry and their desira- 
bility as an investment for the average farmer are shown in Table II. 
In this table the States are arranged according to the number of 

81435°—Bull. 174—15—2 
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tractor owners known to the bankers, but this is probably the order in 
which they would appear if they were arranged according to natural 
conditions most favorable to the tractors and possibly also as to the 

length of time during which such machines have been used in these 
States, respectively. eae 

TaBLeE I1.—Bankers’ opinions regarding the tractor. 

Answers of bankers to questions indicated below. 3 

fe eR ie Paes eee me Pee eT 

Has traction farming 
had a favorable or 
unfavorable effect 
upon the farming in- 
dustry in your vi- 

Do you consider a trac-- 
tion engine a good in- 
vestment for the aver- States (arranged according to number of tractor owners 

kn age farmer in your own to bankers). 

cinity? neighborhood? 

T - 7 

v ea Favorable. No. Yes. 

INT SCO bee pe ees Se es ER aks See et errs alae 343 57 422 20 
NORMHOE ARO epee SESE wer th Leek IY ese 124 58 225 48 
INTRISTS) Dos. Ghee ae Ae Re ee on ee Se ee Fe 83 87 172 26 
LEC A se pl pie ee ee EA 9 7 oo Ne BAS he ee 17 59 65 17 
WETEHESE ley ees ots hn me tee) Sen ss us ee oe ele 57 53 144 1 
Whariteainet ek ny tat oe eee SEE REL Pete era ne oe 87 26 116 8 
In FEUDS epee Shes A Se a ee Ce Pee Ee BE iy 22 35 61 10 
ACRRTORIMIG SES 8h, ke Are a eee eee ee ELE 4 90 43 34 
AGN ANS Gs BBA nD E RT 5 SONNE SES Be re eee ae ie a eee Ss eee ae a 23 51 61 23 
ISSO IR ee ee on ae 2 SE Soe oe ak ee | 18 16 28 3 
QUIEN G TIE a 6 85 1 Ser ee eee me eee ee ere aS 8 | 18 23 49 5 
MPlGraAgG-ct eee etek) ee ee eat he 35 She | 16 17 33 3 
RVURV ORISA ence eee ese ee eyes Pl Sine ee ose 6 12 17 4 
ipeonriseee cee ee Bae) TIFT SET SACE TD. EE ee | 5 il 12 2 
CL A ees ee eaten Set ks SRE So ear Fe a Ba 5 5 11 4 
NS(ECUT AYR ho) Ee es S OR se Oe eae See eer StS ee | 4 4 11 2 
PERTUCSLE Sah gree Dees eee a Noe OE eo ge en yh gee 2 5 5 4 

Esai oe SR Bee NaS CEN GPA. cee ieee ee Ty Yaeak | 5 4 11 1 

Pyiiel ty (te ew PRES SEER MACS SNe Re Ene eo Bee 842 613 1, 486 225 

Each of the bankers whose answers are included in this tabulation 
knew at least three users of tractors, while most of them knew a much 
greater number, the average being about 10. It will be observed from 
this table that while 842 bankers believe the tractor has had an 
unfavorable effect on the farming industry and 613 state the effect to 
be favorable, the number of bankers who are of the opinion that the 
tractor is a good investment for a farmer is only 225, while 1,486 think 
that itisnot. Bankers realize that the tractor has been a benefit to 
the community in helping to break and open up to cultivation large 
tracts of virgin land, but they also realize that the risk of this enter- 
prise, as well as much of the expense, has been borne by the indi- 
vidual farmer. Nearly 87 per cent of business men who have had an 
opportunity to observe the results of tractor farming consider that a 
tractor is a poor investment for a farmer. 

OPINIONS OF TRACTOR OWNERS. 

The opinions of the men who have used tractors corroborate the 
views of the bankers. In reply to the question, ‘Do you consider a 
traction engine a good investment financially for a farmer in your 
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vicinity ?’’ there were 876 who answered “‘no”’ and 891 who answered 
“ves.’’ Of those answering this question, 748 had used their tractor 
for only one season. The answers of the men who had used the 
tractor through two or more seasons show 592 negative and 427 
affirmative replies. Practically all of the men from whom replies 
were received were using tractors at the end of 1913, and those who 
had previously tried them but had discontinued their use are not, 
therefore, included. It may safely be assumed that nearly all of the 
latter class would answer the above question in the negative, which 
would more than double the number of men answering ‘“‘no,’’ as there 
are hundreds of men who have discontinued the use of the tractor 

after a trial. Accurate figures on this point are difficult to secure, 
owing to duplication among the past users of tractors reported, 
but a conservative estimate obtained by using the number reported 
by bankers located in widely separated sections of Montana indicates 
that more than 400 men have discontinued the use of the tractor for 
farm work in that State. The answers of present owners of tractors 
to the above questions are shown in Table Lil. 

TaBLE IIJ.—Answers of tractor owners to the question, ‘‘Do you consider the traction 
engine a good investment financially for a farmer in your vicinity?” 

First season. Second season. | Third season. | Fourth season. 

State. 

Yes No Yes No Yes No Yes No 

EGG RN DIS OUA es oe ooo oie Skee oe os 108 106 73 154 25 86 15 32 
SHE FTADSID STZ Ra UN 8 I ee ee 39 28 28 22 16 19 15 14 
CUSTRS: See Se oe ee ee 56 22 26 22 9 59 5 
i Ties =7 ee es Le ee ee ee ee 24 27 37 35 13 12 a 7 
ROHR SI he ee eee es ee 8 eS 26 26 23 38 7. 12 2 42 
UST TD ue PES Ee 2 Re ee 52 137 14 13 9 6 3" 3 
WOE OGL ai a eee 42 4 15 9 11 2 Dil werGiciere 
Nebraska... -- Re et ee p50 28 ne Jog 2 22 13 ll 14 4 Biter c eas 3 
CUS Ginn 2S SE es eel ae eee ene 25 13 4 8 1 So See cose 5 eee 
LCOS TT Toa 8 Sane ee ee an ne eee 15 5 3 i 1 Pa meneerc 
CALIGE SURV GOR: es ee =o ee ena 55 23 16 19 9 4 3 4 

{GTR SONS Ae Oe ee ee eee eae 464 284 250 337 105 155 50 80 
a Ct CGMheiee | aes es 62.0 38.0 42.6 57.4 40. 4 59.6 38.5 61.5 

‘Table III shows that the percentage of men who believe that the 
tractor is a poor investment increases with each season’s use, until, 

after four years, 61.5 per cent of the owners are of this opinion. 
If the opinions of those who have discontinued the use of the tractor 
could have been included, this percentage would doubtless be in- 
creased to 85, thus approximating the judgment of the bankers. For 
example, 65 per cent of all present tractor owners in Montana have 
had more than one season’s experience, and 65 per cent of these answer 
the inquiry in the negative. If 65 per cent of the 950 users reported 
for Montana in Table I, or 617, be taken as the number in that State 
having more than one year’s experience, then 65 per cent of the 
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latter number, or 400, represents the number of present users who 
report unfavorably after one season of experience. If to this be 
added the 400 who have discontinued the use of the tractor in 
Montana, there appear to be 800 out of 1,017 who hold unfavorable 
opinions, or about 80 per cent. 

In analyzing the reports of users it early became apparent oo 
opinions and estimates furnished by men who had used a tractor for 
only one season could not be accepted as representing average results, 
as their answers invariably gave more favorable averages than did 
those from men who had had experiences of two or more seasons. 
This is partly due in all probability to the fact that their machines 
were of better quality than those of previous years, but the differences 
between the averages are far greater than those existing between the 
tractors sold early in 1913 and those sold one year previous. The 
principal reason for these favorable answers is doubtless a natural 
enthusiasm resulting from the acquisition of new and interesting 
machines, of which great achievements are expected, but which 
have not been used for a sufficient time to demonstrate their actual 
value. The experience gained by the end of the second season, 
with the novelty gone, the outfit showing the effect of wear and not 
running so satisfactorily as when new, and the probability of more 
or less repairing haying been necessary, makes the owner better 
qualified to express an opinion as to the tractor’s actual value. 

The tractor’s efficiency decreases with use, on account of wear. 
The reports show, however, that it is during the first year of its use, 
when it should be rendering its maximum amount of service and giy- 
ing a minimum amount of trouble, that the largest percentage of men 
change their opinions of the tractor from favorable to unfavorable. 
It is a reasonable supposition that every purchaser of a tractor 

- believes he is making a good investment at the time of purchase. 
The data show that after one season’s use only 62 per cent retain this - 
opinion, so that it would seem that the results were such as to cause 
38 per cent to change their opinion on this point after one year. 
After two seasons’ use more than 57 per cent of present tractor users 
believe the tractor is a poor investment, and with longer experience 
this percentage increases. 

REPORTS OF SATISFIED AND DISSATISFIED OWNERS. 

In order to ascertain whether the owners who expresssed favorable 
opinions regarding the tractor were actually obtaining better results 
than those holding opposite views, tabulations were made of the data 
furnished by these two classes of men, and the averages obtained are 
shown in Tables IV to VIII, inclusive. 

The data compiled from reports of tractor owners shown in Tables 
IV to VIII are separately given for North Dakota and for all other 
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States west of the Mississippi River.t. This separation was made for 
the following reasons: Sufficient replies were received from owners in 
North Dakota to give reliable averages. The conditions under which 
tractors are used in North Dakota are very similar throughout the 
State, being generally favorable to the tractor on account of the 
large, level farms, where the types of farming followed are well 
adapted to the use of mechanical power. Gas tractors have been 
used in considerable numbers in North Dakota for a greater length of 
time than in the other States. 

SERVICE RENDERED BY TRACTOR. 

Table IV shows the average amount of service rendered annually 
per tractor, together with estimates as to the average life of farm 
tractors. ~ The figures showing days used ‘per year include custom 
work of all kinds, as well as stationary work on the home farm. — It 
will be noticed that the number of days the tractor is used per year 
grows slightly less, as a rule, from year to year, and at the same time 
the hours lost per day increase. 

In connection with the estimated life of the tractor it may be noted 
that for the group of States the averages are higher for the men who 
have used the tractor but one season, while in North Dakota they are 
slightly lower. This is probably partly due to the fact that in mak- 
ing the estimate the men were asked to judge by ‘‘observations and 
experience.’ In North Dakota many men who had used a tractor 
‘for only one year could make a fair estimate of the average life of a 
tractor from observations of outfits which had been used in their 
neighborhood, while in other States they have not been so widely 
used and the estimates are made to a greater extent from personal 
experience only. There are also other reasons, which will appear in 
connection with subsequent tables. 

- Only 24 reports from North Dakota were received from men who 
had used their tractors more than four years, and about the same num- 
ber came from the other territory. The age distribution of the 
tractors reported from North Dakota was as follows: 

One year old, 278; 2 years old, 283; 3 years old, 131; 4 years old, 55; 5 years old, 15; 

6 years old, 5; 7 years old, 2; 8 years old, 2. 

It is known that the number of 4-year-old tractors reported is a 
very small percentage of the number of tractors actually sold four 
years ago, much smaller than the percentage reported for the 1 and 2 
year old tractors. This would apparently indicate that many of the 
tractors sold four years ago are no longer in use, and, together with 
the decrease in the number reported for the third year, might be 

1 The data in the upper half of Tables IV, V, VI, VII, and VIII are all based on the same group of farms, 

and by combining these parts of tables the complete tabulation for the group may easily be obtained. The 

same is true of the lower half of these tables. 
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considered as evidence that the estimated life of the tractor, as fur- 
nished by the tractor owners reporting, is too high. 

TABLE IV.—Service rendered annually by tractors on farms in North Dakota and other 
States west of the Mississippi River, showing the length of life as estimated by the 
owners. 

» 

[Arranged according to the opinions of owners as to the tractor’s desirability as an investment.] 

IN THE STATE OF NORTH DAKOTA. 

Hours in field per | Farms where night 
day. | work was reported. 

Esti- 

peer Average mated | .. 
Result of rp as reported srartal average pens Average 

ee use. life of |*Y°F88°C-) Dercent- | number 
Spent. Lost. tractor. age of all | of nights 

tractors. | operated 
per year. 

Men having one season’s experi- 
ence: Days. Years. 

IBY ORPA DIO ee. - aie ve ann xe 87.1 12.5 1,2 8.5 108 14,6 31.8 
Wrprotitable.2-) 22.02.42 69. 2 12,4 2.5 5.0 106 13.7 12.9 

Men having two seasons’ experi- 
ence: 

Prontahless ses 6. -2-- 97.3 13.1 14 8.8 73 23.1 26.9 
Unprofitable:s---25- ..--- =. 76.6 12.9 2.7 4.9 154 10.7 16.0 

Men having three seasons’ expe- 
rience: 
LEO Ds ere 85. 2 12.8 1.5 8.8 25 30.0 17.3 
tmproftable: 25. 322-< kes ~. 75.6 12.8 2.7 5.4 86 12.9 nb By 

Men having four seasons’ expe- 
rience: 

Le reiiaraje) fod oe ee ae eee 92.5 12.6 1.6 8.7 15 10.6 60.0 
Unprofitable.......22.2...-- 73.4 12.0 2.8 5.9 32 8.0 22.5 

InN ALL STATES WEST OF THE MISSISSIPPI RIVER EXCEPT NORTH DAKOTA. 

{ 

Men having one season’s experi- | 
ence: 
IETS) COR eee ee 105. 8 11,4 1.3 10.2 356 21.3 26.5 
Eeproftahie 2 652. 222. %4.9 11.5 2.2 6.4 178 16.5 13.7 

Men having two seasons’ expe- 
rience: 
IFO DION. oes ss naw <=:-1 102. 1 ah Bre 1.4 9.7 177 28. 6 34.7 
Umnprontablex< 24. 35554522 73.9 11.8 2.2 3.0 183 16.0 22.2 

Men having three seasons’ expe- 
rience: 

Teiaay aril o) (ep ee eee 98.9 11.6 1.4 9.9 80 16.9 38.9 
Wmprontiable 2225 =. 42222) = 73.0 11.6 2.5 5.7 69 5.2 18.3 

Men having four seasons’ expe- 
rience: 
D275 hr 3 0) hl fe nk ae ae 93.5 11.6 1.6 9.3 35 10.7 22.0 
Wnprofitable-.:..2..2. 2521. 65. 2 11.4 2.6 5.9 48 7.1 38.3 

To judge by the estimates, the average life of a tractor in North 
Dakota is approximately only 6 years, while the average. estimated 
life in other States is about 8 years. It is believed, however, that in 
the case of estimates on the life of tractors for States other than 
North Dakota, some allowance must be made for the fact, already — 
mentioned, that most of these estimates are based entirely on the 
owner’s personal experience, which the figures show has been a 
short one for 80 per cent of the men reporting, whereas for North 
Dakota the figures are to a great extent based on observation of 
neighboring tractors as well. 
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However, the life of a tractor can not be properly expressed in years 
alone. The tractor is a machine; and, like all machines, its life 

depends on the amount of work it does and on the care taken of it. 
This life can be shortened by lack of proper care and by abuse in 
operation. The number of years a tractor will be available for work 
on a farm, therefore, depends only partly on the hours it will be 
required to work each year. But if the machine is given proper care, 
both when idle and when in use, the amount of work done per year 
will be the principal factor in determining its length of useful life. 
Table IV shows that during the working life of a tractor in ordinary 
farm service the amount of service obtained covers from 3,600 to 
11,000 working hours, including both traction and stationary work. 
From these figures it is apparent that a tractor might be worn out in 
less than two years if operated day and night continuously, while, 

on the other hand, if used only intermittently its life may be extended 
over a number of years, with proper protection from deteriorating 
influences when not in use. It might seem at first thought that a 
tractor could be made to last indefinitely by replacing worn-out parts 
with new ones, but there comes a time when the cost of such replace- 
ments becomes prohibitive and it is more economical to discard the 
old tractor and purchase a new one. ‘The tractor’s life is, then, the 
length.of time it can be used before the repairs become so expensive 
as to make its further use uneconomical. 

While Table IJI showed the number of owners who believe the 
tractor to be a profitable investment, there were two related questions 
submitted to the owners which are not shown in the tabulations. 
These were ‘‘All things considered, is the tractor more satisfactory 
than horses?’’ and ‘‘Is it cheaper?’’ The answers received to these 
questions agree in many cases with those shown in Table IIT, but it is 
interesting to note that among the men who believed the tractor to be a: 
good investment the number reporting the tractor to be cheaper than 
horses is greater than the number stating that it is more satisfactory 
than horses. On the other hand, among the men believing that the 
tractor is an unprofitable investment, the number stating that it is 
not cheaper than horses is less than the number stating that it is not 

as satisfactory. 
This would seem to indicate that among the successful owners the 

tractor’s economy has been a greater factor than its general utility, 
while among the unsuccessful owners the expense has been a more 
important consideration than its unsatisfactory operation. 

FUELS USED. 

Table V shows the number of engines in each group which burn 
gasoline, kerosene, and motor spirits, respectively. From this 
table it will be seen that the percentage of kerosene tractors is slightly 



14 BULLETIN 174, U. 8S. DEPARTMENT OF AGRICULTURE. 

sreater in-each group where the owners believe the tractor is profit- 
able than in the groups where the owners state that the tractor is 
unprofitable. While this difference is in no case greater than 13 per 
cent, it is invariably present, which indicates that it has probably 
had some influence on the opinions of the owners. A further com- 
parison of gasoline and kerosene tractors will be found in Table IX. 

Taste V.—Traciors using different fuels on farms in North Dakota and other States west 
of the Mississippi River. 

[Arranged according to the opinions of owners as to the tractor’s desirability as an investment.] 

IN THE STATE OF NORTH DAKOTA. 

Gasoline. Kerosene. Motor spirits. 

Result of investment as reported | ePercent Berean. Der Fuel not 
Sv OW . = cent- 
by owners. Number | ageof |Number| age of | Number] age of |'@Ported. 

using. | number} using. | number | using. | number 
reported. reported. reported. 

First season: 
Ibrontablese. ose te eas eo - 37 48.7 33 43.4 6 7.9 32 
Wuprofitables+s2-¢-<222 2 << 50 63.3 27 34.2 2 2.5 27 

Second season: , 
Profitapler 22+. 2%. 5 ss 2. 30 49.2 29 47.5 2 Dee 12 
linprofitaple ee. .-c- 28 77 62.6 45 36.6 1 .8 31 

Third season: 
BT OUCADICS 8a eas. ae Anas Sa 14 60.9 8 34.8 1 4.3 2 
MIM prOmtaAples ose pia- Ss ace 41 64.1 21 32.8 2 BBL 22 

Fourth season: 
Profitable... -. = Eee 2 tha. 6 46.2 7 53.8 OUsse 2a 2 
Unprofitable.....--—-----=- | 16 59.3 11 40.7 OP s.2 sc emeye 5 

In ALL STATES WEST OF THE MISSISSIPPI RIVER EXCEPT NORTH DAKOTA. 

First season: 
IETOLEAD Geers eeeree eee. 5 - 117 46.2 133 52.6 3 1.2 49 
Wmprofitable =< 22 2-ce2 - 2522 7 53.4 65 44.5 3 2.1 25 

Second season: 
Profitable seats. 244s: 22 cs 70 52.2 60 44.8 a 3.0 26 
WUmprontaples;.- 22-25. 55—.-% 86 59.3 59 40.7 0 | cierstosieme 29 

Third season: 
Prontaplesss.cesee eet 34 60.7 20 30.7 2 3.6 12 

d Uarprofitablex2s322 62 fo2seo- 39 72.2 15 27.8 Onlteecaeas 13 
Fourth season: 

Profitable * 22-24 2.4.82 14 51.9 13 48.1 On Settee ee 5 
Unprotitable sss... -2-3-2<.5- 19 52.8 17 | 47.2 Ost eee 12 

AMOUNT OF MOTIVE POWER PER FARM. 

In Table VI are comparisons of the amount and value of motive 
power maintained by the two classes of tractor users which are being 
considered, together with the value of special equipment purchased 
for use with the tractor and the average size of farms for each group. 

Little difference is shown in the average sizes of tractors, in their 
cost, or in the value of special equipment for the tractor. But the 
men who find the tractor profitable, although they show a greater 
average acreage, do not keep so many horses as those who reported 
unfavorably. A comparison of results obtained on different sizes of 
farms is shown in Table XIX. 
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TaBLteE VI.—Comparison of the average amount and value of motive power maintained by 
tractor users on arms in North Dakota and other States west of the Mississippi River. 

[Arranged according to the opinions of owners as to the tractor’s desirability as an investment.] 

IN tHE STATE or NortTa DAKOTA. 

Value of Horses kept. 
Drawbar “ F 

Result of investment as reported by horse- | Cost of pee eee eee eee 
wee nan pao tractors. | ment for | Present | Value. | (acres). 

f tractors. | number, 

First season: 
EAT CIMESUTRMORE oe PRE ES YER ee wate 22.9 $2,474 $617 8.9 $1, 526 785 
Mniprotitebleses.02252-. 5.) 26. Soe 0.00: 23.2 2,467 650 11.1 1,849 763 

Second season: 
Tey OE oe = a 24.7 2, 621 753 10.4 1,831 924 
(Upon giv )oy eke Ae OPS ese eEr 24.3 2,548 720 13.8 2,241 870 

Third season: 
PROMI DIG Ee eye ots ec Bron halla n biel 23.0 2,572 670 10.3 1,724 783 
Panpronepion ee se Sos. 24.6 2, 604 725 10.4 1, 689 719 

Fourth season: 
[eo RD OG EE 6 nk Se oe ee ree 23.2 2,247 706 11.6 1,896 896 
(OS fori) 0) Che ae eos Se ee eee 21.4 2,430 725 13.7 2, 203 846 

In Att STATES WEST OF THE MississiprP1 RIVER EXCEPT NORTH DAKOTA. 

First season: 
PERG e een a i ees ik 21.9 $2,348 $496 8.8 $1, 405 666 
HADRON DIO Se ieee oT Sek ek Pare tl 2,330 528 10.1 1,565 548 

Second season: 
LETS TTY 5 LE ee a a OR ee 22.9 2,426 574 8.7 1,398 682 
DHEA ARORUUE LO kre e erie mipe dials eee ciclo ore oh 22.8 2,454 613 10.1 1,595 664 

Third season: 
TEV T yen ol Gt cee ak Soe eee ree ate 22.8 2,549 601 13.8 2,010 847 
(Oberonoth 2) 6] O58 seen ae eee 21.8 2,478 620 10.5 1,607 759 

Fourth season: 
TE TOMLIN OLD LP a te eh eA 19.3 2, 252 529 115 1,794 714 
TOM lOee ea oe tees sok Ppos At 2,322 688 10.8 1,671 614 

CUSTOM WORK. 

Table VII shows the number of owners in each of the two classes that 
are being compared who use their tractors for custom work. From 
these it will be seen that the percentage of men who do custom work, 
as well as the percentage of men who state that custom work is 
profitable, is larger among the owners who find the tractor profitable 
than among the second class of owners. The difference in the prices 
received is not very marked nor very regular and apparently bears 
little relation to the percentage of men reporting custom work 
unprofitable. For a comparison of averages from men who state 
that custom work is profitable and from those who find it unprofitable, 
see Table XX. 

81435°—Bull, 174—15——3 
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TaBLE VII.—Cusiom work done by tractor owners on farms in North Dakota and other 
States west of the Mississippi River. 

{Arranged according to the opinions of owners as to the tractor’s desirability as an investment. ] 

IN THE STATE OF NogtH DAKoTa. 

Finding’ custom Doing custom work. work profitable. 
Number 

Result of investment as reported by owners. report- 

Number. | Percent. | Number. | Per cent. 

—_—— |) ee ——— | 

Men having one season’s experience: 
Propta bias eee ios oe ee a ee Oh ora ee 104 76 73.1 64 87.7 
mprotisipip oc. pee ee kee one so noakmeeeeeee 103 56 54. 4 21 43.7 

Men having two seasons’ experience: 
BrOonba plan pee eee pee ess wines seb eee cote 72 59 81.9 48 87.3 
impress ca eee Sete. eee 149 95 63.8 22 27.8 

Men having three seasons’ experience: 
BarOmialoer es | sks Ae a OL Ree hoe 25 21 84.0 19 95.0 
iQiayeydeitr P01) [ee ee OL eee Steed ee @ 85 52 61.2 13 pei 

Men having four seasons’ experience: 
IBTONGARIO Sf soa ioe hae eee ee eels tee SCE Se 15 10 66. 7 8 88.9 
Wife he) I Rae a ea ae RARER So ee 3 25 78.1 9 39.1 

In ALL STATES WEST OF THE Mississipp1 RIVER EXCEPT NORTH DAKOTA. 

Men having one season’s experience: 
IPTONtAMIAL cee oe ook es ees eee SSeS 341 237 69.5 199 88.8 
TN PLOMTING cu cae pes ee eee cs ie Ree cee = see 172 120 69.8 60 54.5 

Men having two seasons’ experience: 
IBIOHIARIB Mer a one. oe A BCee Bot nn. oS ee we 170 130 76.5 102 87.9 
UU e§ oy 2562} es ie aie ies eye Br Seer eens ne ey 177 115 65.0 43 41.0 

Men having three seasons’ experience: 
BTOntaMbe As =<. e- hanson se ces os eee Seale 78 59 75.6 50 89.3 
Win pronedles: 2 .22Noo5.. 6 ete = Se eth Reese 7 46 68.7 14 34.1 

Men ohn 2 four seasons’ experience: 
ETON TSMIBS 6 on apse ks ohckre oes - aeee eee ee 34 29 85.3 22 $1.5 
WIPO GAGs. sec eae no eee ne | SES act 48 28 58.3 | 13 50.0 

} 

In Table VIIT is a comparison of the annual repairs reported by 
the two classes of owners under consideration, together with the total 
repairs. In this connection it should be noted that a number of the 
men who reported the total amount of repairs for their tractors did 
not report the repairs by years. The total repairs, therefore, do not 
agree exactly with the sum of the annual repairs. 

Considering Tables [V to VIII as a whole, it is seen that the greatest 
differences existing between the averages for the two classes of 
owners represented are those between the estimated life of the tractor 
in years, the average amount of time lost per day, and the repairs. 
These items show that decidedly better results are being obtained 
by the men who state that the tractor is a profitable investment, as 
they lost considerably less time per day on account of engine trouble, 
had much lower repair charges, and, in their cpinion, they will . 
obtain approximately one more year’s service from their tractors 
than the men who believe the tractor is unprofitable. 
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Taste VIII.—Annual repairs for tractors on farms in North Dakota and other States 
west of the Mississippi River. 

{Arranged according to the opinions of owners as to the tractor’s desirability as an investment.]} 

IN THE STATE oF NortH DAKOTA. 

Average total 
First year. Second year. | Third year. Fourth year. repairs.1 

Result of investment as Ber Pan ear Per Por 

reported by owners. cent- eent- cent- cent- cent- 
Amount.| age |Amount.} age |Amount.| age |Amount.| age |Amount.| age 

of of of of of 
value. value. value. value. value. 

Men having had one sea- 
'  son’s experience: 

Pep ~ css a Le Ok ae i RS a Perea Sle Ser ei eee $26. 33 1 
Unprofitable......... Uae litt | Senn dbabe eoanaltoossoddal Abaaeslicecassosa Msbese 72.54 2.9 

Men haying had two sea- 
sons’ experience: 

Pranisnie.. <2... ... 21.29 SS pO OOF eee de tem tm ceed emis EGS RON 3 eres 96. 68 Bi 
Unprofitable......... GO oa eee Led tt. OOM Oeil since scte ec] syns sini ee eteiaistcrers [lseieieisie 229, 49 9.0 

Men having had three 
seasons’ experience: f 
ratte 2 le os 32.70 | 1.3 87.39 4. S28 SOL. So Ito. Di deeiceewioek itece e»| 198.35 PS 
Unprofitable.....-... SOON moeme ie tn. O2) | res tlie) sOsrdenlereises sister | enststers 359.22} 13.8 

Men having had four sea- 
sons’ experience: 

Pron plea 3-402 ss 16.36 ae | DZ2o ed Wa 85.06 | 3.8] $71.41 | 3.1 230.05 10.2 
Unprofitable.......-- 39.73 1.6 63.29 | 2.6 91.12] 3.8 94.58} 3.9 | 442.52] 18.2 

In ALL STATES WEST OF THE MISSISSIPPI RIVER EXCEPT NoRTH DAKOTA, 

son’s experience: 
Men having had one sea- | 

Provisples.=2. 225.222 Pa Ns Peel eae CANE al geietae cet os see Sie tale ala |ciahast be $36. 44 126 
Unprofitable_........ FE SON) ihe hE MOE aed (ae WAS GA en ee TNE Ce Seat of 75.29} 3.2 

_ Men having had two sea- | 
sons’ experience: | 

Proutabis-g.. <=... Passe a Meal ee POD GOR Wrecs: fall hicisei ate «ioral Sete lSoeteccen Gonads 101. 24 4.2 
Unprofitable........- GU SAON 2 LES: is b22NAad il A.B ae sisted re es a re eee ee irs 195. 41 8.0 

Men having had three 
seasons’ experience: 

SPOMGAGIE 8 2 aaa 2 35.46 | 1.4 CHD eal RS SUM RAS VA BS) 0 leo | ert ese ice 196. 99 Meike 
Unprofitable......... SZo pp asda, AIGrOL PESTS tAts7-48 5p lon acs ceeloae com 325.67 |] 13.1 

Men having had four sea- 
sons’ experience: 
PPOMiAie sy 25.20.55 18.70 8 43.00 | 1.9 57.66 | 2.7 | $83.87] 3.7 | 290.57 | 12.9 
Unprofitable......... 43.48 | 1.9 93.12] 40] 122.50) 5.3] 151.87] 6.5 | 424.84] 18.3 

1 Many owners reported the total repairs, but did not give them by years. This column is the average 
of all reports of total repairs, and therefore does not agree exactly with the sum of the annual repairs. 

It will also be noticed that the successful owners use their tractor 

more days annually than do the unsuccessful owners, which would 
naturally be expected in view of the smaller number of horses kept 
by the former class of men. 

The causes underlying the difference in results obtained are many 
and various. While much of the difference can be traced to the 

owner or operator, other important factors are involved, and some 
of these will be shown in the tables that follow. 
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GASOLINE AND KEROSENE TRACTORS. 

In view of the fact that the groups of owners who gave favorable 
reports regarding the tractor invariably showed a larger percentage 
of kerosene tractors than did the groups reporting unfavorably, it 
was thought desirable to make a comparison of these two types of 
tractors, in order to ascertain what difference, if any, existed between 
them. Table LX shows this comparison. 

This table was prepared entirely. from figures furnished by tractor 
owners located in North Dakota who had used their tractors for two 
seasons. ‘This was done for the reason that it was not considered 
advisable to give too much weight to the reports furnished by men 
who had used their tractors but one season and were therefore not 
fully qualified to express reliable opinions. Nor was it considered 
fair to the tractor to include reports from men who had purchased 
tractors three or more seasons ago, and who were therefore basing 
their opinions largely on less efficient models than those now on the 
market. While the tractors which have been in use for two seasons 

are not quite so efficient as those sold during 1913, the difference is 
not so great as exists between the earlier models and those which have 
been used two seasons. 

TaBLE IX.—Comparison of gasoline and kerosene tractors on farms in North Dakota, 
prepared from reports of owners with two seasons’ experience. 

Data from owners of © 
tractors. 

Item of comparison. 

Gasoline. | Kerosene, 

Nem beronimactors LC POLtCG <..22=2 222 acc oe ais fae cps tiee See nicl tes cite eine 127 94 
Owners stating that tractor is a good investment.-...........-.-------- per cent.. 28 39 
Late ontractor (Estimated): 20. fol ss aes one Ae re od eee eee ee aueis years. . 5.9 6.9 
AMMUS MiysUSEGes Js ease AS a he ee I ee eee days.. 82 88 
Averaceitime spent in the field per day.2-.-:- 2622-5 ..s0es te sseaee nec e hours.. 13 13 
Time lostipenday 1OLTepairs, Cle... c6 eee Soke ie as ee ee eee doze) 2.2 1.9 
Averace draw Dar rains OMtractOrse. 28. cen eee eee eee horsepower. . Ohy 24.6 23.0 
ASV CUAL O'SIZE OLA ADUINS Sar ere ee alos See aoe eee ce tS ree mnie reas acres... 841 866 
Number of horses kept: 

Belere purchase OF LLACLOl -¢.o0 25a ee eee eee e ere See ee ae see = eae 15.8 17.8 
‘ATeer purchase Of tractor. -225 I5_ eno ee eae a re RE) Ee a are inte | 11.6 12.3 

AsVerare number Of HOrses|displaced eee es eee nee ae ees ea eee Merete 4.2 5.5 
OwHers who: Gdo\customewOrks: sa. 9 Pole 228s Sa a ee eee per cent.. 69 74 
Owners doing custom work who find it profitable...-......--...---.------ do.. 47 67 
ACV erareicosh Of tLACLOr to. 25s a5 cote ea tee See Aas Neon te ite cee terete dollars... 2,573.00 2, 469. 00 
Average cost of repairs required: : 

HITS ESCASOD S8 es oe Se oe a anne bee eee eee eee eee See Does doz 2: 61.00 33.00 
ECON GI SCaSON a es 28 he Jee et Syd oe pet er eee eee oe do. 2a. 123.00 81.00 

Average value of special equipment purchased ......-.----.-.------------ do-ee- 692. 00 734. 00 
‘Pricemeceived Peracteiorn plo wile 2. J245-eee oe eae ee eee eee do.... 1237, 1.88 
Price:receLy,cdapemacre 10m DLCAKING So) Sapa aera eae pea ena pera dose: 3.54" 3.56 

It is believed that the comparison made in Table IX is the fairest 
and most reliable which it is possible to make, and a similar method 
has been used in preparing several of the tables that follow. 

From the comparison made, it will be seen that the figures are 
slightly in favor of the kerosene tractor in almost every case, the 
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most important differences being in the estimated life and the cost 
of repairs required annually; but the percentage of replies, days 
used annually, hours lost, horses replaced, and percentage finding 
custom work profitable, all of which are favorable to the kerosene 
tractor, are worthy of note. 

While this table shows that the amount of equipment per tractor 
is greater for the kerosene than for the gasoline tractors, the difference 
ae $42, this figure is really favor ale to the eager tractor, as it 
is shown in Table X that the kerosene tractor pulls a greater cross 
section of plows, etc., than does a gasoline tractor of equal rating. 

It will, therefore, require a larger gang to provide a full load, and 
consequently the cost of the equipment is slightly higher. 

Table X presents a comparison of the operating factors for gasoline 
and kerosene tractors of 15 and 30 horsepower, drawbar rating. 
These figures were furnished by men in North Dakota with only one 
year’s experience and are therefore probably slightly more favorable 
to the tractor than would be the case if the owners were men of longer 
experience. ‘The reason for using figures furnished by men with only 
one season’s experience is the fact that among the reports for tractors 
which had been used for two seasons there were very few for gasoline 
and kerosene tractors of exactly the same ratings for which complete 
information had been furnished. While the number of these machines 
among the 1-year-old tractors is not large, it is believed to be sufficient 
to insure a fairly reliable comparison. 

TaBgLt=e X.—Comparison of results obtained on farms in North Dakota with gasoline and 
kerosene tractors during their first season’s use. 

Drawhbar ratings of tractors. 

Item of comparison. 15 horsepower. 30 horsepower. 

Gasoline. | Kerosene. | Gasoline. | Kerosene. 

SMALE EM OM UNACLOLSILEPOLUCC ss 2c Harare oie one So cine «slate nite ew « 28 24 Al Dl 
EMO WEORMELILOUM aC eee eek aco tere so cto s Soe ce Sates acres. - 1.4 1.5 Ql 2.3 
Disa in lin bes ire es See ee a inches. . 5.9 6.2 6.1 6.3 
VATE! OL CHO 3 Seale ate As a a a OKO) oe 77,1 80.6 110.8 123.3 
Width of harrow drawn at same time as plows...do-..- 98.1 102.9 96.3 107.7 
Distance traveled PersHour. 5.226 2.0 l.t. 22. miles. . Devil 2a 2u3 Que 
LE Ete by ots 0 2 See eR it ene ae gallons. . 33.0 44.0 57.9 66.5 
Wesiol fucliusediper' days... 2222.2 bse eet dollars. - 6. 41 5.50 10. 26 8. 78 
Gyimder oulsedsper day. ok oa. oes eee. gallons. . Pap Boe 4.1 4.6 
Cost of cylinder oil used per day.....-.--...-.- dollars. . 91 1. 29 | 1.69 1.84 

Table X shows that the acres plowed per hour, the depth plowed, 
width of plow, and width of harrow are all greater for the kerosene 
than for the gasoline tractor. The amount of fuel consumed is 
greater for the kerosene tractor, but the cost is less, on account of 
‘the lower price per gallon. Both the amount and value of the lubri- 
cating oil used are greater for the kerosene tractor, however. 
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FUEL SUPPLY. 

The showing made by the kerosene tractors in comparison with 
those burning gasoline is of special interest i view of the compara- 
tively recent introduction and development of the kerosene tractor. 
A few years ago the supply of gasoline could not be inoreased 
rapidly enough with the distillng systems then in use to meet the 
requirements of the thousands of gasoline engines of all kinds being 
manufactured. As a consequence, the price of gasoline gradually 
increased. 

The engine manufacturers, therefore, fearing that the rise in the 
price of gasoline would hurt the sale of their product, devoted their 
efforts to developing an engine which would burn the heavier and 
cheaper oils. At the same time the oil refiners bent their efforts 
toward developing a process which would produce a larger quantity 
of the lighter fuels from the crude oils. Both have apparently 
accomplished their purpose. Engines are now on the market which 
apparently handle the heavier fuels with even better results in some 
respects than are obtained from the engines burning gasoline, while 
the oil refiners can now vary the quality of petroleum products 
at will. 

On account of a misunderstanding which seems to be quite general 
as to the present status of the fuel resources of this country, a short 
discussion of the subject will be of interest. 

There seems to be a rather prevalent opinion that the supply of 
fuel oil is rapidly nearing exhaustion, that the percentage of the 
lighter fuels, especially gasoline, which can be obtamed from the 
crude oil, is growing less, and that the price of gasolme will there- 
fore soon increase to such an extent as to prohibit its use in farm 
engines. Statements to this effect are quite common and frequently 
appear in print. While appearances may have indicated such a.con- 
dition a few years ago, recent developments in the petroleum indus- 
try prove that such statements have no foundation in fact at the 
present time. 

In the opinion of Dr. David T. Day, of the United States Geological 
Survey, the known oil supply of this country will in all probability. 
be sufficient for the next 100 years. Dr. Day has been in charge of 
the petroleum investigations of the Geological Survey for a number 
of years and is qualified to speak with authority on this subject. As 
to the percentage of gasoline that can be obtained from the crude 
oils, Dr. Day, in a recent address before the Franklin Institute, spoke 
as follows: 

This consideration naturally suggests the vital question of an adequate gasoline 

supply. Even if we produce 25,000,000 barrels of gasoline in the next year this* 

would probably be too little for a year or two of further automobile progress. 
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The means for meeting the demand are in sight. * * * In the first place, recent 
developments in knowledge of the resources of the United States make it probable 
that there will be no great decline in oil production in the future; therefore no decline 
in gasoline supply is likely. As to the necessary increase, this will come from 
synthetic gasoline obtained from petroleum itself. 

Several years ago I found that if these oils are distilled under pressure the yield 
of gasoline is still greater, and that the unpleasant odor, due to deficiency in hydrogen 
in the composition of the oils, can be remedied by actually combining hydrogen 
with the oil in the still under the influence of a catalytic agent. Recently the 
demand for any kind of gasoline has waived the requirement of good odor, and other 
processes are producing much synthetic gasoline. 

By such means, low-grade residues have been made to yield from 20 to perhaps 
70 per cent of their weight in material which will serve as gasoline. 

} The “‘ low-grade residues ” of which Dr. Day speaks in the last 
paragraph quoted are the oils from which the regular amount of 
gasoline has been distilled under the old processes. Under the new 
process probably 75 per cent of nearly all of the crude oils may be 
converted into gasoline. 

It is therefore safe to assume that the price of gasoline will not 
advance in the next few years because of scarcity, for sufficient 
gasoline can be readily produced to meet all requirements. In other 
words, the oil-refining industry has reached a stage where the quan- 
tity of any petroleum product may be increased or diminished at will, 
to meet the requirements of the trade; that is, if the demand for 
gasoline increases and that for kerosene decreases, part of the raw 
product which in the past has been distilled into kerosene will be 
converted into gasoline instead. 

The heavier oils possess more heat units per gallon, but practically 
the same per pound as the lighter ones. The more heat units a 
given quantity of fuel contains, the more power it should develop; 
therefore, if the heavier products could be as readily burned as the 
lighter ones they should command a higher price per gallon. The 
heavier fuels present difficulties in starting the engine when cold, 
however, usually requiring it to be run for a short time on a lighter 
fuel until it becomes hot enough to handle the heavier one satisfac- 
torily. Recent improvements in design promise to overcome this 
objection. 

FUEL CONSUMPTION. 

The consumption of fuel per hour by tractors of different ratings 
is shown in Table XI. According to these figures, the amount of 
fuel consumed per hour varies from about 3} gallons for the 20- 
horsepower tractor to 5% gallons for the 30-horsepower outfit during 
the first year. For the 2-year-old tractors the range is from 3+ to 
about 64 gallons per hour. In five out of the seven groups the 
amount is greater for the second year than for the first, which would 
seem natural, as after wear has commenced in the motor the fuel 

consumption will not be so economical. 
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While the figures in Table XI would appear to indicate that the 
consumption of fuel per drawbar horsepower is considerably greater 
for the small tractors than for the large ones, Table XIV shows that 
the small tractors are usually loaded more nearly to their full capacity 
than the large ones, and the consumption of fuel per unit of wark done 
is shehtly less for the 12 and 15 horsepower tractors than for those 
of 30 horsepower. 

TaBLeE XI.—Average consumption of fuel per hour by different sizes of engines and per 
drawbar horsepower hour on farms in North Dakota. 

Drawbar rating of engine (horsepower). 

Fuel consumption per hour. 

1D] ALS 20 22 25 30 40 

| 
First year: 

PeReN PING Se so atl en ee oe gallons..| 3.264] 3.462 | 3.211 | 5.419 | 4.725] 5.761 5. 684 
Per drawhbar horsepower..-.-....-..- do... 212 . 231 .161 . 246 . 189 . 192 . 142 

Second year: : 
CTO OIG 22k ete se ee do. :| 3.854 | 4.077 | 3.140015. 885.) 5.8580) a on6k 6. 367 
Per drawbar horsepower........--- do....| .321 278 . 157 . 268 . 234 . 189 159 

| 

There appears to be considerable irregularity in the figures shown, 
but this is not really the case, as the reasons for the varying con- 
sumption for the different sizes are as follows: The 15, 22, and 30 
horsepower groups all contain a larger percentage of kerosene tractors 
than the 12, 20, 25, and 40 horsepower groups, and, as has already 
been shown, the kerosene tractors consume a greater quantity of fuel 
than the gasoline tractors. There are also more Kerosene tractors 
in the 12-horsepower group than in the 20, and several of the outfits 
included in the 20 and 25 horsepower groups are apparently over- 
rated, to judge both by their fuel consumption and by the amount 
of work done, as shown in other tables. 

The fuel cost per unit of work varies, of course, with the price per 
gallon. The prices for the different fuels vary considerably in dif- 
ferent States. The averages of those reported are shown in Table 
XII. The general averages per gallon for the four fuels commonly 
used were as follows: Distillate, 8.17 cents; kerosene, 10.08 cents; 
motor spirits, 15.86 cents; gasoline, 18.94 cents. The distillate and 
motor spirits are not extensively used, as the table shows. 

TABLE XII.—Average prices for fuels, per gallon, as reported by farm tractor owners. 

State. Gasoline. | Kerosene. oe Distillate. 

Cents Cents. Cents Cents 
MONTANA 5 ss ie a eo ee Ee eee bee ee ea Suen 22.99 |" BG il Gero al Eee ae kee 
Worth Dakota is-6) 2 Ss eeee tere th Ghee eee eee 19. 51 11.79 TGR SS Lee eee 
PoutheD aAkotas: wet Mee Ss ee or ee ee ee nee ee 18. 47 9.86 LABOR EEG ete, 
mNe@braskass: 2-25. 22 See e+ eR EU Pine Peas eae 18. 06 DQ Aa SRST Ee ee ee 
Wari TTeSOUeh eo ne Seo ee Dg a eee eee ea er 17.72 OFT sae: pea ean 
Calitionwiiges ws cches os. oe eA ee Ba eae 2 es STS aon eS eee 8.29 
PRORAS Rata bce Tot Sono ae Se ue eae om bie ee een A net er Le a) Blt Saeeehs Sei es 6. 25 
PEISS OUT ns rete ork Sec ce Re ce oe BR oe ee Oe 17.00 290) See ets Se anes 

UTS AS ee reia tee Eye Sm ielors lc Salas OAc he apes Nc) a 16. 23 i ho fal Pcie eee ate eee mom aay 

NCE SC Me ory ai POEIE SSUES pve =, Se een a 18. 94 10. 08 15. 86 8.17 
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LUBRICATING OIL. 

~The quantity of lubricating oil required is another question of con- 
siderable importance in connection with the operation of a tractor. 
The average consumption per hour for tractors of different ratings is 
shown in Table XIII. The increase in the amount of oil consumed 
shows closer relation to the increase in the horsepower of the tractor 
than did the fuel, although there are some irregularities, most of 
which are explained by the remarks in connection with Table XI. 
The price per gallon for lubricating oil not only varies in different 
sections, but varies according to quality. The prices paid per gallon 
range from 25 to 60 cents, the average price being about 40 cents. 

TaBLeE XIII.—Average consumption of cylinder oil per hour for different sizes of farm 
engines and per drawbar horsepower hour. 

Drawbar rating of engine (horsepower). 

Cylinder-oil consumpticn per hour. 

12 15 20 22 25 30 40 

First year: 
Spit St Eee a a gallons. .| 0.168 | 0.267 | 0.291 | 0.302 0.325 | 0.401 0. 424 
Per drawhbar horsepow Eines AR et ha dou. |" 2014 0178 | .0145 | .0137 .013 | .0134 - 0106 

Second year: 
IP ESTES OETA arse) SAE eee a a dee saen1280 . 282 . 276 - 408 .302 | .338 477. 
Per drawbar Horsaneel Ce ae es Got 22177 ~.0233))|'" sOlss | .0138 | .0185 .012 | .0112 . 0119 

The figures shown include all lubricating oil used, whether for cylin- 
ders or other purposes, but do not include the cost of greases. -This is 
a comparatively small item, and it is difficult to obtain figures for 1t. 

CROSS SECTION OF PLOWS DRAWN AND AREA PLOWED BY TRACTORS. 

The cross section of plows drawn by tractors of different ratings is 
given in Table XIV, showing that the area of the cross section of 
plows drawn by the different sizes of tractors bears a close relation to 
the quantity of fuel used. In this table it will also be seen that the 
20 and 25 horsepower outfits do not pull plows commensurate with 
their ratings, to judge by the loads drawn by the other tractors. 
Attention is invited to the remarks made in connection with Table XI 
regarding the rating of tractors in the 20 and 25 horsepower classes 

_and the percentage of gasoline and kerosene tractors in the remainder 
(p. 22). The area of the cross section of plows drawn by the tractors 
which have been used two seasons is generally less than the area the 
first season. There are several possible explanations of this, but the 
most probable one is believed to be that before the end of the second 
season many owners have learned that it does not pay to overload a 
tractor. _ 

Table XIV also shows the average number of acres plowed per hour 
by tractors of different ratings on farms in North Dakota. These 
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figures show a close relation to the cross section of the plows, as given 
in the upper half of the same table. The irregularities already noted 
in the case of the 20 and 25 horsepower tractors also occur. In five 
out of the seven classes of tractors there is shown a slight decrease in © 
the amount of work done per hour by the tractors which have been 
used two seasons. 

TaBLeE XIV.—Average area of the cross section of plows drawn and area plowed per hour 
in North Dakota by different sizes of farm engines. 

Drawbar rating of engine (horsepower). 

Plows and plowing. 

12 15 20 22 25 30 40 

Area of cross section of plows drawn: 
First year— ; 

IBerenganes yoo Soo os oe 2s square inch..| 447.21 | 474.86 | 474.69 | 716.86 | 625.37 | 726.68 | 908.92 
Per drawbar horsepower.....-. do...-| 37227 | .389566'} 23573) 73258.) 255014 s2t22 22. 72 

Second year— : 
Ren en pIings sec oa oe a eee do....| 464.62 | 459.43 | 455.81 | 662.72 | 665.03 | 736.03 | 748.68 
Per drawbar horsepower. ..-.--- do....| 38.72] 30.60] 22:79] 30:12} 26:60) 24.53 18.71 

Area plowed per hour: 
For 1-year-old tractors— 

emonpinie ct 2 he eas. sia acres..} 1.248] 1.410] 1.405} 1.946 | 1.637] 2.175 2.374 
Per drawbar horsepower....... do::= | . 104 . 094 .070 . O88 . 065 .073 - 059 

For 2-year-old tractors— 
Ranenpime s+. 2 195 ee ss. Po do....| 1.386 | 1.350| 1.327] 1.753| 1. 926 | 2.028 2.165 
Per drawbar horsepower. -...-- (0 (0 anes eerie! - 090 - 066 - 080 -077 - 068 . 054 

While these averages are in harmony with the other figures regard- 
ing the operating factors, attention is invited to the fact that an 
average amount of work for a tractor in North Dakota may be either 
a great deal more or a great deal less than for some other section where 
conditions are different. There are so many factors which influence 
the amount of work which can be accomplished with a tractor that 
average figures are of use only in the section from which they were 
obtained or under conditions almost identical. The figures for North 
Dakota represent, for the most part, extremely favorable conditions 
for tractor plowing. 

BREAKING. 

The conditions which obtain in breaking sod, are even more various 
and produce wider variations in the amount of work done than those 
which are found in plowing. 

The number of reports on breaking received from any one section 
was too small to merit publication of the averages obtained from them. 
In North Dakota, where the sod is broken with comparative ease and — 
where there is little brush to interfere, the average acreage broken per 
hour varied from about eight-tenths of an acre for the 12-horsepower 
tractors to 14 acres for the 30 and 40 horsepower tractors. 
Many men report the same acreage per day in breaking as for plow- 

ing, as the breaking is not done so deep as plowing and the tractor 
wheels find a better grip. In most cases, however, the acreage broken 
per day is only about two-thirds of that plowed. 
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COMBINATION WORK. 

The percentage of tractor owners who reported combination work 
with their tractor, i. e., performing two or more operations at one 
time, such as plowing and harrowing, was much smaller than 
might have been expected. The figures in connection therewith for 
the States of North Dakota, South Dakota, lowa, and California are 

shown in Table XV. From this it would seem that combination work 
is practiced considerably less in the semiarid regions than in the more 
humid sections, although the total number of owners who attempt 
other operations than plowing and harrowing at the same time is very 
limited. 

_ There are several reasons for this lack of combination work. 
Usually there is not much excess power available for other imple- 
ments if the plow is the full width of the tractor, and, too, additional 
implements require more attention and this frequently causes more 
delays, a stop for one implement meaning a stop for the entire outfit. 

TaBLE XV.— Use of farm tractors for combination work in the States of North Dakota, 
South Dakota, Iowa, and California. 

Using plows and Using plows, har- 
Using plows only. harrows. rows, and drills. 

Number ; 
reported. State. a ooo wae 

Number. | Per cent. | Number. | Per cent. | Number. | Per cent. 

Men having one season’s ex- 
perience: 

266 Worthy Dalsota. x .)..6ee55- 155 58.3 106 39.8 5 1.9 
82 HOuGh Dakotas. .i5-- 25.555 47 57.3 35 42.7 Oe eee 
82 TOD WET see 0 See eee ee 19 23.2 63 76.8 OD slp beads spike 
44 OLIGO aire aie eae 2 Ae sete 10 22.7 34 77.3 Of Sc Fe eee 

Men having two seasons’ ex- 
perience: 

262 North Dakota............- 140 53.4 118 45.1 4 155 
59 Semon WakOtasc. =... fc4- 5 30 50.9 29 49.1 Oils Saeko wee 
34 | Smee: 70 oe 2 4 11.8 29 85.3 1 2.9 
27 ROAM SIENI Se ee She as 6 22.2 20 74,1 1 BH Y/ 

Men having three seasons’ ex- 
perience: 

“124 NionthyDaicota: es. .2s355-- 68 54.8 52 42.0 4 3.2 
39 SOUP PO AKOTA. 2122 8: so 5 19 48.7 18 46.2 2 al) 
17 SLO WRENS Soe 2 ee 2 ae ye eg a 4 23.5 13 76.5 Url ea es os 
15 (OAD) a 2 13.3 12 80.0 1 6.7 

Men having four seasons’ ex- 
perience: 

55 Norm Dakota. 32.15. .2.-- 22 40.0 32 58.2 1 1.8 
38 ‘SYopbin diy DAN 0) rr ee ee 19 50. 0 18 47.4 il 2.6 
9 LOS ae a ee ee 5 55.6 4 44,4 Onin cies See 

OF Ae ea eee 0 ral atp tga yee eo 2 eh es Osos 7 Bs a (ee 

But the principal reason is probably the fact that it is difficult to 
have the implements follow each other in proper alignment, especially 
on curves and at corners, which causes poor work to be done. This is 
especially true in drilling, and most farmers prefer to do this work 
with horses in order to have it done properly. The harrowing is not 
So important, as ground missed by it does not so materially affect the 
crop and does not show after the crop has grown. ‘There is a distinct 
advantage in the case of many soils in having the harrowing done 
promptly, yet it appears, considering the four States as a whole, that 
only about 52 per cent of tractor owners pull harrows with the plows. 

| F 



eS oe 

a ee ae 

Sg 2g 

ees 

26 BULLETIN 174, U. S. DEPARTMENT OF AGRICULTURE. 

DEPTH OF PLOWING. 

In order to ascertain whether plowing is usually deeper when 
done by tractor than when done by horses, Tables XVI and XVII 
were prepared. Table XVI shows the average depths of tractor 
plowing in nine States for the number of seasons for which reliable - 
averages could be obtained. While the variations seem to be slight, 
they are greater than would appear at first glance. Each depth 
shown represents an average of a large number of reports, most of 
which are, of course, close to the final average; therefore, in order 
to increase or diminish the final average even one-tenth of an inch 
requires a general increase or decrease in the individual reports. 

TaBLE XVI.—Average depth of iractor plowing on farms in various States. 

———_—___—_ 

Average depths reported (inches). | Average depths reported(inches): 

State. | State. 
First | Second | Third | Fourth First | Second] Third | Fourth 

Season. | season. | season. | season. | .| Season. | season. | season. | season. 

A 

North Dakota. 6.18 5. 88 6.14 Gheb | Lowa. ae eee os | 6.35 6: 42) | Ss | eee 
South Dakota. 6. 47 6. 44 6.57 62758: || Califormiass..2222 6.85 687TH eee 
eons Ds ieee 6.30 6. 47 650" n- eee Nebraska..2. =... 6.71 6) OD kane See 
Minnesota. .....- 6.21 Tehey| Dbl ae eee NGXaASE Tce ee GE 19! | eee | 
Montana *32 252° 6.19 6.17 6209 st . eee 
a aati Si teed elperttrceet [ieee a ee te pees AN ae rien tet | Ua 

The distribution of the individual reports for all States west of 
the Mississippi River is shown in Table XVII. The concentration 
of the reports on the 5, 6, and 7 inch depths will be seen. The 
reports for the second season show a decided decrease in the percent- 
age reporting 7 inches or more, with a corresponding increase for 
6 inches or less. In the third and fourth seasons there appears to 
be a gradual return to the greater depths, but in connection there- 
with it must be borne in mind that the men who have used tractors 
for three or four seasons have been the most efficient operators; in 
fact, they are the survival of the fittest, for the first two seasons 
serve to eliminate many of the inefficient operators, as well as many 
of the defective outfits. 

TaBLE XVII.—Percentage of tractor plowing done at various depths on farms i in all States 
west of the Mississippi River. 

| | | 
| Fount | | : Hour 

Depth of plow- | First |Second| Third | .2) age First |Second| Third | 270 
ing. | season. | season. | season. ee Deven aR tiie season. | season. | season. aati ; 

seasons. seasons. 

|_| |__| 

4inches........- | 3.84 4.94 5.17 5. 94 A 72 Ged 
manchies. 68s: | 16.85 | 23.51} 20.34] 14.61 3.45 91 
Giichiess (|. i | 3% 921) 41,66 :1-36.554 Al 10cN 40 inehes eds ol RL ea eae ee 5.94 
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While no averages showing the depth of plowing done by horses 
which are entirely comparable with those shown in Tables XVI and 
XVII are available, a comparison of these averages with such averages 
as were available for horse plowing indicates that the difference 
in depth of plowing, if any exists, is rather in favor of the horse. 

The reason for so little deep plowing with the tractor is very evi- 
dent upon a slight examination into the matter. Most tractors are 
incapable of pulling a plow cutting the full width of the tractor and 
turning more than a 6-inch furrow under ordinary conditions. There- 
fore, if deeper plowing is to be done the gang must be decreased in 
width, i. e., one or more plow bottoms must be raised, when the 
gang will no longer cut out the full width of the tractor’s track, 
which will probably result in the tractor’s wheels passing over the 
same ground twice, causing excessive packing of the soil. 

But the greatest difficulty is that the gang plow which is not as 
wide as the tractor must be hitched to one side of the longitudinal 
center of the machine, in order to permit the drivewheels to travel 
on the unplowed land. Such a hitch not only makes the tractor diffi- 
eult to steer, but exerts a twisting strain on the tractor’s frame, 
which is conducive to short life and heavy repair charges. If such a 
plow is hitched to the center of the tractor, one drivewheel must 
travel on the plowed land in order to bring the plow close enough 
to the land side, thus requiring more power to propel the tractor and 
making steering difficult. 

Most tractor owners, therefore, prefer to use a gang plow wide 
enough to permit its being attached to the center of the tractor frame 
and at the same time allow the drivewheels to travel on the unplowed 
land, regulating the depth of the plow by the amount of power 
available. 

PACKING SOIL BY TRACTORS. 

With the early steam tractors the packing of the soil by the trac- 
tor’s wheels often caused serious injury to the crop. 

This feature of the early tractor was much advertised and caused 
considerable prejudice in the minds of many farmers against all 
tractors, both gas and steam. 

While some gas tractors, under certain conditions, have injured 
the crop by packing the soil, this is not ordinarily the case. The 
answers of 135 tractor owners who were personally interrogated 
on this point have been compiled. These men were located in various 
States in the Northwest. In answer to the question ‘‘ Does the packing 
of the soil by tractor wheels injure the crop?” only 9 men state that 
the packing of the soil is injurious, while 101 say that it is not, 22 
of this number declaring it to be beneficial. Of the 135 owners 
answering, 25 replied: ‘‘If the soil is wet, yes; if dry, no.” 
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It may be safely stated that on most soils, when they are in fit 
condition to be worked satisfactorily with horses, the modern gas 
tractor will cause no injurious packing. The slippage of the tractor’s 

_ wheels in soft ground will probably be a more serious matter than the 
packing. 

» 

COMPARISON OF DIFFERENT SIZES OF TRACTORS. 

Table XVIII was prepared in order to ascertain what influence 
the size of the tractor has on the results obtained with it. In this 
table the tractors working in the State of North Dakota have been 
shown separately from those in other States, and only figures furnished 
by men having two seasons’ experience have been shown, for reasons 
already given. 

In tabulating the data by sizes of tractors it was found advisable 
to group them to a certain extent, in order to have a sufficient number 
in each class to give reliable averages. They were accordingly 
arranged in five classes, as follows: (a) 8 to 14 horsepower, (6) 15 to 
19 horsepower, (c) 20 to 25 horsepower, (d) 26 to 30 horsepower, and 
(e) 40 horsepower and over. 

These classes were arbitrarily arranged so as to place a considerable 
number in each group and at the same time to keep the mest common 
sizes In separate classes. The average rating of the tractors in each 
group is shown in the table. Thus, the 8 to 14 horsepower class 
includes three common sizes: 8, 10, and 12, although there is not a 

very large number of any of these sizes. The 15 to 19 horsepower 
class consists almost entirely of 15 horsepower tractors. The 20 to 
25 horsepower class includes three common sizes: 20, 22, and 25, but, 
like the first class, none of these sizes has a very large number. The 
26 to 30 horsepower class contains 30-horsepower tractors almost 
exclusively. No machines with drawbar ratings between 30 and 40 
horsepower were reported, and the tractors in the fifth class are 
mostly 40-horsepower outfits, as very few larger sizes were reported. 

From this tabulation it would appear that the 15-horsepower 
tractors have a longer life than those of other sizes. The length of 
life seems to decrease slightly with the increase in size of tractors 
over 15 horsepower, while for the smaller sizes it is a little less than 
for the 15-horsepower tractors. The larger sizes of tractors lose more 
time per day than those of 15 horsepower or less, the loss increasing 
with the size of the tractor. The amount of special equipment - 
required increases with the size of the tractor until the 30-horsepower 
size is reached. The amount of special equipment for the 40-horse- 
power tractor is less than for those of 30 horsepower. Previous 
tables have shown that the amount of work done by the 40-horse- 
power tractor, as well as the load drawn, is not commensurate with 
its rating, but no reason is known why the value of its equipment 
should be less than for the 30-horsepower tractor. 
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Taste XVIII.—Comparison of tractors of different sizes, which have been used for two 
seasons on farms in North Dakota and other States west of the Mississippi River. 

IN THE STATE OF NoRtTH DAKOTA. 

Drawhbar rating of engine (horsepower). 

Item of comparison. 
Less aie 40 and than 15. | 2° to 19. | 20 to 25. | 26 to 30. Sof Pe 

Number of tractors reported ...........--........... 20 34. 105 99 21 
Average drawbar rating of engines...... horsepow er... 11.6 15.0 21.2 30.0 40, 7 
Sa a dollars..| 2,010.16 | 1,928.92 | 2,360.41 | 2,902.05 | 3,153. 25 
Cost of special equipment ....................- do....| 457.08 557. 36 714. 72 836. 56 826. 95 
Life of tractor (estimated).........2.....--... years... 6. 2 7.0 6. 4 6.6 5.0 
UG SE) OVS ee days.. 57.1 88.3 85. 1 85.9 61.1 
Time spent in the field per day............... hours... 12. 4 13.4 12.9 13.0 1237 

- Time lost in the field per day.................- do-.-. 2.7 2.3 2.1 2.0 2.4 
RC to 6 che: acres..} 622.2 613.9 792. 6 995, 2 1,156. 0 
Horses now kept: 

Ie MoS Sur Be Se ese ee re a 10.4 9,2 11.3 13.6 17.3 
OE Co a ee dollars..} 1,834.72 | 1,381.78 | 1,883.80 | 2,259.54 | 2,706.57 

Fuel used in engines 
SEE ete nig eto ia Sse cw. arelats He per cent.. 66. 7 20. 6 67.5 49.4 92.9 

oot FSG tes Sk Re dose. 33.3 79.4 28.9 45.6 fea 
f Wilh eS) a San SS. SS, eae do....: 0 0 3.6 5.0 0 
Cost of repairs required: 

TUDES 2S) 2) i a dollars... 30. 64 33. 58 44, 63 52. 67 105. 59 
INS SOMES eee Meee Se @22.: 75. 85 84.71 103. 10 122525 102, 32 

Owners stating that tractor is a good invest- 
PIRI eR ae eR ee TE oe cc oe per cent... 13:0 39.1 30.8 38. 0 18.7 

Reapeenie ieNt WO. a2. - SL Sk he dps. 0 18.2 yet 16.9 5.6 
Average nights used by men reporting night work...].......... 22.0 16.4 22.7 6.0 
Owners doing custom work..........-..... per cent... 70. 6 75.8 65. 4 73.7 61.9 
Men doing custom work who find it profitable, 

DEY COGSE SES Se ooo) See ea ee 40. 0 70.8 48, 2 63.9 38.5 

In ALL STATES WEST OF THE MISSISSIPPI RIVER EXCEPT NORTH DAKOTA, 

Number of tractors reported .......-................. 60 73 153 107 41 
Average drawhar rating of engines.......horsepower 10.8 15.1 2 30.0 40. 4 
POsWONGREING 2 ep met eee ol ees ol. be oes dollars. .| 1, 654 1, 820 2,356 2, 876 3, 616 
Cost or special Equipment. . 222. ose ee Golo \, 281235 461. 05 600. 61 763. 56 719. 23 
mie iractor (estimated). .22 202. 2..25..5 2: years... 8.9 9.1 8.1 %.2 6.8 
SE se en ee ee days... 75.4 88.9 83. 6 86.3 122.9 
Time spent in the field per day BS R008 FA SESE hours. - 1V1 11.6 12.2 bled) 11.5 
Time lost im the field per day... ...-.....::.-- doves: ha'5) 5 1.8 1.8 1.9 
WVerAle F7G.0! farms. 222. S232 cece eee aeres..| 397 563 576 875 1, 246 
Horses now kept: 

CGM te eee: eee skelter bse cin vowa ba see Pow 9.9 8.9 10.8 13.5 
eee Oy dollars. .| 1,147.02 | 1,540.54 | 1,420.10 | 1,758.42 | 2,242.50 

Fuel used in engines: 
SS SOLD It: 2 e Oe aes ee per cent... 69. 8 12:3 58. 4 57.3 88. 2 
CPPS: to eRe ees Be ES ee ee ee eee eee Goes 2 30, 2 86. 2 40.0 41.7 5.9 
WLU DS Sa Se eae dos: 0 1.5 1.6 1.0 5.9 

Cost of repairs required: 
MCN OASOLE eer esos - Mos wile. Deni dollars. - 23. 36 13. 92 35. 54 41,34 97.54 
SIE ST USES rt Ee ee ee ee do: . 40. 01 33. 05 93. 25 75. 88 207. 68 

Owners stating that tractor is a good invest-. 
TUDES Ee 2). fs ets sealant Se oe et Se eee ea per cent. . A7.0 64.8 43. 43.9 62.5 

Benertine ment work .. .- i -- 52 25------ dee. - do.. 6.5 17.5 19.0 17.2 45.5 
Average nights used by men reporting night work. - 8.3 20.7 28. 2 36. 8 54.1 
Owners doing custom work..........--..-- per cent... 56.1 72.9 74,1 75.7 80. 0 
‘Men doing custom work who find it profitable, 

TS ak ees ee .0 78.3 66. 3 54.3 67.9 

It will be noticed that the 15-horsepower tractors have the lowest 
repair charges, those for the 40-horsepower tractors being more than 
seven times as great as for the 15-horsepower outfits. A larger per- 
centage of owners of 15-horsepower tractors than of any other size 
report that the tractor is a good investment. The next largest per- 
centage of favorable reports is from the 40-horsepower class, while 
the percentage of favorable reports from the intermediate classes is 
considerably below those for the 15 and 40 horsepower groups. 
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These facts, together with others shown in the tables, seem to | 
indicate that the 15-horsepower tractor is giving better average 
results than any other size. It will be seen that the 15-horsepower_ 
tractors also give more favorable operating figures than any other 
size of tractor. eer 

While the figures for the different sizes of tractors in Table XVIII 
show other variations, it is believed most of them are due to causes 
other than the size of tractor. For example, the number of horses 
kept, the percentage of night work done, and the percentage of custom 
work done, increase with the size of the tractor, but this increase is 
probably due largely to the fact that the larger tractors are usually 
found on the large farms, as will be noticed by the average sizes of the 
farms shown in the table. | 

SIZE OF FARM. 

In North Dakota, tractors are seldom found on farms of less than 

320 acres, the average size of the farm on which tractors are used in 
that State being between 700 and 800 acres. In other States, par- 
ticularly in Iowa, tractors are frequently found on farms as small as 
160 acres. As will be seen from Table XIX, however, a very large 
percentage of tractor owners do custom work with the tractor, indi- 
cating that the home farm does not furnish sufficient work to keep 
the tractor busy during the entire working periods. It will also be 
noticed that the farms of less than 480 acres show a greater percentage 
of owners doing custom work than do those of larger size. 

Table XIX was prepared in order to ascertain what effect the size 
of the farm had upon the results obtained from the tractor. The 
figures used in its preparation are those furnished by tractor owners 
in North Dakota who have used their outfits for two seasons. A 
similar table for other States was not made because of the many types 
of farming which would be represented, as it was believed the many 
and varying factors involved would vitiate the results obtained. 
In North Dakota, however, as has already been stated, the conditions 

are very simuar throughout the State, and the averages in the table 
are believed to show the relation of the size of the farm to the results 
obtained, as far as it is possible to do so. 

In this connection, attention is invited to the fact that there is a 
close relation between the size of the tractor and the size of the farm, 
the larger tractors usually being found on the large farms. In both» 
the tabulation by size of farm and by size of tractor, therefore, it is 
impossible to determine to just what extent each of these factors 
influences the result. 

From the table it would appear that slightly better results are being 
obtained on the larger farms. It will be noticed that the percentage 
of owners reporting that the tractor is a good investment is greatest 
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for the farms of more than 640 acres, although it will also be observed 
that these men show a rather high percentage of kerosene tractors, 
which may be partly responsible for this, as well as other favorable 
averages for the larger farms. 

While the estimated life of the tractor is slightly higher for the 
small farms, it should be borne in mind that these farms for the most 
part have comparatively small tractors, especially the 15-horsepower 
size, and this tractor shows a high average life in Table XVIII. 

There is no appreciable difference in the number of days used per 
year, which would indicate that the smaller farms not only have a 

greater percentage of owners who do custom work, but that the 
amount of custom work per farm is also greater. 

TaBLE XIX.—Relation of the size of the farm to the results obtained with tractors. 

Size of farms (acres). 

Item of comparison. 
161 to 321 to 481 to 641 to 1,001 to 
320. 480. 640. 1,000. 2,000, 

eeeber Gras Mep once ys 17) as cnee ck Seis ee Way 5 33 58 83 55 
BEV ORAP UO. SIZE OLAATINGS G55). Sn ayaa bos saws te ws acres. 300. 2 424.2 583. 2 846. 4 1,411.5 
Owners stating that tractor is a good investment, 
US Sh poe oi SS ES ee Se ee ae ee 10.0 30.8 22.2 39.7 40.0 

Drawbar rating of engine 5 Se Ape SS 2 bcs ioe horsepower. - 20.0 22.5 22.8 25.0 27.4 
Los 2S Se eS ee eee dollars. .| 2,286.19 | 2,497.72 | 2,416.49 | 2,579.45 | 2,730.56 
Cost of special equipments.........-...-.--.... do....| 624.98 641.18 635.04 766.59 799.37 
Cost of repairs required: : 

Pepe as 10 tes See Se Sas 2 ee Gora: 30. 89 20.47 50. 49 58. 01 59.62 
ESE SECO aay tee ahs a cela oo soo wo do. 106. 74 82. 28 90. 01 82. 84 177. 04 

Horses now kept: 
‘(EG 1 ee Sanaa SOB ee ene es 5.7 6.9 9.0 11.6 19.2 

‘eats te ee ee ee dollars..] 957.73 | 1,135.88 | 1,427.59 | 2,004.75 | 3,100.57 
Life of tractor (estimated),.......--..-----.-- years. . 7.3 feel 6.0 6.3 6.6 
Go eg ie ee eee eee days.. 80.8 78.3 79.1 86.8 (ites 
Time spent in the field per day: anosse ue hours... 13.2 12.3 12.9 13.3 1207 
Time lost in the field per day........-.-------- do:-.-. 2.4 2a 2.0 2.3 2.2 
Fuel used in engines: 

gto) Ta ees ae ey Be ae ee per cent. . 47.8 CBO 58.7 49.2 44,2 
PSGrOSPIMOl seen Sena hse ac ow oneeet = cls douse 47.8 25.0 39.1 45.9 55.8 
C0) SOT SESS ee eee ae d@zee- 4.4 3.1 2.2 4.9 0 

ReporinGge Wight WOrk=..-.---.)...--'...---- per cent... 15.8 14.3 14.0 11.9 19.6 
Average nights used by men reporting night work... 13.0 12.8 13.0 14.1 33.2 
Owners doing custom work.......-....---- per cent... 79.2 84,8 64.9 78.5 46.4 
Men doing custom work who find it profitable, 
ol BELA 2 oe So aS See ee 56, 2 48.1 36.7 67.9 61.9 

The percentage of owners who use their tractor at night is greatest 
for the farms of 1,000 to 2,000 acres, and these men likewise use their 
tractors for the greatest number of nights per year. From this fact it 
would appear that only on the larger farms is there sufficient work to 
utilize the full capacity of the tractor during the busy season, and even 
on these large farms more than 46 per cent of the owners do custom 
work. 

As would be expected, the cost of the tractor increases with the size 
of the farm, owing, of course, to the increase in the size of the outfit. 
The repair charges and value of special equipment likewise increase 
with the size of the farm for the same reason. But while the cost of 
special equipment undoubtedly bears a close relation to the size of the 
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tractor, the investment cost per acre is of great importance. Table 
XIX shows that on the smaller farms of approximately 300 acres the 
cost per acre for mechanical power is about $7.60, while on the larger 
farms, averaging about 1,400 acres, the cost per acre is less than $2. 
Snmilarly, while the smali farms show an investment of about $2 per . 

acre for special equipment, the large farms have only one-fourth this‘ 
amount. 

In this connection, the value of work horses per acre should also be 
noted. For the 300-acre farms the cost for work stock is about $3 
per acre, while for the 1,400-acre farms it is only $2 per acre. 

Especial attention is invited to the difference m the ratio of the 
investment cost per acre for the two kinds of power. For mechanical 
power the investment per acre for the small farms is more than 3} 
times as great as for the large farms, while for animal power it is only 
14 times as great. 

The reason for this difference is probably the fact that a stable 
of horses, consisting of a number of individual units, can be regu- 

lated in size to meet actual requirements, the price per unit being 
practically uniform no matter in what number purchased. On the 
other hand, the tractor is a complete unit and must be of sufficient 
power to fulfill the maximum demands which may be made upon if, 
while the cost per horsepower is greater in the small sizes than in the 
large ones. In other words, the owner of a 600-acre farm who pur- 
chases a 30-horsepower tractor will have a lower investment per 
acre for power than the owner of a 300-acre farm who purchases a 
15-horsepower tractor, because the 15-horsepower tractor costs more 
per horsepower than the 30-horsepower outfit; while the owner of a 
600-acre farm who purchases one work horse for each 30 acres of 
land, or 20 horses, will have the same investment charge per acre as 
the owner of a 300-acre farm who purchases one work horse for each 
30 acres of land, or 10 horses, the cost per horse being nearly the same, 
no matter in what number purchased. 

From Table XIX it will be seen that the total investment per acre 
for power on the 300-acre farms is about $10, while for the 1,400-acre 
farms it is only $4 per acre, although the 300-acre farms have a unit 
of power for every 12 acres, while the 1,400-acre farms have one unit. 
for every 32 acres. It is evident, therefore, that either the 300-acre 
farms have more power per acre than is necessary and economical 
or that the 1,400-acre farms have an inadequate amount of power. 

From a careful study of the data shown, in conjunction with other 
information available, it is believed that the large farms have a normal 
acreage per unit of power and that farms of the grain type which have 
a smaller acreage per horsepower are overequipped and therefore less 
economically equipped. The owner of a 300-acre farm who has an 
invested capital of $10 per acre for power and one unit of power for 
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every 12 acres can not hope to produce crops as cheaply as his neighbor 
with a 1,400-acre farm who has an invested capital of only $4 per 
acre and who tills 32 acres with each unit of power. 
It is not surprising, therefore, that the owners of farms containing 

640 acres or less do considerably more custom work than those with 
larger farms, as the excess power must produce some income in order 
to justify its maintenance. 

In this connection, it should also be noted that the repairs per acre 
are considerably less for the large farms than for the small ones, which 
naturally follows, in view of the difference in equipment. It is 
probable that the repairs bear a closer relation to the size of the engine 
than to the size of the farm, in view of the slight difference in the 
number of days used. 

USE OF TRACTORS AT NIGHT. 

The number of men who used their tractors at night was found to be 
surprisingly small (about 11 per cent in North Dakota and 14 per 
cent in other States) and in most cases the number of nights used per 
year was comparatively insignificant. While the tractor is theoreti- 
cally capable of working night and day, it appears that night work 
is seldom done. 

The explanation of this probably hes in the fact that in normal 
years there is little need for operating at night, unless it be during 
harvest, when it may be desirable to rush the work as much as possi- 
ble in order to prevent loss from storms. However, tractors are not 
extensively used for harvesting except in those sections where it is 
practicable to use a combined harvester. Another reason for the 
small amount of night work is the necessity of having two operating 
crews for the outfit. This is obviously impractical in most cases. 

In order to ascertain whether any loss of efficiency occurs when 
operating at night, a number of tractor owners who had operated at 
night were asked for estimates as to the percentage of efficiency 
compared with work done in the daytime. The average of these 
estimates was 93.3 per cent. 

This slight loss in efficiency appears to be due almost entirely to 
inability to watch the operation of the outfit as well as it can be done 
during the day and the additional time required to make any adjust- 
ments which may be necessary. 
Among some 70 men who were interrogated regarding night work 

the opinion was almost unanimous that the motor developed more 
power at night than during the day, some estimating the increase to 
be as much as 20 per cent.! 

1 This information was voluntary, the men having been asked simply for an estimate as to the efficiency 

ofthe tractor atnight. They offered their observations as to the increase of power at night as a phenomenon 

which they could not explain. In view of the varying opinions of gas-engine experts on this point, the 

- unanimous observation of tractor operators that such an increase does occur is of interest. 
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CUSTOM WORK. 

In order to ascertain what difference, if any, existed between the 
ficures furnished by men who did custom work with their tractors 
and found it profitable and those who did custom work but did not 
make it pay, Table XX was prepared. From this it would appear 
that the principal factors which operate to make custom work un- 
profitable are the time lost by the engine and repair charges, which 
are, of course, closely related, as making repairs and replacing parts 
take considerable time. It will also be noticed that the men who 
say that custom work does not pay show slightly less investment in 
equipment in each case, although not sufficiently less to draw any 
definite conclusions therefrom. 

Little difference exists in the prices received per acre for custom 
work by the men who report it profitable and those who find it 
unprofitable, which would seem to indicate that this factor had little 
influence on the result. This, together with the fact that nearly 50 
per cent of the tractor owners who have tried custom work state 
that it is unprofitable, would seem to justify the assumption that the 
prices received for custom work, namely, about $2 per acre for 

plowing and $3.70 per acre for breaking, are very close to the actual 
average cost of performing this work, assuming that the cost for fuel, 
oil, interest charges, etc., were the same for each class of owners, 
which would probably be the case. 

TABLE XX.—Comparison of figures furnished by farm tractor owners in North Dakota 
who had done custom work. 

[Columns headed “Yes” include figures from men who stated that custom work was profitable; those 
headed ‘‘No”’ include figures from men who stated that custom work was unprofitable. ] 

First season. Second season. Third season. Fourth season. 

Item of comparison. 

Yes No | Yes No. Yes No Yes No 

Number answering..........-- 118 40 92 72 44 38 20 15 
Average drawbar rating of 

iractors.s--< === horsepower..| 23.8 23. 2 24.5 24.5 24. 3 25.1 22.6 22.9 
Average price of tractor, 
OU aTS Ee See ne ee ee = 2,525.36 |2, 460.85 |2,563. 70 |2,557.19 |2, 615.68 |2, 694. 41 |2, 376.32 |2, 431.00 

Average time lost in the field, 
MORES ee eee 1.4 129 1.5 2.4 19 2.8 ie 2.9 

Average cost of repairs, 
: 

eli ee ee 33. 60 68, 09 88.03 | 249.87 | 197.35 | 411.00] 227.49] 681.74 

Average value of equipment, 
dolarsaeeee een soe oases 648.23 | 636.78 | 733.16 | 721.70| 761.34] 748.64] 756.50} 745.73 

Average size of farm....acres..| 730.2 793. 0 804.9 708. 4 692. 8 806. 2 682. 3 820. 0 

Average price per acre received 
for plowing.....--.- dollars. - 1.97 1, 80 c eis 1.91 2. 03 2. 21 2. 03 2. 08 

Average price per acrereceived ‘ 

for breaking. ......- dollars. . 3. 66 3. 48 3. 68 3. 46 3.71 3. 71 3. 81 3. 68 

eee ee eee Se 

In this connection it should be noted that very few farmers in 

ficuring the cost of performing work of this character take into con- 

sideration interest and depreciation charges, which previous tables 

have shown to be very heavy for the average tractor. 
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REPAIRS. 

* The cost of repairs has always been an item of considerable impor- 
tance in connection with the farm tractor. Not only have the repairs 
been expensive, but the time lost in obtaining new parts and inserting 
them has been a serious matter. 

This feature has frequently been pointed out as one of the greatest 
disadvantages of the tractor and one which practically precludes its 
use on the average farm. 

It is only fair to the tractor, however, to state that a very large 
percentage of the repairs are made necessary through inefficient 
operation. ‘The statement that any man can operate a gas tractor 

efficiently after only a few minutes’ instruction is so far from the 
truth that it would seem that its falsity should be apparent to even 
the uninitiated. Yet this erroneous idea has been responsible for 
hundreds of failures and an enormous amount of repair charges, the 
effect of which has been detrimental to the tractor industry. If 
every man who used a tractor during the years of its development 
had been thoroughly competent to operate it, the history of the 
farm tractor would be very different. — 

- While the average farmer’s familiarity with many machines and 
their operation should make him an apt pupil in the study of the gas 
tractor, it is in no sense a complete education therein. There are 
many tractor owners at the present time who, while operating their 
tractor with a certain degree of satisfaction, are unfamiliar with 
many details of its mechanism; in fact, it is the exception to find a 
tractor owner who fully understands one of the most important parts’ 
of the tractor—the ignition system. 

It is this ignorance regarding details, some of them apparently 
triflmg, which all too frequently causes expensive delays. An inter- 
nal-combustion engine is extremely simple in its operation, but it is 
simple only to one who understands it fully. No one but an experi- 
enced operator can obtain the best results with a farm tractor, and 
the necessity for an owner carefully studying the principles of the 
internal-combustion engine and the operation of his own tractor 
before undertaking to operate the outfit can not be overemphasized. 
The. lack of such preparation is clearly shown im the cost of repairs 
to tractors during their first season’s use. As has been stated, 
although in nearly every case all repairs required the first season 
which are not caused by the operator are furnished free, it was found 
that the repairs for which owners are required to pay during the first 
season average about 2 per cent of the first cost of the tractor. 

While previous tables have shown the amount of repairs for 
various groups of tractors, it was thought a table showing the general 

average repairs for tractors might be of value. It would be mani- 
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festly unfair to the modern tractor to consider repairs on. outfits 
placed on the market several years ago, while the repairs required 
during the first season on tractors of one, two, and three years of — 
age do not vary to any great extent, and Table X XI was prepared © 
to show the repairs on tractors up to three years of age. The repairs | 
required on tractors located in North Dakota and California have 
been shown separately, while the remaining States west of the 
Mississipp1 River are grouped. : 

It will be noticed that the repairs for tracters in California are 
much heavier than for the other States. This is due mainly to the 
difference in the types of tractors most generally used, a large per- 
centage being of the track-laying type. These are usually more 
expensive outfits, as will be seen from the table. 

These figures show that during the first season, when all repairs 
not caused by the operator are ordinarily furnished free, the average 
tractor owner spends for repairs an amount varying from 1.7 to 4 
per cent of the tractor’s cost. 

TasLte XXJ.—Tractor repair charges per year, with percentage of first cost, on farms west 
of the Mississippi River. 

| | First season. | Second season. | Third season. 

; Average | 
Range of inquiry. price of | 

tractor. | Average | pero Average are Average eee 

licicormas | cost. | 7°P2HS- | cost —— cost 
| 

| | | For 1-year-old engines: 
North Dakota.............. | $2,465 | $44.86 13). s oe 
sesltorsiiae 8 eso ee 3,181 127.18 BD eh 52a eed somes tole cee coer al eee eee 
THETA EAteS 2 Seo hes 2 soe 2,279 38. 94 | iy Gi eee es Pee mee eee Soa She Pe en 

For 2-year-old engines | 
North Dakota... =. 2225. 2,542 49.37 1.9 $107.15 re ee ee eet 
eaters. Seo es 3,620 142.37 3.9 306. 68 B54 pee ee eee 
SENET TALES sc ae S| 2,361 | 34. 66 1.5 72. 89 ee i | ees Snes 

For 3-year-old engines: fe 
Marin akoie 8-22. - 2,590 62.17 | 2.4 108.44 | 4.2| $138.39 5.3 
Galifaraia..-2 es ese 3,604 | 150.13 | 4.2| 186.50 5.2.4 2285p 6.1 
Ciner estas. 200 tac 2, 430 43.62 | 1.8} 104.09 4.3 98. 24 4.0 

| 

During the second season the repair charges show a variation 
between 3.1 per cent and 8.5 per cent of the tractor’s cost, while for 
the tractors which have been used three seasons the percentage is 
more favorable, varying from 4 to 6.1 per cent. 

From this it would appear that a prospective purchaser of a 
tractor should expect during the three seasons’ use repair charges of 
at least 10 per cent of the first cost. | 

The repair charges given throughout this bulletin mclude only the 
cost of the new parts. The cost of instailing these parts is often 
considerable, but it is sometimes done by the tractor owner and 
sometimes by hired machinists. It is therefore difficult to ascertain 
the value of the labor expended in making the repairs. 
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DISPLACEMENT OF HORSES BY TRACTORS. 

It is difficult to determine: to just what extent the tractor has 
- influenced the use of horses on the farm, on account of the other 

influencing factors in the shape of automobiles, motorcycles, auto- 
- trucks, and binder engines, all of which are doing work formerly 

done by horses. In spite of all these competitors the farm horse has 
increased considerably in numbers and value during the past few 
years. 

The United States Census report shows that in 1900 there were 
11,513,649 horses and mules on farms located in States west of the 
Mississippi River, while the Bureau of Statistics of the United States 
Department of Agriculture states that on January 1, 1914, they 
numbered 14,287,000, a numerical gain of 2,773,351, or 24.1 per cent 

in 14 years. 
During the same period the increase in the valuation of these 

animals was much ereater, viz, from $493,454,902 to $1,427,074,000, 
or 189.2 per cent; but here again there were numerous influencing 
factors, the principal ones probably being a heavy export demand 
and the breeding of horses of a far better quality. 

The gains mentioned occurred while the number of gas tractors 
was increasing from less than 100 to perhaps 13,000. 
A comparison of the increase in the number of farm horses and 

of tilled acres in the States west of the Mississippi River would be 
desirable, but accurate figures on the increase in tilled acres are not 
available, and, furthermore, improvements in farm implements 
and in the management of farms have tended to increase the acreage 
tilled per horse. 
A study of the conditions existing on farms where tractors have 

been introduced is of especial interest in this connection. The 
result of such a study is shown in Table XXII. 

The data contained in this table were obtained by personally visit- 
ing the tractor owners. ‘The records for the farms represented were 
selected without reference to the number of horses displaced, the 
dnly point which was considered in selecting them being to ascertain 
whether the information furnished was complete. Therefore, the fact 
that of the number thus selected 39 belonged in the group where 
horses were displaced by the tractor and 43 in the group where no 
horses were displaced by the tractor would seem to be a rather reliable 
indication that m about 50 per cent of the cases the tractor does not 
actually displace horses on farms where it is introduced. 

These farms average approximately 900 acres in size and should 
therefore provide a large amount of work for the power employed, 
whatever its kind. They are mostly of the grain type, exceptionally 
well adapted for the use of a tractor. The average age of the tractors 
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is less than two years, which shows that for the most part they are 
very modern outfits.. The tractor did not entirely displace the horses 
on any farm. 

TaBLE XXII.—Displacement of horses by tractors on farms. 

Farms on which 
horses were— 

Item of comparison. All farms, 

Dis- Not dis- | — 
placed. | placed. 

AUTEN CLO Ta ARES moet oe aioe er ae ola eae clea ciate eC iae scree ee epee ae 39 43 82 
ARENAS C:SIZOOIMari. eee Seon at ee ee ee eee acres..| 924 875 896 
Pay CVACO Areca billed Por tan o.52 Secor ce - eee ciciat hee eines oo ee do....| 844 661 748 
Average number of horses per farm: 

BS CIOL Es PULGH ASO OM URACLOR oc. ao ase se wis ae inln fotens ee eee cic sleet rae 25.3 13.2 18.9 
EAT LET, PULCH ASS Of tractor. s.6* eon oe ace ae ide ioe be nee eee eee 8.8 13.2 ileal 

‘Average number of horses displaced per farm..........-....-------------- 1625\- alee-se ees 7.8 
Malueonhorses. displaced per farm: - 25 - ssh acs -ceee sae eee es eee dollars: -|3 11523865 j|hcee see 1, 423. 89 
PV ORAT ORT AIO PCLMNOLSC. 2-02 = 56 cinmicineis cewit «= Ceieeeae coe eee do..--| 188.84 176.10 182.55 
AVerace.drawbDarrating per farm. s.). - ose. csc ecleses fee horsepower. - 26.1 24.3 25.1 
AAT OTHE CS COI OT EVEN ee een Ae ee ees 5 Seb sense ene Bee dollars. ./2,635.00 |2,775.00 | 2,702.00 
Mofalipresent rans per farm's = 23. 22s A et ees horsepower. - 34.9 BYEe 36. 2 
Average area tilled per drawbar horsepower of tractor.......--...- acres. . 32.3 27.2 29.8 
Average area tilled per horse: 

BOLO MUUCH ASG OL LLACLOL. sc 5 Se soe orien ese nee ee Sees GO=se | an core 50.0 39.5 
Atlenmurchasc.of tractor: - oe). ...3-b:- Pee topes er eee aaecee dora... 95.9 50:0 OTe 

Average area tilled per total horsepower after purchase of tractor. ..do---. 24.2 WET 20.5 
PAUETAM CALE OL EACLOTS aia). access eee ole. ere eee pete Reo eectee years. . 1.8 1.9 1.9 
RCL OMISOOULEACLOL PCr ViGaltA- ono eee Sac set ee days... 94.5 120.2 101.6 
Cost of maintaining a horse per year (estimated)-...-.-..------.-- dollars. . 84.09 105.56 96. 81 
RVErace Lice Of tueliper PAllON= = = 255 se cee es ee eae eee dor 147 . 185 . 167 
Averace price ofoil: per gallomi ses. )..so-ocslesste pee soet coe sf sere dow . 423 . 388 »405 

While the value of special equipment which would be required with 
the tractor is not shown here, from previous tables itis evident that the 
value of such equipment would not be less than $700 per farm; there- 
fore, on more than 50 per cent of the included farms the purchase 
of the tractor increased the invested capital approximately $3,500 
and on the remainder the horses displaced would lack about $300 of 
equaling the value of the tractor and its necessary equipment. 

On the farms where horses were displaced, the tilled acreage per 
horse before the purchase of a tractor was 33.5, which is believed to be 
about the normal area. Although the acreage per drawbar horse- 
power of the tractor on these farms was only 32.3, yet an average of 
8.7 horses per farm was retained, making the tilled acreage per unit 
of power 24.2 acres. On the other hand, the tilled acreage per horse 
on the farms where horses were not displaced was 50 acres, and the 
tilled acreage per drawbar horsepower of the tractor purchased was 
27.2 acres, or an average of 17.7 tilled acres per unit of total horse- 
power. The tilled acreage per total horsepower for both of these 
eroups would appear to be too small for the most economical 
operation. 

In Table XXIII are shown some further data relative to the dis- 
placement of horses by tractors. This table was prepared from 
figures furnished by tractor owners in North Dakota who had used 
their tractors for two seasons. 



FARM EXPERIENCE WITH THE TRACTOR. 39 

Taste XXIII.— Displacement of horses on farms in North Dakota where tractors have 
been used for two seasons. 

Farms on which horses were 
Farms on| displaced—drawbar rating 
which no of engine (horsepower). 

Item cf comparison. horses 
were dis- 
placed. 20 or p ; 30 or 

less. 21 to 29. over. 

PuEPadE Os; IabHIS TeMOried «es 25. kt le 82 40 16 29 
Average number of horses used: 

Pamne punches OluUrnCuOn. s.. 5.222 1222S t Sek gol. 16.6 13.8 15.9 20. 7 
Peete PAPE C MSC OLIUTACLOL ooo ois oa iz plc abc oe nin nies os veces - 16. 6 8.4 9,2 12.1 

Horses displaced: f 
Jas RESET LORIE OS Soe el aE ee a [ 5.4 6.7 8.6 
EAVES GD INTE 5c ae 55 6 Se Oia ee a dollansy Pets stetes 891.56 | 1,202.92 | 1,489.35 

MERE RCUSU OL LACLOR fo oe eee do- - =.) 2).543 2,020 2, 665 3, 000 
Average drawhbar rating of tractor..............2.- horsepower. . 24.1 18:1 22.9 31.2 
Value of special tractor equipment....................- dollars..| 720 556 743 803 
Cost of repairs required: 

BRE IASEAS ONE on.) ae eo 2 Se Se ose god ase dos... 43. 34 46. 36 37.00 80. 49 
SE TTELSSNO aiS SS SD ee a doteee | = L15564 83. 33 43. 29 125. 25 

Owners stating that tractor is a good investment-...- per cent. - 10.3 Seo D3uo 52.4 
PITS OMuACtOr (CSUR LOG) recto 2a. oe sole eb etek tT years. . 5.4 6.2 7.4 1B 
ne US ene aes days. - 60. 3 98. 0 106.5 90. 0 
iimbspeat mune field per day .- 0.5... 5.260505... 50. hours. . UPA 13.3 13.0 13.2 
Bre lost 1 The Hold per, Gayo. =. 2 ee see dos: =. 2.0 1.9 2.4 1.9 
Fuel used in engines: 

CRSULTOTS SRS" oko eee en oe per cent... 57.6 69. 4 28. 6 47.6 | 
BrOSONG ats cad ess coe ee oe oe ES a Se Ses Sane a ae Ma dower 39. 4 27.8 64.3 47.6 
Dal D SSO Se ea eee eee doz... 3.0 2.8 Taal 4.8 

Average size of farm......-- REE ee Soe mse jaie sae fake acres..| 940 662 779 1,024 
Shwmers COMP CUSUOMIWOLK 52 csc. 55 co citeeeelsin wns per cent-. 52. 4 78.9 75.0 85. 2 
Men doing custom work who find it profitable......-..-- dows: 37.8 51.9 60. 0 RY 
EO ELD GL Ss ES as op dese. 9.4 26. 7 18.2 18. 2 
Average nights used by men reporting night work-.......-.-.-.- 3155 25.4 ats W752) 

While the percentage of farms on which horses were displaced is 
ereater than for Table XXII, this is explained by the fact that many 
tractor owners in fillmg out the form on which the information was 
furnished gave only the number of horses used after the purchase of 
the tractor, the space for the number previously kept beimg left blank.’ 
It is very probable that many of these were intended to indicate that 
the number was the same, but in the absence of positive information 
on this point the data were not tabulated. 

On these farms the number of horses displaced is considerably less 
per farm than for those shown in Table XXII. Inno case is the value 
of the horses displaced equal to 50 per cent of the first cost of the 
tractor. 

There appears to be little difference in the results obtained by the 
_ two classes of owners. The most significant variations seem to be 
found in the percentage of owners who report that the tractor is a 

_ good investment, the percentage doing custom work, and the per- 
- centage doing night work. In these three cases the men who did not 
lay off horses after purchasing the tractor show much lower percent- 
ages than those who report that horses were displaced by the tractor. 

CONDITIONS ESSENTIAL TO SUCCESS WITH THE TRACTOR. 

The fact that some men have found the tractor a profitable invest- 
ment is proof that under certain conditions it can be used successfully 
for farm work. 
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The physical condition of the land determines largely the degree of | 
success which can be obtained with a4 tractor. The ideal conditions | 

are large, level fields, free from obstructions, such as trees, stumps, | 
rocks, holes, and ditches, with a soil firm enough to furnish a solid | 
footing for the drive heey yet not sufficiently hard to make a an’exces- | 
sive draft on the plows. 

But the most important qualification is efficient management and | 
operation. This has been touched upon, but can not be overempha- | 
sized. For the operator to be able to start and stop the motor and to 
steer the outfit skillfully is not enough. He must understand his | 
tractor thoroughly, and not only be able to locate quickly any trouble | 
which occurs and remedy the same promptly, but he must be capable 
of avoiding a great many of the troubles commonly experienced with 
tractors, by frequent inspection of the bearings, ignition system, etc., 
thus keeping them in first-class condition at all times. 

Not only in the actual operation of the tractor does the efficient 
tractioneer contribute to the success of the outfit, but by carefully 
studying the work to be done and planning it so as to allow the trac- 
tor to work to the greatest advantage at all times. If the land is 
rolling he will so lay out his work that the tractor will ascend on the 
easiest grades and descend on the steepest. If the farm is laid out 
in square or irregular fields he will replan it so as to have the fields 
as long as possible, thus lessening the number of turns which will be 
required. He will fill in holes and ditches where practicable and 
remove obstructions in order to facilitate the tractor’s work. He 
will recognize the fact that work can not be done with a tractor in 
exactly the same manner as with horses, and to attempt to do so is 
not only unfair to the tractor but is inviting failure. In many cases 
a change in crop rotation will be of great advantage. Where a 
tractor is used the crops raised should be such as can be planted and 
harvested with the tractor, thus reducing the number of horses which 
must be kept. 

The necessity of having tractor owners properly traimed for the 
operation of their outfits has been recognized by most manufac- 
turers, and several have established schools for their customers 

where they can be instructed by experts in the care and operation of 
the tractor. The tractor salesmen have also realized that in selling 
outfits to men who are incompetent to operate them they are not 
only injuring their own interests, but those of the tractor trade in 
general. 
A number of agricultural colleges have added courses in tractioneer- 

ing, and there are several privately conducted tractor schools. It is 
believed that most farmers who contemplate purchasing a tractor 
would find it well worth while to take a short course in n tractioneering 
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at some one of these schools. It will be time and money well spent. 
The knowledge gained will be of great assistance m selecting a tractor, 
as well as in operating it. The time and money which the course 

- requires will be saved in many cases during the first two seasons. 
_ Another important factor in determining the success or failure of a 
» tractor is the amount of capital invested in it. The average farmer 
can not afford to increase his power investment to any great extent. 
In purchasing a tractor he should not, therefore, spend as much for 
it as he can realize on the horses it will displace, for the reason that 
the working life of a tractor is only about half that of a horse, while 

there are many operations for which the tractor can not be used. 
The first cost of a tractor should on that account be correspondingly 

less. It is unsafe to rely on an increase of crops from better work 

_ with the tractor, as in most cases this is not realized. 

Tt is significant that many farmers who have bought second- 
hand tractors at low prices have been very successful with them. 

lt is also significant that the sales of the larger and more expensive 
outfits have fallen off, while those of the smaller and comparatively 
cheap ones have largely increased. While there have been numerous 

- influences which combined to produce this result, there is a sound 
- economic reason for it. The average farmer is not only conserva- 

tive, but he realizes that he can not afford to increase his investment 

in power too much. While the cost of fuel and oil per unit of power 
is less than the cost of feed for horses, the overhead charges, due 
to interest on investment, depreciation, repairs, etc., more than offset 

_ this on the expensive outfits, except under conditions unusually 
favorable to the use of the tractor. : 

By reducing the first cost the interest and depreciation charges 

are correspondingly reduced, and it is to be supposed that the cost 
of repair parts will be proportionate to the first cost. It is apparent 
that the price of tractors has been too high in the past to permit the 
average farmer to use them successfully. The indications at present 
point to a general reduction in the price of these outfits and an in- 
creased sale as the price is lowered. 

With a decrease in the price of farm tractors and an increase in 
their mechanical efficiency, simplicity, and durability, all of which 

seem to be assured, together with more efficient operation by men 
_who have been properly traimed for their work, it is safe to predict 
' that the tractor will soon become an important factor in reducing 

the cost of crop production on the average farm. 

SUMMARY. 

While the data included in this bulletin represent the experience 
of a large number of users of gas tractors, it must be borne in mind 

that they are a record of a machine in the process of development 
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and not the record of a completed and perfected outfit. Further- 
more, most of these tractors have been operated by men who were 
not properly trained and equipped to handle them efficiently, and 
during the first few years of the development of the gas tractor the 
machines placed on the market were mainly large outfits, which were 
necessarily expensive, and failure meant a heavy financial loss. 

It is generally recognized that the gas tractor was of great value 
in rapidly breaking up large areas of prairie sod in the West at a time 
when horses were not available, but after the sod was broken they 
proved an unprofitable investment for the individual farmer in a 
large percentage of cases. A few owners have found the tractor a 
very profitable investment, doing its work more satisfactorily and 
much cheaper than could be done with horses, while a great many 
discontinued its use after a trial. 

The percentage of owners reporting favorably regarding the tractor 
decreases with the length of time they have used their outfit, due 
partly to the fact that the older machines were not as good as the 
later ones, but mainly to a better realization of the tractor’s value 
in their work. 

As would be expected, owners who report unfavorably regarding 
the tractor obtain poorer average results than those who state that 
the tractor is a good investment. The repair charges reported by 
both classes of owners indicate that this is due to a considerable 
extent to less efficient operation by the owners reporting unfavorably. 

The average life of a tractor as estimated by owners in North 
Dakota is about six years, while the average life as estimated by 
owners in States other than North Dakota is about eight years. To 
judge by the small percentage of reports received for tractors. three 
or more years old, it would appear that a large number of outfits 
three, four, and five years old are no longer in use, indicating that 
the average life is even less than six years. 

The plowing done with tractors has been little, if any, deeper than 
that done with horses. 

Combination work is not practiced to a great extent and Re 
is limited to harrows or drags after the gang plow. 

The percentage of tractors which are operated at night is com- 
paratively small, varying from 11 to 14 per cent, although the 
tractor’s efficiency at night is very good. | 

No injurious packing of the soil is caused by the tractor’s wheels 
if the soul is in proper condition to be worked. 

The item of repairs has been one of considerable importance in 
connection with the use of farm tractors, but the data indicate that 
a large percentage of such repairs have been caused by inefficient 
operation. 
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The necessity for the operator of a gas tractor being thoroughly 
trained for his work, if a tractor is to prove a success, is obvious. 

Failure to comply with this requirement has been the cause of many 

failures. | 
The tractors which have been operated by kerosene show, as a 

whole, slightly better average results than those operated by gaso- 
line, indicating that the heavier fuels can be burned at least as satis- 
factorily as the lighter ones. The amount of kerosene used per unit 
of work, however, is usually slightly more than for gasoline, which 
would appear to indicate that the combustion of the kerosene is gen- 
erally not as perfect as that of the gasoline. This is partly due to 
the fact that many owners are burning kerosene in tractors equipped 
with ordinary gasoline carburetors. 

The necessity of a tractor being equipped to operate on either heavy 
or light fuels is not so great as it was a few years ago. Modern proc- 
esses of refining make it possible to convert approximately 75 per cent 
of any crude oil into gasoline or heavier fuels, as desired, and it is 
stated by an excellent authority that the supply of crude oil available 
is ample for several generations. Therefore, the question of fuel 
supply need give the tractor owner no concern. 

The data apparently show that the tractors with drawbar ratings 
ef 15 horsepower are giving slightly better results than either the 
larger or smaller sizes. - 

The tractor has not, as a rule, displaced its equivalent in work 
horses, as regards either power or value. Its purchase, therefore, 
usually increased the investment in power, as well as in certain kinds 
of equipment. The necessity for a large acreage, if the invested 
capital per acre is to be kept within a safe limit, is very apparent, 
although in many farming communities a tractor may prove profit- 
able on a small acreage, provided the owner can obtain some lucrative 
custom work for the tractor when it is not required on the home farm. 
A great deal of the custom work which has been done with tractors 
has proved unprofitable to the tractor owner, however. 

The modern gas tractor of 10 or more horsepower has thus far, 
within its limited area of use, proved to be an auxiliary of the farm 
horse rather than asubstitute. When properly handled, it is often of 
ereat value in permitting one or two men to perform a large amount 
of work within a limited length of time. With further development, 
a lower first cost, and in the hands of a conservative class of farmers 

who have been carefully trained in their operation, tractors will 
undoubtedly continue to growin number and efficiency, extending their 
field of work into new territory. The heavy demands for power to 
break new land are practically over, and the growth of the tractor will 
hereafter be due more to its merit than in the past. 
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_--—- tetera ats The present trend of the tractor industry points to the development 
of cheaper and smaller outfits, designed to pull only from two to four 

i plow bottoms. 
: The studies here presented merely aim to set forth in a broad way 
: tractor conditions as now found on the farm. A study of these data . 

| should be made by every farmer contemplating the purchase of a 
| tractor. 

Up to the present time the tractor appears to have made for itself 
no important place in the agricultural economy of this country. Ina 

| few limited localities in the West where conditions especially favor its 
j use large tractors are used by some men with apparent profit. The 
| general situation, however, indicates that the large tractor is not to 
i be a factor in increasing farming by extenstve methods and on a large 

scale, for afew years at least. Instead, there are indications that the | 
| tractor of the future must make possible more intensive agriculture 
| on farms of moderate size, though the large outfits will probably con- 

tinue to be used on some of the exceptionally large farms in the West. 
Itis worthy of note that some of the successful users of tractors were 

able to reduce the number of their farm horses. This fact suggests 
that there may be a field for farm reorganization to make possible the 
economical utilization of the tractor. Such development depends 
upon the production of a smaller and cheaper outfit, costing consider- 
ably less per unit of drawbar power than its equivalent in horses, thus 
offsetting the difference in their working life. It must be nimble, 
simple, oF absolutely certain in operation when properly handled. 
Given such an outfit, the average farmer can afford to reorganize his 
farm work so as to discard one or more teams, and by utilizing the 
tractor for heavy field work and for driving cae be able to 
reduce the cost of crop production. 
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