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PREFACE
$

N e a r l y  six tenths of the earth’s land surface 
receive an annual rainfall of less than twenty 
inches, and can be reclaimed for agricultural pur
poses only by irrigation and dry-farming. A per
fected world-system of irrigation will convert about 
one tenth of this vast area into an incomparably 
fruitful garden, leaving about one half of the 
earth’s land surface to be reclaimed, if at all, by 
the methods of dry-farming. The noble system 
of modern agriculture has been constructed almost 
wholly in countries of abundant rainfall, and its 
applications are those demanded for the agricul
tural development of humid regions. Until re
cently, irrigation was given scant attention, and
dry-farming, with its world problem of conquering

% _ _ _

one half of the earth, was not considered. These 
facts furnish the apology for the writing of this 
book.

One volume, only, in this world of many books, 
and that less than a year old, is devoted to the 
exposition of the accepted dry-farm practices of 
to-day.
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vm PREFACE

The book now offered is the first attempt to 
assemble and organize the known facts of science 
in their relation to the profitable production of 
plants, without irrigation, in regions of limited 
rainfall. The needs of the actual farmer, who 
must understand tlie principles before his practices 
can be wholly satisfactory, have been kept in view 
primarily ; but it is hoped that the enlarging group 
of dry-farm investigators will ahso be helped by 
this presentation of the principles of dry-farming. 
The subject is now growing so rapidly that there 
will soon be room for two classes of treatment: 
one for the farmer, and one for the technical 
student.

This book has been written far from large 
libraries, and the material has been drawn from 
the available sources. Specific references are not 
given in the text, but the names of investigators 
or institutions are found with nearly all state
ments of fact. The files of the Experiment Station 
Record and Der Jahresbericht der Agrikultur 
Chemie have taken the place of the more desirable 
original publications. Free use has been made 
of the publications of the experiment stations and 
the United States Department of Agriculture. 
Inspiration and suggestions have been sought and 
found constantly in the works of the princes of 
American soil investigation, Ililgard of Caliiornia
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and King of Wisconsin. I am under deep obliga
tion, for assistance rendered, to numerous friends 
in all parts of the country, especially to Professor 
L. A. Merrill, with whom I have collaborated for 
many years in the study of the possibilities of 
dry-farming in Western America.

The possibilities of dry-farming are stupendous. 
In the strength of youth we may have felt envi
ous of the great ones of old; of Columbus looking 
upon the shadow of the greatest continent; of 
Balboa shouting greetings to the resting Pacific; 
of Father Escalante, pondering upon the mystery 
of the world, alone, near the shores of America’s 
Dead Sea. We need harbor no such envyings, for 
in the conquest of the nonirrigated and nonirriga- 
ble desert are offered as fine opportunities as the 
world has known to the makers and shakers of 
empires. We stand before an undiscovered land; 
through the restless, ascending currents of heated 
desert air the vision comes and goes. With striv
ing eyes the desert is seen covered with blossoming 
fields, with churches and homes and schools, and, 
in the distance, with the vision is heard the 
laughter of happy children.

The desert will be conquered.
JOHN A. WIDTSOE

J u n e  1, 1910,
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DRY-FARMING
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I n t r o d u c t io n

DRY-FARMING DEFINED

D r y -f a r m in g , as at present understood, is the 
profitable production of useful crops, without irriga
tion, on lands that receive annually a rainfall of 
20 inches or less. In districts of torrential rains, 
high winds, unfavorable distribution of the rain
fall, or other water-dissipating' factors, the term 
“ dry-farming ” is also properly applied to farming 
without irrigation under an annual precipitation of 
25 or even 30 inches. There is no sharp de- 
markation between dry- and humid-farming.

When the annual precipitation is under 20 
inches, the methods of dry-farming are usually 
indispensable. When it is over 30 inches, the 
methods of humid-farming are employed; in places 
where the annual precipitation is between. 20 and 
30 inches, the methods to be used depend chiefly 
on local conditions affecting the conservation of 
soil moisture. Dry-farming, however, always im-

i
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D R Y -FA R M IN G

plies farming under a* comparatively small annual 
rainfall.

The term dry-farming is, of course, a misnomer. 
In reality it is farming under drier conditions than

F ig . 1. Typical sagebrush land in dry-farm listricts of the G reat Basin.
Utah, 1902. Note the dry-farms in the distance.





DRY-FARMING

those prevailing in the countries in which scientific 
agriculture originated. Many suggestions for a 
better name have been made. “ Scientific agricul
ture” has been proposed, but all agriculture should 
be scientific, and agriculture without irrigation in 
an arid country has no right to lay sole claim to so 
general a title. “ Dry-land agriculture,” which has 
also been suggested, is no improvement over “ dry
farming,” as it is longer and also carries with it the 
idea of dryness. Instead of the name “ drj"-farming ” 
it would, perhaps, be better to u.se the names, “ arid- 
farming” “ semiarid-farming,” “ humid-farming,”and 
“ irrigation-farming,” according to the climatic con
ditions prevailing in various parts of the world. How
ever, at the present time the name “ dry-farming” 
is in such general use that it would seem unwise to 
suggest any change. It should be used with the 
distinct understanding that as far as the word “ dry” 
is concerned it is a misnomer. Wlien the two words 
are hyphenated, however, a compound technical 
term — “ dry-farming ” — is secured which has a 
meaning of its own, such as we have just defined it 
to be; and “ dry-farming,” therefore, becomes an 
addition to the lexicon.

Dry- versus humid-farming
Dry-farming, as a distinct branch of agriculture, 

has for its purpose the reclamation, for the use of 
man, of the vast unirrigable “ desert” or “ semi-

---
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PURPOSE OF DRY-FARMING

t '

desert” areas of the world, which until recently were 
considered hopelessly barren. The great underlying 
principles of agriculture are the same the world over, 
yet the emphasis to be placed on the different agri
cultural theories and practices must be shifted in 
accordance with regional conditions. The agricul
tural problem of first importance in humid regions 
is the maintenance of soil fertility; and since modern 
agriculture was developed almost wholly under 
humid conditions, the system of scientific agricul
ture has for its central idea the maintenance of soil 
fertility. In arid regions, on the other hand, the 
conservation of the natural water precipitation for 
crop production is the important problem; and a 
new system of agriculture must therefore be con
structed, on the basis of the old principles, but with 
the conservation of the natural precipitation as the 
central idea. The system of dry-farming must 
marshal and organize all the established facts of 
science for the better utilization, in plant growth, of 
a limited rainfall. The excellent teachings of humid 
agriculture respecting the maintenance of soil fer
tility will be of high value in the development of 
dry-farming, and the firm establishment of right 
methods of conserving and using the natural pre
cipitation will undoubtedly have a beneficial effect 
upon the practice of humid agriculture. Figures 1-4 
show some of the characteristic features of dry
farming regions.
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DRY-FARMING

The problems of dry-fanning

The clry-farnier, at the outset, should know with 
comjiarative accuracy the annual rainfall over the 
area that he intends to cultivate. He must also

F ig . 3. Dry-farm cane in New Mexico. Note native vegetation iii
foreground.

have a ^ood aequaintanee with the nature of the 
isoil, not only as regards its ])iant-food content, but

T\i
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PROBLEMS OF DRY-FARMING

as to its power to receive and retain the water from 
rain and snow. In fact, a knowledge of the soil is 
indispensable in successful dry-farming. Only by 
such knowledge of the rainfall and the soil is he able 
to adapt the principles outlined in this volume to 
his special needs.

Since, under dry-farm conditions, water is the 
limiting factor of production, the primary problem 
of dry-farming is the most effective storage in the 
soil of the natural precipitation. Only the water, 
safely stored in the soil within reach of the roots, can 
be used in crop production. Of nearly equal impor
tance is the problem of keeping the water in the soil 
until it is needed by plants. During the growing 
season, water may be lost from the soil by downward 
drainage or by evaporation from the surface. It 
becomes necessary, therefore, to determine under 
what conditions the natural precipitation stored in 
the soil moves downward and by what means surface 
evaporation may be prevented or regulated. The 
soil-water, of real use to plants, is that taken up by 
the roots and finally evaporated from the leaves. 
A large part of the water stored in the soil is thus 
used. The methods whereby this direct draft of 
plants on the soil-moisture may be regulated are, 
naturally, of the utmost importance to the dry- 
farmer, and they constitute another vital problem 
of >the science of dry-farming.
•y.The relation of crops to the prevailing conditions
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8 DRY-FARMING

of arid lands offers another group of important 
dry-farm problems. Some j)lants use much less 
water than others. Some attain maturity quickly, 
and in that way become desirable for dry-farming. 
Still other crops, grown under humid conditions, 
may easily be adajjted to dry-farming conditions, 
if the correct methods are employed, and in a few 
seasons may be made valuable drj^-farm crops. 
The individual characteristics of each crop should be 
known as they relate themselves to a low rainfall and 
arid soils.

After a crop has been chosen, skill and knowledge 
are needed in the proper seeding, tillage, and har
vesting of the crop. Failures frequently result 
from the want of adaj)ting the crop treatment to 
arid conditions.

After the crop has been gathered and stored, its 
proper use is another ])roblem for the dry-farmer. 
The composition of dry-farm crops is different from 
that of crops grown with an almndance of water. 
Usually, dry-farm crops are much more nutritious 
and therefore should command a higher price in the 
markets, or should be fed to stock in corresponding 
proportions and combinations.

The fundamental problems of dry-farming are, 
then, the storage in the soil of a small annual rain
fall; the retention in the soil of the moisture until 
it is needed by plants; the prevention of the di
rect evaporation of soil-moisture during the growing

■i
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season; the regulation of the amount of water drawn 
from the soil by plants; the choice of crops suitable 
for growth under arid conditions; the application 
of suitable crop treatments, and the disposal of dr}"- 
farm products, based uj)on the superior composition 
of plants grown with small amounts of water. 
Around these fundamental j)roblems cluster a host 
of minor, though also important, problems. When 
the methods of dry-farming are understood and 
practiced, the practice is always successful; but 
it requires more intelligence, more implicit obedience 
to nature’s laws, and greater vigilance, than farming 
in countries of abundant rainfall.

The chapters that follow will tleal almost wholly 
with the problems above outlined as they present 
themselves in the construction of a rational system 
of farming without irrigation in countries of limited 
rainfall.

!
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CHAPTER II

THE THEORETICAL BASIS OF DRY-FARAIING

% \
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T h e  confidence with which scientific investigators, 
familiar with the arid regions, have attacked the 
problems of dry-farming rests largely on the known 
relationship of the water requirements of plants to 
the natural precipitation of rain and snow. It is 
a most elementary fact of plant physiology that no 
plant can live and grow unless it has at its disposal 
a sufficient amount of water.

The water used by plants is almost entirely taken 
from the soil by the minute root-hairs radiating 
from the roots. The water thus taken into the 
plants is passed upward through the stem to the 
leaves, where it is finally evaporated. There is, 
therefore, a more or less constant stream of water 
passing through the plant from the roots to the 
leaves.

By various methods it is possible to measure the 
water thus taken from the soil. While this process 
of taking water from the soil is going on within the 
plant, a certain amount of soil-moisture is also lost 
by direct evaporation from the soil surface. In

11
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dry-farm sections, soil-moisture is lost only by these 
two methods; for wherever the rainfall is sufficient 
to cause drainage from deep soils, humid conditions 
prevail.

Water for one pound dry matter

Many experiments have been conducted to deter
mine tlie amount of water used in the production of 
one pound of dry plant substance. Generally, the 
method of the ex])eriments has been to grow plants 
in large jiots containing weighed quantities of soil. 
As needed, weighed amounts of water were added 
to the pots. To determine the loss of water, the 
jiots were weighed at regular intervals of three days 
to one week. .\t harvest time, the weight of dry 
matter was carefully determined for each pot. Since 
the water lost by the pots was also known, the pounds

9

of water used for the production of every pound of 
dry matter were readily calculated (Figs. 5, 6).

The first reliable experiments of the kind were 
undertaken under humid conditions in Germany 
and other European countries. From the mass of 
results, some have been selected and presented in 
the following table. The work was done by the 
famous German investigators, Wollny, Hellriegel, 
and Sorauer, in the early eighties of the last century. 
In every case, the numbers in the table represent 
the number of j)ounds of water used for the produc
tion of one pound of ripened dry substance:

i
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P o u n d s  o f  W a t e r  f o r  O n e  P o u n d  o f  D r y  M a t t e r

WOLLNY Hellriegel SORAUI

W h e a t ....................... 338 459
O a t s ............................ ()()5 376 569
B a r le y ....................... 310 431
R y e ............................ 774 353 236
C o r n ............................ 233
Buckwheat.................. 64G 3G3
P e a s ............................ 416 273
Horsebeans.................. 282
Red c lo v er .................. 310
Sunflowers.................. 490 •

Millet ....................... 447

It is clear from the above results, obtained in Ger- 
man}% that the amount of water required to produce 
a pound of dry matter is not the same for all plants, 
nor is it the same under all conditions for the same 
j)lant. In fact, as will be shown in a later chapter, 
the water requirements of any crop depend upon 
numerous factors, more or less controllable. The 
range of the above German results is from 233 to 
774 pounds, with an average of about 419 pounds 
of water for each pound of diy matter produced.

During the late eighties and early nineties. King 
conducted experiments similar to the earlier German 
experiments, to determine the water requirements of 
crops under Wisconsin conditions. A summary of
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R E L A T IO N  O F W A T E R  TO D R Y  M A T T E R

the results of these extensive and carefully conducted 
experiments is as follows; —

Oats
Barley
Com
Peas
Clover
Potatoes

385
464
271
477
576
385

The figures in the above table, averaging about 
446 pounds, indicate that very nearly the same

1
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F ig . 6. P lan t house a t Wisconsin in which F. H. King did much of his
famous work on the  w ater requirem ents of plants.

quantity of water is required for the production of 
crops in Wisconsin as in Germany. The Wisconsin
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results tend to be somewhat higher than those ob
tained in Europe, but the difference is small.

It is a settled princijile of science, as will be more 
fully discussed later, that the amount of ŵ ater 
cvajioratcd from the soil and transpired by plant 
leaves increases materially with an increase in the 
average temperature during the growing season, and 
is much higher under a clear sky and in districts 
where the atmosphere is diy. Wherever dry-farm
ing is likely to be jiracticetl, a moderately high tem- 
jierature, a cloudless sky, and a dry atmosphere are 
the prevailing conditions. It appeared . probable, 
therefore, that in arid countries the amount of water 
required for the jiroduction of one pound of diy mat
ter would be higher than in the humid regions of 
Germany and Wisconsin. To secure information 
on this subject, Widtsoe and Merrill undertook, in 
1900, a series of exjieriments in Utah, which were 
conducted ujiun the plan of the earlier experimenters. 
An average statement of the results of six yearn’ 
experimentation is given in the subjoined table, 
showing the number of j)oun(ls of water required for 
one pound of dry matter on fertile soils: —

W h e a t ....................................................... 1048
C o m ............................................................. 589
Peas . . ...................................................1118
Sugar beets.................................................... 630

These Utah findings support strongly the doctrine 
that the amount of water required for the produc-
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RELATION OF WATER TO DRY MATTER
\

tion of each pound of dry matter is very much larger 
under arid conditions, as in Utah, than under humid 
conditions, as in Germany or Wisconsin. It must be 
observed, however, that in all of these experiments 
the plants were supplied with water in a somewhat 
wasteful manner; that is, they were given an abun
dance of water, and used the largest quantity pos
sible under the prevailing conditions. No attempt 
of any kind was made to economize water. The 
results, therefore, represent maximum results and 
can be safely used as such. Moreover, the methods 
of dry-farming, involving the storage of water in 
deep soils and systematic cultivation, were not em
ployed. The experiments, both in Europe and 
America, rather represent irrigated conditions. There 
are good reasons for believing that in Germany, 
Wisconsin, and Utah the amounts above given can 
be materially reduced by the employment of proper 
cultural methods.

In view of these findings concerning the water 
requirements of crops, it cannot be far from the truth 
to say that, under average cultural conditions, ap
proximately 750 pounds of water are required in an 
arid district for the production of one pound of dry 
matter (Fig. 7). Where the aridity is intense, this 
figure may be somewhat low, and in localities of sub- 
humid conditions, it will undoubtedly be too high. 
As a maximum average, however, for districts inter
ested in dry-farming, it can be used with safety.
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18 DRY-FARMING

Crop-producing power of rainfall

If this conclusion, that not more than 750 pounds 
of water are required under ordinaiy dry-farm

conditions for the
production of one 
pound of dry matter, 
be accepted, certain 
interesting calcula
tions can be made 
respecting the pos
sibilities of dry-farm
ing. For example, 
the ])roduction of one 
bushel of wheat will 
require GO times 750, 
or 45,000 pounds of 
water. The wheat 
kernels, however, 
cannot be i)roduced 
w ithout a certain  
am ount of straw, 
which under con
ditions of dry-farm- 
ins: seldom formsF ig . 7. The water in the large bottle

would be required to  produce the quite One luilf of the 
grain in the small bottle. weiirht of the whole

plant. Let us say, however, that the weights of 
straw and kernels are equal. Then, to j)roduce one

k * ^ * . 1  «

I

f!

01

S(

If
ai
di
al

V '



T H E  W A T E R  N E C E S S A R Y  F O R  A C R O P

bushel of wheat, with the corresponding quantity of 
straw, would require 2 times 45,000, or 90,000 
pounds of water. This is equal to 45 tons of water 
for each bushel of wheat. While this is a large fig
ure, yet, in many localities, it is undoubtedly well 
within the truth. In comparison with the amounts
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F ig. 8. T he famous Palouse w heat section is a succession of low rolling
hills. Idaho.

of water that fall upon the land as rain, it does not 
seem extraordinarily large.

One inch of water over one acre of land weighs 
approximately 226,875 pounds, or over 113 tons. 
If this quantity of water could be stored in the soil 
and used wholly for plant production, it would pro
duce, at the rate of 45 tons of water for each bushel.
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fall, which up to the present seems to be the lower 
limit of successful dry-farminp;, there is a maximum 
possibility of j)ro(lucing 25 bushels of wheat annually.

In the subjoined table, constructed on the basis 
of the discussion of this chapter, the wheat-j)roduc- 
ing i)owem of various degrees of annual precii)ita- 
tion are shown: —

One acre inch of water will produce 2i bushels of wheat. 
Ten acre inches of water will produce 25 bushels of wheat. 
Fifteen acre inches of water will produce 37i bushels of 

wheat.
Twenty acre inches of water will produce 50 bushels of 

wheat.

It must 1)0 distinctly romombored, however, that 
under no known system of tillage can all the water 
that falls upon a soil l)e brought into the soil and 
stored there for plant use. Neither is it possible to 
treat a soil so that all the stored soil-moisture may 
be used for plant production. Some moisture, of 
necessity, will evaporate directly from the soil, and 
some may b(' lost in many other ways. Yet, even 
under a rainfall of 12 inches, if only one half of the 
water can be conserved, which experiments have 
shown to be very feasible, there is a possibility of 
producing 30 bushels of wheat per acre every other 
year, which insures an excellent interest on the 

•• money and labor invested in the production of the 
crop.
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T H E  T H E O R E T IC A L  B A S IS  O F  D R Y -F A R M IN G

It is on the grounds outlined in this chapter that 
students of the subject believe that ultimately large 
areas of the “ desert” may be reclaimed by means 
of dry-farming. The real question before the dry- 

' farmer is not, “ Is the rainfall sufficient?” but rather, 
“ Is it possible so to conserve and use the rainfall as
to make it available for the production of profitable 
crops ? ”
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CHAl^ER III

D R Y -FA U M  A R E A S . —  R A IN F A L L

T h e  annual precipitation of rain and snow deter
mines primarily the location of dry-farm areas. 
As the rainfall varies, the methods of dry-farming 
must be varied accordingly. Rainfall, alone, does 
not, however, furnish a complete index of the crop- 
])i’oducing possibilities of a country.

The distribution of the rainfall, the amount of 
snow, the water-holding power of the soil, and the 
various moisture-dissipating causes, such as winds, 
liigh temperature, abundant sunshine,and low humid
ity, frequently combine to offset the benefits of a large 
annual j)recipitation. Nevertheless, no one climatic 
feature represents, on the average, so correctly 
dry-farming possibilities as does the annual rainfall. 
Ex])erience has already demonstrated that wherever 
the annual precipitation is aliove 15 inches, there is 
no need of crop failures, if the soils are suitable and 
the methods of dry-farming are correctly employed. 
With an annual precipitation of 10 to 15 inches, 
there need be very few failures, if proper cultural 
precautions are taken. With our present methods, 
the areas that receive less than 10 inches of atmos-
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])lieric precipitation per year are not safe for dry- 
farm jnirposes. What the future will show in the 
reclamation of these deserts, without irrigation, is
yet conjectural.

%

Arid, semiarid, and suh-humid

Before proceeding to an examination of the areas 
in the United States subject to the methods of dry
farming, it may be well to define somewhat more 
clearly the terms ordinarily used in the description 
of the great territory involved in the discussion.

The states lying west of the 100th meridian are 
loosely spoken of as arid, semiarid, or sub-humid 
states. For commercial purposes no state wants to 
be classed as arid and to suffer under the handicap 
of advertised aridity. The annual rainfall of these 
states ranges from about 3 to over 30 inches.

In order to arrive at greater definiteness, it may 
be well to assign definite rainfall values to the ordi
narily used descriptive terms of the region in question. 
It is pro|:)osed, therefore, that districts receiving 
less than 10 inches of atmospheric precipitation 
annually, be designated arid; those receiving between 
10 and 20 inches, those receiving between
20 and 30 inches, sub-humid, and those receiving over 
30 inches, humid. It is admitted that even such a 
classification is arbitrary, since aridity does not alone 
depend upon the rainfall, and even under such a
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classification there is an unavoidable overlapping. 
However, no one factor so fully represents varying 
degrees of aridity as the annual precipitation, and 
there is a great need for concise definitions of the 
terms used in describing the parts of the country

1-

F ig. 10. Sagebrush growing in infertile sandy soil under an annual rain
fall of less th an  10 inches. U tah.
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that come under dry-farming discussions. In this vol
ume, the terms “ arid,” “ semiarid,” “ sub-humid” 
and “ humid ” are used as above defined.

Precipitation over the dry-farm territory

The map on page 23, based upon the work of 
Professor A. J. Henry of the United States Weather 
Bureau, shows graphically the normal annual pre
cipitation in the United States of America. Exami-
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nation of this niap provcvs tliat nearly one half of the 
whole area of the United States receives 20 inches or 
less rainfall annually; and that when the strip re- 
(̂ eiving between 20 and dO inches is added, the whole 
area tlirectly subject to reclamation by irrigation or 
dry-fanning is considerably more than one half 
(63 per cent) of the whole area of the United States.

Eiditeen states are included in this area of lowo
rainfall. The areas of these, as piven by the Census 
of 1!)()(), grouped according to the annual precipita
tion received, are shown below: —

A rid to S emi 
ARID G roup

Arizona
California
Colorado
Idaho

1 Nevada............................ 109,740

1
U t a h ............................ 82,190
Wyoming....................... 97,575

4

* T ota l.......................

1

Semiarid  to Su b -humid  G roup

M ontana....................... 145,310
N M' Nebraska....................... 76,840

New M exico................... 112,460
North Dakota . . . . 70,1951 Oregon............................ 94,560• 1 South Dakota . . . . 76,850
Washington..................

T ota l.......................
66,880

"I'oTAL A rea Land 
Surfa c e  (Sq . M il e s )

112,920
156,172
103,645
84,290

746,532

653,095

1
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S u b -h u m id  to H umid  G roup

Kansas .................
Minnesota.................
Oklahoma.................
Texas ' ......................

T o ta l.................
Total for all groups

462,025
1,861,652

The territory directly interested in the develop
ment of the methods of dry-farming forms 63 per 
cent of the whole of the continental United States,
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F ig . 11 Sagebrush on fertile clay loam under an annual rainfall of 15
inches. Utah ^  ̂herever there is a thrifty growth of sagebrush, the
success of dry-farm ing is certain.

not including Alaska, and covers an area of 1,861,652 
square miles, or 1,191,457,280 acres. If any excuse
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were needed for the lively interest taken in the sub
ject of dry-farming, it is amply furnished by these 
figures showing the vast extent of the country 
interested in the reclamation of land by the methods 
of diy-farming. As will be shown below, nearly 
every other large country jiossesses similar immense 
areas under limited rainfall.

Of the one billion, one hundred and ninety-one 
million, four hundred and fifty-seven thousand, two 
hundred and eighty acres (1,191,457,280) repre
senting the dry-farm territoiy of the United States, 
about 22 per cent, or a little more than one fifth, is 
sub-humid and receives between 20 and 30 inches of 
rainfall, annually; 61 per cent, or a little more than 
three fifths, is semiarid and receives between 10 and 
20 inches, annually, and about 17 per cent, or a little 
less than one fifth, is arid and receives less than 
10 inches of rainfall, annually.

These calculations are based upon the published 
average rainfall maps of the United States Weather 
Hureau. In the far West, and especially over the 
so-called ‘MeserU  ̂ regions, with their sj)arse popula
tion, meteorological stations are not numerous, nor 
is it easy to secure accurate data from them. It is 
strongly probable that as more stations are estab
lished, it will be found that the area receiving less 
than 10 inches of rainfall annually is considerably 
smaller than above estimated. In fact, the United 
States Reclamation Service states that there are only
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SEMIARID AREAS

70,000,000 acres of desert-like land; that is, land 
which does not naturally support plants suitable 
for forage. This area is about one third of the lands 
which, so far as known, at present receive less than 
10 inches of rainfall, or only about 6 per cent of the 
total dry-farming territory.

In any case, the semiarid area is at present most 
vitally interested in dry-farming. The sub-humid 
area need seldom suffer from drouth, if ordinary 
well-known methods are employed; the arid area, 
receiving less than 10 inches of rainfall, in all proba
bility, can be reclaimed without irrigation only by 
the development of more suitable methods than are 
known to-day. The semiarid area, which is the 
special consideration of present-day dry-farming, 
represents an area of over 725,000,000 acres of land. 
Moreover, it must be remarked that the full cer
tainty of crops in the sub-humid regions will come 
only with the adoption of dry-farming methods; 
and that results already obtained on the edge of 
the "deserts” lead to the belief that a large portion 
of the area receiving less than 10 inches of rainfall, 
annually, will ultimately be reclaimed without irri
gation.

Naturally, not the whole of the vast area just 
discussed could be brought under cultivation, even 
under the most favorable conditions of rainfall. A 
veiy large portion of the territory in question is 
mountainous and often of so rugged a nature that to

t
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farm it would he an impossibility. It must not be 
forgotten, however, that some of the best dr>'-farm 
lands of the West are found in the small mountain 
valleys, which usually are pockets of most fertile 
soil, under a good supply of rainfall. The foothills 
of the mountains are almost invariably excellent 
drv-farm lands. Newell estimates that 195,000,000 
acres of land in the arid to sub-huinid sections are 
covered with a more or less dense growth of timber. 
This timbered area roughly represents the mountain
ous and therefore the nonarable portions of land. 
The same authority estimates that the desert-like 
lands cover an area of 70,()()(),()()() acres. Making 
the most liberal estimates for mountainous and 
desert-like lands, at least one half of the whole 
area, or about G0(),0()(),()()0 acres, is arable land, 
which by j)roper methods may be reclaimed for 
agricultural j^urposes. Irrigation when fully de
veloped may reclaim not to exceed 5 ]:>er cent of 
this area. From any point of view, therefore, the 
possibilities involved in dry-farming in the United 
States are immense.

Dry-farm area of the world

Dry-farming is a world problem. Aridity is a 
condition met and to be overcome u])on every con
tinent. McColl estimates that in Australia, which is 
somewhat larger than the contixiental United States

1
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WORLD AREAS

of America, only one third of the whole surface 
receives above 20 inches of rainfall annually; one 
third receives from 10 to 20 inches, and one third 
receives less than 10 inches. That is, about
S ^

1,267,000,000 acres in Australia are subject to 
reclamation by dry-farming methods. This condi
tion is not far from that which prevails in the United 
States, and is representative of every continent of the 
world. The map on pages 30-31 shows graphically 
the approximate rainfall over the various parts of the 
earth’s land surface. The following table gives the 
proportions of the earth’s land surface under various 
degrees of annual precipitations: —

A n n u a l  P r e c i p i t a t i o n P r o p o r t i o n  o f  E a r t h ’s  L a n d  
S u r f a c e

Under 10 inches 25.0 per cent
From 10 to 20 inches . . 30.0 per cent
From 20 to 40 inches . 20.0 per cent
From 40 to 60 inches . 11.0 per cent
From 60 to 80 inches . 9.0 per cent
From 80 to 120 inches . . 4.0 per cent
From 120 to 160 inches 0.5 per cent
Above 160 inches 0.5 per cent 

100.00

Fifty-five per cent, or more than one half of the 
total land surface of the earth, receives an annual 
precipitation of less than 20 inches, and must be 
reclaimed, if at all, by dry-farming. At least 10
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per cent more receives from 20 to 30 inches under 
conditions that make diy-farming methods necessar>\ 
A total of about 65 per cent of the earth’s land sur
face is, therefore, directly interested in dry-farming. 
With the future perfected development of irrigation 
systems and j^ractices, not more than 10 per cent 
will be reclaimed by irrigation. Diy-farming is 
truly a problem to challenge the attention of the

k

\

1



CHAPTER IV

DRY-FARM AREAS. GENERAL CLIMATIC FEATURES

T h e  dry-farm territory of the United States 
stretches from the Pacific seaboard to the 96th parallel 
of longitude, and from the Canadian to the Mexican 
boundary, making a total area of nearly 1,800,000 
square miles. This immense territory is far from 
being a vast level plain. On the extreme east is the 
Great Plains region of the Mississippi Valley which 
is a comparatively uniform country of rolling hills, 
but no mountains. At a point about one third of 
the whole distance westward the whole land is lifted 
skyward by the Rocky Mountains, which cross the 
country from south to northwest. Here are innu
merable peaks, canons, high table-lands, roaring 
torrents, and quiet mountain valleys. West of the 
Rockies is the great depression known as the Great 
Basin, which has no outlet to the ocean. It is 
essentially a gigantic level lake floor traversed in 
many directions by mountain ranges that are off
shoots from the backbone of the Rockies. South 
of the Great Basin are the high plateaus, into which 
many great chasms are cut, the best known and 
largest of which is the great Canon of the Colorado.

35
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North and east of the Great l^asin is the Columbia 
River Basin characterized by basaltic rolling plains 
and broken mountain country. To the west, the 
floor of the Great Basin is lifted uj) into the region 
of eternal snow by the Sierra Nevada Mountains, 
which north of Nevada are known as the Cascades. 
On the west, the Sierra Nevadas slope gently, through 
intervening valleys and minor mountain ranges, 
into the Pacific Ocean. Jt would be difficult to 
imagine a more -diversified topograj)hy than is pos
sessed by the dry-farm territory of the United States.

Uniform climatic conditions are not to be expected 
over such a broken country. The chief determining 
factoi’s of climate — latitude, relative distribution 
of land and water, elevation, ))revailing winds —
swing betwê en such large extremes that of necessity 
the climatic conditions of difTerent sections are widely 
divergent. Diy -̂farming is so intimately related 
to climate that the typical climatic variations must 
be pointed out.

The total annual precipitation is directly influ
enced by the land topogra])hy, esj)ecially by the 
great mountain ranges. On the east of the Rocky 
iMountains is the sub-humid district, which receives 
from 20 to 30 inches of rainfall annuall}"; over the 
Rockies themselves, semiarid conditions prevail; 
in the Great Basin, hemmed in l)y the Rockies on the 
east and the Sierra Nevadas on the west, more arid 
conditions predominate; to the west, over the Sierras
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and down to the seacoast, semiarid to sub-humid 
conditions are again found.

Seasonal dislrihution of rainfall

It is doubtless true that the total annual precipi
tation is the chief factor in determining the success 
of dry-farming. However, the distribution of the 
rainfall throughout the year is also of great impor
tance, and should be known by the farmer. A small 
rainfall, coming at the most desirable season, will 
have greater crop-producing power than a veiy 
much larger rainfall poorly distributed. Moreover, 
the methods of tillage to be employed where most of 
the preci])itation comes in winter must be consider
ably different from those used where the bulk of 
the preci])itation comes in the summer. The suc
cessful diy-farmer must know the average annual 
precipitation, and also the average seasonal dis
tribution of the rainfall, over the land which he 
intends to dry-farm before he can safely choose his 
cultural methods.

With reference to the monthly distribution of the 
precipitation over the dr}"-farm territory of the 
United States, Henry of the United States Weather 
Bureau recognizes five distinct types; namely: 
(1) Pacific, (2) Sub-Pacific, (3) Arizona, (4) the 
Northern Rocky Mountain and Eastern Foothills, 
and (5) the Plains Type:
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MONTHLY RAINFALLS

“The Pacific Type. — This type is found in all 
of the territory west of the Cascade and Sierra Nevada 
ranges, and also obtains in a fringe of country to the 
eastward of the mountain summits. The distinguish
ing characteristic of the Pacific type is a wet season, 
extending from October to March, and a practically 
rainless summer, except in northern California and 
parts of Oregon and Washington. About half of 
the yearly precipitation comes in the months of 
December, January, and February, the remaining 
half being distributed throughout the seven months 
— September, October, November, March, April, 
May, and June.”
“Sub-Pacific Type. — The term ‘Sub-Pacific’ has 

been given to that type of rainfall which obtains over 
eastern Washington, Nevada, and Utah. The in
fluences that control the precipitation of this 
region are much similar to those that prevail west 
of the Sierra Nevada and Cascade ranges. There 
is not, however, as in the eastern type, a steady 
diminution in the precipitation with the approach 
of spring, but rather a culmination in the precipi
tation.”
“Arizona Type. — The Arizona Type, so called 

because it is more fully developed in that territory 
than elsewhere, prevails over Arizona, New Mexico, 
and a small portion of eastern Utah and Nevada. 
This type differs from all others in the fact that 
about 35 per cent of the rain falls in July and
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August. May and Juno are generally the months 
of least rainfall.”
“The Northern Rocky Mountain and Eastern Foot

hills Type. — This type is closely allied to that of 
the plains to the eastward, and the bulk of the rain 
falls in the foothills of the region in .Vpril and May;
in .Montana, in May and June.”
“The Plains Type. — This type embraces the 

greater ]>art of the Dakotas, Nebraska, Jvansas, 
Oklahoma, the Panhandle of Texas, and all the great 
corn and wheat states of the interior valleys. This 
region is characterized by a scant winter precipita
tion over the northern states and moderately heavy 
rains during the growing season. The bulk of the 
rains comes in May, June, aiul July.”

This classification, with the accompanving chart 
(Pig. 14), em])hasizes the great variation in distri
bution of rainfall over the drv-farm territorv of the 
country. West of the Rocky Mountains the precipi
tation comes chiefly in winter and spring, leaving 
the summers rainless; while east of the Rockies, 
the winters are somewhat rainless and the precipi
tation conies chiefly in s])ring and summer. The 
Arizona type stands midway between these types. 
This variation in the distribution of the rainfall re
quires that different methods be employed in storing 
and conserving the rainfall for crop production. 
The adaj)tation of cultural methods to the seasonal 
distribution of rainfall will be discussed hereafter.

I

m' *

f  

#

*1  ̂«.h;
m  j  4

1 ^

\ t I
««

TH

V
\

1 «

»
••N

*>



r>>aoWo(na;c3mT3cua0)o•4̂• pHf-<oa?3I

T50)oK
,

oc3•Hac3(hOCJo• -H
4->X?• pH;h-M(/}<vJ3o;a4->a;HrHd

I



»l ll ■

i\

• V h

I ' i

t

.

u

V ,

0

* > « A w"  ̂ ^

42 DRY-FARMING

Snowfall

Closely related to the distribution of the rainfall 
and the average annual temperature is the snowfall. 
Wherever a relatively large winter precipitation 
occurs, the drv-farmer is benefited if it comes in the7 %/

form of snow. The fall-planted seeds are better 
protected by the snow; the evaporation is lower and 
it appears that the soil is improved by the annual 
covering of snow. In any case, the methods of 
culture are in a measure dependent upon the amount 
of snowfall and the length of time that it lies upon 
the ground. ’

Snow falls over most of the dry-farm territor}", 
excepting the lowlands of California, the immediate 
Pacific coast, and other districts where the average 
annual temperature is high. The heaviest snowfall 
is in the intermountain district, from the west slope 
of the Sierra Nevadas to the east slope of the Rockies. 
The degree of snowfall on the agricultural lands is 
very variable and dependent upon local conditions. 
Snow falls upon all the high mountain ranges.

Temperature

With the exceptions of portions of California, 
Arizona, and Texas the average annual surface 
temperature of the dry-farm territory of the United 
States ranges from 40° to 55° F. The average is
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not far from 45° F. This places most of the dry- 
farm territory in the class of cold regions, though a 
small area on the extreme east border may be classed 
as temperate, and parts of California and Arizona 
as warm. The range in temperature from the high-

!ii i ;If :
if ^

J '  'i

-'V

F ig . 15. W inter in th e  G reat Basin. A good snowfall in sections where 
the summer precipitation is light generally insures a good crop.

est in summer to the lowest in winter is considerable, 
but not widely different from other similar parts of 
the United States. The range is greatest in the 
interior mountainous districts, and lowest along 
the seacoast. The daily range of the highest and 
lowest temperatures for any one day is generally 
higher over dry-farm sections than over humid
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districts. In the Plateau regions of the semiarid 
country the average daily variation is from 30 to 
35° F., while east of the Mississii)))! it is only about 
20° V. This greater daily range is chiefly due to the 
clear skies and scant vegetation which facilitate 
excessive warming by day and cooling by night.

The important temperature question for the dry- 
farmer is whether the growing season is sufficiently 
warm and long to i)ermit the maturing of crops. 
There are few places, even at high altitudes in the 
region considered, where the summer temperature 
is so low as to retard the growth of i)lants. Like
wise, the first and last killing frosts are ordinarily 
so far apart as to allow an ample growing season. 
It must be remembered that frosts are governed 
very largely by local topogra])hic features, and must 
be known from a local j)oint of view, ft is a general 
law that frosts are more likely to occur in valleys 
than on hillsides, owing to the downward drainage 
of the cooled air. Further, the danger of frost in
creases with the altitude. In general, the last 
killing frost in spring over the dry-farm territory 
varies from March 15 to May 29, and the first killing 
frost in autumn from Se])tember 15 to November 15. 
These limits permit of the maturing of all ordinary 
farm crops, es])ecially the grain crops.
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MOISTURE IN THE AIR

Relative humidity

At a definite temperature, the atmosphere can hold 
only a- certain amount of water vapor. When the 
air can hold no more, it is said to be saturated. 
Wlien it is not saturated, the amount of water vapor 
actually held by the air is expressed in percentages of 
the quantity required for saturation. A relative hu
midity of 100 per cent means that the air is saturated; 
of 50 per cent, that it is only one half saturated. The 
drier the air is, the more rapidly does the water evapo
rate into it. To the dry-farmer, therefore, the relative 
humidity or degree of dryness of the air is of very 
great importance. According to Professor Henry, 
the chief characteristics of the geographic distribu
tion of relative humidity in the United States are 
as follows: —

(1) Along the coasts there is a belt of high humid
ity at all seasons, the percentage of saturation 
ranging from 75 to 80 per cent.

(2) Inland, from about the 70th meridian east
ward to the Atlantic coast, the amount varies be
tween 70 and 75 per cent.

(3) The dry region is in the Southwest, where the 
average annual value is not over 50 per cent. In this 
region are included Arizona, New Mexico, western 
Colorado, and the greater ])ortion of both Utah and 
Nevada. The amount of annual relative humidity 
in the remaining portion of the elevated district.
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between the lOOtli meridian on the east to the 
Sierra Nevada and the Cascades on the west, 
varies between 55 and 05 per cent. In July, August, 
and September, the mean values in the South
west sink as low as 20 to 30 per cent, while along 
the Pacific coast districts they continue about 80 
per cent the year round. In the Atlantic coast 
districts, and generally east from the Mississippi 
River, the variation from month to month is not 
great. April is i)robably the driest month of the 
year.

The air of the dry-farm territory, therefore, on the 
whole, contains considerably less than two thirds 
the amount of moisture carried by the air of the hu
mid states. This means that evaporation from 
plant leaves and soil surfaces will go on more rapidly 
in semiarid than in humid regions. Against this 
danger, which cannot be controlled, the dry-farmer 
must take special precautions.

• ‘T

III

Sunshine

The amount of sunshine in a drv-farm section is 
also of importance. Direct sunshine promotes plant 
growth, but at the same time it accelerates the 
evaporation of water from the soil. The whole 
dry-farm territory receives more sunshine than do 
the humid sections. In fact, the amount of sunshine 
may roughly be said to increase as the annual rain-
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fall decreases. Over the larger part of the arid and 
semiarid sections the sun shines over 70 per cent of 
the time (Fig. 16).

Winds

The winds of any locality, owing to their moisture- 
dissipating power, play an important part in the 
success of dry
farming. A per
sistent wind will 
offset much of 
the benefit of a 
heavy rainfall 
and careful cul
tivation. While 
great general 
laws have been 
form ulated re-

F ig. 16. Average annual num ber of hours of 
sunshine. (Cyclo. Am. Agr.)

garcling the movements of the atmosphere, they are 
of minor value in judging the effect of wind on any 
farming district. Local observations, however, may 
enable the farmer to estimate the probable effect of 
the winds and thus to formulate proper cultural 
means of protection. In general, those living in a 
district are able to describe it without special obser
vations as windy or quiet. In the dry-farm terri
tory of the United States the one great region of 
relatively high and persistent winds is the Great 
Plains region east of the Rocky Mountains. Dry-
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farmers in that section will of necessity be obliged 
to adopt cultural methods that will prevent the ex
cessive evaporation naturally induced by the un
hindered wind, and the possible blowing of well-tilled 
fallow land.

Summary

The (Irv-fann territorv is characterized by a low 
rainfall, averaging between 10 and 20 inches, the 
distribution of which falls into two distinct types: 
a heavy winter and spring with a light summer 
j)recii)itation, and a heavy spring and summer with 
a light winter precipitation. Snow falls over most 
of the territory, but does not lie long outside of the 
mountain states. The whole dry-farm territory may 
b(' classed as temperate to cold; relatively high and 
persistent winds blow only over the Great Plains, 
though local conditions cause strong regular winds 
in many other places; the air is dry and the sun
shine is very abundant. In brief, little water falls 
upon the diy-farm territory, and the climatic factors 
are of a nature to cause rapid eva])oration.

In view of this knowledge, it is not surprising that 
thousands of farmers, em])loying, often carelessly, 
agricultural methods developed in humid sections, 
have found only hardshijis and poverty on the 
j)resent drj^-farm empire of the United States.



GENERAL CLIMATIC FEATURES

Drouth

Drouth is said to be the arch enemy of the dry- 
farmer, but few agree upon its meaning. For the 
purposes of this volume, drouth may be defined as a 
condition under which crops fail to mature because 
of an insufficient supply of water. Providence has 
generally been charged with causing drouths, but 
under the above definition, man is usually the cause. 
Occasionally, relatively dry years occur, but they 
are seldom dry enough to cause crop failures if, 
proper methods of farming have been practiced. 
There are four chief causes of drouth: (1) Improper 
or careless preparation of the soil; (2) failure to 
store the natural precipitation in the soil; (3) 
failure to apply proper cultural methods for keep
ing the moisture in the soil until needed by plants, 
and (4) sowing too much seed for the available soil- 
moisture.

Crop failures due to untimely frosts, blizzards, 
cyclones, tornadoes, or hail may jierhaps be charged 
to Providence, but the dry-farmer must accept the 
responsibility for any crop injury resulting from 
drouth. A fairly accurate knowledge of the climatic 
conditions of the district, a good understanding of 
the principles of agriculture without irrigation under 
a low rainfall, and a vigorous application of these 
principles as adapted to the local climatic conditions 
will make dry-farm failures a rarity.

I
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CHArrER V

DRY-FARM SOILS

I m p o r t a n t  as is the rainfall in making dr>'-farming 
successful, it is not more so than the soils of the dry- 
farms. On a shallow soil, or on one penetrated with 
gravel streaks, crop failures are probable even under 
a large rainfall; but a deep soil of uniform texture, 
unbroken by gravel or hardpan, in which much water 
may be stored, and which furnishes also an abun
dance of feeding space for the roots, will yield large 
crops even under a very small rainfall. Likewise, an 
infertile soil, though it be deep, and under a large 
precipitation, cannot be de])ended on for good crops; 
but a fertile soil, though not quite so deep, nor under 
so large a rainfall, will almost invariably bring large 
crops to maturity.

A correct understanding of the soil, from the sur
face to a depth of ten feet, is almost indispensable 
before a safe judgment can be j)ronounced upon the 
full dry-farm possibilities of a district. Especially is it 
necessary to know (a) the dej:)tli, (b) the uniformity 
of structure, and (c) the relative fertility of the 
soil, in order to plan an intelligent system of farming
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DRY-FARM SOILS

that will be rationally adapted to the rainfall and 
other climatic factors.

It is a matter of regret that so much of our infor
mation concerning the soils of the dry-farm territory 
of the United States and other countries has been 
obtained according to the methods and for the needs 
of humid countries, and that, therefore, the special 
knowledge of our arid and semiarid soils needed 
for the development of dry-farming is small and 
fragmentary. What is known to-day concerning the 
nature of arid soils and their relation to cultural 
processes under a scanty rainfall is due very largely 
to the extensive researches and voluminous writings 
of Dr. E. W. Hilgard, who for a generation was in 
charge of the agricultural work of the state of Cali
fornia. Future students of arid soils must of neces- 
sity rest their investigations upon the pioneer work 
done by Dr. Hilgard. The contents of this chapter 
are in a large part gathered from Hilgard^s writings.

The formation of soils

^̂ Soil is the more or less loose and friable material 
in which, by means of their roots, plants may or do 
find a foothold and nourishment, as well as other 
conditions of g ro w th .S o il is formed by a complex 
process, broadly known as weatherinĝ  from the rocks 
which constitute the earth^s crust. Soil is in fact 
only pulverized and altered rock. The forces that
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jiroduce soil from rocks arc of two distinct classes: 
physical and chemical. The physical agencies of soil 
production merely cause a j)ulverization of the 
rock; the chemical agencies, on the other hand, so 
thoroughly change the essential nature of the soil 
particles that they are no longer like the rock from 
which they were formed.

V -

Of the physical agencies, temperature changes are 
fii'st in order of time, and perha|)s of first imjiortance. 
As the heat of the day increases, the rock expands, 
and as the cold night ai)proaches, contracts. This 
alternate' expansion and contraction, in time, cracks 
the surfaces of tlu' I’ocks. Into the tiny crevices 
thus formed water enters from the falling snow or 
rain. When winte'i* comes, the water in these cracks 
freeze's to ice, anel in se> ele)ing expanels and widens 
each e)f the cracks. As these pre)cesses are repeated 
from elay te> elay, fre)in year to year, and from genera- 
tie>n te) generatie)n, the surfaces e>f the rocks crumble. 
The smaller re)cks se> formed are acted u])on by the 
same agencies, in the same manner, and thus the 
j)rocess of pulverization goes on.

It is clear, then, that the second great agency of 
soil formation, which always acts in conjunction with 
temperature changes, is freezing water. The rock 
parti(*les formed in this manner are often washed 
down into the mountain valleys, tliere caught by 
great I’ivers, ground into finer dust, and at length 
deposited in the lower valleys. Moving water thus
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Vf # I

becomes another physical agency of soil production. 
Most of the soils covering the great dry-farm terri
tory of the United States and other countries have 
been formed in this way.
' In places, glaciers moving slowly down the canons 
crush and grind into powder the rock over which 
they pass and deposit it lower down as soils. In 
other places, where strong winds blow with frequent 
regularity, sharp soil grains arc picked up by the air 
and hurled against the rocks, which, under this 
action, are carved into fantastic forms. In still other 
places, the strong winds carry soil over long distances 
to be mixed with other soils. Finally, on the sea
shore the great waves dashing against the rocks of 
the coast line, and rolling the mass of pebbles back 
and forth, break and pulverize the rock until soil is 
formed. Glaciers, winds, and waves are also, there
fore, physical agencies of soil formation.

It may be noted that the result of the action of 
all these agencies is to form a rock powder, each 
particle of which preserves the comjiosition that it 
had while it was a constituent part of the rock; It 
may further be noted that the chief of these soil
forming agencies act more vigorously in arid than 
in humid sections. Under the cloudless sky and dry 
atmosphere of regions of limited rainfall, the daily 
and seasonal temperature changes are much greater 
than in sections of greater rainfall. Consequently 
the pulverization of rocks goes on most rapidly in
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dry-farm districts. Constant heavy winds, which 
as soil formers are second only to temperature 
changes and freezing water, are also usually more 
common in arid than in humid countries. This is 
strikingly shown, for instance, on the Colorado 
desert and the Great Plains.

The rock powder formed by the processes above 
described is continually being acted upon by agencies, 
the effect of which is to change its chemical compo
sition. Chief of these agencies is waterj which exerts 
a solvent action on all known substances. Pure 
water exerts a strong solvent action, but when it 
has been rendered imi)ure by a variety of substances, 
naturally occurring, its solvent action is greatly 
increased.

The most effective water imjiurity, considering 
soil formation, is the gas, carbon dioxid. This gas 
is formed whenever plant or animal substances 
decay, and is therefore found, normally, in the 
atmosphere and in soils. Rains or flowing water 
gather the carbon dioxid from the atmosphere and 
the soil; few natural waters are free from it. The 
hardest rock particles are disintegrated by carbon
ated water, while limestones, or rocks containing 
lime, are readily dissolved.

The result of the action of carbonated water upon 
soil particles is to render soluble, and therefore more 
available to plants, many of the important plant- 
foods. In this way the action of water, holding in

1
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solution carbon dioxid and other substances, tends 
to make the soil more fertile.

The second great chemical agency of soil formation 
is the.oxygen of the air. Oxidation is a process of 
more or less rapid burning, which tends to accelerate 
the disintegration of rocks.

Finally, the plants growing in soils are powerful 
agents of soil formation. First, the roots forcing 
their way into the soil exert a strong pressure which 
helps to pulverize the soil grains; secondly, the acids 
of the plant roots actually dissolve the soil, and third, 
in the mass of decaying plants, substances are formed, 
among them carbon dioxid, that have the power 
of making soils more soluble.

It may be noted that moisture, carbon dioxid, 
and vegetation, the three chief agents inducing 
chemical changes in soils, are most active in humid 
districts. While, therefore, the physical agencies 
of soil formation are most active in arid climates, 
the same cannot be said of the chemical agencies. 
However, whether in arid or humid climates, the' • 7
processes of soil formation, above outlined, are essen
tially those of the "fallow” or resting-period given 
to dry-farm lands. The fallow lasts for a few 
months or a year, while the process of soil forma
tion is always going on and has gone on for ages; 
the result, in quality though not in quantity, is the 
same — the rock particles are pulverized and the 
plant-foods are liberated. It must be remembered
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in this connection that climatic differences may and 
usually do influence materially the character of soils 
formed from one and the same kind of rock.

Characterislics of arid soils

The net result of the soil-forming processes above 
described is a rock powder containing a great variety

of sizes of soil grains 
intermingled with 
clay. The larger soil 
grains are called 
sand; the smaller, 
silt, and those that 
are so small that

F ig. 17. Soil is a mixture of particles of t h e y  clo I i o t  S e t t l e
very varyiiiK size. • x i.from (luiet water 

after 24 hours are known as clay. Compare Fig. 17.
Clay differs materially from sand and silt, not only 

in size of particles, but also in properties and forma
tion. It is said that (*lay particles reach a degree 
of fineness ecpial to of an inch. Clay itself,
when W(4 and kneaded, becomes plastic and adhe
sive and is thus easily distinguished from sand. 
Because of these properties, clay is of great value 
in holding together the larger soil grains in relatively 
large aggregates which give soils the desired degree 
of tilth. Moreover, clay is very retentive of water, 
gases, and soluble plant-foods, vvhich are important
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NATURE OF DRY-FARM SOILS

factors in successful agriculture. Soils, in fact, are 
classified according to the amount of clay that they 
contain. Hilgard suggests the following classifi
cation —
Very sandy soils . .
Ordinary sandy soils 
Sandy loams . . .
Clay loams 
Clay soils . . . .  
Heavy clay soils . .

Clay may be formed fi

0.5 to 3 per cent clay 
3.0 to 10 per cent clay

10.0 to 15 per cent clay
15.0 to 25 per cent clay
25.0 to 35 per cent clay
35.0 per cent and over

om any rock containing some 
form of combined silica (quartz). Thus,'granites 
and crystalline rocks generally, volcanic rocks, and 
shales will produce clay if subjected to the proper 
climatic conditions. In the formation of clay, the 
extremely fine soil particles are attacked by the soil 
water and subjected to deep-going chemical changes. 
In fact, clay represents the most finely pulverized 
and most highly decomjiosed and hence in a measure 
the most valuable portion of the soil. In the forma
tion of clay, water is the most active agent, and under 
humid conditions its formation is most vrapid.

It follows that dry-farm soils formed under a 
more or less rainless climate contain less clay than 
do humid soils. This difference is characteristic, 
and accounts for the statement frequently made that 
heavy clay soils are not the best for dry-farm pur
poses. The fact is, that heavy clay soils are very 
rare in arid regions; if found at all, they have jirob-
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ably been formed under abnormal conditions, as in 
high mountain valleys, or under prehistoric humid 
climates.
Sand. — The sand-forming rocks that are not 

capable of clay jiroduction usually consist of uncom
bined silica or quartz, which when pulverized by the 
soil-forming agencies give a comiiaratively barren 
soil. Thus it has come about that ordinarily a clayey 
soil is considered “ strong” and a sandy soil “ weak.” 
Though this distinction is true in humid climates, 
where clay formation is rapid, it is not true in arid 
climates, where true clay is formed very slowly. 
Under conditions of deficient rainfall, soils are nat
urally less clayey, but as the sand and silt particles 
are produced from rocks which under humid condi
tions would yield clay, arid soils are not necessarily 
less fertile.

Experiment has shown that the fertility in the 
sandy soils of arid sections is as large and as available 
to plants as in the clayey soils of hu'mid regions. 
Experience in the arid section of .Vmerica, in Egypt, 
India, ami other desert-like regions has further 
jiroved that the sands of the deserts produce excel
lent cro})s whenever water is apjilied to them. The 
prospective dry-farmer, therefore, need not be afraid 
of a somewhat sandy soil, provided it has been formed 
under arid conditions. In truth, a degree of sandi
ness is characteristic of dry-farm soils.

The humus content forms another characteristic
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difference between arid and humid soils. In humid 
regions jilants cover the soil thickly; in arid regions 
they are bunched scantily over the surface; in the 
former case the decayed remnants of generations of 
plants form a large percentage of humus in the 
upper soil; in the latter, the scarcity of plant life
makes the humus content low. Further, under an

• /

abundant rainfall the organic matter in the soil rots 
slowly; whereas in dry warm climates the decay 
is very complete. The prevailing forces in all coun
tries of deficient rainfall therefore tend to yield soils 
low in humus.

While the total amount of humus in arid soils is 
very much lower than in humid soils, repeated investi
gation has shown that it contains about 3|- times 
more nitrogen than is found in humus formed under 
an abundant rainfall. Owing to the prevailing sandi
ness of dry-farm soils, humus is not needed so much 
to give the proper tilth to the soil as in the humid 
countries where the content of cla}̂  is so much higher. 
Since, for dry-farm purposes, the nitrogen content 
is the most important quality of the humus, the dif
ference between arid and humid soils, based upon
the humus content, is not so great as would appear 
at first sight.
Soil and subsoil. — In countries of abundant 

rainfall, a great distinction exists between the soil 
and the subsoil. The soil is represented by the upper 
few inches which are filled with the remnants of
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(lecavod va'ii;otal)le matter and iiiodifted 1)}" i)lo\viiig,
V ' ^  ^

harrowing, and other cultural operations. The siil)- 
soil has been profoundly modified by the action of 
the heavy rainfall, which, in soaking through the 
soil, has carried with it the finest soil grains, espe
cially the clay, into the lower soil layers.

In time, the sub.soil has become more distinctly 
clayey than the topsoil. lame and other soil ingre
dients have likewise been carried down by the rains 
and deposited at different dei>tlis in the soil or wholly
waslu'd awav. Ultimabdv, this results in the re-

^  % /  *

moval from the topsoil of the necessary i)lant-foods 
and the accumulation in the subsoil of the fine clay 
particles which so coni])act the subsoil as to make 
it difficult for roots and even air to penetrate it. 
The normal process of weathering or soil disinte
gration will then go on most actively in the topsoil, 
and the subsoil will nunain unweathered and raw. 
This accounts for the well-known fact that in humid 
countries any subsoil that may have been plowed uj) 
is reduced to a normal state of fertility and cro)) 
])roduction only after several years of exposure to 
the elements. The humid farmer, knowing this, is 
usually v('rv careful not to let his plow enter the sub
soil to any great depth.

In the arid regions or wherever a deficient rain
fall prevails, these conditions are entirely reversed. 
The light rainfall seldom com])letely fills the soil 
pores to any considerable depth, but it rather moves
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down slowly as a film, enveloping the soil grains. 
The soluble materials of the soil are, in part at least, 
dissolved and carried down to the lower limit of the 
rain penetration, hut the clay and other fine soil 
])articles are not moved downward to any great ex
tent. These conditions leave the soil and subsoil 
of approximately equal porosity. Plant i-oots can 
then penetrate the soil deeply, and the aii‘ can move 
up and down through the soil mass freely and to 
considerable dejiths. As a result, arid soils are 
weathered and made suitalile for jilant nutrition to 
veiy gi’eat depths. In fact, in dry-farm regions 
there need be little talk about soil and sulisoil, since 
the soil is uniform in texture and usually nearly so
in composition, from the top down to a distance of 
many feet.

]\Iany soil sections 50 or more feet in depth are 
exposed in the dry-farming territory of the United 
States, and it has often been demonsti’ated that the 
subsoil to any depth is capable of pi’oducing, without 
fui-ther weathei'ing, excellent yields of ci'ops. This 
gi-anulai-, jiermeable strirctui-e, chai'actei'istic of arid 
soils, is pei’haps the most impoi-tant single quality 
i‘(‘sulting fi’om i-ock disintegration under arid condi
tions. As Hilgai’d I’emai’ks, it would seem that the 
farmer in the arid I’egion owns fi'om thi-ee to four 
farms, one above the other, as comjiared with the 
same aci’eage in the easteim states.

This condition is of the gi’eatest impoi-tance in
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DRY-FARMING

developing the principles upon which successful dry
farming rests. Further, it may be said that while 
in the humid East the farmer must be extremely 
careful not to turn up with his ])low too much of 
the inert subsoil, no such fear need ])ossess the 
western farmer. On the eontraiy, he should use 
his utmost endeavor to ])low as tleeply as possible 
in order to pn'pare the very best reservoir for the 
falling watf'rs and a j)lace for the development of 
plant roots, h'igure IS shows graphically the dif- 
lerence existing betwec'n the soils of the arid and 
humid regions.
Gravel seams. — It need be said, however, that 

in a number of localities in the dry-farm territory 
the soils have been de])osited by the action of running 
water in such a wav that the otherwise uniform 
structure of tlic soil is broken by occasional layere 
of loose gravel. While this is not a very serious 
obstacle to the downward ])enetration of roots, it 
is very serious in dry-fanning, since aii}̂  break in 
the continuity of the soil mass j)revents the upward 
movement of water stored in the lower soil depths. 
The dry-farmer should investigate the soil which he 
intends to use to a dei)th of at least 8 to 10 feet to 
make sure, first of all, that he has a continuous soil 
mass, not too clayey in the lower dei)ths, nor broken 
by de})osits of gravel.
Ilardpan. — Instead of the lieavy clay subsoil of 

liumid Regions, the so-called hardpan occurs in
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HUMID AND DRY-FARM SOILS

MUMID
SOIL

g  SUBSO IL

clay

t C L A Y  OR
1 T I L L  OR ^
Jŷ SVsJvVWrJyfvTviji

nT r ^  a \  yr** i

• • ^  r % V  ^  •
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ARID
SOIL

\

UNIFORM L  

S O IL  i  

M A S S  4

ARID SOIL 
FAULTY

=\vA\\-SS 
S O I L

iSOIL MASS^

F ig . 18. Difference in structure between humid and arid soil. The third 
section, though arid, is questionable for dry-farming. The gravel 
streaks break the continuity of the soil mass. (Adapted from Hil- 
gard.)
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DRY-FARiMING

regions of limited rainfall. The annual rainfall, 
which is approximately constant, penetrates from 
year to year very nearly to the same depth. Some 
of the lime found so abundantly in arid soils is dis
solved and worked down yearly to the lower limit of 
the rainfall and left there to enter into combination 
with other soil ingredients. Continued through long 
periods of time this n'sults in the formation of a 
layca- of calcareous material at the average depth to 
wliicli the rainfall has ])enetrated the soil. Not 
only is the lime thus carried down, but the finer 
])articles are carried down in like manner. Espe
cially where the soil is ])oor in lime is the clay worked 
down to form a somewhat clayey hardpan. A hard- 
pan formed in such a manner is frequently a serious 
obsta(*le to the downward movement of the roots, 
and also j)n'vents the annual precipitation from 
moving down far enough to be beyond the influence 
of the sunshine and winds. It is fortunate, how
ever, that in the great majority of instances this 
hardpan gradually disap])ears under the influence of 
pro])er methods of dry-farm tillage. Deej) ])lowing 
and ])roper tillage, which allow the rain waters to 
penetrate the soil, gradually break up and destroy 
the hardpan, even when it is 10 feet below the sur
face. Nevertheless, the farmer should make sure 
whether or not the hardpan does exist in the soil 
and plan his methods accordingly. If a hardpan 
is j)resent, the land must be fallowed more carefully

u

t

I



■ i

LEACHING IN DRY-FARM SOILS

every other year, so that a large quantity of water 
may be stored in the soil to open and destroy the 
hardjian.

Of course, in arid as in humid countries, it often 
happens that a soil is underlaid, more or less near the 
surface, by layers of rock, marl deposits, and similar 
impervious or hurtful substances. Such deposits 
are not to be classed with the hardpans that occur 
normally wherever the rainfall is small.
Leaching. — Fully as important as any of the 

differences above outlined are those which depend 
definitely upon the leaching power of a heavy rain
fall. In countries where the rainfall is 30 inches or 
over, and in many jilaces where the rainfall is con
siderably less, the water drains through the soil into 
the standing ground water. There is, therefore, in 
humid countries, a continuous drainage through the 
soil after every rain, and in general there is a steady 
downward movement of soil-water throughout tlie 
year. As is clearly shown by the appearance, taste, 
and chemical composition of drainage waters, this 
process leaches out considerable quantities of the 
soluble constituents of the soil.

Wlien the soil contains decomposing organic 
matter, such as roots, leaves, stalks, the gas carbon 
dioxid is formed, which, when dissolved in water, 
forms a solution of great solvent power. Water 
passing through well-cultivated soils containing much 
humus leaches out very much more material than
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pure water could do. A study of the composition 
of the drainage waters from soils and the waters of 
the great rivem shows that immense quantities of 
soluble soil constituents are taken out of the soil 
in countries of abundant rainfall. These materials 
ultimately reach the ocean, where they are and have 
b('en concentrated throughout the ages. In short, 
the saltiness of the ocean is due to the substances 
that have Ix'cn washed from the soils in countries
of abundant rainfall.

In arid regions, on the other hand, the rainfall 
penetrates the soil only a few feet. In time, it is 
returned to the surface by the action of plants or 
sunshine and evajiorated into the air. It is tiue 
that under proper methods of tillage even the light 
rainfall of arid and semiarid regions may be made to 
pass to considerable soil depths, yet there is little 
if any drainage ot water through the soil into the 
standing ground water. The arid regions of the 
world, therefore, contribute j^roportinnately a small 
amount of the substances which make up the salt
of the sea.
Alkali soils. —  Under favorable conditions it 

sometimes hai)pens that the soluble materials, which 
would normally be washed out of humid soils, accu
mulate to so large a degree in arid soils as to make 
the lands unfitted for agricultural purposes.  ̂Such 
lands are called alkali lands. Unwise irrigation in 
arid climates frequently j)roduces alkali spots, but
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t

many occur naturally. Such soils should not be 
chosen for dry-farm purposes, for they are likely to 
give trouble.
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F ig. 19. Typical deep arid soil, well adapted for dry-farm ing. U tah.

Plant-food content. — This condition necessai’ily 
leads at once to the suggestion that the soils from the
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two regions must differ greatly in their fertility or 
power to produce and sustain j)lant life. It cannot 
l)e believed that the water-washed soils of the East 
retain as much fertility as the dry soils of the West, 
llilgard has made a long and elaborate study of this 
somewhat difficult ([uestion and has constructed a 
table showing tlu' composition of typical soils of 
repn'sentative states in the arid and humid regions. 
The following table shows a few of the average results 
obtained bv him : —

Sour<(’E OF 
S o i l

N u m u e u
OF

S a m p l e s
A n a l y z e d

I ’a h t i a l  P e r c e n t a g e  C o m p o s i t i o n

Humid n*Kion 
Arid region

()9G

573

Insoluble Soluble 
Residue ; Silica

S4.17 4.04

GO.IG G.71

Aiuiniuu Lime

3.GG

7.G1

0.13

1.43

Phos- 
Potash phoric 

acid
Humus

0.21
0.G7

0.12
O.IG

1.22
1.13

Soil cluMiiists luivo <>:(‘norally attoinpted to arrive 
at a (leteriniiiation of tlie fertility of soil by treating 
a eai’efully sek'cted and pn'pared sample with a 
(•('I'tain amount of acid of dc'finite stix'ngtli. The 
portion which dissolves undc'r tlu' influence of acids 
lias been looked upon as a rough measure of the pos
sible fertilitv of the soil.

The column headed “ Insoluble Ri'sidue’’ shows 
the av('rage jiroportions of arid and humid soils 
which nanain undissolved by acids. It is evident 
at onc(‘ that the humid soils are much less soluble
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CONTENT OF DRY-FARM SOILS

in acids than arid soils, the difference being 84 to 
69. Since the only ])lant-food in soils that may be 
used for plant production is that which is soluble, 
it follows that it is safe to assume that arid soils are 
generally more fertile than humid soils. This is 
borne out by a study of the constituents of the soil. 
For instance, potash, one of the essential plant 
foods ordinarily present in sufficient amount, is found 
in humid soils to the extent of 0.21 per cent, while in 
arid soils the quantity present is 0.67 per cent, or over 
three times as much. Phosphoric acid, another of 
the very important plant-foods, is present in arid 
soils in only slightly higher quantities than in humid 
soils. This explains the somewhat well-known fact 
that the first fertilizer ordinarily required by arid 
soils is some form of j)hosphorus.

The difference in the chemical composition of arid 
and humid soils is j)erhaps shown nowhere better 
than in the lime content. There is nearly eleven 
times more lime in arid than in humid soils. Con
ditions of aridity favor strongly the formation of 
lime, and since there is very little leaching of the soil 
by rainfall, the lime accumulates in the soil.

The presence of large quantities of lime in arid 
soils has a number of distinct advantages, among 
which the following are most important: (1) It 
prevents the sour condition frequently present in 
humid climates, where much organic material is 
incorporated with the soil. (2) When other con-
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DRY-FARMING

ditions are favorable, it encourages bacterial life, 
which, as is now a well-known fact, is an important 
factor in developing and maintaining soil fertility. 
(3) By somewhat subtle chemical changes it makes 
the relatively small pc'rcentages of other plant-foods, 
notably j)hos])horic acid and potash, more available 
for plant growth. (4) It aids to convert rapidly 
organic matter into humus which represents the main 
portion of the nitrogen content of the soil.

Of course, an excess of lime in the soil may be 
hurtful, though less so in arid than in humid re
gions. Some authoi’s state that from 8 to 20 per 
cent of calcium carbonate makes a soil unfitted for 
plant growth. There are, however, a great many 
agricultural soils covering large areas and yielding 
very abundant crops which contain very much larger 
quantiti('s of calcium carbonate. For instance, in 
the Sanpete Valk'y of ITah, one of the most fertile 
sections of the (beat Basin, agricultural soils often 
contain as high as 40 per cent of calcium carbonate, 
without injury to their crop-producing jiower.

In the table are two columns headed “ Soluble 
Silica” and “ .Mumina,” in both of which it is evident 
that a very much larger per cent is found in the arid 
than in the humid soils. These soil constituents 
indicate the condition of the soil with reference to 
the availability of its fertility for plant use. The 
higher the percentage of soluble silica and alumina, 
the more thoroughly decomposed, in all probability,
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COMPOSITION OF DRY-FARM SOILS

is the soil as a whole and the more readily can plants
secure their nutriment from the soil. It will be
observed from the table, as previously stated, that
more humus is found in humid than in arid soils, \ /
though the difference is not so large as might be ex
pected. It should be recalled, however, that the 
nitrogen content of humus formed under rainless 
conditions is many times larger than that of humus 
formed in rainy countries, and that the smaller per
cent of humus in dry-farming countries is thereby 
offset.

All in all, the composition of arid soils is very 
much more favorable to plant growth than that of 
humid soils. As will be shown in Chapter IX, the 
greater fertility of arid soils is one of the chief reasons 
for dry-farming success. Depth of the soil alone 
does not suffice. There must be a large amount of 
high fertility available for plants in order that the 
small amount of water can be fully utilized in plant 
growth.
Summary of characteristics. — Arid soils differ 

from humid soils in that they contain: less clay; 
more sand, but of fertile nature because it is derived 
from rocks that in humid countries would produce 
clay; less humus, but that of a kind which contains 
about times more nitrogen than the humus of 
humid soils; more lime, which helps in a variety of 
ways to improve the agricultural value of soils; 
more of all the essential plant-foods, because the
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F ig . 20. Gravelly soil. N ot adapt(‘d for dry-farming.



SUMMARY ON DRY-FARM SOILS

leaching by downward drainage is very small in 
countries of limited rainfall.

h urther, arid soils show no real difference between 
soil and subsoil; they are deeper and more perme
able; they are more uniform in structure; they 
have hardpans instead of clay subsoil, which, how
ever, disapjiear under the influence of cultivation; 
their subsoils to a depth of ten feet or more are as 
fertile as the topsoil, and the availability of the 
fertility is greater. The failure to recognize these 
characteristic differences between arid and humid 
soils has been the chief cause for many croj) failures 
in the more or less rainless regions of the world.

This brief review shows that, everything considered, 
arid soils are superior to humid soils. In ease of 
handling, productivity, certainty of crop-lasting 
quality, they far surpass the soils of the countries 
in which scientific agriculture was founded. As 
Hilgard has suggested, the historical datum that the 
majority of the most populous and powerful histor
ical peoples of the world have lieen located on soils 
that thirst for water, may fincLits exjilanation in the 
intrinsic value of arid soils. From Babylon to the 
United States is a far cry; but it is one that shouts 
to the world the sujierlative merits of the soil that 
begs for water. To learn how to use the ^Tlesert̂  ̂
is to make it ^d)lossom like the rose. '̂
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74 DRY-FARMING

Soil divisions

The dry-farm torritoiy of the United States may 
])e divided roughly into five great soil districts, each 
of which includes a great variety of soil types, most 
of which are iioorly known and mapjied. These
districts an ': —

1.
2.
3.
4.
5.

Great Plains district. 
Columbia River district 
Great Basin district. 
Colorado River district. 
California district.

Great Plains district. — On the eastern slope of 
the Rocky Mountains, extending eastward to the 
extreme houndary of the dry-farm territory, are the 
soils of the High Plains and the Great Plains. Ihis 
va.st soil district belongs to the drainage basin of the 
Missouri, and includes Noi'th and South Dakota, 
Nebraska, Kansas, Oklahoma, and i)arts ot Mon
tana, Wyoming, Colorado, New Mexico, Texas, and 
Minnesota. The soils ot this district are usually of 
high fertility. They have good lasting ix)wer, 
though the effect of the higher rainfall is evident in 
their com])osition. Many of the (.listinct types of 
the plains soils have been determined with consider
able care by Snyder and Dyon, and may be found 
described in Bailey’s “ Cyclopedia of .Vmerican .-Agri
culture,” \ ’ol. 1.
Columbia River d/sp-id. — The, second great soil



.

I*

DISTRICTS OF DRY-FARM SOILS

district of the dry-farming territory is located in 
the drainage basin of the Columbia River, and 
includes Idaho and the eastern two thirds of Wash
ington and Oregon. The high plains of this soil 
district are often spoken of as the Palouse country. 
The soils of the western part of this district are of 
basaltic origin; over the southern part of Idaho the 
soils have been made from a somewhat recent lava 
flow which in many places is only a few feet below 
the surface. The soils of this district arc generally 
of volcanic origin and very much alike. They are 
characterized by the properties which normally 
belong to volcanic soils; somewhat poor in lime, 
but rich in potash and phosphoric acid. They 
last well under ordinary methods of tillage.
The Great Basin. — The third great soil district 

is included in the Great Basin, which covers nearly 
all of Nevada, half of Utah, and takes small portions 
out of Idaho, Oregon, and southern California. 
This basin has no outlet to the sea. Its rivers empty 
into great saline inland lakes, the chief of which is 
the Great Salt Lake. The sizes of these interior 
lakes are determined by the amounts of water flow
ing into them and the rates of evaporation of the 
water into the dry air of the region.

In recent geological times, the Great Basin was 
filled with water, forming a vast fresh-water lake 
known as Lake Bonneville, which drained into the 
Columbia River. During the existence of this lake
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soil iiiat(M*ials wore waslu'd froiii the mountains into 
the lake and de])osited on the lake bottom. When, 
at length, the lake disa])i)eared, the lake bottom 
was exposed and is now the fanning lands of the 
(Jreat Basin district. The soils of this district are 
charact(‘rized by great depth and uniformity, an 
abundance of lime, and all the essential plant-foods 
with the exception of ])hos|)horic acid, which, while 
present in normal quantities, is not unusually 
abundant. The (Jreat Basin soils are among the 
most fertile on the American Continent.
Colorado River district. — The fourth soil district 

lies in the drainage basin of the Colorado River. 
It includes much of the southern part of Utah, the 
eastern part of Colorado, part of New Mexico, nearly 
all of Arizona, and part of southern California. This 
district, in its northern ])art, is often s])oken of as 
the High Plateaus. The soils are formed from the 
easily disintegrated rocks of comparatively recent 
geological origin, which themselves are said to have 
been formed from deposits in a shallow interior sea 
which covered a large ])art of the West. The rivers 
running through this district have cut immense 
canons with perpendicular walls which make much 
of this country difficult to traverse. Rome of the 
soils are of an extremely fine nature, settling firmly 
and recpiiring considerable tillage before they are 
brought to a proj)er condition of tilth. In many 
places the soils are heavily charged with calcium
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DISTRICTS OF DRY-FARM SOILS 77

sulphate, or crystals of the ordinary land plaster. 
The fertility of the soils, however, is high, and when 
they are projierly cultivated, they yield large and 
excellent crops.
California district. — The fifth soil district lies 

in California in the ba.sin of tlie Sacramento and 
San Joaquin rivers. The soils are of the typical 
arid kind of high feitility and great lasting powers. 
They represent some of the most valuable dry-farm 
districts of the West. These soils have been studied 
in detail by Hilgard.
Dry-farming in the five districts. — It is interesting 

to note that in all of these five great soil districts 
dry-farming has been tried with great success. 
Even in the Great Basin and the Coloi-ado River 
disti'icts, where extreme desert conditions often 
prevail and where the rainfall is slight, it has been 
found possible to produce ])rofitable crops without 
irrigation. It is unfortunate that the study of the 
dry-farming territory of the United States has not 
progressed far enough to peimit a comprehensive 
and coi-i-ect majijiing of its soils. Our knowletlge 
of this subject is, at the best, fragmentary. We 
know, however, with certainty that the jiroperties 
which characterize arid soils, as described in this 
chapter, are possessed by the soils of the diy-farming 
territory, including the five great districts just 
enumerated. The characteristics of arid soils in
crease as the rainfall decreases and other conditions
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DRY-FARMING

of aridity incn'asi*. Tlioy are less marked as we go 
eastward or westward toward the regions of more 
aliimdant rainfall; that is to say, the most highly 
developed aritl soils are found in the Great Basin 
and Colorado River districts. The least developed 
are on the eastern edge of the Great Plains.

The judging of soils

\ chemical analysis of a soil, unless, accompanied 
by a large amount of other information, is of little 
value to the farmer. The main points in judging a 
prospective dry-farm are: the dejith of the soil, the 
uniformity of the soil to a depth of at least 10 feet, 
the native vegetation, the climatic conditions as 
ri'lating to early and lat(* frosts, the total annual rain
fall and its distribution, and the kinds and yields of 
crops that have been grown in the neighborhood.

The (.lepth of the soil is best determined by the use 
of an auger (Fig. 21). .\ simple soil auger is made
from the ordinary carpenter’s auger, 1  ̂ to 2 inches 
in diameter, by lengthening its shaft to 3 feet or 
moix'. Where it is not desirable to cairy sectional 
augem, it is often advisable to have three augers 
made: one 3 feet, the other 6, and the third 9 or 10 
feet in length. The short auger is used first and the 
others afterwards as the depth of the boring in
creases. The boring should lie made in a large 
number of average places — |)referably one boring or
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more on each acre if time and circumstances permit 
— and the results entered on a map of the farm. 
The uniformity of the soil is observed as the 
boring progresses.
If gravel layers ex
ist, they will neces
sarily stop the prog
ress of the boring.
H ardpans of any 
kind w'ill also be re
vealed by such an 
examination.
. The climatic in
formation must be 
gathered from the 
local w'eather bureau 
and from older resi
dents of the section.

The native vege
tation is always an 
excellent index of 
dry-farm possibil
ities. If a
s ta n d  of n a tiv e  %
grasses exists, there 
can scarcely be any
doubt about the ultimate success of dry-farming 
under proper cultural methods. A healthy crop of 
sagebrush is an almost absolutely certain indication

good
F ig . 21. Soil augers. The subsoil of every 

dry-farm  should be studied by means 
of soil augers.
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DRY-FARMING

that farming without irrigation is feasible. The 
rabbit brush of the drier n^gions is also usually a good 
indication, though it frec}uently indicates a soil not 
easily handled. (Jreasewood, shadscale, and other 
related j)lants ordinarily indicate heavy cla}̂  soils, 
freciuently charged with alkali. Such soils should be 
the last choice for dry-farming purposes, though they 
usually give good satisfaction under systems of irriga
tion. If the native cedar or other native trees grow 
in profusion, it is another indication of good dry- 
farm possibilities.
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THE ROOT SYSTEMS OF PLANTS
9

The great dej)th and high fertility of the soils of 
arid and seniiarid regions have made possible the 
profitable production of agricultural plants under a 
rainfall very much lower than that of humid regions. 
To make the princijdes of tliis system fully under
stood, it is necessary to review briefly our knowl
edge of the root systems of plants growing under 
arid conditions.

Functions of roots

The roots serve at least three distinct uses or 
purposes: First, they give the plant a foothold in 
the earth; secondly, they enable the plant to secure 
from the soil the large amount of water needed in 
plant growth, and, thirdly, they enable the plant 
to secure the indisj^ensable mineral foods which can 
be. obtained only from the soil. So important is 
the proper supply of water and food in the growth 
of a plant that, in a given soil, the crop yield is usu
ally in direct proportion to the development of the 
root system. Wlienever the roots are hindered in 
their development, the growth of the plant above
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82 DRY-FARi\IING

ground is likewise re
tarded, and crop failure 
may result. The impor
tance of roots is not fully 
appreciated because they 
are hidden from direct 
view. Successful dry
farming consists, largely, 
in the adoption of prac
tices that facilitate a full 
and free develoj)inent of 
plant roots. Were it not 
that the nature of arid 
soils, as explained in pre
ceding chai)ters, is such 
that full root develop
ment is comparatively 
easy, it would i)rohabl3  ̂
be useless to attempt to 
establish a system of dry- 
farming.

F ig . 22. W licat roots.

Kinds of roots

The root is the part of 
the plant that is found 
underground. It has nu
merous branches, twigs, 
and filaments. The root
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which first forms 
when the seed bursts 
is known as the pri
mary ropt. From this 
primary root other 
roots develop, which, 
are known as second
ary roots. When the 
jjrimary root grows 
more rapidly than the 
secondary roots, the 
so-called taproot, 
characteristic of lu- 
cern, clover, and sim
ilar plants, is formed. 
When, on the other 
hand, the taproot 
grows slowly or ceases 
its growth, and the 
numerous secondary 
roots grow long, a 
fibrous root system 
results, which is char
acteristic of the ce- %
reals, grasses, corn, 
and o ther sim ilar 
p lan ts. W ith any 
type of root, the tend
ency of growth is
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F ig. 23. A lfalfa roots.
II



downward; tliou^h uikUm* conditions that are not 
favorable for the downward penetration of the roots 
the lateral extcnisions may be very large and near the 
surface (I'igs. 22, 23).

h 5 U

li«'

Extent of roots

A number of investigators have attempted to 
determine the weight of the roots as compared 
with the weight of the ])lant above ground, but the 
subject, because of its great exj)erimental difficul
ties, has not Ix̂ m very accurately explained. Schu
macher, experimenting about 18()7, found that the 
roots of a well-(\stablished field of clover weighed as 
much as the total we ght of the stems and leaves of 
th(‘ year’s crop, and that the weight of roots of an 
oat cro]) was 43 per cent of the total weight of seed 
and straw. Nobbe, a few years later, found in one 
of his experiments that the roots of timothy weighed- 
31 per cent of the weight of the hay. Hosaeus, 
investigating the same subject about the same time, 
found that the weight of roots of one of the brome 
grasses was as great as the weight of the j)art above 
ground; of serradella, 77per cent; of Hax, 34 per cent; 
of oats, 14 j)(M* cent; of barley, 13 per cent, and of 
jH'as, !) p(M* (*ent. Sanborn, working at the Utah 
Station in 1(S!)3, found results very much the same.

Although these results are not concordant, they 
show that the weight of the roots is considerable,

I
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EXTENT OF THE ROOT SYSTEMS

in many cases far beyond the belief of those who have 
given the subject little or no attention. It may be 
noted that on the basis of the figures above obtained, 
it is very j)robable that the roots in one acre of an 
average wheat crop would weigh in the neighbor
hood of a thousand pounds — possibly consider
ably more. It should be remembered that the 
investigations which yielded the preceding results 
were all conducted in humid climates and at a time 
when the methods for the study of the root systems 
were poorly developed. The data obtained, there
fore, represent, in all probability, minimum results 
which would be materially increased should the work 
be repeated now.

The relative weights of the roots and the stems and 
the leaves do not alone show the large quantity 
of roots; the total lengths of the roots are even more 
striking. The German investigator, Nobbe, in a 
laborious experiment conducted about 1867, added 
the lengths of all the fine roots from each of various 
plants. He found that the total length of roots, that 
is, the sum of the lengths of all the roots, of one wheat 
plant was about 268 feet, and that the total length 
of the roots of one plant of rye was about 385 feet. 
King, of Wisconsin, estimates that in one of his ex
periments, one corn plant produced in the upper 3 
feet of soil 1452 feet of roots. These surprisingly 
large numbers indicate with emphasis the thorough
ness with which the roots invade the soil. Fig-

1 1 :
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ures 22-26 further give an idea of the degree to 
which roots fill the soil.

Depth of root penetration

The earlier root stiulies did not pretend to deter
mine the depth to which roots actually penetrate 
the earth. Jn recent years, however, a number of 
carefully conducted experiments were made by the 
New York, Wisconsin, Minnesota, Kansas, Colorado, 
and especially the North Dakota stations to obtain 
accurate information concerning the depth to which 
agricultural ])lants ))enetrate soils. It is some
what regrettable, for the purpose of dry-farming, 
that these states, with the exception of Colorado, 
are all in the humid or sub-humid area of the United 
States.. Nevertheless, the conclusions drawn from 
the work are such that they may be safely applied 
in the development of the principles of dry-farming.

Then' is a general belief among farmers that the 
roots of all cultivated crops are very near the surface 
and that few reach a greater depth than one or two 
feet. The first striking result of the .Vmerican inves
tigations was that every crop, without exception, 
penetrates the soil dee])er than was thought possible 
in earliei' days. For example, it was found that 
corn roots penetrated fully four feet into the ground 
and that they fully occupied all of the soil to that 
depth.

4’ t  .
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DEPTH OF ROOT SYSTEMS

On deeper and somewliat drier soils, corn roots 
went down as far as eight feet. The roots of the

X.
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F ig. 24. Sugar-beet roots.

small grains, — wheat, oats, barley, — penetrated 
the soil from four to eight or ten feet. Vari
ous perennial grasses rooted to a depth of four feet 
the first year; the next year, five and one half feet;
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no (lot(M*niinations wore made of tlie depth of the 
roots in later years, though it had undoubtedly 
increased. Alfalfa was the deepest rooted of all 
th(̂  crops studied by the American stations. Potato 
roots filknl the soil fully to a de])th of three feet; 
sugar b(H‘ts to a depth of nearly four feet.

In (‘Very (*ase, under conditions j)r(‘vailing in the 
experiments, and which did not have in mind the 
forcing of the roots down to extraordinary depths, 
it scmmikmI that the normal depth of the roots of ordi
nary field crops was from three to eight feet. Sub
soiling and deep j)lowing enable the roots to go 
d('(‘p(‘r into the soil. This work lias lx‘en confirmed 
in ordinary experience until there can be little ques
tion about the accuracv of the results.

Almost all of tlû se results were obtained in humid 
climate's on humid soils, somewhat shallow, and 
undc'rlaid by a more or k'ss infertile subsoil. In 
fact, they were obtained under conditions really 
unfavorable to ])lant growth. It has Ix'cn exjilained 
in riiapter V that soils formed under arid or semi- 
arid conditions are uniformly dee]) and jiorous and 
that the h'rtility of the subsoil is, in most cases, 
])ractically as gixxit as of the toiisoil. There is, 
therefore, in arid soils, an excellent oi)portunity 
for a c()in])aratively easy penetration of the roots 
to gix'at de])ths and, because of the available fertility, 
a chance throughout the whole of the subsoil for 
ample root development. Moivovc'r, the porous
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ROOT SYSTEMS IN ARID SOILS

condition of the soil permits the entrance of air, which
^ J

helps to purify the soil atmosphere and thereby to 
make the conditions more favorable for root develop
ment. Consequently it is to be expected that, in

1

CR

F ig. 25. Corn roots.

arid regions, roots will ordinarily go to a much greater 
depth than in humid regions.

It is further to be remembered that roots are in 
constant search of food and water and are likely to 
develop in the directions where there is the greatest 
abundance of these materials. Under systems of 
dry-farming the soil water is stored more or less 
uniformly to considerable depths — ten feet or more 
— and in most cases the percentage of moisture in

! 'k ' l

Jjfic

! I

w
I

> ' *1

■ l̂\

1



i

I

f i

DRY-FARMING

the spring and summer is as large or larger some feet 
below the surface than in the ujiper two feet. The 
tendency of the root is, then, to move downward to 
depths where there is a larger supjily of water. 
Especially is this tendency increased by the avail
able soil fertility found tliroughout the whole depth 
of the soil mass.

It has been argued that in many of the irrigated 
s('ctions the roots do not penetrate the soil to 
great depths. This is true, because by the present 
wasteful methods of irrigation the plant receives so 
much water at such untimely seasons that the roots 
acquire the habit of feeding veiy near the surface 
where the water is so lavishly applied. This means 
not only that the plant suffei’s more greatly in times 
of drouth, but that, since the feeding ground of the 
roots is smaller, the crop is likely to be small.

These deductions as to the depth to wliich plant 
roots will penetrate the soil in arid regions are fully 
corroboratiHl by exjieriments and general observa
tion. The workem of the Utah Station, have repeat- 
(‘dly observed plant roots on dry-farms to a depth 
of ten feet. Lucern roots from thirty to fifty feet 
in length are frequently exposed in the gullies formed 
by the mountain torrents. Roots of trees, similarly, 
go down to gr(‘at depths. Hilgard ol^serves that 
he has found roots of grapevines at a depth of 
twenty-two feet below the surface, and quotes Aughey 
as having found roots of the native Shepherdia in

t^ i  iii’
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BOOT SYSTEMS IN ARID SOILS

Nebraska to a depth of fifty feet. Hilgard further 
declares that in California fibrous-rooted plants, 
such as wheat and barley, may descend in sandy 
soils from four to seven feet. Orchard trees in the

I

Humid

3

2 V.

F i g .  26. Difference in root system s under hum id and arid conditions.

arid West, grown ])roperly, arc similarly observed 
to send their roots down to great depths. In fact, 
it has become a custom in many arid regions where 
the soils are easily penetrable to say that the root 
system of a tree corresponds in extent and branching 
to the part of the tree above ground.
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Xow, it is to bo observed that, generally, plants 
grown in dry climates send their roots straight down 
into the soil; whereas in humid climates, where the 
topsoil is quite moist and the subsoil is hard, roots 
branch out laterally and fill the upper foot or two 
of the soil. This difference is made clear by the 
illustrations herewith jiroduced (Fig. 26). A great 
deal has been said and written about the danger of 
deep cultivation, because it tends to injure the roots 
that feed near the surface. However true this may 
be in humid countries, it is not vital in the districts 
primarily interested in dr3'-farming; and it is doubt
ful if the objeetion is as valid in humid countries as 
is often declared. True, deep cultivation, especially 
when performed near the plant or tree, destroys 
the surface-feeding roots, but this only tends to com- 
p('l the deeper lying roots to make better use of the
sul)S()il.

Wlien, as in arid regions, the subsoil is fertile and 
furnishes a sufficient amount of water, destroying 
the surface roots is no handicap whatever. On the 
contrai^", in times of drouth, the deep-lying roots 
feed and drink at their leisure far from the hot sun 
or withering winds, and the plants survive and arrive 
at rich maturity, while the plants with shallow roots 
wither and die or are so seriously injured as to pro
duce an inferior crop. Therefore, in the system of 
dry-farming as developed in this volume, it must be 
understood that so far as the farmer has power,



ADVANTAGE OF DEEP ROOTING

the roots must be driven downward into the soil, 
and that no injury needs to be apprehended from 
deep and vigorous cultivation.

One of the chief attempts of the dry-farmer must 
be to see to it that the plants root deeply. This can 
be done only by preparing the right kind of seed-bed 
and by having the soil in its lower depths well stored 
with moisture, so that the plants may be invited to 
descend. For that reason, an excess of moisture 
in the upper soil when the young plants are rooting 
is really an injury to them.
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STORING WATER IN THE SOIL

The large amount of water reciuired for the pro
duction of plant sul)stance is taken from the soil by 
th(‘ roots. L('av(\s and stcmis do not absorb appre
ciable (juantities of wat(‘r. The scanty rainfall of 
dry-farm districts or th(‘ inon' abundant .precipita
tion of humid rc'gions must, then^fore, be made to 
enter the soil in such a manner as to Ix' readily avail
able as soil-moisture to the roots at the right periods 
of plant growth.

In humid countries, the rain that falls during the 
growing season is looked upon, and very properly, as 
the really effective factor in the production of large 
crops. The root systimis of plants grown under 
such humid conditions an' near the surface, ready 
to absorb iniiiK'diately the rains that fall, even if 
they do not soak dec'ply into the soil. As has been 
shown in Chapter IV, it is only over a small portion 
of the dry-farm territory that the bulk of the scanty 
precipitation occurs during the growing season. 
Over a large portion of the arid and semiarid region 
the summers are almost raink'ss and the bulk of the 
pn'cipitation conu's hi th(' winh'r, lat(' fall, or early

94

\

!  ̂ i!

v ; / . ,  ±. .



!r
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spring when plants are not growing. If the rains 
that fall during the growing season are indispensable 
in crop production, the possible area to be reclaimed 
by dry-farming will be greatly limited. Even when 
much of the total jirecipitation comes in summer, 
the amount in dry-farm districts is seldom sufficient 
for the proper maturing of crops. In fact, successful 
dry-farming depends chiefly upon the success with 
which the rains that fall during any season of the 
year may be stored and kept in the soil until needed 
by plants in their growth. The fundamental opera
tions of dry-farming include a soil treatment which 
enables the largest possible proportion of the annual 
precipitation to be stored in the soil. For this pur
pose, the deep, somewhat porous soils, characteristic 
of arid regions, are unusually well adapted.

■i: t

t

Alway’s demonstration
%

An important and unique demonstration of the 
possibility of l)ringing crops to maturity on the 
moisture stored in the soil at the time of planting 
has been made by Alway (Fig. 27). Cylinders of 
galvanized iron, 6 feet long, were filled with soil 
as nearly as possible in its natural position and con
dition. Water was added until seepage began, after 
which the excess was allowed to drain away. When 
the seepage had closed, the cylinders were entirely 
closed except at the surface. Sprouted grains of
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spring wheat were placed in the moist surface soil, 
and 1 inch of dry soil added to the surface to pre
vent evaporation. No more water was added; the 
air of -the greenhouse was kept as dry as possible. 
The wheat developed normally. The first ear was 
ripe in 132 days after planting and the last in 143 
days. The three cylinders of soil from seniiarid 
western Nebraska produced 37.8 grams of straw 
and 29 ears, containing 415 kernels weighing 11.188 
grams. The three cylinders of soil from humid 
eastern Nebraska produced only 11.2 grams of straw 
and 13 ears containing 114 kernels, weighing 3 
grams. This experiment shows conclusively that 
rains are not needed during the growing season, if 
the soil is well filled with moisture at seedtime, 
to bring crops to maturity.

What becomes of the rainfall ?

The water that falls on the land is disposed of in 
three ways: First, under ordinary conditions, a
large portion runs off without entering the soil; 
secondly, a portion enters the soil, but remains near 
the surface, and is rapidly evaporated back into the 
air; and, thirdly, a portion enters the lower soil 
layers, from which it is removed at later periods by 
several distinct processes. The run-off is usually 
large and is a serious loss, especially in dry-farming 
regions, where the absence of luxuriant vegetation.
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the somewhat hard, sun-baked soils, and the numer
ous drainage channels, formed by successive tor
rents, combine to furnish the rains with an easy 
escape into the torrential rivers. Persons familiar 
with arid conditions know how quickly the narrow 
box canons, which often drain thousands of square 
miles, are filled with roaring water after a compara
tively light rainfall.

The run-ojf

The j)roper cultivation of the soil diminishes very 
greatly the loss due to run-off, but even on such soils 
the proportion may often be ver}" great. Parrel 
observed at one of the Utah stations that during a 
torrential rain — 2.C inches in 4 hours — the surface 
of the summer fallowed plats was packed so solid 
that only one fourth inch, or less than one tenth of 
the whole amount, soaked into the soil, while on a 
neighboring stubble field, whicli offered greater 
hindrance to the run-off, inches or about 60 per 
cent were absorbcul.

It is not possible under any condition to prevent 
the run-off altogether, although it can usually be 
reduced exceedingly. It is a common dry-farm 
custom to plow along the slopes of the farm instead 
of plowing up and down them. Wlien this is done, 
the water which runs down the slopes is caught b}̂  
the succession of furrows and in that way the run
off is diminished. During the fallow season the disk
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and smoothing liarrows arc run along the hillsides 
for the same purpose and with results that are nearly 
always advantageous to the dry-farmer. Of neces
sity, each man must study his own farm in order to 
devise methods that will prevent the run-off.

The structure of soils

Before examining more closely the possibility of 
storing water in soils a brief review of the structure 
of soils is desirable. As previously explained, soil 
is essentially a mixture of disintegrated rock and 
the decomj)osing remains of plants. The rock par
ticles which constitute the major portion of soils 
vary greatly in size. The largest ones are often 500 
times the sizes of the smallest. The following table 
shows the limits of sizes and the names used to 
designate them: —

i !1

■I

N a m e s  a n d  S iz e s  o f  S o il  P a r t ic l e s

N a m e
D i a .m e t e r s  i n  
M i l l i .mp:t e r s

N u m b e r  i n  O n e  
L i n e a l  I n c h N u m b e r  in  O n e  C u b i c  I n c h

Sand 0.5 -0.03 50-833 125,000-578,009,537
Silt 0.03-0.001 833-25,000 578,009,537-

15,625,000,000,000
Clay Below 0.001 M ore th an More than

- -
25,000 15,625,000,000,000

•

It will be observed that it would take 50 of the 
coarsest sand particles, and 25,000 of the finest silt
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particles, to form one lineal inch. The clay particles 
are often smaller and of such a nature that they can
not be accurately measured. The total number of 
soil particles in even a small quantit}" of cultivated 
soil is far beyond the ordinary limits of thought, 
ranging from 125,000 particles of coarse sand to 
15,()25,000,000,000 ])articles of the finest silt in one 
cubic inch. In other words, if all the particles in 
one cubic inch of soil consisting of fine silt were 
])laced side by side, they would form a continuous 
chain over a thousand miles long. The farmer, 
when he tills the soil, deals with countless numbers 
of individual soil grains, far surpassing the under
standing of the human mind. It is the immense 
numb(u- of constituent soil i)articles that gives to 
the soil many of its most valuable proj)erties.

It must be remembered that no natural soil is 
made up of j)articles all of which are of the same size; 
all sizes, from the coarsest sand to the finest clay, 
are usually ])resent (Fig. 17). These particles of all 
sizes are not arranged in the soil in a regular, orderly 
way; they are not placed side by side with geo
metrical regularity; they are rather jumbled together 
in every j)ossil)le way. The larger sand grains touch 
and form com])aratively large interstitial spaces 
into which the finer silt and clay grains filter. Then, 
again, the clay particles, which have cementing 
properties, bind, as it were, one particle to another. 
A sand grain may have attached to it hundreds, or

I
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THE SOIL STRUCTURE

it may be thousands smaller grams; or
a regiment of smaller soil grains may themselves 
be clustered into one large grain by cementing 
power of the clay. Further, in the presence of lime 
and similar substances, these complex soil grains are 
grouped into yet larger and more complex groups. 
The beneficial effect of lime is usually due to this 
power of grouping untold numbers of soil particles 
into larger groufis. When by correct soil culture 
the individual soil grains are thus grouped into large 
clusters, the soil is said to be in good tilth. Any
thing that tends to destroy these complex soil grains, 
as, for instance, plowing the soil when it is too wet, 
weakens the crop-producing power of the soil. This 
complexity of structure is one of the chief reasons 
for the difficulty of understanding clearly the physi
cal laws governing soils.

Pore-space of soils

It follows from this description of soil structure 
that the soil grains do not fill the whole of the soil 
space. The tendency is rather to form clusters of 
soil grains which, though touching at many points, 
leave comparatively large empty spaces. This pore- 
space in soils varies greatly, but with a maximum 
of about 55 per cent. In soils formed under arid 
conditions the percentage of pore-space is some
where in the neighborhood of 50 per cent. There
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are some arid soils, notably gj^psum soils, the par
ticles of which arc so uniform in size that the pore- 
space is exceedingly small. Such soils are always 
difficult to pre])are for agricultural purposes.

It is the pore-space in soils that permits the stor
age of .soil-moisture; and it is always important 
for the farmer so to maintain his soil that the pore- 
space is large enough to give him the best results, 
not only for the storage of moisture, but for the 
growth and development of roots, and for the en
trance into the soil of air, germ life, and other forces 
that aid in making the soil fit for the habitation of 
plants. 'I'his can always lie best accomjilished, as 
will be shown hereafter, by deep plowing, when the 
.soil is not too wet, the exiiosure of the plowed soil 
to the elements, the frequent cultivation of the soil 
through the growing season, and the admixture of 
organic matter. The natural soil structure at 
depths not reached by the plow evidently cannot be 
vitally changed by the farmer.
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Hygroscopic soil-water

Under normal conditions, a certain amount of 
water is always found in all things occurring naturally, 
soils included. Clinging to every tree, stone, or ani
mal tissue is a small quantity of moisture varying 
with the temperature, the amount of water in the 
air, and with other well-known factors. It is impos-
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HYGROSCOPIC WATER IN THE SOIL

sible to rid any natural substance wholly of water 
without heating it to a high temperature. This 
water which, apparently, belongs to all natural 
objects. is commonly called hygroscopic water. 
Hilgard states that the soils of the arid regions con
tain, under a temperature of 15° C. and an atmos
phere saturated with water, approximately 5^ per 
cent of hygroscopic water. In fact, however, the 
air over the arid region is far from being saturated 
with water and the temperature is even higher than 
15° C., and the hygroscopic moisture actually found 
in the soils of the dry-farm territory is considerably 
smaller than the average above given. Under the 
conditions prevailing in the Great Basin the hygro
scopic water of soils varies from .75 per cent to 3|- per 
cent; the average amount is not far from 1̂ - per cent.

Whether or not the hygroscopic' water of soils is 
of value in plant growth lis a disputed question. 
Hilgard believes that the hygroscopic moisture can 
be of considerable help in carrying plants through 
rainless summers, and further, that its presence pre
vents the heating of the soil particles to a point 
dangerous to plant roots. Other authorities main
tain earnestly that the hygroscopic soil-water is 
practically useless to plants. Considering the fact 
that wilting occurs long before the hygroscopic water 
contained in the soil’ is reached, it is very unlikely 
that water so held is of any real benefit to plant 
growth.

li
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Gravitational water

It often happens tliat a jiortion of the water in 
tlie soil is under the ininiediate influence of gravita
tion. For instance, a stone wliicli, normally, is

covei'ed with hygro- 
s c o j) i c w ater is 
dii)j)cd into water. 
The hygroscopic 
water is not thereby 
affected, but as the 
stone is drawn out 
of the water a good 
jiart of the water 
runs off. This is 
gravitational water. 
That is, the gravita
tional water of soils 
is that portion of the 
soil-water which, 
filling the soil pores, 
flows downward 
through the soil 
under the influence 
of gravity. When 

the soil ])ores are completely filled, the maximum 
amount of gravitational water is found there. In or
dinary dry-farm soils this total water cajiacity is be
tween 35 and 40 per cent of the dry weight of soil.

i?lG. 28. W ater moving downward in 
small tubes gradually becomes dis
tributed over the walls of the tubes as 
a capillary film.
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WATER OF GRAVITATION IN THE SOIL

The gravitational soil-water cannot long remain 
in that condition; for, necessarily, the pull of gravity 
moves it downward through the soil’ pores and if 
conditions are favorable, it finally reaches the stand
ing water-table, whence it is carried to the great 
rivers, and finally to the ocean. In humid soils, 
under a large precipitation, gravitational water moves 
down to the standing water-table after every rain. 
In dry-farm soils the gravitational water seldom 
reaches the standing water-table; for, as it moves 
downward, it wets the soil grains and remains in the 
capillary condition as a thin film around the soil 
grains.

To the dry-farmer, the full water capacity is of 
importance only as it pertains to the upper foot of 
soil. If, by proper plowing and cultivation, the 
upper soil be loose and porous, the precipitation is 
allowed to soak quickly into the soil, away from the 
action of the wind and sun. From this temporary 
reservoir, the water, in obedience to the pull of 
gravit}q will move slowly downward to the greater 
soil depths, where it will be stored permanently 
until needed by plants. It is for this reason that 
dry-farmers find it profitable to plow in the fall, as 
soon as possible after harvesting. In fact, Camp
bell advocates that the harvester be followed im
mediately by the disk, later to be followed by the 
plow. The essential thing is to keep the topsoil 
open and receptive to a rain.
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Capillary soil-water

The so-called caj)illary soil-water is of greatest 
importance to the dry-farmer. This is the water that 
clings as a film around a marble that has been dipped 
into water. There is a natural attraction between 
water and nearly all known substances, as is witnessed 
by the fact that nearly all things may be moistened. 
The water is held around the marble because the 
attraction between the marble and the water is 
greater than the pull of gravity upon the water. 
The greater the attraction, the thicker the film; 
the smaller the attraction, the thinner the film will 
b('. The water that rises in a capillary glass tube 
when placed in water does so by virtue of the 
attraction between water and glass. Frequently, 
the force that makes capillary water possible is 
called surface tension (Fig. 28).

A\dienever there is a sufficient amount of water 
available, a thin film of water is found around every 
soil grain; and where the soil grains touch, or where 
they are very near together, water is held pretty 
much as in capillary tubes. Not only are the soil 
particles enveloped by such a film, but the plant 
roots foraging in the soil are likewise covered; that 
is, the whole system of soil grains and roots is 
covered, under favorable conditions, with a thin 
film of capillary water. It is the water in this form 
upon which j)lants draw during their periods of
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CAPILLARY WATER IN THE SOIL

growth. The hygroscopic water and the gravita
tional water are of comparatively little value in 
plant growth.

Field capacity of soils for capillary water

The tremendously large number of soil grains 
found in even a small amount of soil makes it pos
sible for the soil to hold very large quantities of 
capillary water. To illustrate: In one cubic inch 
of sand soil the total surface exposed by the soil 
grains varies from 42 square inches to 27 square 
feet; in one cubic inch of silt soil, from 27 square 
feet to 72 square feet, and in one cubic inch of an 
ordinary soil the total surface exposed by the soil 
grains is about 25 square feet. This means that the 
total surface of the soil grains contained in a column 
of soil 1 square foot at the top and 10 feet deep is 
approximately 10 acres. When even a thin film 
of water is spread over such a large area, it is clear 
that the total amount of water involved must be 
large. It is to be noticed, therefore, that the fine
ness of the soil particles previously discussed has a 
direct bearing upon the amount of water that soils 
may retain for the use of plant growth. As the fine
ness of the soil grains increases, the total surface 
increases, and the water-holding capacity also 
increases.

Naturally, the thickness of a water film held around

I
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108 DRY-FARMING

the soil grains is very minute. King has calculated 
that a film 275 millionths of an inch thick, clinging 
around the soil particles, is equivalent to 14.24 per 
cent of water in a heavy clay; 7.2 per cent in a loam; 
5.21 per cent in a sandy loam, and 1.41 per cent in 
a sandy soil.

It is important to know the largest amount of 
water that soils can hold in a caj)illary condition, 
for upon it dej)end, in a measure, the i)ossibilities 
of crop production under dry-farming conditions. 
King states that the largest amount of capillary 
water that can be held in sandy loams varies from 
17.()5 per cent to 10.(57 ])er cent; in clay loams from 
22.(57 percent to 18.10 per cent, and in humus soils 
(which are practically unknown in dry-farm sections) 
from 44.72 per cent to 21.29 per cent. These results 
were not obtained under drv-farm conditions and 
must be confirmed by investigations of arid soils.

The water that falls upon dry-farms is very 
seldom sufficient in quantity to reach the standing 
water-table, and it is necessary, therefore, to deter
mine the largest percentage of water that a soil 
can hold under the influence of gravity down to a 
depth of 8 or 10 feet — the depth to which the roots 
penetrate and in which root action is distinctly felt. 
This is somewhat difficult to determine because the 
many conflicting factors acting upon the soil-water 
are seldom in equilibrium. Moreover, a consider
able time must usually elapse before the rain-water

I  »
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CAPILLARY WATER IN THE SOIL

is thoroughly distributed throughout the soil. For 
instance, in sandy soils, the downward descent of 
water is very rapid; in clay soils, where the prepon
derance of fine particles makes minute soil pores, there 
is considerable hindrance to the descent of water, 
and it may take weeks or months for equilibrium 
to be established. It is believed that in a dry-farm 
district, where the major part of the precipitation 
comes during winter, the early springtime, before 
the spring rains come, is the best time for determin
ing the maximum water capacity of a soil. At that 
season the water-dissipating influences, such as sun
shine and high temperature, are at a minimum, and 
a sufficient time has elapsed to permit the rains of 
fall and winter to distribute themselves uniformly 
throughout the soil. In districts of high summer 
precipitation, the late fall after a fallow season will 
probably be the best time for the determination of 
the field-water capacity (Fig. 29).

Experiments on this subject have been conducted 
at the Utah Station. As a result of several thousand 
trials it was found that, in the spring, a uniform, 
sandy loam soil of true arid proj)erties contained, 
from year to year, an average of nearly 16^ per cent 
of water to a depth of 8 feet. This appeared to 
be practically the maximum water capacity of that 
soil under field conditions, and it may be called the 
field capacity of that soil for capillary water. Other 
experiments on dry-farms showed the field capacity
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of a claj’’ soil to a depth of 8 feet to be 19 per cent; 
of a clay loam, to be 18 per cent; of a loam, 17 per 
cent; of another loam somewhat more sandy, 16 per 
cent; of a sand}' loam, 14  ̂ jier cent, and of a very

I

I’lu. 29. Ruinwator moving downward through soil becomes changed 
into a capillary film of water around the soil particles.

sandy loam, 14 per cent. Leather found that in the 
calcareous arid soil of India the upper 5 feet con
tained 18 per cent of water at the close of the wet 
season.

It may be concluded, therefore, that the field-water 
cajiacities of ordinary dry-farm soils are not very 
high, ranging from 15 to 20 per cent, with an average 
for ordinary dry-farm soils in tlie neighborhood of

f :
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16 or 17 per cent. Expressed in another way this 
means that a layer of water from 2 to 3 inches 
deep can be stored in the soil to a depth of 12 
inches. Sandy soils will hold less water than clayey 
ones. It must not be forgotten that in the dry- 
farm region are numerous types of soils, among them 
some consisting chiefly of very fine soil grains and 
which would, consequently, possess field-water 
capacities above the average here stated. The first 
endeavor of the dry-farmer should be to have the 
soil filled to its full field-water capacity before a 
crop is planted.

Downward movement of soil-moisture

One of the chief considerations in a discussion of 
the storing of water in soils is the depth to which 
water may move under ordinary dry-farm conditions. 
In humid regions, where the water table is near the 
surface and where the rainfall is very abundant, 
no question has been raised concerning the possi
bility of the descent of water through the soil to the 
standing water. Considerable objection, however, 
has been offered to the doctrine that the rainfall 
of arid districts penetrates the soil to any great 
extent. Numerous writers on the subject intimate 
that the rainfall under dry-farm conditions reaches 
at the best the upper 3 or 4 feet of soil. This 
cannot be true, for the deep z’ich soils of the arid
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region, which never have been disturbed by the 
husbandman, are moist to very great depths. In 
the deserts of the Great Basin, where vegetation is 
very scanty, soil borings made almost anjTvdiere 
will reveal the fact that moisture exists in consider
able (|uantities to the full depth of the ordinary soil 
aug(‘r, usually 10 feet. The same is true for prac
tically every district of the arid region.

Such water has not come from below, for in the 
majority of cases the standing water is 50 to 500 
feet below the surface. Whitney made this obser
vation many yearn ago and reported it as'a striking 
feature of agriculture in aritl regions, worthy of 
serious consideration. Investigations made at the 
Utah Station have .shown that undisturbed soils 
within the Great Basin frequently contain, to a 
depth of 10 feet, an amount of water equivalent to 
2 or .3 yeai-s of the rainfall which normally occurs 
in that locality. These (juantities of water could 
not be found in such soils, unle.ss, under arid condi
tions, water has the ])ower to move downward to 
considerably greater depths than is usually believed 
by dry-farmers.

In a series of irrigation experiments conducted 
at the Utah Station it was demonstrated that on 
a loam soil, within a few hours after an irrigation, 
some of the water applied had reached the eighth 
foot, or at least had increased the })ercentage of water 
in the eighth foot. The following statement from

: I
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IRRIGATION WATER IN THE SOIL

these experiments shows the increase in each foot 
about eighteen hours after a small and also a larger 
irrigation: —

W a t e r

A p p l i e d
$

T i m e  o f  
S a m p l i n g

P e r c e n t a g e  o f  W a t e r  i n  
( F o o t  S e c t i o n s )

S o i l

IN I n c h e s
1 2 3 4 5 6 7 8

•

A ver
age

2.5 Before 
irrigation  . 9.57 10.55 11.78 12.92 11.92 11.41 11.75 11.49 11.43

A fter
irrigation  . 19.24 13.70 13.1 13.84 12.66 12.72 12.31 12.70 13.67

Increase 9.67 3.15 1.39 0.87 0.74 0.31 0.56 1.21 2.24

7.5 Before 
irrigation  . 10.62 12.44 14.44 15.11 14.20 13.40 13.13 13.27 13.33

A fter
irrigation  . 23.83 21.83 20.05 17.40 15.87 14.66 14.21 14.15 17.75

Increase 13.21 9.39 5.61 2.29 1.67 1.26 1.08 0.88 4.42

It will be seen that in the soil that was already 
well filled with water, the addition of water was felt 
distinctly to the full depth of 8 feet. Moreover, 
it was observed in these experiments that even very 
small rains caused moisture changes to considerable 
depths a few hours after the rain was over. For 
instance, 0.14 of an inch of rainfall was felt to a 
depth of 2 feet within 3 hours; 0.93 of an inch 
was felt to a depth of 3 feet within the same 
period.

i
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To determine whether or not the natural winter 
preeipitation, upon which the crops of a large por
tion of the dry-farm territory depend, penetrates 
the soil to any great depth a series of tests were 
undertaken. At the close of the harvest in August 
or Septemix'r the soil was carefully sampled to a 
depth of S feet, and in the following spring sim
ilar .samides were taken on the same soils to the same 
depth. In every ca.se, it was found that the winter 
precipitation had caused moisture changes to the 
full (lej)th reached by the soil auger. Moreover, 
the.se changes were so great as to lead the investi
gator to believe that moisture changes had occurred 
to greater depths. The following table shows some 
of the results obtained: —

D a t e

P e r c e n t a g e  o f  W a t e r  i n E a c h  F o o t  o f  S o i l

1 2 3 4 5 6 7 8 .Aver
age

Sept. 8. 1902 . 
April 24, 1903 .

6.37
19.29

7.32
19.08

8.17
18.83

8.55
16.99

8.26
13.61

9.29
12.62

10.10
12.24

10.38
12.37

8.56
15.63

Increase . 12.92 11.76 10.66 8.44 5.35 3.33 2.14 1.99 7.07

A u k . 24. 1906 . 
M ay 1, 1907 .

8.33
18.17

7.63
16.73

8.42
17.96

9.66
16.88

11.30
16.59

10.75
16.25

9.59
14.98

7.93
13.48

9.20
16.38

Increase . 9.84 9.10 9.54 7.22 5.29 5.50 5.39
%

7.18

In districts where the major part of the precijii- 
tation occurs during the summer the same law is 
undoubtedly in operation; but, since evaporation 
is most active in the summer, it is j^robable that a

I
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STORING WATER IN THE SOIL

smaller proportion reaches the greater soil depths. 
In the Great Plaihs district, therefore, greater care 
will have to be exercised during the summer in secur
ing proper water storage than in the Great Basin, 
for instance. The

6

principle is, never
theless, the same.
Burr, working under 
Great Plains condi
tions in Nebraska, 
has shown that the 
spring and summer 
rains penetrate the 
soil to the depth of 
6 feet, the average 
depth of the borings, 
and that it undoubt
edly affects the soil- 
m oisture to the 
depth of 10 feet.
In general, the dry- 
farmer may safely 
accept the doctrine 
that the water that 
falls upon his land 
penetrates the soil far beyond the immediate reach 
of the sun, though not so far away that plant roots 
cannot make use of it.

8

AVERACl

F ig . 30. D iagram  to illustrate the degree 
and depth to which the precipitation 
of fall, winter, and earliest spring is 
found in the soil a t  seed time. Lines 
on the left indicate the percentage of 
w ater in the soil in the fall; those on 
the right, the percentage of water in 
the soil in the spring a t seed time.
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Imporlance of a moist subsoil

In tlic consideration of tlie downward movement 
of soil-water it is to he noted that it is only when the 
soil is tolerably moist that the natural jireeipitation 
mov(>s rapidly and freely to the deepi'r soil layers. 
When the soil is dry, the downward movement of 
the water is mueh slower and the hulk of the water 
is then stored near the surface where the loss of mois
ture goes on most rapidly. It has been observed 
repeatedly in the investigations at the Utah Station 
that when desert land is broken foi‘ dry-fann purposes 
and then propei-ly cultivated, the precipitation 
l)enetrates farther and farther into the soil with 
every year of cultivation, lun- example, on a dry- 
farm, the soil of which is clay loam, and which was 
plowed in the fall of 1004 and farmed annually there
after, the eighth foot eontained in the sjiring of 1905, 
0.59 p(>r cent of moisture; in the spring of 1906, 
13.11 pereent, and in the spring of 1907, 14.75 per 
cent of moisture. On another farm, with a very 
sandy soil and also plowed in the fall of 1904, there 
was found in the eighth foot in the sj)ring of 1905, 
5.().3 per cent of moLsture, in the siiringof 1900, 11.41 
per cent of moisture, and in the sjiring of 1907, 15.49 
per cent of moisture. In both of these typical cases 
it is ('vident that as the topsoil was loosened, the 
full fi(>ld wat('i- ca])acity of the soil was more nearly 
appi'oached to a greater dej)th. It would seem that.
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WATER IN THE SUBSOIL

as the lower soil layers are moistened, the water is 
enabled, so to speak, to slide down more easily into 
the depths of the soil.

This' is a very important principle for the dry-

.  \
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F ig . 31. D ry-farm  K ubanka spring wheat, 1909. Fergus Co., M ontana.
Yield, 35 bushels per acre.

farmer to understand. It is always dangerous to 
permit the soil of a dry-farm to become very dr}", 
especially below the first foot. Dry-farms should 
be so manipulated that even at the harvesting season 
a comparatively large quantity of water remains in
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the soil to a depth of 8 feet or more. The larger 
the quantity of water in the soil in the fall, the more 
readily and quickly will the water that falKs on the 
land during the resting period of fall, winter, and 
early spring sink into the soil aiul move away from 
the topsoil. The top or first foot will always con- 

. tain the largest ix'rcentage of water becau.se it is the 
chief n'ceptacle of the water that falls as rain or snow, 
hut wIk'u the sul).s()il is j)roperly moist, the water 
will more completely leave the top-soil. Further, 
crops j)lanted on a soil .̂ âturated with water to a
depth of 8 feet are almost certain to mature and 
vield well.

If the field-water ca]>acity has not been filled,
c \ . tlio an unusually dry

sea.son or a s('ries of hot winds or other like circum
stances may either serioush' injure the crop or cause 
a complete faihm'. The dry-farmer -should keep a 
surplus of moisture in the soil to he carried over 
from year to yc'ar, just as the wise business man 
maintains a sufficient working capital for the needs 
of his husine-ss. In fact, it is often safe to advise 
the ])rospective dry-farmer to j)low his newly cleared 
or broken land carefully and then to grow no crop 
on it the fir-st year, -so that, when crop production 
begin-s, the -soil will have stored in it an amount of 
water sufficient to carry a croj) over periods of drouth. 
Especially in districts of very low rainfall is this 
practice to be recommended. In the Great Plains
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STORING RAINFALL IN THE SOIL

area, where the summer rains tempt the farmer to 
give less attention to the soil-moisture problem than 
in the dry districts with winter precipitation, farther 
West, it is important that a fallow season be occa
sionally given the land to prevent the store of soil 
moisture from becoming dangerously low.

r
T0 what extent is the rainfall stored in soils ?

What proportion of the actual amount of water 
falling upon the soil can be stored in the soil and 
carried over from season to season? This question 
naturally arises in view of the conclusion that water 
penetrates the soil to considerable depths. There 
is comparatively little available information with 
which to answer this question, because the great 
majority of students of soil moisture have concerned 
themselves wholly with the upper two, three, or four 
feet of soil. The results of such investigations are 
practically useless in answering this question. In 
humid regions it may be very satisfactory to confine 
soil-moisture investigations to the upper few feet; 
but in arid regions, where dry-farming is a living 
question, such a method leads to erroneous or in
complete conclusions.

Since the average field capacity of soils for water 
is about 2.5 inches per foot, it follows that it is pos
sible to store 25 inches of water in 10 feet of soil. 
This is from two to one and a half times one year\s
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rainfall over the better dry-farming sections. The
oretically, therefore, there is no reason why the rain
fall of one sea.son or more could not be stored in the 
soil. Careful investigations have borne out this 
theory, .\tkinson found, for example, at the Mon
tana Station, that soil, which to a depth of 9 feet 
contained 7.7 per cent of moisture in the fall con
tained 1 l.o per cent in the spring and, after carrying 
it through the summer by proper methods of culti
vation, 11 per cent.

It may certainly be concluded from this e.xperi- 
ment that it is possible to carry over the soil 
moisture from season to season. The elaborate in
vestigations at the Utah Station have demon.strated 
that the winter precipitation, that is, the precipi
tation that comes during the wettest ])eriod of the 
year, may be retained in a large measure in the soil. 
Naturallj’, the amount of the natural precipitation 
accounted for in the upper eight feet will depend 
upon the dryness of the soil at the time the investi
gation commenced. If at the beginning of the wet 
sea.son the upper eight feet of soil are fairly well 
stored with moisture, the )ireci])itation will move 
down to ev(‘n greater depths, beyond the reach of 
the soil auger. If, on the other hand, the soil is 
comparatively dry at the beginning of the season, 
tlu* natural ))recipitation will distribute itself through 
the upper few feet, and thus be readily measured 
by the soil auger.

t i



STORING RAINFALL IN THE SOIL 121

1- y
le f:

is
1-
i t

1
,1

i

1-
i

.̂i
1f'1- ;; J

»1- r
lii

»*

1-
d

>
[4
i

tn-
1le

il.
Jif

)n
id

•

■

et s
■11 i
/e
of 1 w f f S t

is
n,
ih Iii. i|
d

In the Utah investigations it was found that of the 
water which fell as rain and snow during the winter, 
as high as 951 per cent was found stored in the first 
eight feet of soil at the beginning of the growing 
season. Naturally, much smaller percentages were 
also found, but on an average, in soils somewhat 
dry at the beginning of the dry season, more than 
three fourths of the natural precipitation was found 
stored in the soil in the spring. The following table 
shows some of these summary results: —

P r o p o r t i o n  o f  R a i n f a l l  S t o r e d  i n  t h e  S o i l

Period

Percent 
of w ater 
in soil in 
fall
(D epth  
of 8 ft.)

Rainfall
during
period
(Inches)

Percent of 
precipita
tion
found in 
the  spring 
(To a 
dep th  of 
8 ft.)

Soil

Sept. 12, 1902-April 16, 1903 . . 8.78
1

8.51 87.59 Sandy Loam
Aug. 23, 1904-ApriI 22, 1905 . . 7.87 7.94 95.56 Sandy Loam
Sept. 8, 1905-April 28, 1906 . . 8.83 12.14 82.61 Sandy Loam
Oct. 8, 1906-April 29, 1907 . . 9.10 16.17 62.77 Sandy Loam
Sept. 14, 1907-April 23, 1908 . . 11.03 6.38 67.55 Sandy Loam
July 27, 1904-April 15, 1905 . . 12.34 10.51 93.17 Clay
Aug. 8, 1904-ApriI 5, 1905 . . 7.73 7.27 64.80 Sand
July  28, 1905-M ay 7, 1906 . . 11.04 10.65 81.13 Loam

While the results exhibited in the above table were 
all obtained in a locality where the bulk of the 
precipitation comes in the winter, yet similar results 
would undoubtedly be obtained where the precipi
tation occurs mainly in the summer. The storage 
of water in the soil cannot be a whit less important 
on the Great Plains than in the Great Basin. In
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fact, Burr has clearly demonstrated for western 
Nebraska that over 50 j>er cent of the rainfall of the 
s])ring and summer may be stored in the soil to the 
depth of six feet. Without question, some is stored 
also at greater dei)ths.

All the evidence at hand shows that a large portion 
of the precipitation falling upon j)roperly prepared 
soil, whether it be in summer or winter, is stored in 
the soil until eva])oration is allowed to withdraw it. 
Whether or not water so stored may be made to 
remain in the soil throughout the season or the year 
will be discussed in the next chapter. It must be 
said, however, that the possibility of storing water 
in the soil, that is, making the water descend to 
r(‘latively great soil de])ths away from the immediate 
and din'ct action of the sunshine and winds, is the 
most fundamental principle in successful dry-farm
ing.

The fallow

It may be safely concluded that a large portion of 
the water that falls as rain or snow may be stored 
in the soil to considerable depths (eight feet or more). 
However, the question remains. Is it possible to 
store the rainfall of successive years in the soil for 
the use of one crop? In short. Does the practice 
of clean fallowing or resting the ground with proper 
cultivation for one season enal)le the farmer to store 
in the soil the larger jxirtion of the rainfall of two



SUMMER FALLOW

years, to be used for one crop ? It is unquestionably 
true, as will be shown later, that clean fallowing or 
“ summer tillage” is one of the oldest and safest 
practices of dr3^-farming as practiced in the West, 
but it is not generally understood why fallowing is 
desirable.

Considerable doubt has recently been cast upon 
the doctrine that one of the beneficial effects of fallow
ing in dry-farming is to store the rainfall of succes
sive seasons in the soil for the use of one crop. Since 
it has been shown that a large proportion of the 
winter precipitation can be stored in the soil during 
the wet season, it merely becomes a question of the 
possibility of preventing the evaporation of this 
water during the drier season. As will be shown 
in the next chaj)ter, this can well be effected by 
proper cultivation.

There is no good reason, therefore, for believing 
that the precipitation of successive seasons may not 
be added to water already stored in the soil. King 
has shown that fallowing the soil one year carried 
over per square foot, in the upper four feet, 9.38 
pounds of water more than was found in a cropped 
soil in a parallel experiment; and, moreover, the 
beneficial effect of this water advantage was felt 
for a whole succeeding season. King concludes, 
therefore, that one of the advantages of fallowing 
is to increase the moisture content of the soil. The 
Utah experiments show that the tendency of fallow-
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iiig is always to incroaso the soil-moisture content. 
In dry-farming, water is the critical factor, and any 
practice that helps to conserve water should be 
adopted. For that reason, fallowing, which gathers 
soil-moisture, should be strongly advocated. In 
Chapter IX another inii)ortant value of the fallow 
will Ix' discussed.

In view of the discussion in this chapter it is easily 
undei‘st(Kxl why students of soil-moisture have not 
found a material increase in soil-moisture due to 
fallowing. Usually such investigations have been 
niad(' to shallow dei)ths which already were fairly 
w(‘ll filled with moisture. Water falling uj)on such 
soils would sink Ix'vond the depth reached by the 
soil augei*s, and it became impossible to judge 
accurat(‘ly of the moisture-storing advantage of the 
fallow. A .critical analysis of the literature on this 
sul)j(H*t will reveal the weakness of most experiments 
in this r(\sp(x*t.

It may be mentioned here that the only fallow 
that should be practiced by the dry-farmer is the 
cl(\an fallow. Water storage is manifestly imjx)s- 
sible when crops are growing upon a soil. A healthy 
crop of sagebrush, sunflowers, or other weeds con
sumes as much water as a first-class stand of corn, 
wheat, or potatoes. Weeds should be abhorred by 
the farmer. A weedy fallow is a sure forerunner of 
a crop failure. How to maintain a good fallow is 
discuss(Hl in Chapter VIII, under the head of Culti-
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vation. Moreover, the practice of fallowing should 
be varied with the climatic conditions. In districts 
of low rainfall, 10-15 inches, the land should be clean 
summer-fallowed every other year; under very low 
rainfall perhajis even two out of three years; in 
districts of more abundant rainfall, 15-20 inches, 
perhaps one year out of every three or four is suffi
cient. Where the precipitation comes during the 
growing season, as in the Great Plains area, fallowing 
for the storage of water is less important than where 
the major part of the rainfall comes during the fall 
and winter. However, any system of dry-farming 
that omits fallowing wholly from its ])ractices is 
in danger of failure in dry years.

Deep plowing for water storage

It has been attempted in this chapter to demon
strate that water falling upon a soil may descend to 
great depths, and may be stored in the soil from year 
to year, subject to the needs of the crop that may be 
planted. By what cultural treatment may this 
downward descent of the water be accelez'ated by the 
farmer? First and foremost, by jilowing at the 
right time and to the right dejith. Plowing should 
be done deeply and thoroughly so that the falling 
water may immediately be drawn down to the full 
depth of the loose, spongy, plowed soil, away from 
the action of the sunshine or winds. The moisture
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thus c*aufj;ht will slowly work its wav down into the 
lower layei*s of the soil. Deej) plowing is always to 
he reeoinniended for suecessful dry-fanning.

^  C 7

In huinid districts where there is a great difference 
l)(‘tween the soil and the subsoil, it is often dangerous 
to turn up the lifeless subsoil, but in arid districts 
where there is no real differentiation between the 
soil and the subsoil, deep jdowing may safely be rec
ommended. True, occasionally, soils are found in 
the dry-farm territory which are underlaid near the 
surface l)y an inert clay or infertile layer of lime or 
gypsum which forbids the farmer ))utting the plow 
too deeply into the soil. Such soils, however, are 
seldom worth while trying for dry-farm purposes. 
Dec]) plowing must be practiced for the best dry
farming results.

It naturally follows that subsoiling should be a 
beneficial practice on dry-farms. Whether or not 
the great cost of subsoiling is offset by the resulting 
increased yields is an o])en question; it is, in fact, 
(juite doubtful. Deej) plowing done at the right time 
and frecpiently enough is possibly sufficient. By 
deep plowing is meant stirring or turning the soil 
to a depth of six to ten inches, below the surface of 
the land.

Fall ploiuing for water storage

It is not alone sufficient to plow and to plow 
d(‘('ply; it is also necessary that the j)lowing be done
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•  •  ^at the right time. In the very great majority of 
cases over the whole dry-farm territory, plowing 
should be done in the fall. There are three reasons 
for this: First, after the crop is harvested, the soil 
should be stirred immediately, so that it can be 
exposed to the full action of the weathering agencies, 
whether the winters be open or closed. If for any 
reason plowing cannot be done early it is often advan
tageous to follow the harvester with a disk and to 
plow later when convenient. The chemical effect on 
the soil resulting from the weathering, made possible 
by fall plowing, as will be shown in Chapter IX, 
is of itself so great as to warrant the teaching of 
the general practice of fall jilowing. Secondly, the 
early stirring of the soil jirevents evaporation of the 
moisture in the soil during late summer and the fall. 
Thirdly, in the jiarts of the dry-farm territory whei’e 
much precipitation occurs in the fall, winter, or early 
spring, fall plowing permits much of this jirecipita- 
tion to enter the soil and be stored there until 
needed by plants.

A number of experiment stations have compared 
jilowing done in the early fall with plowing done 
late in the fall or in the spring, and with almost 
no exception it has been found that early fall jilowing 
is water-conserving and in other waj ŝ advantageous. 
It was observed on a Utah dry-farm that the fall- 
plowed land contained, to a depth of 10 feet, 7.47 
acre-inches more water than the adjoining spring-

,

li



plowed land — a saving of nearly one half of a year’s 
preeipitation. The ground should be plowed in the 
viivly fall as soon as possible after the crop is har- 
V(\st(‘d. It should then be left in the rough through
out the winter, so that it may be mellowed and broken 
down by the elements. The rough land furtherhas 
a tendency to catch and hold the snow that may 
b(' blown by the wind, thus insuring a more even 
distribution of the water from the melting snow.

A common objection to fall plowing is that the 
ground is so dry in the fall that it does not plow up 
well, and that the great dry clods of earth (lo much 
to injure the physical condition of the soil. It is

if such an objection is generally valid, 
es])('cially if the soil is so cropped as to leave a fair 
margin of moisture in the soil at harvest time. The 
atmosj)heric agencies will usuall}  ̂ break down the 
clods, and the physical result of the treatment will 
l)e beneficial. Undoubtedly, the fall plowing of 
dry land is somewhat difficult, but the good results 
more than pay the farmer for his trouble. Late 
fall plowing, after the fall rains have softened the 
land, is preferable to spring plowing. If for any 
reason the farmer feels that he must j)i*actice spring 
plowing, he should do it as early as j)ossible in the

Of course, it is inadvisable to j)Iow the soil 
when it is so wet as to injure its tilth seriously, but 
as soon as that danger period has passed, the plow 
should be j)laced in the ground. The moisture in

spring.
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WATER STORING AND PLOWING

the soil will thereby be conserved, and whatever 
water may fall during the spring months will be con
served also. This is of especial importance in the 
Great Plains region and in any district where the 
precipitation comes in the spring and winter months.

Likewise, after fall plowing, the land must be well 
stirred in the early spring with the disk harrow or a 
similar implement, to enable the spring rains to enter 
the soil easily and to prevent the evaporation of the 
water already stored. Where the rainfall is quite 
abundant and the plowed land has been beaten down 
by the frequent rains, the land should be plowed 
again in the spring. Where such conditions do not 
exist, the treatment of the soil with the disk and har
row in the spring is usually sufficient.

In recent dry-farm experience it has been fairly 
completely demonstrated that, providing the soil is 
well stored with water, crops will mature even if no 
rain falls during the growing season. Naturally, 
under most circumstances, any rains that may fall 
on a well-prepared soil during the season of crop 
growth will tend to increase the crop yield, but some 
profitable yield is assured, in spite of the season, 
if the soil is well stored with water at seed time. 
This is an important principle in the system of dry
farming.



CHAin’ER VIII

RE(;ULATING THE EVAPORATION

T h e  ik'nionstration in tlie last chapter that the 
water wliich falls as rain or snow may be stored in 
the soil for the use of plants is of first importance in 
diy-farming, for it makes the farmer independent, 
in a large measure, of the distribution of the rainfall. 
The dry-farmer who goes into the summer with a 
soil well stored with water cares little whether sum
mer rains come or not, for he knows that his crops will 
mature in spite of external drouth. In fact, as will 
be shown "later, in many dry-farm sections where 
the summer rains are light they are a jwsitive detri
ment to the farmer who by careful farming has 
stored his deep soil with an abundance of water. 
Storing the soil with water is, however, only the fii"st 
step in making the rains of fall, winter, or the preced
ing year available for plant growth. As soon as 
warm growing weather comes, water-dissipating 
forces come into j)lay, and water is lost by evapora
tion. The farmer must, therefore, use all precau
tions to keej) the moisture in the soil until such time 
as the roots of the crop may draw it into the plants 
to be usetl in jilant production. That is, as far as

130
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jiossible, direct evaporation of water from the soil 
must be prevented.

Few farmers really realize the immense possible 
annual'evaporation in the dry-farm territory. It is 
always much larger than the total annual rainfall. 
In fact, an arid region may be defined as one in which 
under natural conditions several times more water 
evaporates annually from a free water surface than 
falls as rain and snow. For that reason many stu
dents of aridity pay little attention to temperature, 
relative humidity, or winds, and simply measure the 
evaporation from a free water surface in 
the locality in question. In order to ob
tain a measure of the aridity, MacDougal 
has constructed the following table, show
ing the annual precipitation and the an
nual evaporation at several well-known 
localities in the dry-farm territory.

True, the localities included in the fol
lowing table are extreme, but they 
illustrate the large possible evap
oration, ranging from about six to 
thirty-five times the precipitation.
(See Fig. 32.) At the same time 
it must be borne in mind that 
w’hile such rates of evaporation 
may occur from free water sur
faces, the evaporation from agricultural soils under 
like conditions is very much smaller.

RAINFALU

WATER!
■SURFACE

F ig . 32. Annual rain
fall and evaporation 
in arid region com
pared. The high evap
oration ra te  makes 
necessary thorough 
farming.
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DRY-FARMING

P l a c e

A n n u a l
P r e c i p i t a 

t i o n
( I n c h e s )

A n n u a l
E v a p o r a 

t i o n
( I n c h e s )

R a t i o

El Paso, T ex a s ................... 9.23 80 8.7
Fort Wingate, New Mexico 14.00 80 5.7
Fort Yuma, Arizona . . . 2.84 100 35.2
Phoenix, Arizona . . . . 7.06 90 12.7
Tucson, Arizona . . . . 11.74 90 7.7
Mohave, California 4.97 95 19.1
Hawthorne, Nevada 4.50 80 17.5
Winnemucca, Nevada . . 
St. (ieorge, Utah . . . .

8.51 80 9.6
6.46 90 13.9

Fort Duchesne, Utah . 6.49 75 11.6
Pineville, Oregon . . . . 9.01 70 7.8
lA>st River, Idaho . . . . 8.47 70 8.3
Laramie, Wyoming . . . 9.81 70 7.1
Torres, Alexico................... 16.97 100 6.0

To understand the methods employed for check
ing evaj)oration from the soil, it is necessary to review 
briefly the conditions that determine the evapora
tion of water into the air, and the manner in which 
water moves in the soil.

The formation of water vapor

Whenever water is left freely exjDosed to the air, 
it evaporates; that is, it passes into the gaseous 
state and mixes with the gases of the air. Even 
snow and ice give off water vapor, though in very 
small cpiantities. The (luantity of water vapor

J
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THE EVAPORATION OF WATER

0

which can enter a given volume of air is definitely 
limited. For instance, at the temperature of freez
ing water 2.126 grains of water vapor can enter 
one cubic foot of air, but no more. When air con
tains all the water possible, it is said to be saturated, 
and evaporation then ceases. The practical effect 
of this is the well-known experience that on the sea
shore, where the air is often very nearly fully sat
urated with water vapor, the drying of clothes goes 
on very slowly, whereas in the interior, like the dry
farming territory, away from the ocean, where the 
air is far from being saturated, drying goes on very 
rapidly.

The amount of water necessary to saturate air 
varies greatly with the temperature, as may be seen 
from the table on page 134.

It is to be noted that as the temperature increases, 
the amount of water that may be held by the air 
also increases; and proportionately more rapidly 
than the increase in temperature. This is generally 
well understood in common experience, as in drying 
clothes rapidly by hanging them before a hot fire. 
At a temperature of 100° F., which is often reached 
in portions of the dry-farm territory during the 
growing season, a given volume of air can hold more 
than nine times as much water vapor as at the tem
perature of freezing water. This is an exceedingly 
important principle in dry-farm practices, for it 
explains the relatively easy possibility of storing

•I
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Tem perature
Fahrenheit

(Degrees)

W eight of W ater V'apor 
th a t  can he held in 

One Cubic Foot of Air 
(In Grains)

Difference

. 0.736

. 1.227

....................... 1.667

. 2.236•  •

•  •

. 2.957

. 3.861

....................... 4.980

watc'r (luring tlu' fall and winter when the tempera
ture is low and the moisture usually abundant, and 
the givat(M' difficulty of storing the rain that falls . 
largely, as in the (hvat Plains area, in the summer, 
when water-dissipating forces are very active. This 
law also emphasizes the truth that it is in times of 
warm weather that every precaution must be taken 
to |)revent the evaporation of water from the soil 
surface.

It is of course well understood that the atmos
phere as a whole is never saturated with water vapor.
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Such saturation is at the best only local, as, for in
stance, on the seashore during quiet days, when the 
layer of air over the water may be fully saturated, 
or in a.field containing much water from which, on 
quiet warm days, enough water may evaporate to 
saturate the layer of air immediately upon the soil 
and around the plants. Whenever, in such cases, 
the air begins to move and the wind blows, the 
saturated air is mixed with the larger portion of 
unsaturated air, and evaporation is again increased. 
Meanwhile, it must be borne in mind that into a layer 
of saturated air resting upon a field of growing plants 
very little water evaporates, and that the chief water- 
dissipating power of winds lies in the removal of this 
saturated layer. Winds or air movements of any 
kind, therefore, become enemies of the farmer who 
depends upon a limited rainfall.

The amount of water actually found in a given 
volume of air at a certain temperature, compared 
with the largest amount it can hold, is called the rela
tive humidity of the air. As shown in Chapter IV, 
the relative humidity becomes smaller as the rainfall 
decreases. The lower the relative humidity is at 
a given temperature, the more rapidly will water 
evaporate into the air. There is no more striking 
confirmation of this law than the fact that at a tem
perature of 90  ̂ sunstrokes and similar ailments are 
reported in great number from New York, while 
the people of Salt Lake City are perfectly comfort-

' I .
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able. In New York the relative humidity in sum
mer is about 73 j>er cent; in Salt Lake City, about 
35 jier cent. At a high summer temperature evapora
tion from the skin goes on slowly in New York and 
rapidly in Salt Lake City, with the resulting discom
fort or comfort. Similarly, evaporation from soils 
goes on rapidly under a low and slowly under a high 
jiercentage of relative humidity.

Evaporation from water surfaces is hastened, there
fore, by (1) an increase in the temperature, (2) an 
increa.se in the air movements or wind.s, and (3) a 
decrease in the relative humidity. The tempera
ture is higher; the relative humidity lower, and the
winds usuallv more abundant in arid than in humid

%

H'gions. The dry-farmer must consequently use all 
))ossibIe jirecautions to prevent evaporation from the 
soil.

Conditions of evaporation from soils

Evaporation does not alone occur from a surface 
of free water. All wet or moist substances lose by 
evaporation most of the water that they hold, pro
viding; the conditions of temperature and relative 
humiditv are favorable. Thus, from a wet soil,V I f

evaporation is continually removing water. Yet, 
under ordinaiy conditions, it is impossible to remove 
all the water, for a small quantity is attracted so 
strongly by the soil particles that only a tempera
ture above the boiling point of water will drive it

. J L -
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EVAPORATION FROM SOILS

out. This part of the soil is the hygroscopic moisture 
spoken of in the last chaiiter.

Moreover, it must be kejit in mind that evapora
tion does not occur as rapidly from wet soil as from 
a water surface, unless all the soil pores are so 
completely filled with water that the soil surface 
is practically a water surface. The reason for this 
reduced evaporation from a wet soil is almost self- 
evident. There is a comparatively strong attraction 
Ix'tween soil and watei', which enables the moisture 
to cling as a thin cajiillary film around the soil par
ticles, against the force of gravity. Ordinarily, 
only capillary waater is found in well-tilled soil, and 
the force causing evaporation must be strong enough 
to overcome this attraction besides changing the 
water into vapor.

The k'.ss water there is in a soil, the thinner the 
water film, and the more firmly is the water held. 
Hence, the rate of eva]X)ration decreases with the 
decrease in soil-moisture. This law is confirmed by 
actual field tests. For instance, as an average of 
274 trials made at the Utah Station, it was found that 
three soils, otheiwise alike, that contained, respec
tively, 22.03 pel' cent, 17.14 per cent, and 12.75 ]ier 
cent of water lo.st in two weeks, to a depth of eight 
feet, respectivT'ly 21.0, 17.1, and 10.0 pounds of water 
jier square foot. Similar expei'iments conducted 
elsewhere also furnish proof of the correctness of 
this principle. From this point of view the dry-

f
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fanner does not want Ids soils to be unnecessarily 
moist. The dry-fanner can reduce the per cent of 
water in the soil without diminishing the total amount 
of water l)y so treating the soil that the water will 
distribute itself to considerable depths. This brings 
into pronnnence again the ])ractices of fall plowing 
deep plowing, subsoiling, and the choice of deep soils 
for dry-farming.

\ ’ery much for the .same reasons, evaporation goes 
on mor(‘ slowly from water in which salt or other 
substances have been dissolved. The attraction 
between the water and the dissolvetl salt seems to 
be strong enough to resist ]mrtially the force causing 
evaporation. Soil-water always contains some of 
the .soil ingredients in solut on, and consequently 
under the given conditions evaporation occum more 
slowly froin .soil-water than from pure water. Now, 
the more fertile a soil is, that is, the more soluble 
plant-food it contains, the more material will be 
dis.solved in the .soil-water, aiul as a result the more 
slowly will ('vaporation take place. Fallowing 
cultivation, thorough plowing and manuring, which 
incivase the store of soluble plant-food, all tend to 
diminish eva])orati()n. While these conditions may 
have little value in the eyes of the armer who is 
under an abundant rainfall, they are of great impor
tance to the dry-farmer. It is only by utilizing every 
possibility of conserving water and fertility that dry- 
tanning may b(> mad(> a perfectly safe practice.
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REGION OF EVAPORATION

Loss by evaporation chiejly at the surface

Evaporation goes on from every wet substance. 
Water evaporates therefore from the wet soil grains 
under the surface as well as from those at the sur
face. In developing a system of practice which will 
reduce evai)oration to a minimum it must be learned 
whether the water which evaporates from the soil 
])articles far below the surface is carried in large 
(piantities into the atmosphere and thus lost to plant 
use. Over forty years ago, Nessler subjected this 
question to experiment and found that the loss by 
evaporation occurs almost wholly at the soil surface, 
and that veiy little if any is lost directly by evapora
tion from the lower soil layers. Other experimenters 
have confirmed this conclusion, and very recently 
liuckingham, examining the same subject, found 
that while there is a very slow upward movement 
of the soil gases into the atmosphere, the total quan
tity of the water thus lost by direct evaporation from 
soil, a foot below the surface, amounted at most to 
one inch of rainfall in six years. This is insignificant 
even under semiarid and arid conditions. How
ever, the rate of loss of water by direct evaporation 
from the lower soil layers increases with the porosity 

.of the soil, that is, with the space not filled with soil 
particles or water. Fine-grained soils, therefore, 
lose the least water in this manner. Nevertheless, 
if coarse-grained soils are well filled with water.

I ■f
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l)y (lco|) fall plowiiiff and hy proper .suniiiier fallowing 
for the eonservalion of moisture, the loss of moisture 
hy direct evaporation from the lower soil layers 
need not be larger than from finer grained soils.

Thusagain are emphasized the principles previously 
laid down that, for the most successful dry-farming, 
the soil should always be kept well filled with mois
ture, even if it means that the land, after being broken, 
must lie fallow for one or two season.s, until a suffi
cient amount of moisture has aeeumulated. Further, 
the eomdative pi-ineiple is emphasized that the mois- 
tun* in dry-farm lands should be stored deeply, away 
from the imnu'diate action of the sun’s rays upon the 
land surface. The necessity for deep soils is thus 
again brought out.

The great lo.ss of soil moisture due to an accumu
lation of water in the upper twelve inches is well 
brought out in the e.xpei’iments conducted by the 
Utah Station. The following is selected from the 
numerous data on the subject. Two soils, almost 
identical in character, contained respectively 17.57 
per cent and Ki.oo p('r cent of water on an average 
to a depth of eight feet; that is, the total amount of 
water held by the two soils was j)ractically identical. 
Owing to varying cultural treatment, the distribu
tion of the water in the soil was not uniform; one- 
contained 23.22 per cent and the other 16.64 per 
cent of water in the first twelve inches. Duringo
the first seven days the soil that contained the
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highest iiercentage of water in the first foot lost 
13.30 pounds of water, while the other lost only 8.48 
])ounds per square foot. This great difference was 
due no doubt to the fact that direct evaporation 
takes place in considerable quantity only in the ujiper 
twelve inches of .soil, where the sun’s heat has a 
full chance to act.

Any practice which enables the rains to sink 
quickly to considerable depths should be adopted 
by the dry-farmer. This is perhaps one of the great 
reasons for advocating the expensive but usually 
effective subsoil plowing on dry-farms. It is a very 
common experience, in the arid region, that great, 
deep cracks form during hot weather. From the 
walls of these cracks evaporation goes on, as from 
the to])soil, and the passing winds renew the air so 
that the evajioration may go on rapidly. (See Fig. 
33.) The dry-farmer must go over the land as often 
as needs be with some implement that will destroy 
and fill up the cracks that may have been formed. 
In a field of growing crops this is often difficult to 
do; but it is not impossible that hand hoeing, ex
pensive as it is, would pay well in the saving of soil 
moistun* and the consequent increase in crop yield.
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How soil water reaches the surface

It may be accejited as an established truth that 
the direct evaporation of water from wet .soils occurs

f 1



Fia. 33. M any soils check badly. The cracks cause a loss of soil mois
ture. Arid soils (this picture represents a heavy clay as depicted by 
Lyon and Fippin) often crack extensively. Cultivation will prevent 
the loss of soil-moisture.

almost wholly at the surface. Yet it is well known 
that evaporation from the soil surface may continue 
until the soil-moisture to a depth of eight or ten

'a



CAPILLARY ACTION

feet or more is depleted. This is sliown by the 
following analyses of dry-farm soil in early spring 
and midsummer. No attemjit was made to conserve 
the moisture in the soil: —

A

Per cent of w ater in

*

1st
foot

2d
foot

3d
foot

4th
foot

5th
foot

6th
foot

7th
foot

8th
foot Average

Early Spring . . 
M idsum m er . .

20.84
8.83

20.06
8.87

19.62
11.03

18.28
9.59

18.70
11.27

14.29 
11.03

14.48
8.95

13.83
9.47

17.51
9.88

In this case water had undoubtedly passed by 
capillary movement from the depth of eight feet 
to a point near the surface where direct evaporation 
could occur. As exjilained in the last chapter, 
water which is held as a film around the soil particles 
is called capillary water; and it is in the capillary 
form that water may be stored in dry-farm soils. 
Moreover, it is the capillary soil-moisture alone which 
is of real value in crop production. This capillary 
water tends to distribute itself uniformly throughout 
the soil, in accordance with the prevailing conditions 
and forces. If no water is removed from the soil, 
in course of time the distribution of the soil-water 
will be such that the thickness of the film at any point 
in the soil mass is a direct resultant of the various 
forces acting at that particular point. There will 
then be no appreciable movement of the soil-mois
ture. Such a condition is approximated in late 
winter or early spring before planting begins. The

1
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distribution of water under such conditions is seen 
in the table on page 114 of the last chajiter. During 
the greater part of the year, liowevcr, no such quies
cent state can occur, for there are numerous dis
turbing elements that normally are active, among 
which the three most effective are (1) the addition 
of water to the soil by rains; (2) the evaporation of 
water from the topsoil, due to the more active meteor
ological factors during spring, summer, and fall; and 
(3) the abstraction of watc'r from the soil by plant 
roots.

Wat(T, entering tlu' soil, moves downward under 
the influence of gravity as gravitational water, until 
under the attractive influence of the soil it has been 
converted into capillary wat(u* and adheres to the 
soil jiarticles as a film. If the soil were dry, and the 
film therefore thin, the rain water would move down
ward only a short distance as gravitational water; 
if the soil were wet, and the film therefore thick, 
the water would move down to a greater distance 
before b(4ng exhaustiMl. If, as is often the case in 
humid districts, the soil is saturated, that is, the 
film is as thick as the particles can hold, the wat(T 
would pass right through the soil and connect with 
the standing water Ixdow. This, of course, is sel
dom the case in dry-farm districts. In any soil, 
excej)ting one already saturated, the addition of 
water will produce a thickening of the soil-water 
film to the full descent of the water. This inime-

1



MOVEMENT OF SOIL-MOISTURE

diately dest roys the conditions of equilibrium formerly 
existing, for the moisture is not now uniformly dis
tributed. Consequently a process of redistribution 
begins which continues until the nearest approach 
to equilibrium is restored. In this jirocess water 
will pass in every direction from the wet jiortion of 
the soil to the drier; it does not necessarily mean that 
water will actually jiass from the wet portion to the 
drier portion; usually, at the driest jioint a little 
water is drawn from the adjoining jioint, which in 
turn draws from the next, and that from the next, 
until the redistribution is complete. The process 
is very much like stuffing wool into a sack which 
already is loosely filled. The new wool does not 
reach the bottom of the sack, yet there is more wool 
in the bottom than there was before.

If a plant-root is actively feeding some distance 
under the soil surface, the reverse process occurs. 
\ t  the feeding point the root continually abstracts 
water from the soil grains and thus makes the film 
thinner in that locality. This causes a movement 
of moisture similar to the one above described, from 
the wetter portions of the soil to the portion being 
dried out by the action of the plant-root. Soil many 
feet or even rods distant may assist in supplying 
such an active root with moisture. When the thou
sands of tiny roots sent out by each plant are re
called. it may well be understood what a confusion 
of jHills and counter-pulls upon the soil-moisture
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exists in any cultivated soil. In fact, the soil-water 
film may be viewed as being in a state of trembling 
activity, tending to place itself in full equilibrium 
with the surrounding contending forces which, them
selves, constantly change. Were it not that the 
water film held closely around the soil j)articles is 
possessed of extreme mobility, it would not be 
possible to meet the demands of the plants upon 
the water at comparatively great distances. Even 
as it is, it frequently happens that when crops are 
planted too thickly on diy-farms, the soil-moisture 
cannot move (puckly enough to the .absorbing 
roots to maintain j)lant growth, and crop failure 
results. Incidentally, this points to planting that 
shall be proportional to the moisture contained by 
the soil. See Chapter XI.

As the temjierature rises in spring, with a decrease 
in the relative humidity, and an increase in direct 
sunshine, evaporation from the soil surface increases 
greatly. However, as the topsoil becomes drier, 
that is, as the water film becomes thinner, there is 
an attempt at readjustment, and water moves up
ward to take the place of that lost by evaporation. 
As this continues throughout the season, the moisture 
stored eight or ten feet or more below the surface 
is gradually brought to the top and evaporated, and 
thus lost to plant use.

!



HOW SOILS DRY OUT

The effect of rapid top dry ing of soils

As the water held by soils diminishes, and the 
water film around the soil grains becomes thinner, 
the capillary movement of the soil-water is retarded. 
This is easily understood by recalling that the soil 
particles have an attraction for water, which is of 
definite value, and may be measured by the thickest 
film that may be held against gravity. When the 
film is thinned, it does not diminish the attraction 
of the soil for water; it simply results in a stronger 
pull upon the water and a firmer holding of the film 
against the surfaces of the soil grains. To move 
soil-water under such conditions requires the expen
diture of more energy than is necessary for moving 
water in a saturated or nearly saturated soil. Under 
like conditions, therefore, the thinner the soil-water 
film the more difficult will be the upward movement 
of the soil-water and the slower the/evaporation from 
the topsoil.

As drying goes on, a point is reached at which the 
capillary movement of the water wholly ceases. 
This is probably when little more than the hygro
scopic moisture remains. In fact, very dry soil 
and water repel each other.- This is shown in the 
common experience of driving along a road in sum
mer, immediately after a light shower. The masses 
of dust are wetted only on the outside, and as the 
wheels pass through them the dry dust is revealed.
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It is an important fact that v(mt dry soil furnishes 
a very effective protection against the capillary 
inoveinent of water.

In accordance with the princiiile above established, 
if th(' surface soil could lie dried to the j)oint where 
capillarity is very slow, the evaixiration would be 
diminished or almost wholly sto})j)(‘d. More than a 
quarter of a ccmtury ago, Kser showed experimentally 
that soil-water may Ix' saved by diying the surface 
soil rapidly. I nd(‘r dry-farm conditions it frequently 
occui’s that the draft upon tlu‘ water of the soil is 
so gi*(‘at that nearly all the water is quickl}̂  and so 
coinphdcMV abstracted from the upper few inches of 
soil that th(‘v are left as an effective j)rotection against 
further evaporation. For instance, in localities 
wh(M’e hot dry winds ai’e of common occurrence, the 
upper lay(U’ of soil is sonudimes complete!}" dried be
fore the water in the lower layers can by slow capil
lary movement reach the top. The dry soil layer 
then pH'vents furtlua* loss of water, and the wind 
because of its intensity has helped to conserve the 
soil-moisture. Similarly in localities where the rela-

V

tive humidity is low, the sunshine abundant, and 
the temperature high, evaporation may go on so 
rapidly that the lower soil layers cannot supply the 
demands made, and the to])soil then dries out so 
completely as to form a protective covering against 
further eva|)oration. It is on this })rinciple that the 
native desert soils ol the United State's, untouched
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CONDITIONS OF EVAPORATION

by the plow, and the surfaces of which are sun-baked, 
are often found to possess large percentages of water 
at lower depths. Whitney recorded this observation 
with considerable surprise, many years ago, and other 
observers have found the same conditions at nearly 
all points of the arid region. This matter has been 
subjected to further study by Buckingham, who 
placed a variety of soils under artificially arid and 
humid conditions. It was found in every case that 
the initial evaporation was greater under arid con
ditions, but as the process went on and the topsoil 
of the arid soil became dry, more water was lost 
under humid conditions. For the whole experimen
tal period, also, more water was lost under humid 
conditions. It was notable that the dry protective 
layer was formed more slowly on alkali soils, which 
would point to the inadvisability of using alkali lands 
for dry-farm purposes. All in all, however, it aj)- 
pears “ that under very arid conditions a soil auto
matically protects itself from drying by the forma
tion of a natural mulch on the surface.”

Naturally, dry-farm soils differ greatly in their 
power of forming such a mulch. A heavy clay or a 
light sandy soil appears to have less power of such 
automatic protection than a loamy soil. .Vn ad
mixture of limestone seems to favor the formation of 
such a natural protective mulch. Ordinarily, the 
farmer can further the formation of a dry topsoil 
layer by stirring the soil thoroughly. This assists
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the suiishiiic und the air to evaporate the water 
very quickly. Such cultivation is very desirable 
for other reasons also, as will soon be discussed, 
-Meanwhile, the water-dissipating forces of the dry- 
farm section are not wholly objectionable, for 
whether the land be cultivated or not, they tend to 
hasten the formation of dry surface layers of soil 
which guard against excessive evaporation. It is in 
moist cloudy weather, when the tlrjdng process is 
sl()w, that evaporation causes the greatest losses of 
soil-moisture.

The effect of shading

Direct sunshine is, next to temperature, the most 
active caus(> of rajiid evaj)oi-ation from moist soil 
surfaces. W lu'nevei’, therefore, evajioration is not 
rapid enough to form a diy protective layer of top
soil, shading helps matei’ially in reducing surface 
losses of soil-water. Under verv arid conditions,

■ y

liowovor, it is (luostionahlo whether in all eases shad- 
iiip; has a really beiiefieial effect, though under seini- 
arid or sub-humid conditions the benefits derived 
from shading are increased largely. Ebermayer 
showed in bS73 that the shading due to the forest 
cover reduced eva})oration 02 j)er cent, and many 
experiments since that day have confirmed this 
conclusion. At the Utah Station, under arid condi-

i



SHADING AND EVAPORATION

tions, it was found that shading a pot of soil, which 
otheroise was subjected to water-dissipating influ
ences, saved 29 per cent of the loss due to evaporation 
from a pot which was not shaded. This principle 
cannot be applied veiy greatly in practice, but it
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F ig . 34. Alfalfa in cultivated rows. This practice is employed to make 
possible the growth of alfalfa and other perennial crops on arid lands 
w ithout irrigation.

points to a somewliat thick planting, proportioned 
to the water held by the soil. It also shows a pos
sible benefit to be derived from the high header 
straw which is allowed to stand for several weeks 
in ■ dry-farm sections where the harvest comes 
early and the fall plowing is done late, as in the 
mountain states. The high header stubble shades 
the ground very thoroughly. Thus the stubble 
may be made to conserve the soil-moisture in dry-

r
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farm sections, where grain Ls harvested by the 
“ lieader” method.

A special case of shading is the mulching of land 
with straw or other hai’iiyard litti'r, or with leav(‘S, 
as in the forest. Such mulching reduces evajioration, 
hut onl}" in j>art, Ix'cau.se of its shading action, since 
it acts also as a ioo.se top layi'r of soil matter lireaking 
communication with tlu' lower soil layers.

Whenovor the soil is carefully stirred, as will he 
described, the value of shadinjz; as a means of checking 
evaporation disappears almost entirely. It is only 
with soils which are tolerably moist at the surface 
that shading acts beneficially.

The effect of tillage

Capillary soil-moisture moves from particle to 
particle until the surface is reached. The closer tlie 
soil grains are j^acked together, the greater the num
ber of j)oints of contact, and the more easil}" will the 
movement of the soil-moisture j)roceed. If by an}" 
means a Iay(u* of the soil is so loosened as to reduce 
the number of points of contact, the movement of the 
soil-nioistun^ is correspondingly hinden'd. The j)ro- 
(*ess is somewhat similar to the experience in large 
railway stations. Just before train time a great 
crowd of pc'ople is gathered outside of the gates n^ady 
to show their tickets. If one gate is opened, a certain 
number of passengers can jmss through each minute;
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TILLAGE AND EVAPORATION

if two are opened, nearly twice as many may be ad
mitted in the same time; if more gates are opened, 
the jmssengers will be able to enter the train more 
rapidly. - The water in the lower layers of the soil is 
ready to move upward whenever a call is made upon 
it. To reach the surface it must pass from soil grain 
to soil grain, and the larger the number of grains that 
touch, the more quickly and easily will the water 
reach the surface, for the points of contact of the soil 
particles may be likened to the gates of the railway 
station. Now if, by a thorough stirring and loosen
ing of the topsoil, the number of points of contact 
between the top and subsoil is greatly reduced, the 
upward flow of water is thereby largely checked. 
Such a loosening of the topsoil for the purpose of 
reducing evaporation from the topsoil has come to 
be called cultivation, and includes plowing, harrow
ing, disking, hoeing, and other cultural operations by 
which the topsoil is stirred. The breaking of the 
points of contact between the top and subsoil is un
doubtedly the main reason for the efficiency of cul
tivation, but it is also to be remembered that such 
stirring helps to dry the top soil very thoroughly, 
and as has been exj^lained a layer of dry soil of itself 
is a ver}'' effective check upon surface evaporation.
(See Fig. 35.)

That the stirring or cultivation of the topsoil 
really does diminish evaporation of water from the 
soil has been shown by numerous investigations.
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In 1<S6(S, Nossler found tluit during six weeks of an 
ordinary German summer a stirretl soil lost 510V'

grams of water per s(iuare foot, while the adjoining 
com])acted soil lost 1080 grams, — a saving due to 
cultivation of nearly 00 jier cent. Wagner, testing

 ̂ *
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Fio. 35. Tillage forms a loose dry mulch on the land surface, which
prevents evaporation.

the correctness of Nessler’s work, found, in 1874, 
that cultivation reducetl the evaporation a little more 
than 00 per cent; Johnson, in 1878, confirmed the 
truth of the iirinciple on American soils, and Levi 
Stockbridge, working about the same time, also on 
American soils, found that cultivation diminished

'  I

evaporation on a clay soil about 23 per cent, on a 
sandy loam 55 per cent, and on a heavy loam nearly 
13 per cent. All the early work done on this subject 
was done under humid conditions, and it is only in
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recent years that confirmation of this important 
principle has been obtained for the soils of the dry- 
farm region. Fortier, working under California con
ditions, determined that cultivation reduced the 
evajioration from the soil surface over 55 per cent. 
At the Utah Station similar experiments have shown 
that the saving of soil-moisture by cultivation was 63 
per cent for a clay soil, 34 per cent for a coarse sand, 
and 13 per cent for a clay loam. Further, jiractical 
experience has demonstrated time and time again that 
in cultivation the dry-farmer has a powerful means 
of jireventing evaporation from agricultural soils.

Closely connected with cultivation is the practice 
of scattering straw or other litter over the ground. 
Such artificial mulches are very effective in reducing 
evaporation. Ebermayer found that by spreading 
straw on the land, the evaporation was reduced 22 
per cent; Wagner found under similar conditions a 
saving of 38 per cent, and these results have been 
confirmed by many other investigators. On the 
modern dry-farms, which are large in area, the arti
ficial mulching of soils cannot become a very exten
sive practice, yet it is well to bear the principle in 
mind. The practice of harvesting dry-farm grain 
with the header and plowing under the high stubble 
in the fall is a phase of cultivation for water conser
vation that deserves special notice. The straw, thus 
incorporated into the soil, decomposes quite readily 
in spite of the popular notion to the contrar} ,̂ and
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makes the soil more ])oroiis, and, therefore, more ef
fectively worked for the j^revention of evaj^oration. 
When this practice is continued for considerable 
periods, the to{)soil becomes rich in organic matter.

I ^

F ig . 36. D ry-fann flax in FerKus Co., M ontana, IflOfl. Yield, 22 bushels
per acre.

which assists in rctanling evaporation, In'sidesincreas
ing; the fertilit}' of the land. WluMi straw cannot he 
fed to advantafije, as is vet the case on nianv of the 
western dry-farms, it would he better to scatter it 
over the land than to burn it, as is often done. Anv- 
thing that covers the ground or loosens the topsoil 
pnwents in a measure tlie evaporation of the water 
stored in lower soil dei)ths for the use of crops.
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Depth of cultivation

The all-im}3ortant practice for the dry-farmer who 
is entering ujion the growing season is cnitivation. 
The soil must be covered continually with a deep 
layer of dry loose soil, which because of its looseness 
and dryness makes evaporation difficult. A leading 
question in connection with cultivation is the depth 
to which the soil should be stirred for the best results. 
Many of the early students of the subject found that 
a soil mulch only one half inch in depth was effective 
in retaining a large part of the soil-moisture which 
noncultivated soils would lose by evaporation. 
Soils differ greatly in the rate of evaporation from 
their surfaces. Some form a natural mulch when 
dried, which prevents further water loss. Others form 
only a thin hard crust, below which lies an active 
eva])orating surface of wet soil. Soils which dry out 
readily and crumble on top into a natural mulch 
should be cultivated deeply, for a shallow cultivation 
does not extend beyond the naturally formed mulch. 
In fact, on certain calcareous soils, the surfaces of 
which dry out quicki}" and form a good protection 
against evaj)oration, shallow cultivations often cause 
a greater evaporation by disturbing the almost per
fect natural mulch. Clay or sand soils, which do not 
so well form a natural mulch, will respond much better 
to shallow cultivations. In general, however, the 
deeper the cultivation, the more effective it is in re-
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(liicins evaporation. Fortier, in the experiments in 
California to whieli allusion has alreatly been made, 
showed the greater value of deep cultivation. Dur
ing a period of fifteen days, beginning immediately 
after an irrigation, the soil which had not been 
mulelu'd lo.st by evajioration nearly one fourth of 
the total amount of water that had been added. A 
mulch 4 inches deep saved about 72 per cent of the 
evaporation; a mulch 8 inches deep .saved about 88 
j)cr cent, and a mulch 10 inches deeji stopped evapo
ration almost wholly. It is a most serious mis
take for the dry-farmer, who attempts cultivation 
for soil-moisture coaservation, to fail to get the best
I’esults simply to .save a few cents jiei' acre in added 
labor.

When to cultivate or till

It has already been shown that the rate of evap
oration is greater from a wet than from a dry surface. 
It follows, therefore, that the critical time for pre
venting evaj)oration is when the soil is wettest. 
After the soil is tolerably diy, a very large portion 
of the soil-moisture has been lost, which possibly 
might have been saved by earlier cultivation. The 
truth of this statement is well shown by experiments 
conducted by the Utah Station. In one case on a soil 
well filled \yith water, during a three weeks  ̂period, 
iK̂ arly one half of the total loss occurred the first, 
while only one fifth fell on the third week. Of the
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REGULATING THE EVAPORATION-

amount lost during the first week, over 60 per cent 
occurred during the first three days. Cultivation 
should, therefore, be j^racticed as soon as possible 
after coiitlitions favorable for evaporation have been 
established. This means, first, that in early spring, 
just as soon as the land is dry enough to be worked 
without causing puddling, the soil should be deeply 
and thoroughly stirred. Spring plowing, done as 
early as jiossiblc, is an excellent practice for forming 
a mulch against evaporation. Even when the land 
has been fall-plowed, spi’ing plowing is very bene
ficial, though on fall-])lowed land the disk harrow is 
usually used in early spring, and if it is set at rather a 
sharj) angle, and jiroperly weighted, so that it cuts 
deeply into the ground, it is practically as effective 
as spring plowing. The chief danger to the dry- 
farmer is that he will permit the early'spring days 
to slij) by until, when at last he begins spring culti
vation, a large portion of the stored soil-water has 
been evaporated. It may be said that deep fall 
plowing, by j)ermitting the moisture to sink quickly 
into the lower layers of soil, makes it possible to get 
upon the ground earlier in the spring. In fact, un- 
plowcd land cannot be cultivated as early as that 
which has gone through the winter in a plowed 
condition.

If the land carries a fall-sown crop, early spring 
cultivation is doulily important. As soon as the 
plants are well up in spring the land should be gone

t
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over tlioroughly several times if neeessar}', with an 
iron tooth liarrow, the teetli of whieh are set to slant 
haekward in order not to tear up the jilants. The 
loose eai'th mulch thus formed is very effective in 
eonserviufr moisture; and the few plants torn up are 
more than paid for by the increased water supply for 
the remainiiif>: plants. The wise dry-farmer culti
vates his land, whether fallow or cropped, as early 
as pos.sil)le in the s])rin<̂ .

t'ollowing the first spring plowing, disking, or culti
vation, must come more cultivation. Soon after the 
.spring plowing, the land should be disked and then 
harrowed. Every device should be used to secure 
the foi'iuation of a layer of loose (hying soil over the 
land surface, ddie season’s eroj) will deiiend largely 
upon the effectivem^ss of this sjjring treatment.

-\s the sc'ason advances, thi-ee causes comlune to 
permit the evajioration of soil-moisture.

k'irst, there is a natural tendency, under the some
what moist conditions of .s])ring, for the soil to settle 
compactly and thus to restore the numerous eapillaiy 
connections with the lower .soil layers through whieii 
water ('scapes. Careful watch should therefore be 
kept ui)on the soil surface, and whenever the mulch 
is not loose, the disk or harrow should be run over 
the land.

Secondly, every rain of spring or summer tends to 
establish connections with the store of moisture in 
the soil. In fact, late sjiring and summer rains are

;
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often a disadvantage on dry-farms, which by cul
tural treatment have been made to contain a large 
store of moisture, it has been shown repeatedly 
that light rains tlraw moisture very quickly from 
soil layers many feet below the surface. The rain
less summer-is not feared by the dry-farmer whose 
soils are fertile and rich in moisture. It is impera
tive that at the very earliest moment after a spring 
or summer rain the top.soil b(> well stirred to jirevent 
evaporation. It thus hapjiens that in sections of 
frequent summer rains, as in the Great Plains area, 
the farmer has to harrow his land manv times in 
succession, hut tlie increased crop yields invariably 
justify the added expenditure of effort.

Thirdly, on the summer-fallowed ground weeds 
staid vigorously in the spring and draw upon the soil- 
moisture, if allowed to grow, fully as heavily as a crop 
of wheat or corn. The dry-farmer must not allow 
a weed upon his land. Cultivation must be so con
tinuous as to make weeds an impossibility. The 
belief that the elements added to the soil b}" weeds 
offset the loss of soil-moisture is wholly erroneous. 
Ihe growth of weeds on a fallow diy-farm is more 
dangerous than the {)acked uncared-for topsoil. 
Many imjilements have been devised for the easy 
killing of weeds, but none apj^ear to be better than 
the j)low and the disk which are found on every farm. 
(See Chapter XV.)

When crops are growing on the land, thorough
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summer cultivation is somewhat more difficult, but 
must be practiced for the greatest certainty of cro]i 
yields. Potatoes, corn, and similar crops may be 
cultivated with comparative ease, by the use of 
ordinary cultivators. With wheat and the other 
small grains, generally, the damage done to the crop 
by harrowing late in the season is too great, and 
reliance is therefore placed on the shading power of 
the plants to prevent undue evaporation. However, 
until the wheat and other grains are ten to twelve 
inches high, it is perfectly safe to harrow them. The 
teeth should be set backward to diminish the tearing 
up of the plants, and the implement weighted enough 
to break the soil crust thoroughly. This practice 
has been fully tried out over the larger part of the 
dry-farm territoiy and found satisfactory.

So vitally important is a permanent soil mulch for 
the conservation for plant use of the water stored in 
the soil that many attempts have been made to de
vise means for the effective cultivation of land on 
which small grains and grasses are growing. In 
many places plants have been grown in rows so far 
ajiart that a man with a hoe could pass between 
them. Scofield has described this method as prac
ticed successfully in Tunis. Campbell and others 
in America have proposed that a drill hole be closed 
every three feet to form a path wide enough for a 
horse to travel in and to pull a large spring tooth 
cultivator, with teeth so spaced as to strike between
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the rows of wheat. It is yet doubtful whether, under 
average conditions, such careful cultivation, at least 
of grain croj)s, is justified by the returns. Under 
conditions of high aridity, or where the store of soil- 
moisture is low, such treatment frequently stands 
between croj:) success and failure, and it is not un
likely that methods will be devised which will permit 
of the cheap and raj)id cultivation between the rows 
of growing wheat. Meanwhile, the dry-farmer must 
always remember that the margin under which he 
works is small, and that his success depends upon the 
degree to which he j)revents small wastes.

The conservation of soil-moisture depends upon the 
vigorous, unremitting, continuous stirring of the top
soil. Cultivation ! cultivation! and more cultiva
tion ! must be the war-ciy of the diy-farmer who 
battles against the water thieves of an and climate.

' t3



CHAPTER IX

R E G U L A T IN G  T H E  T R A N S P IR A T IO N

W a t e r  that has entered the soil may be lost in 
three ways. First, it may escape by downward 
seepage, whereby it passes beyond the reach of plant 
roots and often reaches the standing water. In dry- 
farm districts such loss is a rare occurrence, for the 
natural precipitation is not sufficiently large to con
nect with the country drainage, and it may, therefore, 
be eliminated from consideration. Second, soil- 
water may be lost by direct evaporation from the sur
face soil. The conditions prevailing in arid districts 
favor strongly this manner of loss of soil-moisture. 
It has been shown, however, in the preceding chapter 
that the farmer, by proper and persistent cultivation 
of the topsoil, has it in his powder to reduce this 
loss enough to be almost negligible in the farmer’s 
consideration. Third, soil-water may be lost by 
evaporation from the plants themselves. While it 
is not generally understood, this source of loss is, in 
districts where dry-farming is properly carried on, 
very much larger than that resulting either from seep
age or from direct evaporation. While plants are 
growing, evaporation from plants, ordinarily called 
transpiration, continues. Experiments performed
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in various arid districts have shown that one and 
a half to three times more water evaj^orates from 
the plant than directly from well-tilled soil. To the 
present very little has Ix'en learned concerning the 
most effective methods of checking or controlling 
this continual loss of water. Transj)iration, or the 
evaj)oration of water from the plants themselves, 
and the means of controlling this loss, are subjects of 
the deepest importance to the dry-farmer.
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j:ibsorption

To understand the methods for reducing trans
piration, as proj)osed in this chapter, it is necessary 
to H'view briefly the manner in which plants take 
water from the soil. I'lie roots are the organs of 
water absori)tion. Practically no water is taken into 
the plants by the stems or leaves, even under condi
tions of heavy rainfall. Such small quantities as 
may enter the plant through the stems and leaves are 
of very little value in furthering the life and growth 
of the plant. The roots alone are of real conse- 
(pience in water absorption. All parts of the roots do 
not possess equal power of taking uj) soil-water. In 
the process of water absorption the younger roots 
are most active and effective. Even of the young 
roots, however, only certain parts are actively en
gaged in water absorption. At the very tips of the 
young growing roots are numerous fine hairs, shown s



• • •• s

ABSORPTION BY ROOTS

/

s

largely magnified in Figure 38. These root-hairs^ 
which cluster about the 
growing point of the 
young roots, are the 
organs of the plant 
that absorb soil-water.
They are of value only 
for limited periods of 
time, for as they grow 
older, they lose their 
power of water absorp
tion. In fact, they are 
active only when they 
are in actual process 
of growth. It follows, 
therefore, that water 
absorption occurs near 
the tips of the growing 
roots, and whenever a 
l)lant ceases to grow 
the water absorption 
ceases also. The root- 
hairs are filled with a 
dilute solution of vari
ous substances, as yet
poorly understood, u .  ̂ •

, . , , .  ̂ F ig . 38. u  W heat root, showing
V lllC ll plays an impor- soil particles dinging to the lower p a rt ^
tant part in the ab- root-hairs are active.

sorption of water and plant-food from the soil.
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Owing to tlioir minuteness, the root-hairs are in 
most eases immersed in tlic water film that surrounds 
tlie soil j)artioles, and the soil-water is taken directly 
into the roots from the soil-water film by the process 
known as osmosis. The cx])lanation of this inward 
movement is eomj)licated and need not be discussed 
here. It is sufficient to sav that the concentration or 
.strength of the .solution within the root-hair is of dif
ferent degrc'c from the soil-water solution. The water 
tends, therefore, to move from the soil into the root, 
in order to make the solutions inside and outside of 
the root of the same concentration. If it should ever 
occur that the soil-water and the water within the 
loot-hair became the same concentration, that is to 
say, contained the same substances in the same pro- 
j)()rti()ual amounts, tliere would be no further inward 
moveiiKuit of water. .Moreover, if it should happen 
that the soil-water is stronger than the water within 
the root-hair, the water would tend to jiass from the 
plant into the soil. This is the condition that pre
vails in many alkali lands of the West, and is the 
cause of the death of plants growing on such lands.

It is clear that under these circumstances not only 
water enters the root-hairs, but man}" of the sub
stances found in solution in the soil-water enter the 
j)lant also. Among these are tlie mineral substances 
which are indispensable for the ])roper life and growth 
of ))lants. These ])lant nutrients are so indispen
sable that if any one of them is absent, it is absolutely

1 i
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1
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FUNCTIONS OF ROOT-HAIRS

impossible for the plant to continue its life functions. 
The indispensable plant-foods gathered from the soil 
by the root-hairs, in addition to water, are; potas
sium, calcium, magnesium, iron, nitrogen, and phos
phorus, — all in their proper combinations. How the 
plant uses these substances is yet poorly understood.

m
.\v

V*: V
F ig. 39. Penetration of a root-hair through soil.

but we are fairly certain that each one has some 
particular function in the life of the plant. For 
instance, nitrogen and phosphorus are probably 
necessary in the formation of the protein or the 
flesh-forming portions of the plant, while potash 
is especially valuable in the formation of starch.

There is a constant movement of the indispensable 
plant nutrients after they have entered the root-hairs.
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through the stems and into the leaves. This con
stant movement of the jjlant-foods depends upon the 
fact that the plant consumes in its growth consider
able quantities-of these substances, and as the plant 
juices are diminished in their content of particular 
plant-foods, more enters from the soil solution. The 
necessary ])lant-foods do not alone enter the plant, 
but whatever may be in solution in the soil-water 
enters the j)lant in variable quantities. Nevertheless, 
since the j)lant uses only a few definite substances and 
leaves the unnecessary ones in solution, there is soon 
a cessation of the inward movement of the unimpor
tant constituents of the soil solution. This process 
is often sj)oken of as selective absorption; that is, 
the i)lant, because of its vital activity, appears to 
have the power of selecting from the soil certain 
substances and rejecting others.

Movement of water through the plant

The soil-water, holding in solution a great variety 
of j)lant nutrients, j)asses from the root-hairs into 
the adjoining cells and gradually moves from cell to 
(*(‘11 throughout the whole plant. In many plants 
this stream of water does not simply pass from cell 
to cell, but moves through tubes that apparently 
have been formed for the sĵ ecific purpose of aiding 
the movement of water through the plant. The 
raj)idity of this current is often considerable. Or-
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W A T E R  M O V E M E N T  IN  P L A N T

dinarily , i t  varies from  one foot to six feet per hour, 
though observations are on record showing th a t the 
movement often reaches the rate of eighteen feet per 
hour. It -  is evident, 
then, th a t in an ac
tive ly  growing p lan t 
i t  does not take long 
for the w ater w'hich is 
in the soil to find its
w ay to the u p p e r-- i , \  f iM .  IE! il k: 
most parts of the  
plant.

T he w o rk  o f  leaves

W h e t h e r  wat e r ^^^  Magnified root-hairs, showing
passes upw ard from  how soil particles are attached to them.

cell to cell or through
especially provided tubes, it  reaches a t last the 
leaves, where evaporation takes place. I t  is nec
essary to consider in greater detail w hat takes place 
in leaves in order th a t we m ay more clearly under
stand the loss due to transpiration. One half or 
more of every p lant is made up of the element carbon. 
The rem ainder of the p lant consists of the m ineral 
substances taken from  the soil (not more than two to 
10 per cent of the d ry  p lan t) and w ater which has 
been combined w ith  the carbon and these mineral 
substances to form  the characteristic products of 
plant life. The carbon which forms over half of the

it'-̂

5 t



" f-
■ » ■ •" , rrf s

n-v

172 DRY-FARMING

I

■II! I
»<

V .

II

I I '

; . v '

II

plant substance is gathered from the air by the 
leaves and it is evident that the leaves are very 
active agents of j)lant growth. The atmosphere

the gases oxygen and nitrogen in 
tlie j)roj)oi'tion of one to four, liut associated with 
them are small cjuantities of various other substances, 
(’hief among the secondary constituents of the at
mosphere is the gas carbon dioxid, wliich is formed 
wlien carbon burns, that is, when carbon unites with 
the oxygen of the air. Whenever coal or wood or 
any . carbonaceous sul)stance‘ burns, carbon dioxid 
is formed. Lc'aves have the power of absorbing 
the gas carl)on dioxid from the air and separating 
the carl)on fi-om the oxygen. The oxygen is returned 
to the atmosj)here while the carbon is retained to be 
u.sed as the fundamental substance in the construc
tion by the plant of oils, fats, starches, sugars, pro
tein, and all the other ])roducts of jiiant growth.

This important ])roce.ss known as carbon assimila
tion is made possible by the aid of countless small 
openings which exist chiefly on the surfaces of leaves 
and known as “stomata.” The stomata are delicately 
balanced valves, exceedingly sensitive to external 
influences. Their appearance under a high power mi
croscope is shown in Figuies 41 and 42. They are 
more numerous on the lower side than on the upper 
side of j)lants. In fact, there is often five times more 
on the under side than on the upper side of a leaf. It 
has been estimated that 150,000 stomata or more are

' u y
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OFFICE OF STOMATA

often found per square inch on the under side of the 
leaves of ordinary cultivated plants. The stomata

I .
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F ig . 4 1 ., D iagram  of open and partly  closed breathing-pores on leaves. 

Through these openings w ater escapes from the plant. (From  K ing’s 
“ Irrigation and D rainage.”)

or breathing-pores are so constructed that they may 
open and close very 
readily. In wilted 
leaves they are prac
tically closed; often 
they also close im-
mediatelv after a

%/

rain; but in strong 
sunlight they are 
usually wide open.
It is through the 
stomata that the 
gases of the air enter 
the plant through 
which the discarded

F ig. 42. Photograph of stomata or breath
ing-pores on under side of leaf.

oxygen returns to the atmosphere.

I

It is also through the stomata that the water which
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is drawn from tlie soil by the roots through the stems 
is evaporated into the air. There is some evapora
tion of water from the stems and branches of j)lants, 
but it is seldom more than a tliirtieth or a fortieth of 
tlie total transj)iration. The evaj)oration of water 
from the leaves through the breathing-pores is the 
so-called transpiration, which is the greatest cause 
of the loss of soil-water under dry-farm conditions. 
It is to the prevention of this transpiration that 
much investigation must be given by future students 
of dr}’-farming.

T ranspiration

As water evaporates through the breathing-pores 
from the leaves it necessarily follows that a demand 
is made uj)on the lower portions of the plant for 
more water. The effect of the loss of water is felt 
throughout the whole plant and is, undoubtedly, one 
of the chief causes of the absoiption of water from 
the soil. .Vs evaj)oration is tliminished the amount 
of water that ^enters the j)lants is also diminished. 
Yet transpiration aj)jjears to be a process wholly 
necessary for jdant life. The ciuestion is, simply, 
to what extent it may be diminished without injuring 
plant growth. Many students believe that the car
bon assimilation of the plant, which is fundamentally 
important in plant growth, cannot be continued un
less there is a steady stream of water jiassing through 
the plant and then evaporating from the leaves.
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Of one thing we are fairly sure: if the upward stream 
of water is wholly stopped for even a few hours, the 
plant is likely to be so severely inj ured as to be greatly 
handicapped in its future growth.

Botanical authorities agree that transpiration is 
of value to plant growth, first, because it helps to dis
tribute the mineral nutrients necessary for plant 
growth uniformly throughout the plant; secondly, 
because it permits an active assimilation of the car
bon by the leaves; thirdly, because it is not unlikely 
that the heat required to evaporate water, in large 
part taken from the plant itself, prevents the plant 
from being overheated. This last mentioned value of 
transpiration is especially important in dry-farm 
districts, where, during the summer, the heat is often 
intense. Fourthly, transpiration apparently influ
ences plant growth and development in a number of 
wavs not yet clearly understood.

Conditions influencing transpiration

In general, the conditions that determine the 
evaporation of water from the leaves are the same 
as those that favor the direct evaporation of water 
from soils, although there seems to be something in 
the life process of the plant, a physiological factor, 
which permits or prevents the ordinary water-dis
sipating factors from exercising their full powers. 
That the evaporation of water from the soil or from

(
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a free water surface is not the same as that from 
plant leaves may l)e shown in a general way from the 
fact that the amount of water transpired from a 
given area of k̂ af surface may he very much larger 
or very much smaller than that evaporated from an 
ecjual surface of free water exj3osed to the same con
ditions. It is further shown by the fact that whereas 
evaporation from a free water surface goes on with 
little or no interruj)tion throughout the twenty-four 
houi*s of the day, transj)iration is virtually at a stand
still at night even though tlie conditions for the rapid 
evaj)oration from a free water surface are present.

Some of the conditions influencing the transpira
tion may he enumerated as follows: —

Idrst, transpiration is influenced hy the relative 
humidity. In dry air, under otherwise similar con
ditions, plants transj)ire more water than in moist air, 
though it is to he noted that even when the atmos
phere is fully saturated, so that no water evaporates 
from a free water surface, the transpiration of plants 
still continues in a small degree. This is explained 
hy the observation that since the life process of a 
plant j)roduces a certain amount of heat, the plant 
is always warmer than the surrounding air and that 
transpiration into an atmosphere fully charged with 
water vapor is consequently made possible. The 
fact that transj)iration is greater under a low relative 
humidity is of greatest importance to the dry-farmer, 
who has to contend with the dry atmosphere.
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TRANSPIRATION FROM PLANTS

Second, transpiration increases with the increase 
in temperature; that is, under conditions otherwise 
the same, transpiration is more rapid on a warm day 
than on a cold one. The temperature increase of it
self, however, is not sufficient to cause transpiration.

Third, transpiration increases with the increase of 
air currents, which is to say, that on a windy day 
transpiration is much more rapid than on a quiet day.

Fourth, transpiration increases with the increase 
of direct sunlight. It is an interesting observation 
that even with the same relative humidity, tempera
ture, and wind, transpiration is reduced to a minimum 
during the night and increases manyfold during the 
day when direct sunlight is available. This condi
tion is again to be noted by the dry-farmer, for the 
dry-farm districts are characterized by an abundance 
of sunshine.

Fifth, transpiration is decreased by the presence 
in the'soil-water of large quantities of the substances 
which the plant needs for its food material. This 
will be discussed more fully in the next section.

Sixth, any mechanical vibration of the plant
seems to have some effect upon the transjiiration.
At times it is increased and at times it is decreased by %
such mechanical disturbance.

Seventh, transpiration varies also with the age of 
the plant. In the young plant it is comparatively 
small. Just before blooming it is very much larger 
and in time of bloom it is the largest in the history of
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the plant. A.s tlie plant grows older transpiration
diminishes, and finally at the ripening stage it almost 
cea.ses.

Eighth, transpiration varies greatly with the crop. 
Not all plants take water from the soil at the same

is as yet known about the relative 
water requirements of crops on the basis of transpira
tion. As an illustration, MacDougall lias reported 
that sag('brush uses about one fourth as much water 
as a tomato plant. Even greater differences exist 
between other jilants. This is one of the interesting

i) ‘  ̂ ' investigated by those who are en
gaged in the reclamation of dry-farm districts. More
over’, the same croji grown under different conditions 
varies in its rate of transpiration. For instance, 
plants grown for some time under arid conditions 
greatly modify their rate of transpiration, as shown 
b}" Spalding, who rejiorts that a jilant reared under 
humid conditions gave off 3.7 times as much water 
as the same plant reared under arid conditions, 
d'his very inten'sting observation tends to confirm 
the view commonly held that jilants grown under 
arid conditions will gradually adapt themselves to 
the prevailing conditions, and in spite of the greater 
water dissipating conditions will live with the ex
penditure of less water than would be the case under 
humid conditions. Further, Sorauer found, many 
3 êars ago, that different varieties of the same crop 
possess very different rates of transpiration. This

c
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also is an interesting subject that should be more 
fully investigated in the future.

Ninth, the vigor of growth of a crop appears to 
have a strong influence on transpiration. It does not 
follow, however, that the more vigorously a crop 
grows, the more rapidly does it transpire water, for 
it is well known that the most luxuriant plant growth 
occurs in the tropics, where the transpiration is exceed
ingly low. It seems to be true that under the same 
conditions, plants that grow most vigorously tend to 
use proportionately the smallest amount of water.

Tenth, the root system — its depth and manner of 
growth — influences the rate of transpiration. The 
more vigorous and extensive the root system, the 
more rapidly can water be secured from the soil by 
the plant.

The conditions above enumerated as influencing 
transpiration are nearly all of a physical character, and 
it must not be forgotten that they may all be annulled 
or changed by a physiological regulation. It must 
be admitted that the subject of transpiration is }"et 
poorly understood, though it is one of the most im
portant subjects in its applications to plant produc
tion in localities where water is scarce. It should 
also be noted that nearly all of the above conditions 
influencing transpiration are beyond the control of the
farmer. The one that seems most readily controlled

%/

in ordinary agricultural practice will be discussed in 
the following section.
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Plant-food and transpiration

It has boon obsorvocl roi^eatoclly by students of 
transpiration that tlio amount of water which actually 
evaporates from the loaves is varied materially by 
the substances held in solution by the soil-water. 
That is, transj)iration dei)ends upon the nature and 
concentration of soil solution. This fact, though not 
commonly apj)lied even at the j)resent time, has 
really been known for a very long time. Woodward, 
in 1()!)9, observed that the amount of water tran- 
spir(‘d by a plant growing in rain water was 192.3 
grams; in spring watcu*, l()3.(i grams, and in water 
from the River Thames, 109.5 grams; that is, the 
amount of water transj)ired by the ])lant in the com- 
parativ(‘ly pure rain watc'r was nearly 2 0  j)er cent 
higher than that used by the j)lant growing in the 
notoriously impure water of the River Thames. 
Sachs, in 1859, carri(‘d on an elaborate series of ex
periments on transpiration in which he showed that 
the addition of potassium nitrate, ammonium sul
phate' or common salt to the solution in which j)lants 
grew reduced the transpiration; in fact, the reduc
tion was large, varying from 1 0  to 7 5  per cent. This 
was confirmed by a number of later workers, among 
them, for instance, Buergerstein, who, in 1875, 
showe'd that whenever acids were added to a soil or to 
water in which plants are growing, the transj)iration
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TRANSPIRATION AND SOIL SOLUTION

is increased greatly; but when alkalies of any kind 
are added, transpiration decreases. This is of special 
interest in the development of dry-farming, since 
dry-farm soils, as a rule, contain more substances

F ig . 43. Ideal tilth of soil.

that may be classed as alkalies than do soils main
tained under humid conditions. Sour soils are 
very characteristic of districts where the rainfall is 
abundant; the vegetation growing on such soils tran-

a

t.

t i

n ■



't [

1-

ti'

I

t i

i ij

)l| H
• »' |ll|ll' g H

'  m ' »

11"

DRY-FARMING

si)ires excessively and the crops are consequently 
more subject to drouth.

The investigatoi-s of almost a generation ago also 
determined be3’ontl question that whenever a com- 
jdete nutrient solution is presented to plants, that is, 
a solution containing all the necessaiy plant-foods 
in the jiroper jiroportions, the transpiration is reduced 
immen.sely. It is not necessary that the j)lant-foods 
sliould be presented in a water solution in order to 
effect this reduction in transpiration; if they are 
added to the soil on which plants are growing, the 
same effect will result. The addition of commercial 
fertilizers to the soil will tlierefore diminish tran
spiration. It was further discovered nearly' half a 
centuiy ago that similar plants growing on different 
soils evaporate different amounts of water from their • 
leaves; this difference, undoubtedly, is due to the 
conditions in the fertility of the soils, for the more 
fertile a soil is, the richer will the soil-water be in the 
necessary i)lant-foods. The j)rinciple that transpira
tion or the evaporation of water from the plants 
depends on the natim* and concentration of the soil 
.solution is of far-n'aching imjiortan'ce in the develop
ment of a rational practice of dry-farming.

Transpiration for a pound of dry matter '

Is plant growth j)rof)ortional to transpiration? 
Do j)lants that evaporate much water ■ grow more
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AMOUNT OF TRANSPIRATION

rapidly than those that evaporate less ? These ques
tions arose very early in the period characterized by 
an active study of transpiration. If varying the 
transpiration varies the growth, there would be no 
special advantage in reducing the transpiration. 
From an economic point of view the important ques
tion is this: Does the plant when its rate of transpira
tion is reduced still grow with the same vigor? If 
that be the case, then every effort should be made by 
the farmer to control and to diminish the rate of 
transpiration.

One of the very earliest experiments on transpira
tion, conducted by Woodward in 1G99, showed that 
it required less water to produce a pound of dry 
matter if the soil solution were of the proper concen
tration and contained the elements necessary for 
plant growth. Little more was done to answer the 
above questions for over one hundred and fifty years. 
Perhaps the question was not even asked during this 
period, for scientific agriculture was just coming into 
being in countries where the rainfall was abundant. 
However, Tschaplowitz, in 1878, investigated the 
subject and found that the increase in dry matter is 
greatest when the transpiration is the smallest. 
Sorauer, in researches conducted from 1880 to 1882, 
determined with almost absolute certainty that less 
water is required to produce a pound of dry matter 
when the soil is fertilized than when it is not ferti
lized. Moreover, he observed that the enriching of
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tlio soil solution by the addition of artificial fertilizers 
enabled the plant to produce dry matter with less 
water. He further found that if a soil is properly 
tilled so as to set free plant-food and in that wa}̂  to 
enrich the soil solution the water-cost of dry plant 
substance is decreased. Hellriegel, in 1883, con-

F i g . 44. Interior of olive orehard, Sfax, Tunis. Note the great distances
between the trees and the perfectly clean soil culture.

firnuMl this law and laid down the law that poor 
j)lant nutrition increases the water-cost of every 
pound of dry matter produced. It was about this 
time that the Hothamsted Exjieriment Station re- 
j)orted that its experiments had shown that during 
jieriods of drouth the well-tilled and well-fertilized 
fi('lds yif'lded good crops, while the unfertilized fields
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FERTILITY AND TRANSPIRATION
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yielded poor crops or crop failures — indicating 
thereby, since rainfall was the critical factor, that 
the fertility of the soil is important in determining 
whether or not with a small amount of water a good 
crop can be produced. Pagnoul, working in 1895 
with fescue grass, arrived at the same conclusion. 
On a poor clay soil it required 1109 pounds of water 
to produce one j)ound of dry matter, while on a rich 
calcareous soil only 574 pounds were required. Gard
ner of the United States Department of Agriculture, 
Bureau of Soils, working in 1908, on the manuring of 
soils, came to the conclusion that the more fertile the 
soil the less water is required to produce a pound of 
dry matter. He incidentally called attention to the 
fact that in countries of limited rainfall this might be 
a very imj)ortant princi])le to aj)ply in crop j)roduc- 
tion. Hopkins in his study of the soils of Illinois 
has repeatedly observed, in connection with certain 
soils, that where the land is kept fertile, injury from 
drouth is not common, im})lying thereby that fertile 
soils will produce dry matter at a lower water-cost. 
The most recent experiments on this subject, con
ducted by the Utah Station, confirm these conclu
sions. The experiments, which covered several years, 
were conducted in pots filled with diffei^ent soils. 
On a soil, naturally fertile, 908 pounds of water were 
transpired for each pound of dry matter (corn) pro
duced; by adding to this soil an ordinary dressing of 
manure, this was reduced to 613 pounds, and by add-
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ing a small amount of sodium nitrate it was reduced 
to 0 8 0  j)ounds. If so large a reduction could be 
secured in practice, it would seem to justify the use of 
commercial fertilizers in years when the dry-farm 
y(>ar opens with little water stored in the soil. 
Similar results, as will be shown below, were obtained 
by the use of various cultural methods. It may,1 ^  y

therefore, be statc'd as a law, that any cultural treat- 
nuMit which (>nables the soil-water to, acquire larger 
(piantities of plant-food also enables the plant to 
l)roduce dry niattc'r with the use of a smaller amount 
of wat(>r. In dry-farming, whei-e the limiting factor 
is watei-, this principle must be emphasized in every 
cultural oj)eration.

Methods of controlling transpiration

It would appear that at jjre.sent the only means 
pos.sessed by the farmer for conti’olling transpiration 
and making possible maximum crops with the mini
mum amount of water in a ju'operly tilled soil is to 
keep the .soil as fertile as is possible. In the light 
of this principle the j)ractices already recommended 
for the stoi-ing of water and for the prevention of the 
direct evaporation of water from the soil are again 
emphasized. Dc'ep and frequent |)lowing, ?)referablv 
in the lall so that the weathering of the winter may be 
felt deeply and .strongly, is of first importance in 
lib(>rating plant-food. Cultivation which has been
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recommended for the prevention of the direct evap
oration of water is of itself an effective factor in set
ting free plant-food and thus in reducing the amount 
of water required by plants. The experiments at the 
Utah Station, already referred to, bring out very 
strikingly the value of'cultivation in reducing the 
transjiiration. For instance, in a series of experi-

9

merits the following results were obtained. On a 
sandy loam, not cultivated, 603 pounds of water were 
transjiired to produce one pound of dry matter of 
corn; on the same soil, cultivated, only 252 pounds 
were requii*ed. On a clay loam, not cultivated, 5 3 5  

pounds of water were transpired for each pound of 
dry matter, whereas on the cultivated soil only 428 
pounds were necessary. On a clay soil, not cultivated, 
753 pound^ of water were transjiired for each pound of 
dry matter; on the cultivated soil, only 582 pounds. 
The far̂ mer who faithfully cultivates the soil through
out the summer and after every r*ain has therefore the 
satisfaction of knowing that he is accomjilishing two 
very important things: he is keejiing the moisture 
in the soil, and he is making it jiossible for good croj:>s 
to be grown with much less water than would other
wise be required. Even in the case of a peculiar soil 
on which ordinary cultivation did not reduce the 
direct evaporatiori; the effect* upon the transpir^ation 
was ver}̂  marked. On the soil which was not culti
vated, 451 pounds of water were r^equired to produce 
one pound of dry matter (corn), while on‘ the culti-
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vatod soils, thougli the direct evaj)oration was no 
smaller, the nuinix'r of pounds of water for each 
])ound of dry substance was as low as 2 Go.

One of the chief values of fallowing lies in the 
liberation of the plant-food during the fallow year, 
which H'duces the cpiantity of water required the 
next year for the full growth of crops. The Utah 
cxp(>riinents to which nderence has already been 
made show the effect of the {previous soil treatment 
upon the water recpiirements of crops. One half of 
the tim'e types of soil had been cropped for three 
succe.ssive years, while the other half had been left 
bare. During the fourth year both halves were 
planted to corn. For the sandy loam it was found 
that, on the part that had been cropped ])reviouslv, 
()o!) pounds of wat(>r were recpiired for each pound of 
dry matter produced, while on the ])art that had been 
bare only ')7d pounds were required. For the clay 
loam SSO j)ounds on the croj)ped j)art and 550 on 
the pr(*viously bare part were required for each j)ound 
of dry niattei'. h'or the clay 74()(> j)ounds on the 
croj)ped part and 1789 j)ounds on the previously bare 
part were rc'quinnl for each pound of dry matter. 
Theses n'sults teach clearly and emphatically that 
the fertile condition of the soil induced by fallowing 
makes it po.ssible to i)roduce dry matter with a smaller 
amount of water than can be done on soils that are 
crop{)ed continuously. The beneficial effects of fal
lowing are therefore clearly twofold: to store the
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iiioi.sturo of t\V(j soiusons foi' tlio use of one crop; and 
to set free fertility to enable the jdant to grow with 
the le:ust amount of watei'. It is not yet fully under
stood what changes occur in fallowing to give the soil 
the fertility which reduces the water needs of the

F ig . 46. Dry-farm potatoes, Rosebud Co., M ontana, 1909. Yield, 282
bushels per acre.

plant. The researches of Atkinson in Montana, 
Stewart and Graves in Utah, aiul Jensen in South 
Dakota make it seem probable that the formation of 
nitrates plays an imjwrtant part in the whole process.

If a soil is of such a nature that neither careful 
deep ])Iowing at the right time nor constant crust
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cultivation are sufficient to set free an abundance of 
plant-food, it may be necessary to apply manures or 
commercial fertilizers to the soil. While the question 
of restoring soil fertility has not yet come to be a lead
ing one in dry-farming, yet in view of what has been 
said in this chajiter it is not impossible that the time 
will come when the farmers must give primary atten
tion to soil fertility in addition to the storing and 
conservation of soil-moisture. The fertilizing of lands 
with proper jilant-foods, as shown in the last sections, 
tends to check transpiration and makes possible the 
jiroduction of dry matter at the lowest water-cost.

The recent practice in practically all dry-farm 
districts, at least in the intermountain and far West, 
to use the header for harvesting bears directly upon 
the subject considered in this chapter. The high 
stubble which remains contains much valuable plant- 
food, often gathered many feet below the surface by 
the plant roots. When this stubble is plowed under 
there is a valuable addition of the plant-food to the 
upper soil. Further, as the stubble decays, acid 
substances are produced that act.upon the soil grains 
to set free the plant-food locked up in them. The 
plowing under of stubble is therefore of great value 
to the dry-farmer. The plowing under of any other 
organic substance has the same effect. In both cases 
fertility is concentrated near the surface, which dis
solves in the soil-water and enables the crop to ma
ture with the least quantity of water.
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The lesson then to he leai-ned from this chapter 
is, tliat it is not sufficient for the dry-farmer to store 
an al)undance of water in the soil and to prevent that 
water from cva])oratinf>; directly from the soil; but the 
soil must be kept in such a state of high fertility that 
j)lants are enabled to utilize the stored moisture in 
the most economical manner. Water storage, the 
prevention of ('vaporation, and the maintenance, of 
soil fertility go hand in hand in the development of 
a successful systimi of farming without ii-rigation.

fV
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CHAPTER X

1 P L O W IN G  A N D  F A L L O W IN G

The soil treatment prescribed in the preceding 
chapters rests upon (1) deep and thorough plowing, 
done preferably in the fall; (2) thorough cultivation 
to form a mulch over the surface of the land, and (3) 
clean summer fallowing every other year under low 
rainfall or every third or fourth year under abundant 
rainfall.

Students of dry-farming all. agree that thorough 
cultivation of the topsoil prevents the evaporation of 
soil-moisture, but some have questioned the value of 
deep and fall plowing and the occasional clean sum
mer fallow. It is the purpose of this chapter to state 
the findings of practical men with reference to the 
value of plowing and fallowing in producing large 
crop yields under dry-farm conditions.

It will be shown in Chapter XVIII that the first 
attempts to j)roduce crops without irrigation under a 
limited rainfall were made independently in many 
diverse places. California, Utah, and the Columbia 
Basin, as far as can now be learned, as well as the 
Great Plains area, were all independent pioneers in 
the art of dry-farming. It is a most significant fact 
that these diverse localities, operating under differ-
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cut conditions as to soil and climate, have developed 
practically the same system of dry-farming. In all 
thc.se places the best dry-farmers practice deep jilow- 
ing \vherev(>r the sub.soil will permit i t ; fall plowing 
wherever the climate will pei-init it; the sowing of 
tail grain wheix'viM- the winters will permit it, and the 
clean summer fallow every other year, or every third

3  ̂  ̂ i I • • Canipboll, who has been the
h'adinp exponent of dry-farmino; in the Great Plains 
an^a, Ix̂ gan his work without the clean summer fal
low as a part of his system, but has long since adoj)ted 
it for that se(*tion of the country. It is scarcely to be 
b(‘liev('d that these practices, develoj)ed laboriously 
through a long succession of years in widely separated 
localities, do not n̂ st upon correct scientific prin
ciples. In any case, the accumulated experience of 
the dry-farmers in this country confirms the doctrines
of soil tillage' for dry-farms laid down in the preceding 
chaptc'rs.

At the Dry-Inarming Congresses large numbers of 
I)ractical farmers assemble for the purpose of ex
changing experiences and views. The reports of the 
Congix'ss show a great difference of oj)inion on minor 
matt('rs and a wonderful unanimity of opinion on the 
more fundamental questions. For instance, deep 
plowing was recommended by all who touched upon 
the subj('ct in their remarks; though one farmer, who 
lived in a locality the subsoil of which was very inert, 
recommended that the depth of plowing should be
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increased gradual!}  ̂until the full depth is reached, to 
avoid a succession of poor crop years while the lifeless 
soil was being vivified. The states of Utah, Mon
tana, Wyoming, South Dakota, Colorado, Kansas, 
Nebraska, and the provinces of Alberta and Sas
katchewan of Canada all specifically declared through
one to eight representatives from each state in favor of

$

deep plowing as a fundamental practice in dry-farm
ing. Fall plowing, wherever the climatic conditions 
make it possible, was similarly advocated by all the 
speakers. Farmers in certain localities had found the 
soil so dry in the fall that plowing was difficult, but 
Campbell insisted that even in such j)laces it would 
be profitable to use power enough to break up the 
land before the winter season set in. Numerous 
speakers from the states of Utah, Wyoming, Montana, 
Nebraska, and a number of the Great Plains states, as 
well as from the Chinese Empire, declared themselves 
as favoring fall plowing. Scarcely a dissenting voice 
was raised.

In the discussion of the clean summer fallow as 
a vital principle of dry-farming a slight difference of 
opinion was discovered. Farmers from some of the 
localities insisted that the clean summer fallow every 
other year was indispensable; others that one in 
three years was sufficient; and others one in four 
years, and a few doubted the wisdom of it altogether. 
However, all the speakers agreed that clean and 
thorough cultivation should be practiced faithfully

3!« r
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(luring the spring, suniiner, and fall of the fallow year. 
'I'he appreciation of the fact that weeds consume 
pi’ccious moisture and fertility seemed to be general

F ig . 47. 
(at loft).

rioari summer fallow. U tah. N ote the strip of d irty  ftillow 
Only clean summer fallow should be practiced in dry-farming.

ainoii ;̂ the (hy-fariners from all sections of the coun
try. (See Fig. 47.) The following states, provinces, 
and countries declared themselves as being definitely 
and emphatically in favor of clean summer fallowing: 
California, Utah, Nevada, AVashington, Montana,
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Idaho, Colorado, New Mexico, North Dakota, Ne
braska, Alberta, Saskatchewan, Russia, Turkey, the 
Transvaal, Brazil, and Australia. Each of these many 
districts .was represented b}̂  one to ten or more 
representatives. The only state to declare somewhat 
vigorously against it was from the Great Plains area, 
and a warning voice was heard from the United States 
Department of Agriculture. The recorded practical 
experience of the farmers over the whole of the dr}̂ - 
farm territory of the United States leads to the con
viction that fallowing must be accepted as a practice 
which resulted in successful dry-farming. Further, 
the experimental leaders in the dry-farm movement, 
whether working under private, state, or governmental 
direction, are, with very few exceptions, strongly in 
favor of deep fall plowing and clean summer fallow
ing as parts of the dry-farm system.'

The chief reluctance to accept clean summer fal
lowing as a principle of dry-farming appears chiefly 
among students of the Great Plains area. Even there 
it is admitted by all that a wheat crop following a 
fallow year is larger and better than one following 
wheat. There seem, however, to be two serious rea
sons for objecting to it. First, a fear that a clean 
summer fallow, practiced every second, third, or 
fourth year, will cause a large diminution of the or
ganic matter in the soil, resulting finally in complete 
crop failure; and second, a belief that a hoed crop, 
like corn or potatoes, exerts the same beneficial effect.
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It is undoubtedly true that the thorough tillage 
involved in dry-farming exposes to the action of the 
(‘leinents the organic matter of the soil and thereby 
favors rapid oxidation. For that reason the different 
ways in which organic matter may ho supplied regu
larly to dry-farms are pointed out in Chapter XIV. 
It may also be observed that the header harvesting 
system employed over a large part of the dry-farm 
t(>rrifory h>aves the large header stubble to be plowed 
und('r, and it is prol>able that under such methods 
moH' organic matter is added to the soil during the 
year of cropping than is lost during the year of fallow
ing. It may, moreover, be observed that thorough 
tillage of a crop like corn or potatoes tends to cause a 
lo.ss of the organic matter of the soil to a degree nearly 
as large as is the ca,se when a fallow field is well cul- 
tivat(>d. The thorough stirring of the soil under an 
arid or semiaritl climate, which is an essential feature 
of dry-farming, will always result in a decrease in 
organic matter. It matters little whether the soil is 
fallow or in crop during the process of cultivation, so 
far as the result is concerned.

■\ .s(>rious matter connected with fallowing in the 
(Jr(>at Plains area is the blowing of the loose well- 
tilled soil of the fallow fields, which results from the 
heavy winds that blow so steadily over a large part of 
the western slope of the .Mississippi Valley. This is 
largely avoided when crops are grown on the land, 
even when it is well tilled.
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The theory, recently i)roj)osecl, that in the Great 
Plains area, where the rains come chiefly in summer, 
tlie growing of hoed crops may take the place of the 
summer fallow, is said to be based on experimental 
data not yet j)ublished. Careful and conscientious 
(‘xperimentei-s, as Chilcott and his co-laborers, indi
cate in their statements that in many cases the yields 
of wheat, after a hoed crop, have been larger than 
after a falhnv year. The doctrine lias, therefore, been 
mther widely disseminated that fallowing lias no i)lace 
in the dry-farming of the Great Plains area and 
should be replaced by the growing of hoed crops. 
Chilcott, who is the chief exponent of this doctrine, 
declares, however, that it is only with spring-grown 
crops and for a succession of normal years that fallow
ing may be omitted, and that fallowing must be re
sorted to as a safeguard or temporary expedient to 
guard against total loss of crop where extreme drouth 
is anticipated; that is, where the rainfall falls below 
the average. lie further exjilains that continuous 
grain crojijiing, even with careful jilowing and spring 
and fall tillage, is unsuccessful; but holds that certain 
rotations of crops, including grain and a hoed crop 
every other year, are often more profitable than grain 
alternating with clean summer fallow. He further 
believes that the fallow year every third or fourth 
year is sufficient for (Jreat Plains conditions. Jar-

iS that whenever fall crraii is arown m
eat Plains area fallow is remarkably helpful
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and in fact because of the dry winters is practically 
indispensable.

This latter view is confirmed by the experimental 
results obtained by Atkinson and others at the Mon
tana l^]\periihent Stations, which are conducted under 
approximately (Jreat Plains conditions. The average 
rc'sults follow (See Figs. 48 and 49): —

S u b s t a t i o n

•

K u b a n k a  
S p r i n g  W h e a t

W h i t e  H u l l 
l e s s  B a r l e y

S i x t y - d a y
O a t s

Grown
Con
tinu 
ously

After
Fallow

Grown
Con
tin u 
ously

After
Fallow

Grown
Con
tin u 
ously

After
Fallow

Dawson C ounty . . . .  
Rosebud C ounty  . . . . ' 
Yellowstone C ounty 
C houteau C ounty  . . . .

Hushel
15.18 
10.98
7.73

14.18

Hushel
17.57
20.80
19.32
17.35

Bushel
15.97
15.02
14.90
13.29

Bushel
20.90
28.31
20.33
11.95

Bushel
31.17
30.21
13.75
28.90

Bu.shel
51.00
40.03
47.94
34.50

13.52 14.79
i

A v e r a g e ..................................
•

18.76
1

20.37 26.01 43.38

It should b(‘mentioned also that in Saskatchewan, 
in the north end of the (Ireat Plains area, and which 
is charact(M*istic, excejit for a lower annual tempera
ture, of the whole area, and where dry-farming has 
been practiced for a (juarter of a century, the clean 
summer fallow has come to be an established practice.

This recent discussion of the place of fallowing 
in the agriculture of the Great Plains area illustrates 
what has been said so often in this volume about the 
adapting of ))rinciples to local conditions.' Wherever 
the sumnuir rainfall is sufficient to mature a croj).

I ■
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THE FALLOW YEAR

fallowing for the purpose of storing moisture in the 
soil is unnecessary; the only value of the fallow 
year under such conditions would be to set free fer
tility. In the Great Plains area the rainfall is some
what higher than elsewhere in the dry-farm territory 
and most of it comes in summer; and the summer 
precipitation is probably enough in average years to 
mature croj)s, providing soil conditions arc favorable. 
The main considerations, then, are to keep the soils 
open for the reception of water and to maintain the 
soils in a sufficiently fertile condition to produce, as 
explained in Chapter IX, plants with a minimum 
amount of .water. This is accomplished very largely 
by the year of hoed crop, when the soil is as well 
stirred as under a clean fallow.

The drj’-farrner must never forget that the critical 
element in dry-farming is water and that the annual 
rainfall will in the very nature of things vary from 
year to year, with the result that the dry year, or the 
year with a precipitation below the average, is sure to 
come. In .somewhat wet years the moisture stored 
in the soil is of comparatively little consequence, but 
in a year of drouth it will be the main dependence of 
the farmer. Now, whether a crop be hoed or not, it 
requires water for its growth, and land which is con
tinuously cropped even with a variety of crops is 
likely to be so largely depleted of its moisture that, 
when the year of drouth comes, failure will probably 
result.

Ik!
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The precariousnoss of dry-farming must be done 
away with. Tlie year of drouth must be expected 
every }Tar. Only as certainty of crop yield is as- 
suH'd will dry-farming rise to a respected place by the 
side of other branches of agriculture. To attain such 
certainty and respect clean summer fallowing every 
second, third, or fourth year, according to the average 
rainfall, is probably indispensable; and future in
vestigations, long enough continued, will doubtless 
confirm this prediction. Undoubtedly, a rotation of 
crops, including hoed crops, will find an important 
place in dry-farming, but probably not. to the com
plete exclusion of the clean summer fallow.

Jethro Tull, two hundred years ago, discovered 
that thorough tillage of the soil gave crops that in 
some cases could not be produced by the addition of 
manure, and he came to the erroneous conclusion that' 

tillage is m a n u r e . I n  recent days we have learned 
the value of tillage in conserving moisture and in 
enabling plants to reach maturity with the least 
amount of water, and we may be tempted to believe 
that ^'tillage is moisture. '̂ This, like TulPs state-

ft

nient, is a fallacy and must be avoided. Tillage can 
take the place of moisture only to a limited degree. 
Water is the essential consideration in dry-farming, 
else there would be no drv-farmins.
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CHAPTER XI

SOWING AND HARVESTING

T h e  careful application of the principles of soil 
treatment discussed in the preceding chapters will 
leave the soil in good condition for sowing, either in 
the fall or spring. Nevertheless, though proper dry- 
fanning insures a first-class seed-bed, the problem of 
sowing is one of the most difficult in the successful 
production of crops without irrigation. This is 
chiefly due to the difficulty of choosing, under some
what rainless conditions, a time for sowing that will 
insure rajiid and complete germination and the es
tablishment of a root sj'stem capable of producing 
good plants. In some respects fewer definite, reliable 
principles can be laid down concerning sowing than 
any other principle of important application in the 
practice of dry-farming. The experience of the last 
fifteen years has taught that the occasional failures 
to which even good dr3^-farmers have been subjected 
have been caased almost wholly by uncontrollable 
unfavorable conditions prevailing at the time of
sowing.

Conditions of germination

Three conditions determine germination: (1) heat, 
(2) oxygen, and (3) water. Unless these three con-
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(litions are all favorable, seeds eannot germinate 
properly. The first re(|uisite for successful seed 
germination is a proper degree of heat. For every 
kind of seetl there is a temperature below which 
germination does not occur; another, above which it 
docs not occur, and another, the best, at which, )iro- 
viding the other factors are favorable, germination 
will go on most rapidly. The following table, con
structed by ( loodale, shows the latest, highest, and 
best germination temperatures for wheat, barley, and 
corn. Other seeds germinate apjiroximately within 
the .same ranges of temperature: —

( lE R M IN A T IO X  T E M P E R A T U R E S  (D E G R E E S  F a H R E N H E IT ).

L o w e s t H ig h e s t B est

W h ea t.................. 41 108 84
B a r ley .................. 41 100 84
Corn .................. 49 115 91

(Termination occurs within the considerable range 
b(‘tween the highest and lowest temperatures of this 
table, though tlie rapidity of germination decreases 
as the temj)eratun' recedes from the best. This ex- 
plains the early spring and late fall germination when 
the temperature is comparatively low. If the tem- 
p(u*ature falls below the lowest required for germina
tion, dry seeds are not injured, and even a tempera- 
tur(‘ far behnv the freezing point of water will not

i



I

CONDITIONS OF GERMINATION 207

:e

■s

D

affect seeds unfavorably if they are not too moist. 
The warmth of the soil, essential to germination, can
not well be controlled by the farmer; and planting 
must, therefore, be done in seasons when, from past 
experience, it is probable that the temperature is and 
will remain in the neighborhood of the best degree 
for germination. More heat is required to raise the 
temperature of wet soils; therefore, seeds will gener
ally germinate more slowly in wet than in dry soils, as 
is illustrated in the rapid germination often observed 
in well-tilled dry-farm soils. Consequently, it is 
safer at a low temperature to sow in dry soils than 
in wet ones. Dark soils absorb heat more rajiidly 
than lighter colored ones, and under the same condi
tions of temperature germination is therefore more 
likely to go on rapidly in dark colored soils. Over 
the dry-farm territory the soils are generally light 
colored, which would tend to' delay germination. 
The incorjioration of organic matter with the soil, 
which tends to darken the soil, has a slight though 
important bearing on germination as well as on the 
general fertility of the soil, and should be made an 
important dry-farm practice. Meanwhile, the tem
perature of the soil dejiends almost wholly ujion the 
])revailing temperature conditions in the district and 
is not to any material degree under the control of the 
farmer.

sufficient supply of oxygen in the soil is indis
pensable to germination. Oxygen, as is well known,

I
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forms al:)out one fifth of the atmosphere and is the 
active j)rincij)le in combustion and in the changes in 
the animal body occasioned by respiration. Oxygen 
should be present in the soil air in approximately the 
proportion in which it is found in the atmosphere. 
Germination is hindered by a larger or smaller pro
portion than is found in the atmosphere. The soil 
must be in such a condition that the air can easily 
enter or leave the ui)per soil lajTr; that is, the soil 
must be somewhat loose. In order that the seeds 
may have acc(\ss to the necessary oxygen, then, sow
ing should not be done in wet or packed soils, nor 
should the sowing imjdements be such as to press the 
soil too closely around the seeds. Well-fallowed soil 
is in an ideal condition for admitting oxygen.

If the temperature is right, germination begins by 
the forcible absorption of water by the seed from the* 
surrounding soil. The force of this absorption is 
veiÂ  great, ranging from four hundred to five hun
dred pounds per scpiare inch, and continues until the 
seed is comj)letely saturated. The great vigor with 
which water is thus absorbed from the soil explains 
how seeds are able to secure the necessarv water 
from the thin water film surrounding the soil grains. 
The following table, based uj)on numerous investiga
tions conducted in Oermanv and in Utah, shows the

7

maximum percentages of water contained b}" seeds 
when the absorption is complete. These quantities 
are reached only when water is easily accessible: —
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P e r c e n t a g e  o f  W a t e r  c o n t a in e d  b y  S e e d s  a t

S a t u r a t i o n

- G e r m a n U t a h

R y e ....................... 58
W h e a t.................. 57 52
Oats . . . . . . 58 43
B a r le y .................. 50 44
Corn .................. 44 57
P e a s ....................... 93
Beans .................. 95 88
Lucern................... 78 87

Germination itself does not go on freely until this 
maximum saturation has been reached. Therefore, 
if the moisture in the soil is low, the absorption of 
water is made difficult and germination is retarded. 
This shows itself in a decreased percentage of ger
mination. The effect upon germination of the per
centage of water in the soil is well shown by some of 
the Utah experiments, as follows: —
E f f e c t  o f  V a r y i n g  A m o u n t s  o f  W a t e r  o n  P e r c e n t a g e  o f

G e r m i n a t i o n

Per C ent W ater in Soil . . 7.5 10
1

12.5 15
1

17.5 30 22.5 25

W heat in Sandy Loam 0.0 98 94.0 86 82.0 82 82.0 6
W heat in C l a y ..................... 30.0 48 S4.0 94 84.0 82 86.0 58
Beans in Sandy Loam . . 0.0 0 20.0 46 66.0 18 8.0 9
Beans in C l a y ...................... 0.0 0 6.0 20 22.0 32 30.0 36
Lucern in Sandy Loam . . 0.0 18 68.0 54 54.0 8 8.0 9
Lucern in C l a y ..................... 8.0 8 54.0 48 50.0 32 14.9 14
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In a sandy soil a small i)(‘rcentago of water will cause 
better germination than in a clay soil. While dif
ferent s(‘eds vary in their power to abstract water 
from soils, y(‘t it seems that for the majority of j)lants, 
the best p(M*c(‘iftage of soil-water for germination 
purposes is that which is in the neighborhood of the 
maximum field capacity"of soils for water, as explained 
in Chaj)ter \ II. Bogdanoff has estimated that the 
b(‘st amount of water in the soW for germination pur
poses is about twice the maximum percentage of h}̂ - 
groscopic water. This would not be far from the
field-water cai)acity as described in the preceding 
chapter.

During the absorption of water, seeds swell consid
erably, in many cases from two to three times their 
normal size. This has the very desirable effect of 
crowding the seed walls against the soil particles and' 
thus, by establishing more points of contact, en
abling the seed to absorb moisture with greater 
facility. As seeds begin to absorl) water, heat is also 
produced. In many cases the temjx'rature sur
rounding the seeds is increased one degree on the 
('('iitigrade scale b}̂  the mere ])rocess of water ab
sorption. This favors rapid germination. More
over, the fertility of the soil has a direct influence 
upon germination. In fertile soils the germination 
is more rapid and more complete than in infertile 
soils. Esj)ecially active in favoring direct germina
tion are the nitrates. When it is recalled that the
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constant cultivation and well-ke]jt summer fallow
of clry-farming develop large quantities of nitrates in
the soil, it will be undemtood that the methods of
*̂ 0̂ already outlined accelerate germina
tion very greatly.

It scarcely need be said that the soil of the seed
bed should be fine, mellow, and uniform in physical 
tc.xtine so that the seeds can be jilanted evenly 
and in close contact with the soil particles. .-Vll the 
requisite conditions for germination are best met by
the conditions prevailing in a well-kept summer 
fallowed soil.

Time to sow

In the consideration of the time to sow, the first 
question to be disjiosed of by the dry-farmer is that 
of fall as against spring sowing. The small grains' 
occur as fall and sj)ring varieties, and it is vitally im
portant to determine which season, umler dry-farm 
conditions, is the best for sowing.

The advantages of fall sowing are many. As 
stated, successful germination is favored by the 
jiresence of an abundance of fertilit}'", especially of 
nitrates, in the soil. In summer-fallowetl land 
nitrates are always found in abundance in the fall, 
ready to stimulate the seed into rapid germination 
and the young jilants into vigorous growth. During 
the late fall and winter months the nitrates disap- 
))ear, at least in ]>art, and from the point of view of

I
i





‘ I
, k* -  _f-.<-

C »V» • »r> *~c

1

i

I
r“i fs' »

I
a

I .IK

214 DRY-FARMING

fn-tility (lu; siiring is not so desirable as the fall for 
germination. .More important, grain sown in the 
fall under favoralile conditions will establish a good 
root system which is.ready for u.se and inaction in 
the (>arly spring as soon as the temperature is right 
and long before the farmer can go out on the ground 
with his implements. As a result, the crop has the 
u.s(> of the (>arly spring moisture, which under the 
conditions of spring sowing is evaporated into the air. 
Where the natural precijiitation is light and the 
amount of wat(*r stored in the soil is not large, the 
gain r(!sulting from the use of the early spring mois
ture often decides the (piestion in favor of fall
sowing.

'I’he disadvantages of fall sowing are also many. 
l'h(' uncertainty of the fall rains must first be con- 
siden'd. In ordinary practice, seed .sown in the fall- 
does not germinate until a rain comes, unless indeed 
sowing is done immediately after a rain. The fall 
rains are uncertain as to quantity. In many cases 
they are so light that they suffice only to start ger
mination and not to complete it and giv'e the plants 
th(> proper start. Such incomplete germination fre- 
(|uenth’ cau.ses the total lo.ss of the crop. P>ven if the 
stand of the fall ci’op is satisfactory, there is always 
the danger of winter-killing to be reckoned with. 
The real cau.se of winter-killing is not vet clearlv 
undi'rstood, though it .seems that rcjieated thawing 
and freezing, drving winter winds, accompanied by
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dry cold or protracted periods of intense cold, destroy 
the vitalit}" of the seed and young root system. Con
tinuous but moderate cold is not ordinarih^ very 
injurious. The liability to winter-killing is, there
fore, very much greater wherever the winters are 
open than in places where the snow covers the ground 
the larger part of the winter. It is also to be kept in 
mind that some varkTies are very resistant to winter- 
killing, while others require well-covered winters. 
Fall sowing is preferable wherever the bulk of the 
])reciihtation comes in winter and spring and where 
the winters are covered for some time with snow and 
the summers are dry. Under such conditions it is 
veiy important that the croj) make use of the mois
ture stored in the soil in the early spring.  ̂ Wherever 
the precipitation comes largely in late spring and 
summer, the arguments in favor of fall sowing are 
not so strong, and in such localities spring sowing is 
often more desirable tlian fall sowing. In the Creat 
Plains district, therefore, sj)ring sowing is usually 
recommended, though fall-sown crops nearly always, 
even there, yield the larger crops. In the inter
mountain states, with wet winters and dry summers, 
fall sowing has almost wholly replaced spring sowing. 
In fact, Farrell reports that ujion the Nephi (Utah) 
substation the average of six years shows about 
twentv bushels of wheat from fall-sown seed as against 
about thirteen bushels froms])ring-sownseed. Under 
the California climate, with wet winters and a winter
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210 DRY-FARMING

temperature high enough for plant growth, fall sow
ing is also a gimeral praetice. Wherever the condi
tions are favoral)le, fall sowing should be practiced, 
for it is in harinoii}’ with the best ])rinciples of water 
conservation. Kven in districts where the precij)ita- 
tion comes chiellv in the summer, it mav be found 
that fall sowing, after all, is j)referable.

The right time to sow in the fall can be fixed only 
with great difliculty, for so much dei)ends upon the 
climatic conditions. In fact the practice varies in 
accordance with differences in fall precipitation 
and early fall frosts. Where numerous fall rains 
maintain the soil in a fairlv moist condition and the 
tempi'rature is not too low, the j)roblem is compara
tively simple. In such districts, for latitudes repre- 
s(*nted by the dry-farm sections of the United 
States, a good time for fall planting is ordinariH  ̂
from the first of September to the middle of October. 
If sown much earlier in such districts, the growth is. 
likely to be too rank and subject to dangerous injury 
by frosts, and as suggested by Farrell tlie very large 
development of the root system in the fall may 
caus(‘, the following summer, a dangerously large 
growth of foliage; that is, the crop may run to 
straw at the expense of the grain. If sown much 
Iat(u*, the chances arc' that the crop will not possess 
sufficient vitality to withstand the cold of late fall 
and winter. In localities where the late summer and 
the (̂ arly fall aix' rainless, it is much more difficult to

f
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lay down a definite rule covering the time of fall 
sowing. The dry-farmers in such places usually 
sow at any convenient time in the hope that an early 
rain will start the process of germination and growth. 
In other cases planting is delayed until the arrival 
of the first fall rain. This is an uncertain and usually 
unsatisfactory practice, since it often happens that 
the sowing is dela} êd until too late in the fall for the 
best results.

In districts of dry late summer and fall, the great
est danger in depending upon the fall rains for ger
mination lies in the fact that the precipitation is 
often so small that it initiates germination without 
being sufficient to complete it. This means that 
when the seed is well started in germination, the 
moisture gives out. When another slight rain comes 
a little later, germination is again started and pos
sibly again stopped. In some seasons this may occur 
several times, to the permanent injury of the crop. 
Dry-farmei-s try to provide against this danger by 
using an unusually large amount of seed, assuming 
that a certain amount will fail to come up because 
of the repeated jiartial germinations. A number of 
investigators have demonstrated that a seed may 
start to germinate, then be dried, and again be started 
to germinate several times in succession without 
wholly destroying the vitality of the seed. Nowoc- 
zek has conducted a numtier of experiments on this 
subject, with the following results: —
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E f f e c t  o f  R e p e a t e d  D r y in g  o n  P e r c e n t a g e  o f

G e r m in a t io n

F ir s t  G e r 
m in a t io n

T h ir d  G e r 
m in a t io n

.F if t h  G e r 
m in a t io n

S e v e n t h
G e r m i n a 

t i o n

Wheat . . . 75
•

57 25 1
Barley . . . • 85 74 33 4
()ats . . . 90 77 40 8
Corn . , . 98 OG 3 0
Peas . . . 87 3 0 0

III these experiments wlieat ami otlier seeds were 
allowed to germinate and dry seven times in succes
sion. With each partial germination the percentage of 
total germination decreased until at the seventh ger
mination onlv a few seeds of wheat, barlev, and oats , / %/ /
retained their power. This, however, is practically
the condition in drv-farm districts with rainless

%

sumiiiors and falls, whore fall seeding is practiced. 
In such localities little dependence should be placed, 
on the fall rains and greater reliance placed on a 
method of soil treatment that will insure good ger
mination. For this purpose the summer fallow has 
l)(‘en demonstrated to be the most desirable practice. 
If the soil has been treated according to the prin
ciples laid down in earlier chapters, the fallowed land 
will, in the fall, contain a sufficient amount of mois- 
ture to produce complete germination though no 
rains mav fall. Under such conditions the main 
consideration is to plant the seed so deep that it may

; i

] » I "
’1





I*

I *

ilMl
ii

•,(MM

I
•f

1
N'fci

I
J M

I

'/'i

r v.J f

220 DRY-FARiMING

draw freely upon the ston*d soil-moisture. This 
method makes fall germination sure in districts 
where the natural precipitation is not to be depended 
uj)on.

When sowing is done in the spring, there are few 
factors to consider. Whenever the temperature is 
right and the soil has dried out sufficiently so that 
agricultural implements may be used properly, it is 
usually safe to begin sowing. The customs which 
prevail generally with regard to the time of .spring 
sowing may be adoj)ted in dry-farm practices also.

Depth of seeding

The depth to which seed .should be planted in the 
soil is of im])ortance in a system of dry-farming. 
The reserve materials in seeds are u.sod to produce 
the fii-st roots and the young plants. No new nutri
ment beyond that stored in the soil can be obtained 
by the j)lant until the leaves are above the ground, 
able to gather caiffion from the atmosphere. The 
danger of deep planting lies, therefore, in exhausting 
the reserve materials of the .seeds before the plant 
has l)een able to push its leaves above the ground. 
Should this occur, the plant will probably die in the 
soil. On the other hand, if the seed is not planted 
deeply enough, it may happen that the roots cannot 
be sent down far enough to connect with the soil- 
water reservoir below. Then, the root system will

fv
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not be strong and deep, but will have to depend for 
its develojnnent upon the surface water, which is 
alwa}̂ s a dangerous practice in dry-farming. The 
rule as to the depth of seeding is simply: Plant as 
deeply as is safe. The dei)th to which seeds may be 
safely placed depends upon the nature of the soil, its 
fertility, its physical condition, and the water that 
it contains. In sandy soils, planting may be deeper 
than in clay soils, for it requires less energy for a 
plant to push roots, stems, and leaves through the 
loose sandy soil than through the more compact clay 
soil; in a dry soil j)lanting may be deeper than in 
wet soils; likewise, deep planting is safer in a loose 
soil than in one firmly compacted; finally, where the 
moist soil is considerable distance below the surface, 
deeper planting may be practiced than when the 
moist soil is near the surface. Countless experiments 
have been conducted on the subject of depth of seed
ing. In a few cases, ordinary agricultural seeds 
planted eight inches deep have come up and pro
duced satisfactory j)lants. However, the consensus 
of opinion is that from one to three inches are best in 
humid districts, but that, everything considered, four 
inches is the best depth under dry-farm conditions. 
Under a low natural precipitation, where the methods 
of dr}"-farming are practiced, it is always safe to 
plant deeply, for such a practice will develop and 
strengthen the root s}"stem, which is one big step 
toward successful dry-farming.
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Quantity to sow

Numerous dry-farm failures may be charged 
wholly to ignorance concerning the quantity of seed 
to sow. In no other j^ractice has the custom of 
humid countries been followed more religiously by 
dry-farmei‘s, and failure has nearly always resulted. 
Tho discussions in this volume have brought out the 
fact that every plant of whatever character requires 
a large amount of water for its growth. From the 
fimt day of its growth to the day of its maturity, 
large amounts of water are taken from the soil 
through the plant and evaporated into the air 
through the leaves. When the large quantities of 
s(‘ed employed in humid countries liave been sown 
on dry lands, the nvsult has usually been an excellent 
stand early in the season, with a crop splendid in 
appearance up to early summer. A luxuriant spring 
croj) reduces, however, the water content of the soil 
so gn^atly that when the heat of the summer arrives, 
there is not sufficient water left in the soil to support 
the final development and rii)ening. A thick stand 
in early spring is no assurance to the dry-farmer of 
a ̂ 00(1 harvest. On the contrary, it is usually the 
fiekl with a thin stand in spring that stands up best 
through the sununer and yields most at the time of 
harvest. The quantity of seed sown should vary with 
the soil conditions: the more fertile the soil is, the 
more .seed may be used; the more water in the soil,

•5J

I



QUANTITY OF SEED 223

s,

the more seed may be sown; as tlie fertility or the 
water content diminishes, the amount of seed should 
likewise be diminished. Under dry-farm conditions 
the fertility is good, but the moisture is low. As a 
general principle, therefore, light seeding should be 
practiced on dry-farms, though it should be sufficient 
to yield a crop that will shade the ground well. If 
the sowing is done early, in fall or spring, less seed 
may be used than if the sowing is late, because the 
early sowing gives a better chance for root develop
ment, which results, ordinarily, in more vigorous 
plants that consume more moisture than the smaller 
and weaker plants of later sowing. If the winters 
are mild and well covered with snow, less seed may 
be used than in districts where severe or open winters 
cause a certain amount of winter-killing. On a good 
seed-bed of fallowed soil less seed may be used than 
where the soil has not been carefully tilled and is 
somewhat rough and lumpy and unfavorable for 
complete germination. The yield of any crop is not 
directly proportional to the amount sown, unless all 
factors contributing to germination are alike. In 
the case of wheat and other grains, thin seeding also 
gives a plant a better chance for stooling, which is 
Nature’s method of adapting the plant to the pre
vailing moisture and fertility conditions. When 
plants are crowded, stooling cannot occur to any 
marked degree, and the crop is rendered helpless in 
attempts to adapt itself to surrounding conditions.
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224 DRY-FARMING

In general the rule may be laid down that a little 
more than one half as much seed should be used in 
dry-farm districts with an annual rainfall of about 
fifteen inches than is used in humid districts. That 
is, as against the customary five pecks of wheat used 
per acre in humid countries about three pecks or even 
two pecks should be used on dry-farms. Merrill 
recommends the seeding of oats at the rate of about 
three pecks jier acre: of barley, about three pecks; 
of lA'e, two pecks; of alfalfa, si.x. pounds; of corn, 
two kernels to the hill, and other crops in the same 
proportion. No invariable rule can be laid down 
for perfect germination. .V small quantity of seed is 
usually sufficient; but where germination frequently 
fails in part, more seed must be used. If the stand 
is too thick at the beginning of the growing season, 
it must be harrowed out. Naturally, the quantity of 
seed to be used should be based on the number of 
kernels as well as on the weight. For instance, since 
the larger the individual wheat kernels the fewer in a 
bushel, fewer jilants would be produced from a bushel 
of large than from a bushel of small seed wheat. 
The size of the .seed in determining the amount for 
sowing is often inqiortant and should be determined 
by some simple method, such as counting the seeds 
required to fill a small bottle.
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1

Method of sowing

There should really be no need of discussing the 
method of sowing were it not that even at this day 
there are farmers in the dry-farm district who sow 
by broadcasting and insist upon the superiority of 
this method. The broadcasting of seed has no place 
in any system of scientific agriculture, least of all in 
dry-farming, where success depends upon the degree 
with which all conditions arc controlled. In all good 
dry-farm practice seed should be placed in rows, 
preferably b}̂  means of one of the numerous forms of 
drill seeders found upon the market. The advan
tages of the drill are almost self-evident. It permits 
uniform distribution of the seed, which is indispens
able for success on soils that receive a limited rainfall. 
The seed may be placed at an even depth, which is 
very necessary, especially in fall sowing, where the 
seed dejiends for proper germination upon the mois
ture already stored in the soil. The deep seeding 
often necessary under dry-farm conditions makes 
the drill indispeasable. Moreover, Hunt has ex
plained that the drill furrows themselves have defi
nite advantages. During the winter the furrows 
catch the snow, and because of the protection thus 
rendered, the seed is less likely to be heaved out by 
repeated freezing and thawing. The drill furrow also 
protects to a certain extent against the drying action 
of winds and in that way, though the furrows are
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small, they aid matoriall)' in cnahling the young plant 
to pass through the winter successfully. The rains 
of fall and spring are accumulated in the furrows and 
made easily accessible to jilants. Moreover, many 
of the drills have attachments whereby the soil is 
jiH'ssed around the seed and the topsoil afterwards 
stirred to prevent ('vaj)oration. This fiermits of a 
much more' rapid and complete germination. The 
drill, the advantages of which were taught two hun
dred years ago by .Jethro Tull, is one of the most 
valuable implements of modern agriculture. On 
dr}'-farrns it is indispensable. The dry-farmer should 
make a careful study of the drills on the market and 
choose such as comply with the iirincijdes of the 
successful prosecution of dry-farming. Drill culture 
is the only method of sowing that can be permitted 
if uniform success is tlesired.

The care of the crop

Excepting the sjiecial treatment for soil-moisture 
conservation, dry-farm cro])s should receive the 
treatment usually givi'ii crops growing under humid 
conditions, d'he light rains that frequently fall in 
autumn .sometimes form a crust on the tojiof the soil, 
which hinders the proper germination and growth 
of the fall-sown crop. It may bo necessary, therefore, 
for the farmer to go over the land in the fall with a 
disk or more preferably with a coi-rugated roller.
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Ordinarily, however, after fall sowing there is no 
further need of treatment until the following spring. 
The spring treatment is of considerably more im- 
portancej for when the warmth of spring and early 
sunimei’ begins -to make itself felt, a crust forms over 
many kinds of dry-farm soils. This is especially true 
where the soil is of the distinctively arid kind and 
poor in organic matter. Such a crust should be 
broken earl}" in order to give the young plants a 
chance to develop freely. This may be accomplished, 
as above stated, by the use of a disk, corrugated 
roller, or ordinary smoothing harrow.

When the young grain is well under way, it may be 
found to be too thick. If so, the crop may be 
thinned by going over the field with a good iron- 
tooth harrow with the teeth so set as to tear out a 
portion of the j)lants. This treatment may enable 
the remaining plants to mature with the limited
amount of moisture in the soil. Paradoxicallv, if

« '  /

the crop seems to b(' too tliin in the spring, harrowing
may also be of service. In such a case tlie teeth
should be slanted backwards and the harrowing done
simply for the purpose of stirring the soil without
injury to the ])lant, to conserve the moisture stored %
in the soil and to accelerate the formation of nitrates. 
The conserv^ed moisture and added fertility will 
strengthen the growth and diminish the water re
quirements of the plants, and thus yield a larger crop. 
The iron-tooth harrow is a ver}̂  useful implement
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OR tlie (Iry-fann when the crops are young. After 
the plants are up so liigh tliat the harrow cannot be 
used on them no special care need be given them, 
unle.ss imleed they are cultivated croj)s like corn or 
l)otatoes which, of course, as explained in previous 
cha])tei's, should receive continual cultiv^ation.

Harvesting

The methods of harvesting crops on dry-farms are 
practically those for farms in humid districts. The 
one great exception may be the use of the header
on the grain farms of tlu' drv-farm sections. The

\  > %/

header has now become well-nigh general in its use. 
Instead of cutting and binding the grain, as in the old 
method, the heads are sini])ly cut off and piled in 
large stacks which later are threshed. The high 
straw which remains is j)lowed under in the fall and 
helps to sup])ly the soil with organic matter. The 
maintenance of drv-farms for over a generation

^  o
without the addition of manures has boon made j)os- 
sible by the organic matter added to the soil in the 
decay of the high vigorous straw remaining after the 
header. In fact, the changes occurring in the soil in 
connection with the decaying of the header stubble 
appear to have actually increased the available fer
tility. Hundreds of Utah dry wheat fai’ins during 
the last ten or twelve years have increased in fertility, 
or at least in j:>roductive power, due undoubtedly to
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the introduction of the header system of harvesting. 
This system of harvesting also makes the practice of 
fallowing much more effective, for it helps maintain 
the organic matter which is drawn uj)on by the fallow 
s(\asons. The header should be used wherever prac
ticable. The fear has been expressed that the high 
header straw plowed under will make the soil so 
loose as to nmder j)roper sowing difficult and also, 
b(‘caus(' of the easy circulation of air in the upper 
soil layers, cause' a large loss of soil-moisture. This 
fear has been found to be groundless, for wherever 
the header straw has been j)low(̂ d under, especially 
in connection with fallowing, the soil has been bene- 
fit('d.

Kaj)idity and economy in harvesting are vdtal fac
tors in dry-farming, and new devices are constantly 
b(‘ing offe'H'd to exjiedite the work. Of recent years 
the combined harvester and thresher has come into 
general use. It is a large header combined with an 
ordinary threshing machine. The grain is headed 
and threshed in one oj)eration and the sacks dropped 
along the path of the machine. The straw is scat
tered over the field where it belongs.

Ml in all, the question of sowing, care of crop, and 
harvesting may be answered b}̂  the methods that 
have been so well developed in countries of abundant 
rainfall, except as new methods may be required to
offset the deficienev in the rainfall which is the deter-

» •

mining condition of dry-farming.
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T h e  work of the dry-fanner is only half done when 
the soil has been properly jirepared, by deep plowing, 
cultivation, and fallowing, for the planting of the crop. 
The choice of the crop, its proper seetling, and its 
correct care and harvesting are as important as ra
tional soil treatment in the successful jiursuit of 
dry-farming. It is true that in general the kinds 
of crops onlinaril}' cultivated in humid regions are 
grown also on aritl lands, liut varieties especially 
adapted to the jirevailing dry-farm conditions must 
be used if any certainty of harvest is desired. Plants 
possess a marvelous power of adaptation to environ
ment, and this ])ower Iiecomes stronger as successive 
generations of plants are grown under the given con
ditions. Thus, jilants which have been grown for 
long periods of time in countries of abundant rainfall 
and characteristic humid climate and soil yield well 
under such comlitions, but usuallv suffer and die or 
at l)cst yield scantily if planted in hot rainless coun
tries with deej) soils. Yet, such i)lants, if grown year 
after year under arid conditions, become accustomed 
to warmth and dryness and in time will yield perhaps 
nearly as well or it may l)e better in their new sur
roundings. The dry-farmer who looks for large
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harvests must use every care to secure varieties of 
crops .that through generations of breeding have be
come adapted to the conditions prevailing on his 
farm. Home-grown seeds, if grown properly, are 
therefore of the highest value. In fact, in the dis
tricts where dry-farming has been practiced longest 
the best yielding varieties are, with very few excep
tions, those that have been grown for many succes
sive years on the same lands. The comparative 
newness of the attemjits to produce profitable crops 
in the present dry-farming territory and the conse
quent absence of home-grown seed has rendered it 
wise to explore other regions of the world, with similar 
climatic conditions, but long inhabited, for suitable 
crop varieties. The United States Department of 
Agriculture has accomplished much good work in 
this direction. The breeding of new varieties by 
scientific methods is also important, though really 
valuable results cannot be expected for many years 
to come. When results do come from breeding ex
periments, they will probably be of the greatest value 
to the dry-farmer. Meanwhile, it must be acknowl
edged that at the present, our knowledge of dry- 
farm crops is extremely limited. Every year will 
probably bring new additions to the list and great 
improvements of the crops and varieties now recom
mended. The jirogressive dr3^-farmer should there
fore keep in close touch with state and government 
workers concerning the best varieties to use.
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Moreover, while the various sections of the drv-
/  % /

fanning territory are alike in receiving a small amount 
of rainfall, they are widely different in otherconditions 
affecting plant growth, such as soils, winds, average 
temjierature, and character and severity of the win
ters. Until trials have been made in all these varying 
localities, it is not safe to make unqualified recom
mendations of any crop or crop variety. At the 
present we can onl}" say that for dry-farm purposes 
we must have plants that will produce the maximum 
quantity of dry matter with the minimum quantity 
of water; and that their periods of growth must be 
the shortest po.ssible. However, enough work has 
been done to establish some general rules for the 
guidance of the dry-farmer in the selection of crops. 
Undoubtedly, we have as yet had only a glimpse of 
the vast crop po.ssibilities of the dry-farming territory 
in the United States, as well as in other countries.

Wheat

Wheat is the leading dry-farm crop. Every pros
pect indicates that it will retain its preeminence. 
Not only is it the most generally used cereal, but the 
world is rapidly learning to depend more and more 
upon the dry-farming areas of the world for wheat 
production. In the arid and semiarid regions it is 
now a commonly accepted doctrine that upon the 
expensive irrigated lands should be grown fruits,
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vegetables, sugar beets, and other intensive crops, 
wliile wheat, corn, and other grains and even much 
of the forage should be grown as extensive crops 
uj)on the non-irrigated or dry-farm lands. It is to 
be hoped that the time is near at hand when it will 
be a rarity to see grain grown uj:>on irrigated soil, pro
viding the climatic conditions permit the raising of 
more extensive crops.

In view of the present and future greatness of the 
wheat crop on semiarid lands, it is very important 
to secure the varieties that will best meet the varying 
dry-farm conditions. Much has been done to this 
end, but more needs to bo done. Our knowledge of 
the best wheats is still fragmentary. This is even 
more true of other dry-farm crops. According to 
Jardine, the dry-farm wheats grown at present in the 
United States may be classified as follows: —

I. Hard spring wheats:
(а) Common
(б) Durum

II. Winter wheats:
(a) Hard wheats (Crimean)
(h) Semihard wheats (Intermountain)
(c) Soft wheats (Pacific)

The common varieties of hard spring wheats are 
grown j)rinci])ally in districts where winter wheats 
have not as yet bo6'n successful; that is, in the 
Dakotas, northwestern Nebraska, and other localities 
with long winters and periods of alternate thawing

1 r
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and severe freezing. The superior value of winter 
wheat- has been so clearly demonstrated that at
tempts are being made to develop in every locality 
winter wheats that can endure the prevailing cli
matic conditions. Spring wheats are also grown in a 
scattering way and in small quantities over the whole 
dry-farm territory. The two most valuable varie
ties of the common hard spring wheat are Blue Stem 
and Red Fife, both well-established varieties of ex
cellent milling qualities, .grown in immense quanti
ties in the Northeastern corner of the dry-farm ter
ritory of the United States and commanding the 
best prices on the markets of the world. It is nota
ble that Red Fife originated in Russia, the country 
which has given us so many good dry-farm crops.

The durum wheats or macaroni wheats, as they are 
often called, are also spring wheats, which promise to 
displace all other spring varieties because of their 
excellent yields under extreme dry-farm conditions. 
These wheats, though known for more than a genera
tion through occasional shipments from Russia, 
Algeria, and Chile, were introduced to the farmers of 
the United States only in 1900, through the explora
tions and enthusiastic advocacy of Carleton of the 
United States Department of Agriculture. Since 
that time they have been grown in nearly all the dry- 
farm states and especially in the Great Plains area. 
Wherever tried they have 3uelded well, in some 
cases as much as the old established winter varieties.
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The extreme hardness of these wheats made it diffi
cult to induce the millers ojierating mills fitted for 
grinding softer wheats to accept them for flour
making purposes. This prejudice has, however, 
gradually vanished, and to-day the durum wheats are 
in great demand, especially for blending with the 
softer wheats and for the making of macaroni. Re
cently the popularity of the durum wheats among 
the farmers has been enhanced, owing to the dis
covery that they are strongly rust resistant. (See
Fig. Gl.)

The winter wheals, as has been repeatedly sug
gested in preceding chapters, are most desirable for 
dry-farm jiurposes, wherever they can be grown, and 
especially in localities where a fair precipitation oc
curs in the winter and spring. The hard winter 
wheats are represented mainly by the Crimean group, 
the chief members of which are Turkey, Kharkow, 
and Crimean. These wheats also originated in 
Russia and are said to have been brought to the 
United States a generation ago by Mennonite colo
nists. At present these wlieats are grown chiefly in 
the central and southern jiarts of the Great Plains 
area ami in Canada, though they are rapidly sj)reading 
over the intermountain country. These are good 
milling wheats of high gluten content and yielding 
abundantly under dry-farm conditions. It is quite 
clear that these wheats will soon displace the older 
winter wheats formerl}'' grown on dry-farms. Turkey

1
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wheat promises to become the leading dry-farm 
wheat. (See Figs. 56, 62.)

The semisoft winter wheats are grown chiefly in 
the intermountain country. They are represented

w . ’

F ig . 56. Dry-farm  Turkey wheat, Fergus Co., M ontana. Yield 62 bushels 
per acre. This is perhaps the best variety  of dry-farm  wheat known 
to-day.

by a very large number of varieties, all tending to
ward softness and starchiness. This may in part be 
due to climatic, soil, and irrigation conditions, but is 
more likely a result of inherent qualities in the varie-
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ties used. They are rapidly being displaced by the 
hard varieties.

The group of .soft winter wheats includes numerous 
varieties grown extensively in the famous wheat 
districts of California, Oregon, Washington, and 
northern Idaho. The main varieties are Red Russian 
and Palou.se Hluc Stem, in Washington and Idaho; 
Red Chaff and Poise in Oregon, and Defiance, Little 
Club, Sonora, and White Australian in California. 
The.se are all soft, white, and rather poor in gluten. 
It is believed that under given climatic, soil, and cul
tural conditions, all wheat varieties will approach 
one tyjie, distinctive of the conditions in question, 
and that the California wheat type is a result of pre
vailing unchangeable conditions. More research is 
needed, howev'er, before definite prineijiles can be laid 
down concerning the formation of distinctive wheat 
types in the various dry-farm sections. Under any 
condition, a change of seed, keeping improvement 
always in view, should be beneficial.

Jardine has reminded the dry-farmers of the United 
States that before the production of wheat on the 
dry-farms can reach its full ]x>ssibilities under any 
acreage, sufficient quantities must be grown of a few 
vari(>ties to affect the large markets. This is espe
cially important in the intermountain country where

3̂ ri ists, 1 ̂ ut tlî  ̂ warning should be 
heeded also by the Pacific coast and Great Plains 
wheat areas. As soon as the best varieties are found

f
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they should displace the miscellaneous collection of 
wheat varieties now grown. The individual farmer 
can be a law unto himself no more in wheat growing 
than in fruit growing, if he desires to reap the largest 
reward of his efforts. Only by uniformity of kind 
and quality and large production will any one locality 
impress itself upon the markets and create a demand. 
The changes now in progress by the dr}^-farmers of 
the United States indicate that this lesson has been 
taken to heart. The principle is equally important 
for all countries where dry-farmiug is practiced.

Other small grains
s

Oats is undoubtedly a coming dry-farm crop. 
Several varieties have been found which yield well 
on lands that receive an average annual rainfall of 
less than fifteen inches. Others will no doubt be 
discovered or developed as special attention is given 
to dry-farm oats. Oats occurs as spring and winter 
varieties, but only one winter variety has as yet 
found place in the list of dry-farm crops. The leading 
spring varieties of oats are the Sixty-Day, Kherson, 
Burt, and Swedish Select. The one winter variety, 
which is grown chiefly in Utah, is the Boswell, a 
black variety originally brought from England about 
1901.
Barley, like the other common grains, occurs in 

varieties that grow well on dry-farms. In compari-
R
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.son with wheat very little search has been made for 
dry-farm liarleys, and, naturally, the list of tested 
varieties is very small. Like wheat and oats, barley 
occurs in spi-ing and winter varieties, but as in the

Mfi*

' i‘ 4 h

.'t *

It' ‘ 'r  I I

. U f

M

* U*4

i f %

'-M
- T'Un̂ r' V

A::̂\
%

|i F ig . 57. Dry-farm barley field, Washoe Co., Nevada.

cas(̂  of oats only one winter variety has as yet found 
its way into the approved list of dry-farm crops. 
The best dry-farm spring barleys are those belonging 
to the b(\ardless and hull-less types, though the more 
common varieties also yield well, especially the six- 
rowed beardless barley. The winter variety is the
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Tennessee Winter, which is ah-eady well distributed 
over the Great Plains district.
Rye is one of the surest dry-farm crops. It yields 

good crops of straw and grain, both of which are valu
able stock foods. In fact, the great power of rye to 
survive and grow lu.xuriantly under the most trying 
dry-farm conditions is the chief objection to it. Once 
started, it is hard to eradicate. Properly cultivated 
and used either as a stock feed or as green manure, 
it is very valuable. Rye occurs as both spring and 
winter varieties. The winter varieties are usually 
most satisfactory.

Carleton has recommended Eminer as a crop pecu
liarly adapted to semiarid conditions. Emmer is 
a species of wheat to the berries of which the chaff 
adheres very closely. It is. highly prized as a stock 
feed. In Russia and Germany it is grown in very 
large quantities. It is especially adapted to arid and 
semiarid conditions, but will probably thrive best 
where the winters are diy and summers wet. It 
exists as spring and winter varieties. As with the 
other small grains, the success of emmer will depend
largely upon the satisfactory development of winter 
varieties.

Corn

I ̂ •

III.

u ^ ' I ■

I

' )h!| .II

Of all crops }̂ et tried on dry-farms, corn is perhaps 
the most uniiormly successful under extreme dry 
conditions. If the soil treatment and planting have
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been right, the failun's that have been reported may 
invariably be traced to the use of seed which had not 
been acclimated. 1 he American Indians grow corn 
which is excellent for dry-farm purposes; many of 
the western farmers have likewise produced strains 
that use the minimum of moisture, and, moreover, 
corn brought from humid sections adapts itself to 
arid conditions in a very few years. Escobar reports 
a native corn grown in Mexico with low stalks and 
small ears that well endures desert conditions. In 
extremely dry years corn does not always produce a 
profitable croj) of seed, but the crop as a whole, for 
forage purposes, seldom fails to pay expenses and 
leave a margin for profit. In wetter years there is a 
corresjioruling increase of the corn crop. The dry
farming territory does not yet realize the value of 
corn as a dr>'-farm crop. The known facts concern
ing corn make it safe to predict, however, that its dry 
farm acreage will increase rapidly, and that in time 
it will crowd the wheat crop for preeminence.

Sorghums

Among dry-farm crops not popularly known are 
the sorghums, which promise to become excellent 
yieldei-s under arid conditions. The sorghums are 
supposed to have come from the tropical sections 
of the globe, but they are now scattered over the 
earth in all climes. The sorghums have been known
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in the United States for over half a century, but it 
was only when dry-farming began to develop so tre
mendously that the drouth-resisting power of the 
sorghums was recalled. According to Ball, the sor
ghums fall into the following classes: —

THE SORGHUMS

1. Broom corns
2. Sorgas or sweet sorghums
3. Kafirs
4. Durras

The broom corns are grown onl}̂  for their brush, and 
are not considered in dry-farming; the sorgas for 
forage and sirups, and are especially adapted for irri
gation or humid conditions, though they are said to 
endure dry-farm conditions better than corn. The 
Kafirs are dry-farm crops and are grown for grain 
and forage. This group includes Red Kafir, White 
Kafir, Black-hulled White Kafir, and White Milo, all 
of which are valuable for dry-farming. The Durras 
are grown almost exclusively for seed and include 
Jerusalem corn. Brown Durra, and Milo. The work 
of Ball has made Milo one of the most important dry- 
farm crops. As improved, the crop is from four to 
four and a half feet high, with mostly erect heads, 
carrying a large quantity of seeds. Milo is already 
a staple crop in parts of Texas, Oklahoma, Kansas, 
and New Mexico. It has further been shown to be
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adapted to conditions in the Dakotas, Nebraska, 
Colorado, Arizona, Ttah, and Idaho. It will prob-
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F ig . 58. Dry-farm  corn field. M t. Air, New Mexico.

ably be found, in some varietal form, valuable over 
the whole dry-farm territory where the altitude is not 
too high and the average temperature not too low.
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It has yielded an average of forty bushels of seed to 
the acre.

Lucern or alfalfa

Next to human intelligence and industry, alfalfa 
has probably been the chief factor in the development 
of the irrigated West. It has made j:iossible a rational 
system of agriculture, with the live-stock industry and 
the maintenance of soil fertility as the central con
siderations. .Vlfalfa is now being recognized as a 
desirable crop in humid as well as in irrigated sections, 
and it is probable that alfalfa will soon become the 
chief hay crop of the United States. Originally, 
lucern came from the liot dry countries of Asia, where 
it supplied feed to the animals of the first historical 
peoples. Moreover, its long tap roots, penetrating 
sometimes forty or fifty feet into the ground, suggest 
that lucern may make ready use of deeply stored soil- 
moisture. On these considerations, alone, lucern 
should prove itself a crop well suited for dry-farming. 
In fact, it has been demonstrated that where condi
tions are favorable, lucern may be made to yield 
profitable crops under a rainfall between twelve and 
fifteen inches. Alfalfa prefers calcareous loamy 
soils; sandy and heavy clay soils are not so well 
adaj)ted for successful alfalfa production. Under 
dry-farm conditions the utmost care must be Used 
to prevent too thick seeding. The vast majority of 
alfalfa failures on dry-farms have resulted from an
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insufficient supply of moisture for tlie thickly planted 
crop. The alfalfa field does not attain its maturity 
until after the second year, and a crop which looks 
just right the second year will probably be much too 
thick the third and fourth years. From four to six 
pounds of seed per acre are usually ample, .\nother 
main cause of failure is the common idea that the 
lucern field needs little or no cultivation, when, in 
fact, the alfalfa field should receive as careful soil 
treatment as the wheat field. Heavy, thorough 
disking in spring or fall, or both, is advisable, for it 
leaves the top-soil in a condition to prevent evapora
tion aiul admit air. In .\siatic and North African 
countries, lucern is frequently cultivated between 
rows throughout the hot season. This has been tried 
by Brand in this country and with very good results. 
Since the crop should always be sown with a drill, it 
is comparatively easy to regulate the distance between 
the rows so that cultivating implements may be used. 
If thinseeding and thorough soil stirring are practiced, 
lucern usually grows well, and with such treatment 
should become one of the great dry-farm crops. The 
yield of hay is not large, but sufficient to leave a com
fortable margin of jirofit. Many farmers find it more 
j)rofital)le to grow dry-farm lucern for .seed. In good 
years from fifty to one hundred and fifty dollars may 
be taken from an acre of lucern seed. However, at 
the present, the principles of lucern seed production 
are not well e.stalilished, and the seed crop is uncertain.
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Alfalfa is a leguminous crop and gathers nitrogen 
from the air. It is therefore a good fertilizer. The 
question of soil fertility will become more important 
with the passing of the years, and the value of lucern 
as a land improver will then be more evident than it 
is to-day.

Other leguminous crops

The group of leguminous or pod-bearing crops is of 
great importance; first, because it is rich in nitroge
nous substances which are valuable animal foods, and, 
secondly, because it has the power of gathering ni
trogen from the air, which can be used for maintain
ing the fertility of the soil. Dry-farming will not be 
a wholly safe practice of agriculture until suitable 
leguminous crops are found and made part of the 
crop system. It is notable that over the whole of the 
dry-farm territory of this and other countries wild 
leguminous plants flourish. That is, nitrogen-gather
ing plants are at work on the deserts. The farmer 
upsets this natural order of things by cropping the 
land with wheat and wheat only, so long as the land 
will produce profitably. The leguminous plants 
native to dry-farm areas have not as yet been sub
jected to extensive economic study, and in truth very 
little is known concerning leguminous plants adapted 
to dry-farming.

In California, Colorado, and other dry-farm states 
the field pea has been grown with great profit. In-
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deed it lias been found much more profitable than 
M'heat production. The field bean, likewise, has 
been grown successfully under dry-farm conditions.
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F ig . 59. Dry-farm sixty-day oat field. Choteau, Montana. Yield, 105
bushels per acre.

under a great variety of climates. In Mexico and 
other southern climates, the native jiopulation pro
duce large quantitii's of beans upon their diy lands.
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Shaw suggests that sanfoin, long famous for its service 
to European agriculture, may be found to be a prof
itable dry-farm crop, and that sand vetch promises 
to become an excellent dry-farm crop. It is very 
likely, however, that many of the leguminous croi)s 
which have been developed under conditions of abun
dant rainfall will be valueless on dry-farm lands. 
Every year will furnish new and more complete in
formation on this subject. Leguminous plants will 
surely become important members of the association 
of dry-farm crops.

I'rees and shrubs

So far, trees cannot be said to be dry-farm crops, 
though facts are on record that indicate that by the 
application of correct dry-farm principles trees may 
be made to grow and yield profitably on dry-farm 
lands. Of course, it is a well-known fact that native 
trees of various kinds are occasionally found growing 
on the deserts, where the rainfall is very light and the 
soil has been given no care. Examples of such vege
tation are the native cedars found throughout the 
Great Basin region and the mesquite tree in Arizona 
and the Southwest. Few farmers in the arid region 
have as yet undertaken tree culture without the aid 
of irrigation.

At least one peach orchard is known in Utah which 
grows under a rainfall of about fifteen inches without
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irrigation and produces regulai-ly a small crop of most 
delicious fruit. Parsons describes his Colorado dry- 
farm orchard in which, under a rainfall of about 
fourteen inches, he grows, with great profit, cherries, 
plums, ami aj)ples. A number of prospering young 
orchards are growing without irrigation in the Great 
Plains area. .Mason discovered a few years ago two 
olive orchards in .\rizona and the Colorado desert 
which, planted about fourteen years jireviously, were 
thriving under an annual rainfall of eight and a 
half and four and a half inches, respectively. These 
olive orchards had liecn set out under canals which 
later failed. »Such attested facts lead to the thought 
that trees may yet take their place as dry-farm crops. 
This hope is strengthened when it is recalled that the 
gri'at nations of anticjuity, living in countries of low 
rainfall, grew profitably and without irrigation many 
valuable trees, some of which are still cultivated in 
tho.se countries. The olive intlustry, for example, is 
even now being succe.ssfully develojied by modern 
methods in .Asiatic and .African sections, where the 
average annual rainfall is under ten inches. Since 
1881, under French management, the dry-farm olive 
trees around Tunis have increased from 45,000 to 
400,000 individuals. .Mason and also .Aaronsohn 
suggest as trees that do well in the arid parts of the 
old world the so-called “ Chinese date” or Jujube 
tree, the sycamore fig, and the Carob tree, which 
yields the “ St. John’s Bread” so dear to childhood.
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Of this last tree Aaronsohn sa}̂ s that twenty trees to 
the acre, under a rainfall of twelve inches, will pro
duce 8000 pounds of fruit containing 40 per cent of 
sugar and 7 to 8 per cent of protein. This sur
passes the best harvest of alfalfa. Kearnley, who 
has made a special study of dry-land olive culture in 
northern Africa, states that in his belief a large va
riety of fruit trees may be found which will do well 
under arid and semiarid conditions, and may even 
yield more profit than the grains.

It is also said that many shade and ornamental 
and other useful plants can be grown on dry-farms; 
as, for instance, locust, elm, black walnut, silver poplar, 
catalpa, live oak, black oak, yellow pine, red spruce, 
Douglas fir, and cedar.

The secret of success in tree growing on dry-farms 
seems to lie, first, in planting a few trees per acre, — 
the distance apart should be twice the ordinary dis
tance, — and, secondly, in applying vigorously and 
unceasingly the established principles of soil cultiva
tion. In a soil stored deeply with moisture and 
properly cultivated, most plants will grow. If the 
soil has not been carefully fallowed before planting, it 
may be necessary to water the young trees slightly 
during the first two seasons.

Small fruits have been tried on many farms with 
great success. Plums, currants, and gooseberries 
have all been successful. Grapes grow and yield well 
in many dry-farm districts, especially along the warm 
foothills of the Great Basin.
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254 DRY-FARiM ING

'J’roe growing on dry-farm lands is not yet wtII
cstaNislied and, therefore, sliould be undertaken
wit h great care. \ arieties accustomed to the climatic
(m\iionment should be chosen, and the principles
outlined in the preceding j)ages should be carefully 
used.

Potatoes 4

In recent years, jwtatoes have become one of the 
best dry-farm crojjs. Ahnost'wherever tried on lands 
under a rainfall of twelve inches or more ])otatoes 
have given comparatively large yields. To-day, the 
growing of dry-farm ])otatoes is becoming an impor
tant mdustiy. 'I'he jirinciples of light seeding and 
thorough cultivation are indispensable for success.
I otatoes are well adaj)ted for use in rotations, where 
summer fallowing is not thought desirable. Mac
donald enumerates the following as the best varieties 
at ])resent used on dry-farms: Ohio, .Mammoth,
1 ('ail, liural New Worker, and Burbank.

.1/tscellaneous

A furBier list of dry-farm crops would include rep
resentatives of nearly all economic plants, nmst of 
them tried in small quantity in various localities. 
Sugar beets, vegetables, bulbous plants, etc., have 
all been grown without irrigation under dry-farm 
conditions. Some of these will no doubt be found
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256 DRY-FARMING

to be profitable and will then be brought into the 
commercial scheme of dry-farming.

Meanwliile, the crojj j)roblems of dry-farming de
mand that much careful w'orlc be done in the im
mediate future by the agencies having such work in 
charge. The best varieties of crops already in prof
itable use need to be determined. More new plants 
from all parts of the world need to be brought to this 
new dry-farm territory and tried out. Many of the 
native plants neetl examination with a view to their 
economic use. For instance, the sego lily bulbs, upon 
which the Utah ])ioneers subsisted for several seasons 
of famine, may j)ossibly be made a cultivated crop. 
Finally, it remains to be said that it is doubtful wis
dom to attemi)t to grow the more intensive crops on 
dry-farms. Iri'igation and dry-farming will always 
go together. They are suj)plementary systems of 
agriculture in arid and semiarid regions. On the 
irrigated lands should be grown the crops that require 
much labor j)er acre and that in return yield largely 
j)er acre. New croj)s and varieties should besought 
for the irrigated farms. On the dry-farms should be 
grown the crops that can be handled in a large way 
and at a small cost j)er acre, and that yield only 
motlerate acre returns. By such cobperation between 
irrigation and dry-farming will the regions of the 
world with a scanty rainfall become the healthiest, 
wealthiest, hapj)iest, and most populous on earth.
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CHAPTER XIII

THE COMPOSITION OF DRY-FARM CROPS

T h e  acre-yields of crops on dry-farms, even under 
the most favorable methods of culture, are likely to be 
much smaller than in humid sections with fertile soils. 
The necessity for frequent fallowing or resting periods 
over a large portion of the dry-farm territory further 
decreases the average annual yield. It does not fol
low from this condition that dry-farming is less prof
itable than humid- or irrigation-farming, for it has 
been fully demonstrated that the profit on the invest
ment is as high under proper dry-farming as under 
any other similar generally adopted system of farming 
in any part of the world. Yet the practice of dry
farming would appear to be, and indeed would be, 
much more desirable could the crop yield be in
creased. The discovery of any condition which will 
offset the small annual yields is, therefore, of the 
highest importance to the advancement of dry-farm
ing. The recognition of the superior quality of 
practically all crops grown without irrigation under 
a limited rainfall has done much to stimulate faith 
in the great profitableness of dr}^-farming. As the 
var}’'ing nature of the materials used by man for food,
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DRY-FARMING

clotliing, and shelter has become more clearly under
stood, more attention has been given to the valuation 
of commercial products on the basis of quality as well 
as of (luantity. Sugar beets, for instance, are bought 
by the sugar factories under a guarantee of a mini
mum sugar content; and many factories of Europe 
vary the price paid according to the sugar contained 
by the beets. The millers, especially in certain parts 
of the country where wheat has deteriorated, dis
tinguish carefully between the flour-ju'oducing quali
ties of wheats from various sections and fix the price 
accordingly. Even in the household, information 
concerning the real nutritive value of various foods is 
being sought eag(M*ly, and foods known to j)ossess the 
highest value in the maintenance of life are displacing, 
even at a higher cost, the inferior products. The 
quality valuation is, in fact, being extended as 
rapidly as the growth of knowledge will.permit to the 
chief food materials of commerce. As this practice 
becomes fixed the dry-farmer will be able to command 
the best market pric(\s for his products, for it is un
doubtedly true that from the point of view of quality, 
dry-farm food products may be placed safely in com
petition with any farm products on the markets of the 
world.

Proportmi of plant parts

It need hardly be said, after the discussions in the 
preceding cha])ters, that the nature of plant growth

j
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is deeply inotlified by the arid conditions prevailing 
in dry-farming. Tliis shows itself first in the propor
tion of the various plant parts, such as roots, stems, 
leaves, and seeds. The root systems of dry-farm 
crops are generally greatly develoj^ed, and it is a com
mon ob.servation that in adverse seasons the plants 
that possess the largest and most vigorous roots en- 
tlure best the drouth and burning heat. The first 
function of the leaves is to gather materials for the 
building and strengthening of the roots, and only after 
this has been done do the stems lengthen and the 
leaves thicken. Usually, the short season is largely 
gone before the stem ami leaf growth begins, and, 
conseciuently, a somewhat dwarfed ajjpearance is 
characteristic of dry-farm crops. The size of sugar 
beets, potato tubers, and such underground parts 
depends uj)on the available water and food supply 
when the j)lant has established a satisfactory root 
and leaf system. If the water and food are scarce, 
a thin beet results; if abundant, a well-filled beet may 
result.

Dry-farming is characterized by a somewhat short 
season. Even if good growing weather prevails, the 
decrease of water in the soil has the effect of hasteniimo
maturity. Tlie formation of flowers and seed begins, 
tlierefore, earlier and is completed more quickly under 
arid than under humid conditions. Moreover, and 
resulting probably from the greater abundance of 
materials stored in the root system, the proportion

\
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of heads to leaves and stems is highest in dry-farm 
crops. In fact, it is a general law that the proportion 
of heads to straw in grain crops increases as the water 
supply decreases. This is shown very well even 
under humid or irrigation conditions when different 
seasons or different applications of irrigation water 
are compared. For instance, Hall (juotes from the 
Rothamsted experiments to the effect that in 1879, 
which was a wet year (41 inches), the wheat crop 
yielded 38 pounds of grain for every 100 pounds of 
straw; whereas, in 1893, which was a dry year (23 
inches), the wheat crop yielded 95 pounds of grain to 
every 100 pounds of straw. The Utah station like
wise has established the same law under arid condi
tions. In one series of experiments it was shown as 
an average of three years  ̂trial that a field which had 
received 22.5 inches of irrigation water produced a 
wheat crop that gave 67 pounds of grain to every 
100 pounds of straw; while another field which re
ceived only 7.5 inches of irrigation water produced a 
crop that gave 100 pounds of grain for every 100 
pounds of straw. Since wheat is grown essentially 
for the grain, such a variation is of tremendous impor
tance. The amount of available water affects every 
part of the plant. Thus, as an illustration, Carleton 
states that the per cent of meat in oats grown in Wis
consin under humid conditions was 67.24, while in 
North Dakota, Kansas, and Montana, under arid and 
semiarid conditions, it was 71.51. Similar varia-
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262 DRY-FARMING

tions of plant parts may be observed as a direct result 
of varying the amountof available water. In general, 
then, it may be said that the roots of dry-farm crops 
arc well develojied; the parts above ground some
what dwarfed; the jiroportion of seed to straw high, 
and the jiroportion of meat or nutritive materials in 
the plant parts likewise high.

r  ,

•MM

The water in dry-farm crops

One of the constant constituents of all plants and 
plant parts is water. Hay, Hour, and starch contain 
compai-ativi'ly large (piantities of water, which can be 
removed only by heat. The water in green jilants is 
often very large. In young lucern, for instance, it 
n'aches 85 per cent, ami in young jieas nearly 90 
j)er cent, or more than is found in good cow’s milk. 
The water so lu'ld by jdants has no nutritive value 
above ordinaiy water. It is, therefore, profitable for 
the consumer to buy dry foods. In this particular, 
again, dry-farm crops have a distinct advantage. 
During growth there is not jierhaps a great difference 
in the water content of j)lants, due to climatic dif
ferences, but after haiwe.st the drying-out process 
goes on much more completely in dry-farm than in 
humid districts. Hay, cured in humid regions, often 
contains from 12 to 20 per cent of water; in arid 
climates it contains as little as 5 per cent and seldom 
more than 12 j)cr cent. Tlie drier hay is naturally
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WATER CONTENT OF DRY-FARM CROPS

more valuable pound for pound than the moister hay, 
and a difference in price, based upon the difference 
in water content, is already being felt in certain sec
tions of the West.

The moisture content of dry-farm wheat, the chief 
dry-farm crop, is even more important. According 
to Wiley the average water content of wheat for the 
United States is 10.G2 per cent, ranging from 15 to 7 
per cent. Stewart and Greaves examined a large 
number of wheats grown on the dry-farms of Utah 
and found that the average per cent of water in the 
common bread varieties was 8.46 and in the durum 
varieties 8.89. This means that the Utah dry-farm 
wheats transported to ordinary humid conditions 
would take up enough water from the air to increase 
their weight one fortieth, or per cent, before they 
reached the average water content of American wheats. 
In other words, 1,000,000 bushels of Utah dry-farm 
wheat contain as much nutritive matter as 1,025,000 
bushels of wheat grown and kept under humid con
ditions. This difference should be and now is recog
nized in the prices paid. In fact, shrewd dealers, 
acquainted with the dryness of dry-farm wlieat, have 
for some years bought wheat from the dry-farms at a 
slightly increased price, and trusted to the increase 
in weight due to water absorption in more humid 
climates for their profits. The time should be near 
at han l̂ when grains and similar products should be 
purchased upon the basis of a moisture test.
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While it is undoubtedly true that dry-farm crops 
are naturally drier than those of humid countries, 
yet it must also be kept in mind that the driest dry- 
farm croi)s are always obtained where the summers 
are hot and rainless. In sections where the precipi
tation comes chiefly in the spring and summer the 
difference would not be so great. Therefore, the 
crops raised on the Great Plains would not be so dry 
as those raised in California or in the Great Basin. 
Yet, wherever the annual rainfall is so small as to 
establish dry-farm conditions, whether it comes in 
the winter or summer, the cured crops are drier than 
those ju’oduced under conditions of a much higher 
rainfall, and dry farmers should insist that, so far as 
possible in the future, sales be based on dry matter.

ill itii I *
>
)

The nutritive substances in crops

The dry matter of all plants and plant parts con
sists of three very distinct classes of substances: 
First, ash or the mineral constituents. Ash is used 
by the body in building bones and in supplying the 
blood with compounds essential to the various life 
processes. Second, |)rotein or the substances con
taining tlie element nitrogen. Protein is used by 
the body in making blood, muscle, tendons, hair, and 
nails, and under certain conditions it is burned within 
the body for the production of heat. Protein is 
perhaj)s the most important food constituent. Third,

1
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non-nitrogenous substances, including fats, woody 
fiber, and nitrogen-free extract, a name given to the 
group of sugars, starches, and related substances. 
These substances are used l)y the body in the pro
duction of fat, and are also burned for the production

r"io. 03. Dry-farm  Milo maize. Rosebud Co., M ontana.

of lû at. Of these valuable food constituents protein 
is probably the most important, first, because it 
forms the most important tissues of the body and, 
secondly, because it is less abundant than the fats, 
starches, and sugars. Indeed, plants rich in protein 
nearly always command the highest prices.

The composition of any class of plants varies con
siderably in different localities and in different sea-
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VARIATIONS IN COMPOSITION - ’

sons. This may be due to the nature of the soil, or 
to the- fertilizer applied, though variations in plant 
composition resulting from soil conditions are com
paratively small. The greater variations are almost 
wholly the result of varying climate and water supply. 
As far as it is now known the’strongest single factor 
in changing the composition of plants is the amount 
of water available to the growing plant.

Variations due to varying water supply

The Utah station has conducted numerous ex
periments upon the effect of water upon j)lant com
position. The method in every case has been to 
apply* different amounts of water throughout the 
growing season on contiguous j)lats of uniform land. 
Some of the early results are shown by the following 
table: —

%

T h e  E f f e c t  o f  W a t e r  o n  t h e  P e r c e n t a g e  C o m p o s i t i o n

OF P l a n t  P a r t s

I n c h e s
OF

W a t e r
A p p l i e d

A sh P r o t e i n F at F i b e r
N i t r o g e n -

f r e e
E x t r a c t

C o r n  1K e r n e l s

■ 7.5 1.62 15.08 6.02 1.89 75.39
15.0 1.65 13.48 6.16 1.91 76.86
37.3 1.62 12.52 6.26 1.89 77.72
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268 DRY-FARMING

T h e  E f f e c t  o f  W a t e r  o n  t h e  P e r c e n t a g e  C o m p o s it io n

OF P l a n t  P a r t s  —  Continued
t r ‘
* n >  I

I n c h e s
OP

W a t e r
A p p l i e d

A sh P r o t e i n F at F i b e r
N i t r o g e n -

f r e e
E x t r a c t

O at hle m e h -

■

7.0 3.26 20.79 3.91 9.02 63.02
13.2 4.52 17.29 4.19 10.76 63.25
30.0 4.49 15.49 4.59 10.92 64.51

W heat K ern els

4.6 2.70 26.72 2.37
j

5.44 62.77
10.3 2..54 19.93 ! 2.09 • 4.47 70.97
21.1 2.50 16.99 1.97 3.92 74.62

•

P ea  /kernels

7.5 1.17 31.16 1.70 7.88 58.09
15.0 2.76 28.37 0.87 7.14 60.84
30.5 2.99 21.29 1.16 . 6.78 67.78

P ota to T  ubers

8.0 6.68 11.83 0.55 2.69 78.25
15.0 4.85 12.52 0.33 2.21 80.08
40.0 4.87 8.33 0.79 2.06 83.95

S u g a r B eets

12.3 4.76 9.68 0.29 5.37 79.91
21.0 4.98 7.50 0.18 6.02 81.32
40.8 4.69 5.63 0.45 5.68 83.55
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Even a casual study of this table shows that the 
quantity of water used influenced the composition of 
the plant parts. The ash and the fiber do not appear 
to be greatly influenced, but the other constituents 
vary with considerable regularity with the variations 
in the amount of irrigation water. The protein shows 
the greatest variation. As the irrigation water is 
increased, the percentage of protein decreases. In 
the case of wheat the variation was over 9 per cent. 
The percentage of fat and nitrogen-free extract, on the 
other hand, becomes larger as the water increases. 
That is, crops grown with little water, as in dry-farm
ing, are rich in the important flesh-and blood-forming 
substance protein, and comparatively poor in fat, 
sugar, starch, and other of the more abundant heat- 
and fat-producing substances. This difference is of 
tremendous importance in j)lacing dry-farm products 
on the food markets of the world. Not only seeds, 
tubers, and roots show this variation, but the stems 
and leaves of i)lants grown with little water are found 
to contain a higher percentage of ju-otein than those 
grown in more humid climates.

The direct effect of water ujwn the comjiosition of 
plants has been observed by many students. For 
instance, Mayer, working in Holland, found that, in a 
soil containing throughout the season 10 per cent of 
water, oats was produced containing 10.6 per cent 
of protein; in soil containing 30 per cent of water, 
the protein percentage was only 5.6 per cent, and in

1 ^
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soil containing; 70 p('r c(‘nt of water, it was only 5.2 
j)er cent. Carleton, in a study of analyses of the
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•; riu .G 4. Dry-farni Hrome-Krasa. Alontana, 1908. Yield, 1.4 tons per acre,

same varieties of wheat grown in humid and semi- 
arid districts ot the United States, found that the 
percentage of protein in wheat from the semiarid 
area was 14.4 per cent as against 11.94 per cent in the
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CLIMATE AND COMPOSITION

wheat from the humid area. The average protein 
content of the wheat of the United States is a little 
more than 12 per cent; Stewart and Greaves found an 
average of 16.76 per cent of protein in Utah dry-farm 
wheats, of the common bread varieties and 17.14 per 
cent in the durum varieties. The e.xpei'iments con
ducted at Rothamsted, England, as given by Hall, 
confirm these results. For example, during 1893, a 
very dry year, barley kernels contained 12.99 per 
cent of protein, while in 1894, a wet, though free- 
growing year, the barley contained only 9.81 per cent 
of protein. Quotations might be multiplied con
firming the principle that crops grown with little 
water contain much protein and little heat- and fat- 
producing substances.

Climate and composition

The general climate, especially as regards the length 
of the growing season and naturally including the 
water sup])ly, has a strong effect upon the composi
tion of plants. Carleton ob.served that the same 
varieties of wheat grown at Nephi, Utah, contained 
16.61 per cent protein; at Amarillo, Texas, 15.2.5 per 
cent; and at McPherson, Kansas, a humitl station, 
13.04 per cent. This variation is undoubtedly due 
in part to the varying annual j)recipitation but, also, 
and in large jiart, to the vaiying general climatic 
contlitions at the three stations.
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272 DRY-FARMING

An extremely interesting and important experi
ment, sliowing the effect of locality upon the com
position of wheat kernels, is reported by LeClerc and 
Leavitt. Wheat grown in 1905 in Kansas w'as 
j)lanted in 190(5 in Kansas, California, and Texas. In 
1907 samples of the seeds grown at these three points 
were planted side by side at each of the three states. 
•Ml the crops from the three localities ŵ ere analyzed 
separately each year. Some of the results of this 
experiment are shown in the following table: —

u

E f f e c t  o f  L o c a l i t y  o n  C o m p o s i t i o n  o f  C r i m e a n  W h e a t

D eterm ination

Protein . .
W eight per bushel 

(lbs.) . . . .  
F linty (per cent)

Protein . . . .  
W eight per bushel 

(lbs.) . . . .  
F linty (per cent)

Grown in Kansas Grown in California

O riginal S ee

16.22

56.50
98.00

D, K ansas, 1905

1906 C rop from K ansas S eed of 1905

19.13 10.38

58.8 59.4
100.0 36.0

Grown in Texas

12.18

58.9

1907 C r o p  f r o m  S e e d  o f  1906

From
K an
sas

From
Cali
fornia

From
Texas

K an
sas

Cali
fornia Texas K an

sas
Cali

fornia Texas

Protein . . . 
W eight per

22.23 22.23 22.81 11.00 11.33 11.37 16.97 18.22 18.21

bushel (lbs.) . 51.3 51.3 50.7 61.3 61.8 62.3 58.5 57.3 58.6
Flin ty  . . . . 100.0 100.0 100.0 50.0 60.0 50.0 98.0 100.0 95.0

/
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The results are striking and convincing. The origi
nal seed grown in Kansas in 1905 contained 16.22 per 
cent of protein. The 1906 crop grown from this 
seed in Kansas contained 19.13 per cent protein; in 
California, 10.38 percent; and in Texas, 12.18percent. 
In 1907 the crop harvested in Kansas from the 1906 
seed from these widely separated places and of very 
different composition contained uniformly some
what more than 22 per cent of protein; harvested in 
California, somewhat more than 11 per cent; and 
harvested in Texas, about 18 per cent. In short, 
the composition of wheat kernels is independent of the 
composition of the seed or the nature of the soil, but 
depends primarily upon the prevailing climatic con
ditions, including the water supply. The weight of 
the wheat per bushel, that is, the average size and 
weight of the wheat kernel, and also the hardness or 
flinty character of the kernels, were strongly affected 
by the varying climatic conditions. It is generally 
true that dry-farm grain weighs more per bushel than 
grain grown under humid conditions; hardness usu
ally accompanies a high protein content and is there
fore characteristic of dr}''-farm wheat. These notable 
lessons teach the futility of bringing in new seed 
from far distant places in the hope that better and 
larger crops may be secured. The conditions under 
which growth occurs determine chiefly the nature of 
the crop. It is a common experience in the West 
that farmers who do not understand this principle
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send to the Middle West for seed corn, with the result 
thnt ^lent crops of stulks and leaves with no ears are 
ol)tained. Ihe only safe rule for the dry~farmer to 
follow is to use seed which has been grown for many 
years under diy-farni conditions.

.1 reason for variation in composition

It is possible to suggest a reason for the high pro
tein contemt of diy-farni crops. It is well known 
that all plants secure most of their nitrogen early in

Fia. G5. Dry-farm rye. Montana. 1909. Yield, 33 bushels per acre.

the growing [leriod. From the nitrogen, protein is 
formed, and all young plants are, therefore, very rich 
in protein. As the plant becomes older, little more 
protein is added, but more and more carbon is taken 
from the air to form the fats, starches, sugars, and 
other non-nitrogenous substances. Consequently

■ • j



VARIATION IN COMPOSITION

the proj)ortion or percentage of protein becomes 
smaller as the plant becomes older. The impelling 
purpose of the jilant is to produce seed. Whenever 
the water supply begins to give out, or the season 
shortens in any other way, the plant immediately 
begins to ripen. Now, the essential effect of dry- 
farm conditions is to shorten the season; the com
paratively young plants, yet rich in protein, begin to 
produce seed; and at harvest, seed, and leaves, and 
stalks are rich in the flesh-and blood-forming element 
of plants. In more humid countries plants delay 
the time of seed production and thus enable the plants 
to store up more carbon and thus retluce the percent 
of protein. The short growing season, induced by 
the shortness of water, is undoubtedly the main reason 
for the higher protein content and consequently 
higher nutritive value of all dry-farm crops.
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Nutritive value of dry-farm hay, straw, and flour

•\11 the parts of dry-farm crops are highly nutri
tious. This needs to be more clearl}'' understood by 
the dry-farmers. Dry-farm hay, for instance, be
cause of its high protein content, may be fed with 
crops not so rich in this element, thereby making 
a larger profit for the farmer. Dr}'-farm straw often 
has the feeding value of good hay, as has been dem
onstrated by analyses and liy feeding tests con
ducted in times of hay scarcity. Especially is the
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276 DRY-FARMING

lieader straw of high feeding value, for it represents
the upper and more nutritious ends of the stalks.
Dry-farm straw, therefore, should be carefully kept
and fed to animals instead of being scattered over the
giound 0 1  even burned as is too often the case. Only
lew feeding experiments having in view the relative
feeding value of dry-farm crops have as yet been
made, l)ut the few on record agree in showing the
superior value of dry-farm crops, whether fed singly 
or in combination.

The differences in the chemical composition of 
j)lants and plant j^roducts induced by differences in 
the water-supply and climatic environment appear 
in the manufactured ju’oducts, such as flour, bran, 
tind shoi ts. Jdour made from hife wlieat grown on 
the diy-farms of L tah contained practically 16 per 
cent of protein, while flour made from Fife wheat 
giown in Maiiû  and the Middle \\est is reported by 
the Maine Station as containing from 13.03 to 13.75 
per cent of j)rotein. Flour made from Blue Stem 
wheat grown on the Utah dry-farms contained 15.52 
})er cent of protein; from the same variety grown in 
Maine and in the Middle West 11.69 and 11.51 per 
cent of i)rotein resj)ectively. The moist and dry 
gluten, the gliadin and the glutenin, all of which 
make j)ossible the best and most nourishing kinds 
of bread, are present in largest quantity and best 
proj)ortion in flours made from wheats grown under 
tyj)ical dry-farm conditions. The b3 -̂products of
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THE COMPOSITION OF DRY-FARM CROPS
»

the milling process, likewise, are rich in nutritive 
elements.

Future Needs

It has already been pointed out that there is a 
growing tendency to purchase food materials on 
the basis of composition. New discoveries in the 
domains of plant composition and animal nutrition 
and the improved methods of rapid and accurate 
valuation will accelerate this tendency. Even now, 
manufacturers of food products print on cartons 
and in advertising matter quality reasons for the 
superior food values of certain articles. At least 
one firm produces two parallel sets of its manufac
tured foods, one for the man who does hard physical 
labor, and the other for the brain worker. Quality, 
as related to the needs of the body, whether of beast 
or man, is rapidly becoming the first question in 
judging any food material. The present era of high 
prices makes this matter even more important.

In view of this condition and tendency, the fact 
that dry-farm products are unusually rich in the 
most valuable nutritive materials is of tremendous 
importance to the development of dry-farming. The 
small average yields of drj'-farm crops do not look so 
small when it is known that they command higher 
prices per pound in competition with the larger 
crops of more humid climates. More elaborate 
investigations should be undertaken to determine
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THE COMPOSITION OF DRY-FARM CROPS 279

the quality of crops grown in different dry-farm 
districts. As far as possible each section, great or 
small, should confine itself to the growing of a 
variety of each crop yielding well and possessing 
the highest nutritive value. In that manner each 
section of the great dr}"-farm territory would soon 
come to stand for some dependable special quality 
that would compel a first-class market, 
the superior feeding value of dry-farm 
should be thoroughly advertised among the con
sumers in order to create a demand on the markets 
for a quality valuation. A few years of such sys
tematic honest work would do much to improve 
the financial basis of dry-farming.

I s . " 'Kit

I'
r

i  N



7̂ -:.

1

ir
; 1

f . u!
1 ■; iV ' i ! !1 1 \i

j  I

I I
I

fiM
■  I  I

■ u „ : ; l

U! S !'i ii<! i)

i 1

Is
H

i

m

’ i
nn

liil

1i
t 1 ^

\i$

CH.VPTER XIV

MAINTAINING THE SOIL FERTILITY

All j)lants when carefully burned leave a portion 
of asli, ranging widely in quantity, averaging about 
5 jx>r cent, and often exceeding 10 per. cent of the 
dry weight of the j)lant. This j)lant ash represents 
inorganic substances taken from the soil by the 
roots. In addition, the nitrogen of plants, averaging 
about 2 per cent and often amounting to 4 per cent, 
which, in burning, passes off in gaseous form, is also 
usually taken from the soil by the plant roots. A 
comparatively large quantity of the j)lant is, there
fore, drawn directly from the soil. Among the ash 
ingredients are many which are taken up by the 
l)lant simj)ly because they are j)resent in the soil; 
others, on the other hand, as has been shown by 
numerous classical investigations, are indispensable 
to j)lant growth. If any one of these indispensable 
ash ingredients be absent, it is impossible for a plant 
to mature on such a soil. In fact, it is pretty well 
established that, j)roviding the physical conditions 
and the water supply are satisfactory, the fertility 
of a soil depends largely upon the amount of avail
able ash ingredients, or plant-food.
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A clear distinction must be made between the 
total and available plant-food. The essential plant- 
foods often occur in insoluble combinations, value
less to plants; only the plant-foods that are soluble 
in the soil-water or in the juices of jdant roots are 
of value to j)lants. ' It is true that practically all 
soils contain all the indispensable j)lant-foods; it 
is also ti-ue, however, that in most soils they are 
j^iesent, as av'ailable plant-foods, in comj)aratively 
small quantities. When crops are I'emoved from 
the land year after year, without any return being 
made, it naturally follows that under ordinary con
ditions the amount of available plant-food is dimin
ished, with a strong j)robability of a corresj)onding 
diminution in cro})-producing power. In fact, the 
soils of many of the older countries have been per
manently injui'ed by continuous cropf)ing, with 
nothing returned, j)racticed through centuries. Even 
in many of the younger states, continuous cropping 
to wheat or other crops for a genei-ation or less has 
resulted in a large tlecrease in tlie crop yield.

Practice and experiment have shown that such 
diminishing fertility may be retarded or wholly 
avoided, first, by so working or cultivating the soil 
as to set free much of the insoluble jdant-food and, 
secondly, by returning to the soil all or part of the 
plant-food taken away. The recent development ■ 
of the commercial fertilizer industry is a response to 
this truth. It may be said that, so far as the agri-

I



AVAILABLE FOOD SUPPLY 283

cultural soils of the world are now known, only three 
of the- essential plant-foods are likely to be absent, 
namely, potash, i)hosphoric acid, and nitrogen; of 
these, by far the most important is nitrogen. The 
whole question of maintaining the supply of plant- 
foods in the soil concerns itself in the main with the 
supply of these three substances.

The persistent fertility of dry-farms

In recent years, numerous farmers and some 
investigators have stated that under dry-farm condi
tions the fertility of soils is not imj^aired by croj>ping 
without manuring. This view has been taken be
cause of the well-known fact that in localities where 
dry-farming has been practiced on the same soils 
from twenty-five to forty-five years, without the 
addition of manures, the average crop yield has not 
only failed to diminish, but in most ca.ses has in
creased. In fact, it is the almost unanimous testi
mony of the oldest dry-farmers of the United States, 
operating under a rainfall from twelve to twenty 
inches, that' the crop juelds have increased as the 
cultural methods have been perfected. If any 
adverse effect of the steady removal of plant-foods 
has occurred, it has been wholly overshadowed by 
other factors. The older dry-farms in Utah, for 
instance, which are among the oldest of the country, 
have never been manured, yet are yielding better
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to-day than they did a generation ago. Strangely 
enough, this is not true of the irrigated farms, operat
ing under like soil and climatic conditions. This 
behavior of cro]) ])roduction under dry-farm condi
tions has led to the belief that the question of soil- 
fertility is not an important one to dry-farmers. 
Nevertheless, if our present theories of i)lant nutri
tion are correct, it is also true that, if continuous 
croj)ping is i)racticed on our tlry-farm soils without 
.some form of manuring, the time must come when 
the productive power of the soils will be injured and 
the only recoui-seof th(> farmer will be to return to the 
.soils some of the plant-food taken from it.

The view that .soil fertility is not diminished by 
dry-farming aj)pears at first sight to be strengthened 
by the results ol)tained by investigators who have 
made determinations of the actual plant-food in 
soils that have long been dry-farmed. The sparsely 
settled condition of the dry-farm territory furnishes 
as 3'Ct an excellent opportunity to compare virgin 
and dry-farmed lands and which frequently may be 
found side by side in even the older dry-farm sections. 
Stewart found that Utah dry-farm soils, cultivated

years and never manured, were 
in many cases richer in nitrogen than neighboring 
virgin lands. liradley found that the soils of the 
great dry-farm wheat bolt of Eastern Oregon con
tained, after having been farmed for a quarter of a 
century, practically as much nitrogen as the adjoin-
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ing virgin lands. The determinations were made 
to a depth of eighteen inches. Alway and Trumbull, 
on the other hand, found in a soil from Indian Head, 
Saskatchewan, that in twenty-five years of cultiva
tion the total amount of nitrogen had been reduced

<f

Hi- 'b«.
F ig . G8. Dry-farm white hull-less barley. Choteau, Montana, 1909.

Yield, 48 bushels per acre.

about one third, tliough the alternation of fallow 
and crop, commonly j)racticed in dry-farming, did 
not show a greater loss of soil nitrogen than other 
methods of cultivation. It must be kej)t in mind 
that the soil of Indian Head contains from two to 
three times as much nitrogen as is ordinaril}  ̂ found
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in tlie soils of the Groat Plains and from three to four 
times as much as is found in the soils of the Great 
Basin and the High Plateaus. It may be assumed, 
therefore, that the Indian Head soil was peculiarly 
liable to nitrogen losses. Headden, in an investi
gation of the nitrogen content of Colorado soils, 
has come to the conclusion that arid conditions, like 
those of Colorado, favor the direct accumulation 
of nitrogen in soils. All in all, the undiminished 
crop yield and the composition of the. cultivated 
fields lead to the belief that soil-fertility j)roblems 
under dry-farm conditions are widely different from 
the old well-known problems under humid conditions.

Reasons for dry-farming fertility

It is not really difficult to undemtand why the 
)'ields and, aj)i)arently, the fertility of dry-farms 
have continued to increa.se during the j)eriod of re
corded dry-farm history — nearly half a century.

lirst, the intrinsic fei’tility of arid as compared with 
humid soils is very high. (See Chapter V.) The 
production and removal of many successive bountiful 
crops would not have as marked an effect on arid as 
on humid soils, for both yield and composition change 
more slowly on fertile soils. The natural extraordi
narily high fertility of dry-farm soils explains, there
fore, primarily and chiefly, the increasing yields on 
dry-farm soils that receive proper cultivation.



THE FERTILITY OF THE DRY LANDS

The intrinsic fertility of arid soils is not alone 
sufficient to explain the increase in plant-food which 
undoubtedly occurs in the upper foot or two of 
cultivated dry-farm lands. In seeking a suitable 
explanation of this phenomenon it must be recalled 
that the proportion of available plant-food in arid 
soils is very uniform to great depths, and that plants 
grown under proper dry-farm conditions are deep 
rooted and gather much nourishment from the lower 
soil layers.. As a consequence, the drain of a heavy 
crop does not fall upon the upper few feet as is 
usually the case in humid soils. The dry-farmer has 
several farms, one upon the other, which permit 
even improper methods of farming to go on longer 
than would be the case on shallower soils.

The great depth of arid soils further permits the 
storage of rain and snow water, as has been explained 
in previous chapters, to depths of from ten to fifteen 
feet. As the growing season proceeds, this water is 
gradually drawn towards the surface, and with it 
much of the plant-food dissolved by the water in 
the lower soil layers. This process repeated year 
after year results in a concentration in the upper soil- 
layers of fertility normally distributed in the soil to 
the full depth reach by the soil-moisture. At certain 
seasons, especially in the fall, this concentration may 
be detected with greatest certainty. In general, 
the same action occurs in virgin lands, but the meth
ods of dry-farm cultivation and cropping which per-
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mit a deeper penetration of the natural precipitation 
and a freer movement of the soil-water result in a 
larger (puintity of jilant-food reaching the upper 
two or three feet from the lower soil depths. Such 
concentration near the surface, when it is not exces
sive, favors the production of increased yields of 
crops.

The characteiistic high fertility and great depth 
of arid soils arc ])robal)ly the two main factors 
explaining the apjiarent increase of the fertility of 
dry-farms under a system of agriculture which does 
not include the jiractice of manuring. Yet, there 
are other conditions that conti-ibute largely to the 
result. For instance, every cultural method accepted 
in dry-farming, such as deep jilowing, fallowing, and 
frequent cultivation, enables the weathering forces 
to. act upon the soil ixarticles. Especially is it made 
ea.sy for the air to enter the soil. Under such condi
tions, the plant-food unavailable to ])lants because 
of its insoluble condition is liberated and made avail
able. The jiractice of dry-farming is of itself more 
conducive to such accumulation of available plant- 
food than are the methods of humid agriculture.

hhirther, the annual yield of any crop under con
ditions of dry-farming is smaller than under condi
tions of high rainfall. Less fertility is, therefore, 
removed by each crop and a given amount’ of avail
able fertility is sufficient to produce a large number 
of croj)s without showing signs of deficiency. The
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comparatively small annual yield of dry-farm crops 
is emphasized in 
view of the common 
practice of summer 
fallowing, which 
means that the land 
is cropped only every 
other year or possi
bly two years out of 
three. Under such 
conditions the yield 
in any one year is 
cut in two to give an 
annual yield.

The use of the 
header w herever 
])ossible in harvest
ing dry-farm grain 
also aids materially 
in maintaining soil- 
fertility. By means 
of the header only 
the heads of the 
grain are clipped off; 
the stalks are left 
standing. In the 
fall, usually, this 
stubble is plowed 
under and gradually

I

F ig . 69. Dry-farm  barley. U tah, 1909.

decays. In the earlier dry-
U
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farm days farmers feared that under conditions 
of low rainfall, the stubble or straw plowed under 
would not decay, but would leave the soil in a loose 
diy condition unfavorable for the growth of plants. 
During the last fifteen years it has been abundantly 
demonstrated that if the correct methods of dry 
farming are followed, so that a fair balance of water 
is alwa}'s found in the soil, even in the fall, the heavy, 
thick header stubble may be plowed into the soil 
with the certainty that it will decay and thus enrich 
the soil. The header stubble contains a very large 
proj)ortion of the nitrogen that the crop has taken 
from the soil and more than half of the i)otash and 
phosjdioric acid. Idowing under the lieader stubble 
returns all this material to the soil. Moreover, the 
bulk of the stubble is carbon taken from the air. 
‘This decays, forming various acid substances which 
act on the soil grains to set free the fertility which 
they contain. At the end of the process of decay 
humus is formed, which is not only a storehouse of 
plant-food, but effective in maintaining a good 
ph}"sical condition of the soil. The introduction of 
the header in dry-farming was one of the big steps 
in making the j)ractice certain and profitable.

Pinally, it must be admitted that there are a great 
many more or less poorly understood or unknown 
forces at work in all soils whicli aid in the mainte
nance of soil-fertility. Chief among these are the low 
forms of life known as bacteria. Many of these.
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under favorable conditions, appear to have the power 
of liberating food from the insoluble soil grains. 
Others have the power when settled on the roots 
of leguminous or pod-bearing plants to fix nitrogen 
from the air and convert it into a form suitable for 
the need of plants. In recent years it has been found 
that other forms of bacteria, the best known of which 
is azotobacter, have the pow'er of gathering nitrogen 
from the air and combining it for the plant needs 
without the-presence of leguminous plants. These 
nitrogen-gathering bacteria utilize for their life pro
cesses the organic matter in the soil, such as the 
decaying header stubble, and at the same time 
enrich the soil by the addition of combined nitrogen. 
Now, it so happens that these important bacteria 
require a soil somewhat rich in lime, well aerated and 
fairly dry and warm. These conditions are all 
met on the vast majority of our dry-farm soils, under 
the system of culture outlined in this volume. Hall 
maintains that to the activity of these bacteria 
must be ascribed the large quantities of nitrogen 
found in many virgin soils and probably the final 
explanation of the steady nitrogen supply for dry 
farms is to be found in the work of the azotobacter 
and related forms of low life. The potash and phos
phoric acid supply can probably be maintained for 
ages by proper methods of cultivation, though the 
phosphoric acid will become exhausted long before 
the potash. The nitrogen supjjly, however, must
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come from witliout. The nitrogen question will 
undoubtedly soon be the leading one before the 
stuilents of dry-farm fertility. A liberal supply of 
organic matter in the soil with cultural methods 
favoring the growth of tlie nitrogen-gathering bac
teria appears at present to be the first solution of the 
nitrogen question. Meanwhile, the activity of the 
nitrogen-gathering bacteria, like azutobucter, is one 
of our best exjdanations of the large presence of 
nitrogen in cultivatetl dry-farm soils.

To summarize, the ajjjmrent increase in produc
tivity and plant-fooil content of dry-farm soils can 
best be explained by a consideration of these factors:
(1) The intrinsically high fertility of the arid soils;
(2) the (leej) feeding ground for the deep root systems 
of dry-farm crops; (3) the concentration of the plant 
food distributed throughout the soil by the upward 
movement of the natural jirecipitation stored in the 
soil; (4) the cultural methods of dry-farming which 
enable the weathering agencies to liberate freely and 
vigorously the plant-food of the soil grains; (5) the 
small annual crops; (G) the plowing under of the 
header straw, and (7) the activity of bacteria that 
gather nitrogen directly from the air.

Methods of conserving soil-fertility

In view of the comparatively small annual crops 
that characterize dry-farming it is not wholly im-
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possible that the factors above discussed, if properly 
applied,- could liberate the latent plant-food of the 
soil and gather all necessary nitrogen for the plants. 
Such an equilibrium, could it once be established, 
would possibly continue for long periods of time, but 
in the end would no doubt lead to disaster; for, 
unless the very cornerstone of modern agricultural 
science is unsound, there will be ultimately a dimi
nution of crop producing power if continuous crop
ping is practiced without returning to the soil a goodly 
portion of the elements of soil fertility taken from it. 
The real purpose of modern agricultural research is 
to maintain or increase the productivity of our lands; 
if this cannot be done, modern agriculture is essen
tially a failure. Dry-farming, a s ' the newest and 
probably in the future one of the greatest divisions 
of modern agriculture, must from the beginning 
seek and apply processes that will insure steadiness 
in the productive power of its lands. Therefore, 
from the very beginning dry-farmers must look 
towards the conservation of the fertility of their 
soils.

The first and most rational method of maintaining 
the fertility of the soil indefinitely is to return to the 
soil everything that is taken from it. In practice 
this can be done only by feeding the products of the 
farm to live stock and returning to the soil the ma
nure, both solid and liquid, produced by the animals. 
This brings up at once the much discussed question
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of the relation between the live stock industry and 
dry-farming. While it is undoubtedly true that no 
system of agriculture will be wholly satisfactory 
to the farmer and truly beneficial to the state, unless
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F ig . 70. Dry-farin beardless barley. New Mexico, 1909.

it is connected definitely with the production of 
live stock, yet it must be admitted that the present 
prevailing dry-farm conditions do not always favor 
comfortable animal life. For instance, over a large
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portion of the central area of the dry-farm territory 
the dry-farms are at considerable distances from 
running or well water. In many cases, water is 
hauled eight or ten miles for the supply of the men 
and horses engaged in farming. Moreover, in these 
drier districts, only certain crops, carefully culti
vated, will yield jirofitably, and the pasture and the 
kitchen garden are practical impossibilities from 
an economic point of view. Such conditions, though 
profitable dry-farming is feasible, preclude the 
existence of the home and the barn on or even near 
the farm. When feed must be hauled many miles, 
the profits of the live stock industry are materially 
reduced and the dry-farmer usually prefers to grow 
a crop of wheat, the straw of which may be plowed 
under the soil to the great advantage of the follow
ing crop. In dry-farm districts where the rainfall 
is higher or better distributed, or where the ground 
water is near the surface, there should be no reason 
wh)' dry-farming and live stock should not go hand 
in hand. Wherever water is within reach, the home
stead is also jiossible. The recent development of 
the gasoline motor for pumping purposes makes 
possible a small home garden wherever a little water 
is available. The lack of water for culinar}  ̂purposes 
is really the problem that has stood between the 
joint development of dry-farming and the live stock 
industry. The whole matter, however, looks much 
more favorable to-day, for the efforts of the Federal

l i

i



»» •'

; u\

- *  ■ ■ ■'ki^ = Jr> - J j j ]

r *1

l>....

,4 '

r • r

>’ i

r i i

•̂•P f -

f
►
1

Hi

1'

DRY-FARMING

and state governments have succeeded in discovering 
numerous subterranean sources of water in dry-farm 
districts. In addition, the development of small 
inigation systems in the neighborhood of dry-farm 
districts is helping the cause of the live stock industry. 
At the jiresent time, dry-farming and the live stock 
industiy are rather far ajiart, though undoubtedly 
as the desert is conquered they will become more 
closely associated. The question concerning the 
best maintenance of soil-fertility remains the same; 
and the ideal way of maintaining fertility is to return 
to the soil as much as is possible of the plant-food 
taken from it by the crops, which can best be accom
plished by the development of the business of keej)- 
ing live stock in connection with dry-farming.

If live stock cannot be kept on a dry-farm, the 
most direct method of maintaining soil-fertility is 
by the aj)plication of commercial fertilizers. This 
practice is followed extensively in the Eastern states 
and in Euro])e. The lar2:e areas of drv-farms and 
tlie high prico.s of commercial fertilizers will make 
this method of manuring impracticable on dry-fai-ms,

cl IS "̂iissĉ d from thought until such a 
day as conditions, especially with respect to j)rice 
of nitrates and potash, are materially changed.

Nitrogen, which is the most impoi'tant plant-food 
that may he absent from dry-farm soils, may be 
secured by the proper use of leguminous crops. All

bearing j)lants commonly cultivated, such as
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peas, beans, vetch, clover, and lucern, are able to 
secure large quantities of nitrogen from the air 
through the activity of bacteria that live and grow 
on the roots of such plants. The leguminous croji 
should be sown in the usual way, and when it is well 
past the flowering stage should be plowed into the 
ground. Naturally, annual legumes, such as peas 
and beans, should be used for this purpose. The 
crop thus plowed under contains much nitrogen, 
which is gradually changed into a form suitable for 
plant assimilation. In addition, the acid substances 
produced in the decay of the plants tend to liberate 
the insoluble plant-foods and the organic matter is 
finally changed into humus. In order to maintain a 
proper supply of nitrogen in the soil the dry-farmer 
will probably soon find himself obliged to grow, every 
five years or oftener, a crop of legumes to be plowed 
under.

Non-leguminous crops may also be plowed under 
for the purpose of adding organic matter and humus 
to the soil, though this has little advantage over the 
present method of heading the grain and plowing 
under the high stubble. The header system should 
be generally adopted on wheat dry-farms. On 
farms where corn is the chief crop, perhaps more 
importance needs to be given to the supply of organic 
matter and humus than on wheat farms. The 
occasional plowing under of leguminous crops would 
be the most satisfactory method.
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1 ho j)oisisteiit cij)j)liccitioii of tho j r̂opor cultural 
methods of dry-farming will set free the most im
portant j)lant-foods, and on well-cultivated farms 
nitiogen is the only element likely to be absent in 
serious amounts.

The rotation of crops on dry-farms is usually
ad\ocated in districts like the Great Plains area,
where the annual rainfall is over fifteen inches and
the major part of the precipitation comes in spring
and summer. Ihe various rotations ordinarily
include one or more crops of small grains, a hoed
crop like corn or potatoes, a leguminous crop, and
sometimes a fallow }̂ ear. The leguminous crop is
Srown to secure a fresh sui)]dy of nitrogen; the hoed
ciop, to enable the air and sunshine to act thoroughly
on the soil grains and to liberate plant-food, sucTi as
potash and j)hosj)horic acid; and the grain croj)s to
take up plant-food not reached by the root s} ŝtems
of the other plants. The subject of proper rotation
()f crops has always been a difficult one, and very
little information exists on it as practiced on di*y-
farms. Chilcott has done considerable work on
rotations-in the Great Plains district, but he frankly
admits that many years of trial will be necessaiy for
the elucidation of trustworthy princi])les. Some of
the best lotations found by Chilcott up to the present 
are: —

Corn — Wheat — Oats 
Barley — Oats — Corn 
Fallow — Wheat — Oats

f
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Rosen states that rotation is very commonly prac
ticed in the dry sections of southern Russia, usually 
including an occasional summer fallow. As a type 
of an eight-year rotation practiced at the Poltava

F ig . 71. Dry-farm corn. Rosebud Co., Montana, 1909
age. Yield, 9.4 tons well-cured fodder.
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Station, the following is given: (1) Summer .tilled 
and manured; (2) winter wheat; (3) hoed croj);
(4) spring wheat; (5) summer fallow; (6) winter 
rye; (7) buckwheat or an annual legume; (8) oats. 
This rotation, it may be observed, includes the grain 
crop, hoed crop, legume, and fallow ever}̂  four years.

As h.as been stated elsewhere, any rotation in dry
farming which does not include the summer fallowo
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at least every third or fourth year is likely to be 
dangerous in years of deficient rainfall.

1 his I'eview of the question of dry-farm fertility 
is intemled merely as a forecast of coming develop
ments. .Vt the piesent time soil-fertility is not giving 
the th}-fanners great concern, but as in the countries 
of abundant lainfall the time will come when it will 
b(‘ ecpial to that of water conservation, unless indeed 
t he dry-farmers heed the lessons of the j)ast and adopt 
Irom the .start pmj)er practices for the maintenance 
of the ])lant-food stored in the soil. The principle 
explained in Chapter IX, that the amount of water 
r(>quired for the production of one pound of water 
diminishes as the fertility increases, shows the inti
mate relationship that exists between the soil-fer
tility and the soil-water and the importance of main
taining dry-farm soils at a high state of fertility.
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CHAPTER XV
s IMPLEMENTS FOR DRY-FARMING

C h e a p  land and relatively small acre yields 
characterize dry-farming. Consequently, larger 
areas must be farmed for a given return than in 
humid farming, and the successful pursuit of dry
farming compels the adoption of methods that 
enable a man to do the largest amount of effective 
work with the smallest expenditure of energy. The 
careful observations made by Grace, in Utah, lead to 
the belief that, under the conditions prevailing 
in the intermountain country, one man with four 
horses and a sufficient supply of machinery can farm 
160 acres, half of which is summer-fallowed every 
year; and one man may, in favorable seasons under 
a carefully planned system, farm as much as 200 
acres. If one man attempts to handle a larger farm, 
the work is likely to be done in so slipshod a manner 
that the crop yield decreases and the total returns 
are no larger than if 200 acres had been well tilled.

One man with four horses would be unable to 
handle even 160 acres were it not for the posses
sion of modern machinery; and dry-farming, more 
than any other system of agriculture, is dependent
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for its success uj3on the use of proper implements of 
tillage. In fact, it is very doubtful if the reclama
tion of the great arid and semiarid regions of the 
world would have been jjossible a few decades ago, 
before the invention and introduction of labor-sav
ing farm maciiineiy. It is undoubtedly further a fact 
that the future of diy-farming is closely bound up 
with the imj)rovements that may be made in farm 
machinery. Few of the agricultural implements on 
the market to-day have been made primarily for 
dr\'-farni conditions, llie best that the dr} -̂farmer 
can do is to adajjt the implements on the market 
to his special needs. Possibly the best field of in
vestigation for the experiment stations and inventive 
minds in the arid region is farm mechanics as applied 
to tJie special needs of dry-farming.

/
Clearing and breaking

A large portion of the dry-farm territory of the 
United States is covered with sagebrush and related ’ 
plants. It is always a difficult and usually an ex
pensive j)roblem to clear sagebrush land, for the 
shrubs are frequently from two to six feet high, cor- 
res])ondingly deep-rooted, with very tough wood. 
When the soil is dry, it is extremely difficult to pull 
out sagebrush, and of necessity much of the clearing 
must be done during the drv season. Numerous 
devices have been suggested and tried for the purj3ose
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of clearing sagebrusli land. One of the oldest and 
also one of the most effective devices is two parallel 
railroad rails connected with heavy iron chains and 
used as a drag over the sagebrush land. The sage 
is caught by the two rails and torn out of the ground. 
The clearing is fairly complete, though it is generally 
nece.ssary t<j go over the ground two or three times 
before the work is comj)leted. Even after such 
tr(*atment a large number of sagebrush clumps, 
found standing over the field, must be grubbed up 
with the hoe. .\nother and effective device is the 
so-called “ mankiller.” This imj)lement j)ulls up the 
.sage very successfully and drops it at certain definite 
intervals. It is, however, a very dangerous imple
ment and fi'(‘(juently results in injury to the men 
who work it. Of recent }’ears another device has 
been tried with a great deal of success. It is made 
like a snow plow of lioavy railroad irons to which 
a nuinher of large steel knives have been bolted. 
Neither of these iinj)lements is wholly satisfactory, 
and an acceptable machine for grubbing sagebrush 
is yet to be devised. In view of the large expense’ 
attached to the clearing of sagebrush land such a 
machine would be of great help in the advancement 
of dry-farming.

Away from the sagebrush country the virgin dry- 
farm land is usually covered with a more or less dense 
growth of grass, though true sod is seldom found 
under diy-farm conditions. The ordinary breaking
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plow, characterized by a long sloping moldboard, is 
the best known implement for breaking all kinds of 
sod. (See Fig. 75 a.) Where the sod is very light, as 
on the far western prairies, the more ordinary forms 
of plows may be used. In still other sections, the 
dry-farm land is covered with a scattered growth of 
trees, frequently pinion pine and cedars, and in Ari
zona and New Mexico the mesquite tree and cacti are 
to be removed. Such clearing has to be done in ac
cordance with the special needs ot the locality.

Plowing

Plowing, or the turning over of the soil to a depth 
of from seven to ten inches for every crop, is a funda
mental operation of dry-farming. The plow, there-

F ig . 73. Parts of modern plow.

fore, becomes one of the most important implements 
on the drV“farm. Though the j'llow as an agiicul- 
tural implement is of great antiquity, it is only within 
the last one hundred years that it has attained its 
j)resent perfection. It is a question even to-day, in
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the minds of a great many students, whether the 
modern j)low sliould not be replaced by some machine 
(*v(‘n more suital)le for the proj)or turning and stirring 
of the soil. Tlu' moldboard j)low is, everything con
sidered, the most satisfactory j)low for dry-farm

H2
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F ig . 74. Sulky plow.

purposes. A plow with a moldboard j)ossessing a 
short abrupt curvature is generally held to be the 
most valuable for dry-farm purposes, since it pul
verizes the soil most thoroughly, and in dry-farming 
it is not so important to turn the soil over as to 
crumble and loosen it thoroughly. The various j)low 
bottoms ar(' shown in iMgure 7o. Naturally, since 
the ar(\as of dry-farms are very large, the sulky or 
riding j)low is the only kind to be used. The same 
may be said of all other dry-farm implements. As 
far as j)ossible, they should be of the riding kind, 
since in the end it means economy from the resulting 
saving of energy. (See Fig. 74.)

1
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The disk plow has recently come into prominent 
use throughout the land. It consists, as is well 
known, of one or more large disks which are believed

to cause a smaller draft, as they cut into the ground, 
than the draft due to the sliding friction upon the 
moldboard. • Davidson and Chase say, however, 
that the draft of a disk plow is often heavier in propor
tion to the work done and the plow itself is more

i> I
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F ig . 76. Plow witli interchangeable moldboard and share.
%

clumsy than the moldboard plow. For ordinary dry- 
farm purposes the disk plow has no advantage over 
the modern moldboard plow. ]\Iany of the dry-farm 
soils are of a heavy clay and become very sticky dur
ing certain seasons of the year. In such soils the disk 
plow is very useful. It is also true that dry-farm
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soils, subjected to the intense heat of the western sun, 
become very hard. In tlie handling of such soils the 
disk plow has been found to be most useful. The 
common exjierience of dry-farmers is that when 
sagebrush lands have been cleared, the first plowing 
can be most successfully done with the disk plow, but ft'..I

s

i 15
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Fia. 77. Disk plow.

that after the first crop has been harvested, the 
stubble land can be best handled with the moldboard 
plow. All this, however, is yet to be subjected to 
further tests. (See Fig. 77.)

While subsoiling results in a better storage reser
voir for water and consecpiently makes dry-farming 
more secure, yet the high cost of the practice will 
probabl}" never make it popular. Subsoiling is ac
complished in two ways: either by an ordinary mold- 
board plow which follows the plow in the plow fur
row and thus turns the soil to a greater depth, or by 
some form of the ordinary subsoil plow. In general.

W'"
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the subsoil plow is simply a vertical piece of cutting 
iron, down to a depth of ten to eighteen inches, at the 
bottom of which is fastened a triangular piece of iron 
like a shovel, which, when pulled through the giound, 
tends to loosen the soil to the full depth of the plow.

ic-

F ig. 78. Subsoil plow.

The subsoil plow docs not turn the soil, it simply 
loosens the soil so that the air and plant roots can
penetrate to greater depths. (See I ig. 78.)

In the choice of plows and their proper use the dry 
farmer must be guided wholly by the conditions under 
which he is working. It is impossible at the present 
time to lay down definite laws stating what plows are 
best for certain soils. The soils of the arid region are 
not well enough known, nor has the lelationship 
between the plow and the soil been sufficiently well 
established. As above remarked, here is one of the 
great fields for investigation for both scientific and
practical men for years to come.
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Mokvig and maintaining a soil-mulch

After the land has been so well j)lowed that the 
rains can enter easily, the next operation of iinpor- 
tanee in (Irv-farining is the making and inaintainingof 
a soil-nuileh over the ground to prevent the evapora
tion of water from the soil. For this purijose some

m

11

Fui. 79. Spik(‘ tooth harrow.

form of harrow is most commonly used. The oldest 
and best-known harrow is thcordinaiy smoothing har
row, which is comj)osed of ii-on or steel teeth of various 
shapes set in a suitable frame. (See Fig. 79.) For 
dry-farm ])urposes the implement must be so made as 
to ('nal)l(' the farmer to set the harrow teeth to slant 
backward or forward. Jt fi-('quently haj)pens that in 
the spi’ing the grain is too thick for the moisture in the 
soil, and it then becomes nece.ssary to tear out some of 
th('young plants. l’’or this purpose the harrow teeth 
are set straight or forward and ^he crop can then be

- i
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thinned effectively. At other times it may be observed 
in the spring that the rains and winds have led to 
the formation of a crust over the soil, which must be 
broken to let the plants have full freedom of growth 
and development. This is accomplished by slanting

t *

F i g . 80. Spring tooth harrow.

the harrow teeth backward, and the crust may then 
be broken without serious injury to the* plants. Ihe 
smoothing harrow is a very useful implement on the 
dry-farm. For following the plow, however, a more 
useful implement is the disk harrow, which is a com- 
])aratively recent invention. It consists of a series of 
disks which may be set at various angles with the line 
of traction and thus be made to turn over the soil while 
at the same time pulverizing it. (See Fig. 81.) The 
best dry-farm practice is to j)low in the fall and let the 
soil lie in the rough during the winter months. In the

7*-'5 *7^
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spring the land is thoroughly disked and reduced to a 
fine condition. Following this the smoothing harrow 
is occasionally used to foian a more jierfect mulch. 
A\'hen ^̂ eoding is to bo clone immediately after plow
ing, the j)low is followed by the disk harrow, and that 
in turn is followed by the smoothing harrow. The 
ground is thcui rc'ady for seeding. The disk harrow

Fio . 81. Disk harrow.

is also used extensively throughout the summer in 
maintaining a proper mulch. Jt does its work more 
effectively than the ordinarv smoothing harrow and

% %/ c *

is, therefore, rajiidly displacing all other forms of
liarrows for the jiurpose of maintaining a layer of
loose soil ov(u* the drv-farm. There are several kinds

%

of disk harrows useil hy diy-farmers. The full disk
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is, everything considered, the most useful. The 
cutaway harrow is often used in cultivating old alfalfa 
land; the spade disk harrow has a very limited appli
cation in dry-farming; and the orchard disk harrow is 
simply a modification of the full disk harrow whereby 
the farmer is able to travel between the rows of trees 
and so to cultivate the soil under the brandies of 
the trees without injuring the leaves or fruit.

One of the great difficulties in dry-farming con
cerns itself with the prevention of the growth of 
weeds or volunteer crops. As has been explained in 
previous chapters, weeds require as much water for 
their growth as wheat or other useful crojis. During 
the fallow season, the farmer is likely to be overtaken 
by the weeds and lose much of the value of the fallow 
by losing soil-moisture through the growth of weeds. 
Under the most favorable conditions weeds are dif
ficult to handle. The disk harrow itself is not effec
tive. The smoothing harrow is of less value. There 
is at the present time great need for some implement 
that will effectively destroy young weeds and j^revent 
their further growth. Attempts are being made to 
invent such implements, but up to the present with
out great success. Hogenson reports the finding of an 
implement on a western dry-farm constructed by the 
farmer himself which for a number of years has shown 
itself of high efficiency in keeping the dry-farm fiee 
from weeds. It is shown in Tigure 87. Seveial 
improved modifications of this implement have been

f
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made and tried out on the famous dry-farm district 
at Ae})lii, Utah, and witli the greatest success. Hun
ter H'ports a similar implement in common use on the 
dry-farms of the Columbia liasin. 8j)ring tooth har
rows are also used in a small way on the dry-farms.

F ig . 82 . R id ing  c u ltiv a to r .

They hav(' no sjiecial advantage over the smootliing 
harrow or the disk harrow, except in places wliere the 
attemj)t is made to cultivate the soil between the 
rows of wheat. The curved knife tooth liarrow is 
scarcely ever used on dry-farms. It lias some value 
as a pulvTrizer, l)ut does not seem to have any real 
adv^antage over the ordinary disk harrow.

Cultivators lor stirring the land on which crops are 
growing are not used extensively on dry-farms. Usu
ally the spring tooth harrow is eniplo}^ed for this 
work. In dry-farm sections, where corn is grown, 
the cultivator is frequently used throughout the

\
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season. Potatoes grown on dry-farms should be 
cultivated throughout the season, and as the potato 
industry grows in the dry-farm territory there will be 
a greater demand for suitable cultivators. The cul
tivators to be used on dry-farms are all of the riding 
kind. They should be so arranged that the horse 
walking between two rows carries a cultivator that 
straddles several rows of plants and cultivates the soil 
between. Disks, shovels, or spring teeth may be used 
on cultivators. There is a great variety on the mar
ket, and each farmer will have to choose such as meet 
most definitelv his needs.

The various forms of harrows and cultivators are of 
the greatest importance in the cleveloimient of dry- 
farming. Unless a proper mulch can be kept over the 
soil during the fallow season, and as far as possible 
during the growing season, first-class crops cannot be 
fully expected.

The roller is occasionally used in dry-farming, es
pecially in the uplands of the Columbia Basin. It is 
a somewhat dangerous implement to use where water 
conservation is important, since the j)acking resulting 
from the roller tends to draw water upward from the 
lower soil layers to be evaporated into the air. Wher
ever the roller is used, therefore, it should be followed 
immediately by a harrow. It is valuable chiefly in 
the localities where the soil is very loose and light and 
needs packing around the seeds to permit perfect 
germination.

t
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Subsurface packing

The subsurface packer recoinniended so highly by 
Campbell aims to j)ack the subsoil at a depth of fif- 
t('en inches to two feet, while leaving the topsoil in a 
loose condition. The subsurface packer probably has 
some value in j)laces where the subsoil containing the

F ig . 83. R iding cultivator.

plowed stubble is somewhat loose. In soils that 
pack naturally throughout the season it cannot exert 
a very beneficial effect. In fact the modern theory 

11 r̂  fct/1 11111 urges that water should be admitted 
to soil dejiths far below those reached by the subsur
face packer or any other agricultural implement. 
There can, therefore, be no special advantage in es
tablishing a packed layer of soil some fifteen or 
twenty inches below the surface. Campbell holds
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that the storage reservoir of the soil should be near 
the surface and that the jiacked soil layer should act 
as a bottom to jirevent the water from descending. 
This is in radical ojiposition to the best experience of 
the day. Undoubtedly, the subsurface packer does 
have a ]>lace on soils which do not jfcrmit of a raj)id 
and coniiilete decay of stubble and other organic 
matter that may be plowed under from season to 
season. On such soils the packing tendency of the 
subsurface roller may help prevent the loss of water 
and may also assist in furnishing a more uniform 
medium through which plant roots can force their 
way. For these puiposes the disk is usually much 
superior. (See Fig. 83.)

Solving

It has already been indicated in previous chapters 
that proper sowing is one of the most important 
operations of the dry-farm, quite comparable in 
importance with plowing or the maintaining of a 
mulch for retaining soil-moisture. The old-fashioned 
method of broadcasting has absolutely no place on a 
drv-farm. The success of drv-farming depends en- 
tirely upon the control that tlie farmer has of all the 
operations of the farm, l^y broadcasting, neither the 
quantity of seed used nor the manner of placing the 
seed in the ground can be regulated. Drill culture, 
therefore, introduced by Jethro Tull two hundred
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yoai-s ago, \vhi(*h gives the fanner full control over 
the {)rocess of seeding, is the only system to be used. 
The numerous seed drills on the market all employ 
the same principles. Their variations are few and 
simple. In all seed drills the seed is forced into tubes 
so j)laced as to (uiable the seed to fall into the fur
rows in the ground. The drills themselves are distin-

1I
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F kj. 84. Disk drill and seeder.

guished almost wholly by the type of the furrow 
opener and the covering devices which are used. The 
seed furrow is opened either by a small hoe or a 
so-called shoe or disk. At the present time it appeal's 
that the single disk is the coming method of opening 
the seed furrow and that the other methods will 
gradually disappear. .Vs the seed is dropped into 
the furrow thus made it is covered by some device at 
the rear of the machine. One of the oldest methods 
as well as one of the most satisfactory is a series of

I
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chains dragging behind the drill and covering the 
furrow, quite completely. It is, however, very de-
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Fig. 85. Drill seeder with press wheel attachm ent.

sirable that the soil should be pressed carefully around 
the seed so that germination may begin with the

o

F ig. 86. Sulky lister for corn.

least difficulty whenever the temperature condi
tions are right. Most of the drills of the day are.
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tlioroforo, jirovidc'd with large light wheels, one for 
each furrow, which press lightly ujion the soil and 
force the soil into intimate contact with the seed. 
(See Figs. 84 and 85.) The weakness of such an 
arrangement is that the soil along the drill furrows 
is left somewhat jiacked, which leads to a ready 
(>scaj)(‘ of the .soil-moisture. .Many of the drills are 
so arrang(‘d that pix'ss wheels may he lused at the 
pleasure of the fai’uu'r. The seed drill is already a 
very u-seful im])lement and is rapidly being made to 
meet the special recpiirements of the dry-fanner. 
Corn j)lanters are used almost exclusively on dry- 
farms where corn is the leading crop. In principle 
they are very much the same as the press drills. 
Potatoes are also generally planted by machinery. 
Wherever seeding machinery has been constructed, 
based upon the principles of dry-farming, it is a 
very advantageous adjunct to the dry-farm.

i!i|
"Ilf?ii I
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Harvesting

The immense areas of dry-farms are harvested 
almost wholly by the most modern machinery. For 
grain, the harvester is used almost exclusively in the 
districts where the header cannot be used, but wher
ever conditions {)ermit, the header is and should be 
used. It has been explained in previous chapters 
how valuable the tall header stubble is when plowed 
under as a means of maintaining the fertility of the
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soil. Besides, there is an ease in handling the header 
which is not known with the harvester. There are 
times when the header leads to some waste as, for 
instance, when the wheat is very low and heads are 
missed as the machine passes over the ground. In 
many sections of the dry-farm territory the climatic 
conditions are such that the wheat cures perfectly 
while still standing. In such places the combined 
harvester and thresher is used. Ihe header cuts off 
the heads of the grain, which are })assed up into the 
thresher, and !)ags filled with threshed grain are 
dropped along the path of the machine, while the 
straw is scattered over the ground. Wlierever such a 
machine can be used, it has been found to be econom
ical and satisfactory. Of recent years corn stalks 
have been used to better advantage than in the past, 
for not far from one half of the feeding value of the 
corn crop is in the stalks, which up to a few years ago 
were very largely wasted. Corn harvesters are like
wise on the market and are quite generally used. It 
was manife.stly impossible on large places to harvest 
corn by hand and large corn harvesters have, therc- 

■ fore, been made for this purpose. (See Figs. 50, 51
and 53.)

S te a m  a n d  other m otive  pow er

Recently numerous persons have suggested that the 
expense of running a dry-farm could be materially re
duced by using some motive power other than horses.
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wSteam, gasoline, and electricity have all been sug
gested. The steam traction engine is already a fairly 
well-developed machine and it has been used for
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F ia . 87. U tah dry-farm  weeder.

plowing purposes on many dry-farms in nearly all the 
sections of the dry-farm territory. Unfortunately, 
up to the present it has not shown itself to be very 
satisfactory. First of all it is to be remembered that 
the principles of dry-farming require that the top
soil be kej)t very loose and spongy. The great trac
tion engines have very wide wheels of such tremen-
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dous weight that they press down the soil very com- 
pactly-along tlieir path and in that way defeat one of 
the important purposes of tillage. Another objection 
to them is that at jiresent their construction is such as 
to result in continual breakages. While these break
ages in themselves are small and inexpensive, they 
mean the cessation of all farming operations during 
the hour or day required for repairs. A large crew 
of men is thus left more or less idle, to the serious in
jury of the work and to the great expense of the 
owner. Undoubtedly, the traction engine has a 
place in dry-farming, but it has not yet been ])erfected 
to such a degree as to make it satisfactory. On heavy 
soils it is much more useful than on light soils. When 
the traction engine works satisfactorily, jilowing may 
be done at a cost considerably lower than when
horses are employed. (See k ig. 72.)

In England, Germany, and other European coun
tries some of the difficulties connected with plowing 
have been overcome by using two engines on the two 
o))posite sides of a field. These engines move syn
chronously together and, by means of large cables, 
plows, harrows, or seeders, are pulled back and forth 
over the field. This method seems to give good satis
faction on many large estates of the old world. Mac
donald reports that such a system is in successful 
operation in the Transvaal in South Africa and is 
doing work there at a very low cost. The large initial 
cost of such a sj'.stem will, of course, iDiohibit its use
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i 1

except on the very large farms that are being estab
lished in the dry-farm territory.

Gasoline engines are also being tried out, but up 
to date they have not shown themselves as possessing 
superior advantages over the steam engines. The 
two objections to them are the same as to the steam 
engine: first, their great weight, which compresses in 
a dang('rous degree the tojjsoil and, secondly, the 
frequent breakages, which make the ojieration slow 
and expensive.

Over a ■ great part of the West, water power is
very abundant and the suggestion has been made
that the electric energy which can be developed by
means of water power could be used in the cultural
operations of the dry-farm. With the development
of the trolley car which does not run on rails it would
not .seem imjwssible that in favorable localities elec-
tricitv could be made to serve the farmer in the %/
mechanical tillage of the dry-farm.

The substitution of .steam and other energy for 
horse power is yet in the future. Undoubtedly, it 
will come, but only as improvements are made in the 
machines. There is here also a great field for being 
of high service to the farmers who are attempting to 
reclaim the groat deserts of the world. .Vs .stated at 
the beginning of this chapter, dry-farming would 
])robably have been an impossibility fiftyor a hundred 
years ago because of the alxsence of suital:)le machin- 
erv. The future of dry-farming rests almost wholly,
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so far as its profits are concerned, upon the develop
ment of new and more suitable machinery for the 
tillage, of the soil in accordance with the established
principles of dry-farming.

Finally, the recommendations made by Merrill may 
here be inserted. A dry-farmer for best work should 
be supplied with the following implements in addition 
to the.necessary wagons and hand tools:

One Plow.
One Disk.
One Smoothing Harrow.
One Drill Seeder.
One Harvester or Header.
One Mowing Machine.

' I
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CHAPTER XVI

IRRIGATION AND DRY-FARMING

iRRiGATiON-fariiiing and dry-fanniiig are both 
systems of agriculture devised for the reclamation of 
countries that ordinarily receive an annual rainfall 
of twenty inches or less. Irrigation-farming cannot 
of itself reclaim the arid regions of the world, for the 
available water sujiply of arid countries when it shall 
have been conserved in the best jiossible way cannot 
be made to irrigate more than one fifth of the thirsty 
land. This means that under the highest possible 
development of irrigation, at least in the United 
States, there will be five or six acres of unirrigated 
or dry-farm land for every acre of irrigated land. 
Irrigation development cannot jiossibly, therefore, 
render the dry-farm movement valueless. On the 
other hand, dry-farming is furthered by the develoj)- 
nient of irrigation farming, for both these systems of 
agriculture are characterized by advantages that 
make irrigation and dry-farming su]ii)lementary to 
each other in the successful development of any arid 
region.

Under irrigation, smaller areas need to be culti-
328
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vated for the same crop returns, for it has been amply 
demonstrated that the acre yields under proper irri
gation are very much larger than the best yields under

,1-

F ig . 90, Dry-farm  with flood-water reservoir. U tah.

the most careful system of diy-farming. Secondly, a
greater variety of crops may be grown on the irrigated
farm than on the drv-farm. As has already been

% /

shown in this volume, only certain drouth resistant 
crops can be grown jiro fit ably upon dry-farms, and 
these must be grown under the methods of extensive 
farming. The longer growing crops, including trees, 
succulent vegetables, and a variety of small fruits, 
have not as yet been made to yield profitably under 
arid conditions without the artificial application of 
water. Further, the irrigation-farmer is not largely 
dependent ujion the weather and, therefore, carries on
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this work with a feeling of greater security. Of 
course, it is true that the dry years affect the flow of 
water in tlie canals and that the frequent breaking of 
dams and canal walls leaves the farmer hel])less in the 
face of the blistering heat. Yet, all in all, a greater 
feeling of security is j)ossessed by the irrigation- 
farmer than by the dry-farmer.

Most important, however, are the temperamental 
differences in men which make some desirous of giving 
themselves to the cultivation of a small.area of irri
gated land under intensive conditions and others to 
dry-farming under extensive conditions. In fact, it 
is being observed in the arid region that men, because 
of their temperamental differences, are gradually sep
arating into the two classes of irrigation-farmers and 
dry-farmers. The dry-farms of necessity cover much 
larg(‘r areas than the irrigated farms. The land is 
cheaper and the crops are smaller. The methods to 
be applied are those of extensive farming. The j)rof- 
its on the investment also appear to be somewhat 
larger. The very necessity of pitting intellect against 
the fierceii(\ss of the drouth appears to have attracted 
many men to the dry-farms. Gradually, the cer
tainty of i)ro(lucing croi)s on dry-farms from season 
to season is becoming established, and the essential 
diff(M*enc(' between the two kinds of farming in the 
arid districts will then be the difference between 
intensive and extensive methods of culture. Men 
will be attracted to one or other of these systems

if

(
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IRRIGATION-FARMS AND DRY-FARMS

IS

of agriculture according to their personal inclina
tions.

The scarcity of water

For the development of a M'ell-rouncled common
wealth in an arid region it is, of course, indispensable 
that irrigation be practiced, for dry-farming of itself 
will find it difficult to build up iiopulous cities and to

F ig . 91. Dry-farm  homestead, M ontana, eleven m onths after land had
been filed upon.

supply the great variety of crops demanded by the 
modern family. In fact, one of the great problems 
before those engaged in the develoiiment of dry
farming at present is the development of homesteads
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on tlie dry-farms. A homestead is possible only 
where there is a sufficient amount of free water avail
able for household and stock purposes. In the por
tion of the dry-farm territory where the rainfall ap- 
])roximates twenty inches, this i)roblem is not so very 
iliHicult, since ground water may be reached easily, 
in the tlrier jiortions, however, where the rainfall is 
between ten and fifteen inches, the problem is much 
more important. The conditions that bring the dis
trict under th(> diy-farm designation imply a scarcity 
of water. On h'w drv-farms is water available for 
the needs of the houseliold and the barns. In the 
Rocky Mountain states numerous dry-farms have 
been develojied from seven to fifteen miles from the 
nearest source of water, and the main expense of 
developing these farms has been the hauling of water 
to the farms to supi)ly the needs of the men and beasts 
at work on them. Naturally, it is impossible to es
tablish homesteads on the dry-farms unless at least 
a small suj)ply of water is available; and dry-farming 
will never be what it might be unless haj)py homes 
can be established upon the farms in the arid regions 
that grow crops without irrigation. To make a dry- 
farm homestead j)ossible enough water must be avail
able, first of all, to supply the culinary needs of the 
household. This of itself is not large and, as will be 
shown hereafter, may in most cases be obtained. 
However, in order that the family may possess proper 
comforts, there should be around the homestead

k?-
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trees, and shrubs, and grasses, and the family garden. 
To secure these things a certain amount of irrigation 
water is required. It may be added that dry-farms 
on which such homesteads are found as a result of the 
existence of a small supply of irrigation water are 
much more valuable, in case of sale, than equally 
good farms without the ])ossibility of maintaining 
homesteads. Moreover, the distinct value of irriga
tion in producing a large acre yield makes it desirable 
for the farmer to use all the water at his disposal for 
irrigation purposes. No available water should be 
allowed to flow away unused.

Available surface water
t

The sources of water for dry-farms fall readily 
into classes: surface waters and subterranean waters. 
The surface waters, wherever they may be obtained, 
are generally the most profitable. The simplest 
method of obtaining water in an irrigated region is 
from some irrigation canal. In certain districts of 
the intermountain region where the dry farms lie 
above the irrigation canals and the irrigated lands 
below, it is comparatively easy foT the farmers to 
secure a small but sufficient amount of water from 
the canal by the use of some pumping device that 
w'ill force the water through the pipes to the home
stead. The dry-farm area that may be so supjilied 
by irrigation canals is, however, very limited and is

. 1
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not to 1 ) 0 coiisidorod seriously in connection with 
the problem.

A much more im])ortant method, especially in 
the mountainous districts, is the utilization of the 
springs that occur in great numbers over the whole 
diy-farm territory. Sometimes these springs are 
very small indeed, and often, after development by 
tunneling into the side of the hill, yield only a tri
fling flow. Yet, when this water is piped to the home
stead and allowed to accumulate in small reservoirs 
or cist(M’iis, it may be amply sufficient for the needs 
of the family and the live stock, besides leaving a 
surplus for tlû  maintenance of the lawn, the shade 
trees, and the family garden. Many dry-farmers 
in the intermountain country have ])i])ed water 
sev(‘ii or (‘ight mil(*s from small s])rings that were 
considered practically worthless and thereby have 
formed the foundations for small village communi
ties.

Of ])erhaps (Mjual importance with the utilization 
of the naturally occurring springs is the j)roper con- 
s('rvation of the flood waters. As has been stated 
b(‘for(̂ , arid conditions allow a very large loss of the 
natural precipitation as run-off. The numerous 
gulli('s that characterize so many j)arts of the dry- 
farm territory are evidences of the number and 
vigor of the flood waters. The construction of small 
resei'voirs in ])roper places for the purpose of catch
ing the flood waters will usually enable the farmer

I
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to supply himself with all the water needed for the 
homestead. Such reservoirs may already be found 
in great numbers scattered over the whole western 
America. As dry-farming increases their numbers 
will also increase.

When neither canals, nor springs, nor flood waters 
are availal)le for the supi)ly of water, it is yet possible 
to obtain a limited supply by so arranging the roof 
gutters on the farm buildings that all the water that 
falls on the roofs is conducted through the spouts 
into carefully protected cisterns or reservoirs. A 
house thirty by thirty feet, the roof of which is so 
constructed that all that water that falls upon it is 
carried into a cistern will }deld annually under a 
a rainfall of fifteen inches a maximum amount of 
water equivalent to about 8800 gallons. Allowing 
for the unavoidable waste due to evaporation, this 
will yield enough to suj)ply a household and some 
live stock with the necessary water. In extreme 
cases this has been found to be a very satisfactory 
j)ractice, though it is the one to be resorted to only 
in case no other method is available.

It is indispensable that some reservoir be provided 
to hold the surface water that may be obtained until 
the time it may be needed. The water coming con
stantly from a s])ring in summer should be applied 
to crops only at certain definite seasons of the year. 
The flood waters usually come at a time when plant 
growth is not active and irrigation is not needed.
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The rainfall also in many districts comes most largely 
at seasons of no or little plant growth. Reservoirs 
must, therefore, be provided for the storing of the 
water until the periods when it is demanded by 
crops. . Cement-lined cisterns are quite common, 
and in many places cement reservoirs have been 
found profitable. In other places the occurrence of 
impervdous clay has made possible the establishment 
and construction of cheap reservoirs. The skillful 
and permanent construction of reservoirs is a very 
important subject. Reservoir building should be 
undertaken only after a careful study of the prevail
ing conditions and under the advice of the state or 
government officials having such work in charge. 
In general, the first cost of small reservoirs is usually 
somewhat high, but in view of their jiermanent serv
ice and the value of the water to the dry-farm they 
pay a very handsome interest on the investment. 
It is always a mistake for the dry-farmer to postjione 
the construction of a reservoir for the storing of the 
small quantities of water that he may possess, in 
order to save a little money. Perhaps the greatest 
objection to the use of the reservoirs is not their 
relatively high cost, but the fact that since they are 
usually small and the water shallow, too large a pro
portion of the water, even under favorable conditions, 
is lost by evaporation. It is ordinarily assumed 
that one half of the water stored in small reservoirs 
throughout the vear is lost by direct evaporation.
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\.vailable subteiranean water

WIkm'o surface waters are not readily available, the 
subterranean water is of first inij)ortance. It is gen- 
(‘rally known that, underlying the earth’s surface at 
various depths, there is a large quantity of free water. 
Those living in humid climates often overestimate 
tli(' amount of water so held in the earth’s crust, 
and it is probably true that those living in arid regions 
underestimate the (piantity of water so found. 
The fact of the matter seems to be that free water 
is found eveiA^vhere under the earth’s surface. 
Those familiar with the arid West have frequently 
b('(m surprised by the frequency with which water 
has been found at comparatively shallow depths in 
the most desert locations. \"arious estimates have 
b(̂ en made as to the quantity of underlying water. 
The lat(\st calculation and perhaps the most reliable 
is that made b}" Fuller, who, after a careful analysis 
of the factors involved, concludes that the total 
fi*('e water held in the earth’s crust is equivalent to a 
uniform sheet of water over the entire surface of the 
earth ninety-six feet in depth. A quantity of water 
thus held would be equivalent to about one hun
dredth part of the whole volume of the ocean. Even 
though the thickness of the water sheet under arid 
soils is only half this figure there is an amount, if 
it could be reached, that would make possible the 
establishment of homesteads over the whole dry-
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farm territory. One of the main efforts of the day 
is the determination of the occurrence of the sub
terranean waters in the dry-farm territory.

Ordinary dug wells frequently reach water at com
paratively shallow depths. Over the cultivated
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F ig . 93. Some dry-farm  products. M ontana.

Utah deserts water is often found at a depth of 
twenty-five or thirty feet, though many wells dug 
to a depth of one hundred and seventy-five and two 
hundred feet have failed to reach water. It may be 
remarked in this connection that even where the 
distance to the water is small, the piped well has 
been found to be superior to the dug well. Usually,
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340 DRY-FARMING

water is obtained in the dry-farm territory by driving 
pipes to eoinparatively great depths, ranging from 
one liuiulred feet to over one thousand feet. At 
such depths water is nearly always found. Often 
the geologieal conditions are such as to force the 
water u|) above the surface as artesian wells, though 
more often the pressure is simply sufficient to bring 
the water within easy pumping distance of the sur
face. In connection with this subject it must be 
.'<aid that many of the subterranean waters of the 
dry-farm territory are of a saline character. The 
amount of substances hekl in solution varies largely, 
but freipu'iitly is far above the limits of safety for 
the use of man or beast or plants. The dry-farmer 
who secures a well of this type should, therefore, 
be careful to have a proper examination made of the 
constituents of the water before ordinary use is made 
of it.

Now, as has been said, the utilization of the sub
terranean waters of the land is one of the living 
problems of dry-farming, ddie tracing out of this 
layer of water is very difficult to accomplish and 
cannot be done by individuals. It is a work that 
properly belongs to the state and national govern- 
iiK'nt. The state of Utah, which was the pioneer in 
appropriating money for dry-farm experiments, 
also led the wa}' in appropriating money for the 
securing of water for the dry-farms from subter
ranean sources. The work has been progressing in
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Utah since 1905, and water has been secured in the 
most unpromising localities. The most remarkable 
instance is perhaj^s the finding of water at a depth of 
about five hundred and fifty feet in the unusually 
dry Uog Valley located some fifteen miles west of 
Nephi.

Pumping water

The use of small quantities of water on the dry- 
farms carries with it, in most cases, the use of 
small pumping plants to store and to distribute the 
water properly. Especially, whenever subterranean 
sources of water are used and the water pressure is 
not sufficient to throw the water above the ground, 
pumping must be resorted to. The pumping of 
water for agricultural purposes is not at all new. 
According to Fortier, two hundred thousand acres 
of land are irrigated with water pumped from driven 
wells in the state of California alone. Seven hun
dred and fifty thousand acres are irrigated by pump
ing in the United States, and Mead states that there 
are thirteen million acres of land in India which are 
irrigated by water pumped from subterranean 
sources. The dry-farmer has a choice among several 
sources of power for the operation of his pumping 
plant. In localities where winds are frequent and 
of sufficient strength windmills furnish cheap and 
effective power, especially where the lift is not very 
great. The gasoline engine is in a state of consider-
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342 DRY-FARMING

al)le porfection and may bo used economically where 
tli(' prict! ot f>;asolino is reasonable. Kngines using 
crude oil may be most desiralde in the localities where 
oil w(‘lls have been found. .Vs the manufacture of 
alcohol from the wa.ste products of the farms becomes 
e.stablished, the alcohol-burning engine could become 
a very important one. Over nearly the whole of the 
dry-farm t(>rritory coal is fouiul in large quantities, 
and the steam engine fed by coal is an important 
factor in the pumping of water for irrigation pur
pose's. Furtlu'r, in the mountainous part of the dry- 
farm territory wate'r power is very abundant. Only 
the smallest fraction of it has as yet been harnessed 
for the generation of the electric current. .Vs electric 
ge'iieration increases, it should b(' comparatively 
(>a.sy for the farmer to secure sufficient electric power 
to run the pump, ddiis has already become an 
('stal)lish('tl practice in tlistricts where electric power 
is available.

Dui'ing the last few _V('ars considei'abh' work has 
Ix'en doiK' to d('t('i'inlne the feasibility of raising water 
for irrigation by i)umping. Fortier rc|)orts that 
succe.ssful results have been obtained in Colorado, 
Wyoming, and .Montana. He declaix's that a good 
type ol windmill located in a district where the 
average? wind movement is t(*n miles per hour can 
lift enough wate'r twenty feet to iri'igate five acres 
ol land. Wherever the water is near the surface 
this should be ea.sy of accomplishment. Vernon,
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Lovett, and Scott, who worked under New Mexico
« »

conditions, have reported that crops can be produced 
profitably by the use of water raised to the surface for 
irrigation. Fleming and Stoneking, who conducted 
very careful experiments on the subject in New 
Mexico, found that the cost of raising through one foot 
a quantity of water corresponding to a depth of one

F ig . 94. Dry-farm  vegetable garden. Dawson Co., M ontana.

foot over one acre of land varied from a cent and an 
eiglith to nearly twenty-nine cents, with an average 
of a little more than ten cents. This means that the 
cost of raising enough water to cover one acre to a 
depth of one foot through a distance of forty feet 
would average S4.36. This includes not only the 
cost of the fuel and supervision of the pumj) hut the 
actual deterioration of the plant. Smith investi-
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gated the same problem under Arizona conditions 
and found that it cost approximately seventeen cents 
to raise one acre foot of water to a height of one foot. 
A very elaborate investigation of this nature was 
conducted in California by Le Conte and Tait. They 
studied a large number of jiumping plants in actual 
operation under California conditions, and deter
mined that the total cost of raising one acre foot of 
wat(u* one foot was, for gasoline power, four cents 
and upward; for electric j)ower, seven to sixteen 
cents, and for steam, four cents and upward. Mead 
lias reported observations on seventy-two windmills 
near Garden City, Kansas, which irrigated from 
one fourth to seven acres each at a cost of seventy- 
five cents to $6 per acre. All in all, these results 
justif}  ̂the belief that water may be raised profitably 
by pum])ing for the purpose of irrigating crops. 
When the very great value of a little water on a 
dry-farm is considered, the figures here given do not 
seem at all excessive. It must b(' remarked again 
that a reservoir of some sort is practically indispen
sable in connection with a pumping plant if the irri
gation water is to be used in the best way.

The use of small quantities of water in irrigation

Now, it is undoubtedly true that the acre cost of 
water on dry-farms, where |)umping plants or similar 
devices must be used with expensive reservoirs, is

■i
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much higher than when water is obtained from grav
ity canals. It is, therefore, important that the costly 
w'ater so obtained be used in the most economical 
manner. This is doubly imjrortant in view of the 
fact that the water supply obtained on dry-farms 
is always small and insufficient for all that the farmer 
would like to do. Indeed, the profit in storing and 
pumping water rests largely ujwn the economical 
ap]>lication of water to crops. This necessitates the 
statement of one of the first principles of scientific 
irrigation practices, name!}', that the yield of a crop 
under irrigation is not proportional to the amount 
of water aj)plied in the form of irrigation water. In 
other words, the water stored in the soil by the 
natural precipitation and the water that falls during 
the s])ring and summer can either mature a small 
croj) or bring a crop near maturity. A small amount 
of water added in the form of irrigation water at the 
right time will usually complete the work and pro
duce a well-matured crop of large 3neld. Irrigation 
should only be supplemented to the natural precip
itation. .Vs more irrigation water is added, the 
increase in yield becomes smaller in projwrtion to 
the amount of water employed. This is clearly 
shown b>' the following table, which is taken from 
some of the irrigation e.xperiments carried on at the 
Utah Station; —

I
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E f f e c t  o f  V a r y in g  I r r i g a t i o n s  o n  C r o p  Y i e l d s  p e r

A c r e

D e p t h  of  
W a t e r  

A p p l ie d  
( I n c h e s )

W h e a t
(Bushels)

C o r n
(Bushels)

A l f a l f a
(P o u n d s )

P ota toes
(Bushels)

S ugar
B e e t s
(Tons)

•

5.0 40 — - 194 25
7.5 41 65 — — —

10.0 41 80 — 213 26
15.0 46 78 — 253 27
25.0 49 77 10,056 258 • —

35.0 55 — 9,142 291 26
50.0 60 84 13,061 — —

The soil \vas a typical arid soil of great depth and 
had been so cultivated as to contain a large quantity 
of the natural j)recij)itation. The first five inches 
of water added to the precipitation alread}" stored 
in the soil jiroduced forty bushels of wheat. Dou
bling this amount of irrigation water produced only 
forty-one buslu'ls of wheat. Even with an irrigation 
of fifty inches, or ten times tliat which produced forty 
bushels, only sixty bushels of wheat, or an increase 
of one half, were produced. A similar variation 
may be observed in the case of the other crops. The 
first lesson to be drawn from this important princij)le 
of irrigation is that if the soil be so treated as to 
contain at planting time the largest proportion of 
the natural )ireci|)itation, — that is, if the ordinaiy 
methods of dry-farming be employed,—crops will be

i  »

\= '■£

I

u



QUANTITY OF WATER

procfuced with a very small amount of irrigation 
water. ■ Secondly, it follows that it would be a great 
deal better for the farmer who raises wheat, for in
stance, to cover ten acres of land with water to a 
depth of five inches than to cover one acre to a depth 
of fifty inches, for in the former case four hundred 
bushels and in the second sixty bushels of wheat 
would be produced. The farmer who desires to 
utilize in the most economical manner the small 
amount of water at his disposal must prepare the 
land according to dry-farm methods and then must 
spread the water at his disposal over a larger area 
of land. The land must be plowed in the fall if the 
conditions permit, and fallowing should be practiced 
wherever possible. If the farmer does not wish to 
fallow his family garden he can achieve equally good 
results by planting the rows twice as far a])art as is 
ordinarily the case and by bringing the irrigation 
furrows near the rows of plants. Then, to make 
the best use of the water, he must carefully cover the 
irrigation furrow with dry dirt immediately after 
the water has been applied and keep the whole surface 
well stirred so that evaporation will be reduced to 
a minimum. The beginning of irrigation wisdom 
is always the storage of the natural precii)itation. 
When that is done correctlv, it is reallv remarkable 
how far a small amount of irrigation water ma}" be 
made to go.

Under conditions of water scarcity it is often found
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profitable to carry water to the garden in cement or 
iron jhpes so that no water may be lost by seepage 
or evaj)oration during the conveyance of the water 
from the reservoir to the garden. It is also often 
desirable to convey water to j)lants through pipes 
laid under the ground, perforated at various intervals 
to allow the wat(u* to escape and soak into the soil 
in the iKughborhood of the plant roots. All such 
refined methods of irrigation should be carefull}" 
investigated by the farmer who wants the largest 
results from his limited water supply. Though such 
methods may seem cumbersome and expensive at 
first, yet they will be found, if properly arranged, 
to be almost automatic in their operation and also 
very profitable.

Forbes has reported a most interesting experiment 
dealing with.the economical use of a small water 
supply under the long season and intense water dis
sipating conditions of Arizona. The source of supply 
was a well, 90 feet dee]x A 3- by 14-inch pump 
cylinder operated by a 12-foot geared windmill 
lifted the water into a oOOO-gallon storage reservoir 
standing on a support IS feet high. The water was 
(‘onveyed from this reservoir through black iron pipes 
buried 1 or 2 feet from the trees to be watered. 
Small holes in the pipe inch in diameter allowed 
the water to escaj)e at desirable intervals. This 
irrigation plant was under expert observation for 
considerable time, and it was found to furnish suffi-
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cient water for domestic use for one household, and 
irrigated in addition 01 olive trees, 2 cottonwoods, 
S pej)j)er trees, 1 date ])ahn, 19 pomegranates, 4 grape
vines, 1 fig tree, 9 eucalyptus trees, 1 ash, and 13 mis
cellaneous, making a total of 87 useful trees, mainly 
fruit-l)(>aring, and 32 vines and bushes. (See Fig. 95.) 
If such a result can be olitained with a windmill and 
with water ninety feet below the surface under the 
arid conditions of .Vrizona, there should be little diffi
culty in securing sufficient water over the larger por
tions of the dry-farm territory to make possible 
beautiful homesteads. '

 ̂ s 1 o 1 d carefully avoid the temp
tation to decry irrigation practices. Irrigation and 
dry-farming of necessity must go hand in hand in 
the development of the great arid regions of the world. 
Neither can well stand alone in the building of great 
commonwealths on the deserts of the earth.
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CHAPTER XVII

THE HISTORY OF DRY-FARMING

The great nations of antiquity lived and prospered 
in arid and seniiarid countries. In the more or less 
rainless regions of China, Mesopotamia, Palestine, 
Egypt, j\Iexico, and Peru, the greatest cities and the 
mightiest peoples flourished in ancient days. Of 
the great civilizations of history only that of Europe 
has rooted in a humid climate. As Hilgard has
suggested, history teaches that a high civilization

«

goes hand in hand with a soil that thirsts for water. 
To-day, current events point to the arid and semi- 
arid regions as the chief dependence of our modern 
civilization.

In view of these facts it may be inferred that dry- 
farming is an ancient practice. It is improbable that 
intelligent men and women could live in Mesojio- 
tamia, for example, for thousands of years without 
discovering methods whereby the fertile soils could 
be made to j)roduce crops in a small degree at least 
without irrigation. True, the low development of 
implements for soil culture makes it fairly certain 
that dry-farming in those days was practiced only 
with infinite labor and patience; and that the great 
ancient nations found it much easier to construct
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groat irrigation systems whicli would make crops 
certain with a minimum of soil tillage, than so thor- 
oughl}'̂  to till the soil with imperfect implements 
as to produce certain yields without irrigation. Thus 
is e.xplained the fact that the historians of antiquity

Fio . 96. The last of the breast plows. Modern machinery has made
dry-farming possible.

9

speak at length of the wonderful irrigation systems, 
l)ut refer to other forms of agriculture in a most 
casual manner. While the absence of agricultural 
machinery makes it very doubtful whether dry- 
farming was practiced extensively in olden days, yet 
there can be little doubt of the high antiquity of the 
j)ractice.

Kearney quotes Tunis as an example af the pos
sible extent of dry-farming in early historical da}̂ s. 
Tunis is under an average rainfall of about nine 
inches, and there are no evidences of irrigation having 
been j)racticed there, yet at El Djem are the ruins
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of an amphitheater large enough to accommodate 
sixty thousand persons, and in an area of one hundred 
square miles there were fifteen towns and forty-five 
villages. The country, therefore, must have been 
densely populated. In the seventh century, accord
ing to the Roman records, there were two million 
five hundred thousand acres of olive trees growing in 
Tunis and cultivated without irrigation. That these 
stupendous groves yielded well is indicated by the 
statement that, under the Caesars, Tunis was taxed 
three hundred thousand gallons of olive oil annually.' 
The production of oil was so great that from one 
town it was piped to the nearest shipping port. 
This historical fact is borne out by the present revival 
of olive culture in Tunis, mentioned in Chapter XII.

Moreover, many of the primitive peoples of to-day, 
the Chinese, Hindus, Mexicans, and the American In
dians, are cultivating large areas of land by dry-farm 
methods, often highly perfected, which have been 
developed generations ago, and have been handed 
down to the present day. ^Martin relates that the 
Tarahumari Indians of northern Chihuahua, who are 
among the most thriving aboriginal tribes of north
ern Mexico, till the soil by dry-farm methods and 
succeed in raising annually large quantities of corn 
and other crops. A crop failure among them is 
veiy uncommon. The early American explorers, 
especially the Catholic fathers, found occasional 
tribes in various parts of America cultivating the
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soil successfully without irrigation. All this points 
to the high antiquit}" of agriculture without irriga
tion in arid and seiniarid countries.

Modern dry-farming in the United States

The honor of having originated modern dry-farm
ing belongs to the peoi)le of Utah. On July 24th, 
1847, Brigham Young with his band of pioneers 
entered Great Salt Lake Walley, and on that day 
ground was plowed, jiotatoes planted, and a tiny 
stream of water led from City Creek to cover this 
first farm. The early endeavors of the Utah pioneers 
were devoted almost wholly to the construction of 
irrigation systems. The parched desert ground 
ajipeared so different from the moist soils of Illinois 
and Iowa, which the pioneers had cultivated, as to 
make it seem imjiossible to produce crops without 
irrigation. Still, as time wore on, inquiring minds 
considered the ])ossibiIity of growing crops without 
irrigation; and occasionally when a farmer was 
(lej)rived of his suj)ply of irrigation water through 
the breaking of a canal or reservoir it was noticed 
by the community that in spite of the intense heat 
the plants grew and j)roduced small yields.

Gradually the conviction grew upon the Utah 
pioneers that farming without irrigation was not an 
impossibility; but the small jio|)ulation were kept so 
busy with their small irrigated farms that no serious

nf
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attempts at dry-farming were made during the first 
f seven or eight years. The publications of those 
days indicate that dry-farming must have been prac
ticed occasionally as early as 1854 or 1855.

About 1863 the first dry-farm experiment of any 
consequence occurred in Utah. A number of emi
grants of Scandinavian descent had settled in what is 
now known as Bear River City, and had turned upon 
their farms the alkali water of Malad Creek, and 
naturally the crops failed. In desperation the starv
ing settlers plowed up the sagebrush land, planted 
grain, and awaited results. To their surprise, fair 
yields of grain were obtained, and since that day 
dry-farming has been an established practice in that 
portion of the Great Salt Lake Valley. A year or 
two later, Christopher Layton, a pioneer who helped 
to build both Utah and Arizona, plowed up land on 
the famous Sand Ridge between Salt Lake City 
and Ogden anti demonstrated that dry-farm wheat 
could be grown successfully on the deep sandy soil 
which the pioneers had held to be worthless for agri
cultural purposes. Since that day the Sand Ridge 
has been famous as a diy-farm district, and Major 
J. W. Powell, who saw the ripened fields of grain in 
the hot dry sand, was moved upon to make sjtecial 
mention of them in his volume on the “ Arid Lands 
of Utah,” published in 1879.

About this time, perhaps a year or two later, 
Joshua Salisbury and George L. Farrell began dry-
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farm experiments in tlic famous Cache ^'alley, one 
huiulred miles north of Salt Lake City. After some 
years of exiierimentation, \vith numerous failures, 
these and other jiioneers established the practice 
of dry-farming in Cache ^"alley, which at present

F ig . 97. Cache Valley, I'^ t̂ah, contains one of the most famous drj^-farm 
districts in the United States. The dry-farm s lie on the slope 
against the m ountains, fifteen miles away.

is one of the most famous clrv-farm sections in
V

the United States. In Tooele County, just soutli 
of Salt Lake City, dry-farming was practiced in 
1877 — how much earlier is not known. In the 
northern Utah counties dry-farming assumed pro- 
j)ortions of consequence only in the later ’70̂ s and

II
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early ’80’s. During the ’80’s it became a thoroughly 
established and extensive business practice in the 
northern part of the state.

California, which was ’settled soon after Utah, 
began dry-farm experiments a little later than Utah. 
The available information indicates that the first 
farming without irrigation in California began in the 
districts of somewhat high precipitation. As the 
population increased, the practice was pushed away 
from the mountains towards the regions of more 
limited rainfall. According to Hilgard, successful 
dry-farming on an extensive scale has been practiced 
in California since about 18G8. Olin reports that 
moisture-saving methods were used on the Califor
nian farms as early as 1861. Certainly, California 
was a close second in originating dry-farming.

The Columbia Basin was settled by Marcus Whit
man near Walla Walla in 1836, but farming did not 
gain much headway until the railroad pushed through 
the great Northwest about 1880. Those familiar 
with the history of the state of Washington declare 
that dry-farming was in successful o]ieration in iso
lated districts in the late ’70’s. By 1890 it was a well- 
established practice, but received a serious setback 
by the financial panic of 1892-1893. Really success
ful and extensive dry-farming in the Columbia Basin 
began about 1897. The practice of summer fallow 
had begun a year or two before. It is interesting 
to note that both in California and Washington there

I



vt, f *

Vi
I  1 i

i u  ' f l i?i-f,
« .J

F- ':̂ •■

i
!•» iiill

i;
> *

• — - V  . .  « • • •• • ^  r  * - '^  -» eev y j|fcy « » C 4

358 DKV-FARMING

are districts in which dry-fanning has been practiced 
successfully under a i)recii)itation of about ten inches, 
whereas in Utah the limit has been more nearly 
twelve inches.

In the Great Plains area the history of dry-farming 
is ho])elessl}" lost in the greater liistory of the devel- 
()])ment of the eastern and more humid parts of that 
section of the countiy. The great influx of settlers 
on the western slope of the Great Plains area occurred 
in the early \S()’s and overflowed into eastern Colo
rado and Wyoming a few years later. The settlers 
of this region brought with them the methods of 
humid agriculture and because of the relatively 
high precipitation were not forced into the careful 
methods of moisture conservation that had been 
forced upon Utah, California, and the Columbia 
Basin. Consequently, more failures in diy-farming • 
are reported from those early days in the Great Plains 
area than from the drier sections of the far West. 
Dry-farming was i)racticed very successfully in the 
Great Idains area during the later ’80̂ s. Accord
ing to Payne, the cro]:>s of 1889 W(\i-e very good; in 
1890, less so; in 1891, better; in 1892 such immense 
crops were raised that the settlers spoke of the 
section as God’s country; in 1893, there was a par
tial failure, and in 1894 the famous complete failure, 
which was followed in 1895 by a partial failure. 
Since that time fair crops have been produced an
nually, The dry years of 1893-1895 drove most
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of the discouraged settlers back to humid sections 
and delayed; by many years, the settlement and 
development of the western side of the Great Plains 
area. That these failures and discouragements were 
due almost entirely to improper methods of soil 
culture is very evident to the present day student of 
dry-farming. In fact, from the very heart of the 
section which was abandoned in 1893-1895 come 
reliable records, dating back to 1886, which show 
successful crop production every year. The famous 
Indian Head experimental farm of Saskatchewan, 
at the north end of the Great Plains area, has an 
unbroken record of good crop yields from 1888, and 
the early 9̂0̂ s were quite as dry there as farther 
south. However, in spite of the vicissitudes of the 
section, dry-farming has taken a firm hold upon the 
Great Plains area and is now a well-established prac
tice.

The curious thing about the development of dry
farming in Utah, California, Washington, and the 
Great Plains is that these four sections appear to 
have originated diy-farming independently of each 
other. True, there was considerable communica
tion from 1849 onward between Utah and California, 
and there is a possibility that some of the many 
Utah settlers who located in California brought with 
them accounts of the methods of dry-farming as 
practiced in Utah. This, however, cannot be authen
ticated. It is very unlikely that the farmers of
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Washington learned diy-farming from their Cali
fornia or Utah neighbors, for until 1880 communica
tion between Washington and the colonies in Cali
fornia and Utah was very difficult, though, of course, 
there was always the possibility of accounts of 
agricultural methods being carried from place to 
j)lace by the moving emigrants. It is fairly certain 
that the Great Plains area did not draw upon the 
far West for dry-farm methods. The climatic 
conditions are considerably different and the Great 
Idains ])eoi)le always considered themselves as 
living in a very humid country as comj)ared with 
the states of the far West. It may be concluded, 
therefore, that there were four independent pioneers 
in dry-farming in United States. Moreover, hun
dreds, })robably thousands, of individual farmers 
over the semiarid region have practiced dry-farming' 
tliirty to fifty years with methods developed by 
themselves.

Although these different dry-farm sections were 
develojicd independently, yet the methods which 
they have finally adoj)ted are practically identical 
and include deej) plowing, unless the subsoil is very 
lifeless; fall j)lowing; the planting of fall grain 
wherever fall jdowing is possible; and clean summer 
fallowing. About 1895 the word began to pass 
from mouth to mouth that probably nearly all the 
lands in the great arid and semiarid sections of the 
United States could be made to produce profitable
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crops without irrigation. At first it was merely a 
whisper; then it was talked aloud, and before long 
became the great topic of conversation among the

F ig . 98. Automobiles of M ontana dry-farm ers a ttend ing  a dry-farm ing 
dem onstration on the Fergus Co. substation. Aug. 3, 1909.

thousands who love the West and wish for its de
velopment. Soon it became a National subject of 
discussion. Immediately after the close of the nine
teenth century the new awakening had been accom- 
l)lished and diy-farming was moving onward to 
conquer the waste i)laces of the earth.

II. W. Campbell

The history of the new awakening in dry-farming 
cannot well be written without a brief account of the 
work of H. W. Campbell who, in the public mind, 
has become intimately identified with the dry-farm 
movement. H. W. Campbell came from Vermont
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to nortliern South Dakota in 1879, where in 1882 he 
harvested a banner croj), — twelve thousand bushels 
of wheat from three hundred acres. In 1883, on 
the same farm he failed comj)letely. This experience 
led him to a study of the conditions under which 
wheat and other crops nui}" be produced in the Great 
Plains area. A natural love for investigation and a 
dogged persistence have led him to give his life to a 
study of the agricultural problems of the Great Plains 
area. He admits that his direct inspiration came 
from the work of Jethro Tull, who labored two hun
dred }Tars ago, and his disciples. He conceived 
early the idea that if the soil were packed near the 
bottom of the j:)low furrow, the moisture would 
be retained better and greater crop certainty would 
result. For this ])urpose the first subsurface packer 
was invented in 1885. Later, about 1895, when his 
ideas had ciystallized into theories, he appeared as 
the i)ublisherof Campbell’s 'GSoil Culture and Farm 
J our na l . One  page of each issue was devoted to a 
succinct statement of the Campbell M e t h o d . I t  
was in 1898 that the doctrine of summer tillage was 
begun to be investigated by him.

In view of the crop failures of the early 9̂0’s and 
the gradual dry-farm awakening of the later 9̂0’s, 
Campbell’s work was received with much interest. 
He soon became identified with the efforts of the 
railroads to maintain demonstration farms for the 
benefit of intending settlers. While Campbell has
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long been in the service of the railroads of the semi- 
arid region, yet it should be said in all fairness 
that the railroads and Mr. Campbell have had’ for 
their primary object the determination of methods 
whereby the farmers could be made sure of successful 
crops.

Mr. Campbelhs doctrines of soil culture, based on 
his accumulated experience, are presented in Camp- 
belPs ''Soil Culture ManuaV’ the first edition of which 
appeared about 1904 and the latest edition, consider
ably extended, was published in 1907. The 1907 
manual is the latest official word l)y Mr. Campbell 
on the principles and methods of the "Campbell 
s y s t e m. Th e  essential features of the system may 
be summarized as follows: The storage of water in 
the soil is imperative for the production of crops in 
dry years. This may be accomplished by proper 
tillage. Disk the land immediately after harvest; 
follow as soon as possible with the plow; follow the 
plow with the subsurface packer; and follow the 
packer with the smoothing harrow. Disk the land 
again as early as possible in the spring and stir the 
soil deeply and carefully after every rain. Sow 
thinly in the fall with a drill. If the grain is too 
thick in the spring, harrow it out. To make sure of 
a crop, the land should be "summer tilled,’̂ which 
means that clean summer fallow should be practiced 
every other year, or as often as may be necessary.

These methods, with the exception of the subsur-
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364 DRY-FARMING

face packing, are sound and in hannony with the 
experience of the great dry-farm sections and with 
the principles that are being developed by scientific 
investigation. The ^'Campbell system” as it stands 
to-da}̂  is not the s}"stein first advocated by him. 
Tor instance, in the beginning of liis work he advo
cated sowing grain in April and in rows so far apart 
that spring tooth harrows could be used for culti
vating between the rows. This method, though 
successful in conserving moisture, is too expensive 
and is therefore superseded l)y the present methods. 
Moreover, his farm paper of 1896, containing a full 
statement of the ‘̂Campbell method,” makes abso
lutely no mention of ‘̂summer tillage,” which is 
now the very keystone of the system. These and 
other facts make it evident that Mr. Campbell has 
very properly modified his methods to harmonize 
with the best experience, but also invalidate the 
claim that he is the author of the diy-farm system. 
A weakness of the Campbell system” is the contin
ual insistence upon the use of the subsurface packer. 
As has already been shown, subsurface packing is of 
cjuestionable value for successful crop production, 
and if valuable, the results may be much more easily 
and successfully obtained by the use of the disk and 
harrow and other similar implements now on the 
market. Perhaps the one great weakness in the 
work of Campbell is that he has not explained the 
jirinciples* underlying his practices. His publica-

'i
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iso-

tions onl}̂  hint at the reasons. H. W. Campbell, 
however, has done much to pojiularize the subject 
of dry-farming and to jirepare the way for others. 
His persistence in his work of gathering facts, writing, 
and speaking has done much to awaken interest in 
dry-farming. He has been as voice in the wil
derness’̂ who has done much to make j^ossible the 
later and more systematic study of dry-farming. 
High honor should be shown him for his faith in the 
semiarid region, for his keen observation, and his 
persistence in the face of difficulties. He is justly 
entitled to be ranked as one of the great workers in 
behalf of the reclamation, without irrigation, of the 
rainless sections of the world.

The experiment stations

The brave pioneers who fought the relentless 
dryness of the Great American Desert from the 
memorable entrance of the Mormon pioneers into 
the valley of the Great Salt Lake in 1847 were not 
the only ones engaged in preparing the way for the 
present day of great agricultural endeavor. Other, 
though perhajis more indirect, forces were also at 
work for the future development of the semiarid 
section. The Morrill Bill of 1SG2, making it possible 
for agricultural colleges to be created in the various 
states and territories, indicated the beginning of a 
public feeling that modern methods should he apjilied
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to tlie work of the farm. The passage in 1887 of the 
Ilatcli Act, creating agricultural experiment stations 
in all of the states and territories, finally initiated 
a new agricultural era in the United States. With 
the passage of this bill, stations for the application of 
modern science to croj) j)roduction were for the first 
time authorized in the regions of limited rainfall, 
with the exception of the station connected with the 
University of California, where Ililgard from 1872 
had been laboring in the face of great difficulties 
upon the agricultural problems of the state of Cali
fornia. During the first few years of their existence, 
the’ stations were busy finding men and problems. 
The problems nearest at hand were those that had 
been attacked by the older stations founded under 
an abundant rainfall and which could not be of vital 
interest to arid countries. The western stations 
soon began to attack their more immediate problems, 
and it was not long before the question of producing 
crops without irrigation on the great unirrigated 
stretches of the West was discussed among the 
station staffs and plans were projected for a study 
of the methods of conquering the desert.

The Colorado Station was the first to declare its 
good intentions in the matter of dry-farming, by 
inaugurating definite experiments. By the action 
of the State Legislature of 1893, during the time of 
the great drouth, a substation was established at 
Cheyenne Wells, near the west border of the state
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and within the foothills of the Great Plains area. 
From the summer of 1894 until 1900 experiments 
were conducted on this farm. The experiments were 
not based upon any definite theory of reclamation, 
and consequently the work consisted largely of the

F ig . 99. Excursionists to dry-farm  dem onstration, Juab  Co., U tah, sub
station , 1903.

comparison of varieties, when soil treatment was the 
all-important problem to be investigated. True, in 
1898, a trial of the Campbell method’̂ was under
taken. By the time this Station had passed its 
pioneer period and was ready to enter upon more 
systematic investigation, it was closed. Bulletin 
59 of the Colorado Station, published in 1900 b}̂  
J. E. Payne, gives a summary of observations made 
on the Cheyenne Wells substation during seven years. 
This bulletin is the first to deal primarily with the 
experimental work relating to dry-farming in the
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(Treat Plains area. It does not propose or outline 
any system of reclamation. Several later publica
tions of the Colorado Station deal with the problems 
peculiar to the Great Plains.

At the Utah Station the possible conquest of the 
sagebrush deserts of the Great Basin without irriga
tion was a topic of common conversation during the 
yeai*s 1894 and 1895. In 189(5 plans were presented 
for experiments on the principles of dry-farming. 
Four years later these plans were carried into effect. 
In the summer of 1901, the author and L. A. Merrill 
investigated carefully the practices of the dry-farms 
of the state. On the basis of these observations and 
by the use of the established j)rinciples of the relation 
of water to soils and plants, a theory of dry-farming 
was worked out which was i)ublished in Bulletin 75 
of the Utah Station in January, 1902. This is prob
ably the first systematic presentation of the j)rin- 
ciples of diy-farming. A }̂ ear later the Legislature 
of the state of Utah made provision for the establish- 
m(mt and maintenance of six experimental dry-farms 
to investigate in different parts of the state the pos
sibility of dry-farming and the principles under
lying the art. These stations, which are still main
tained, have done much to stimulate the growth of 
dry-farming in Utah. The credit of first under
taking and maintaining systematic experimental 
work in behalf of diy-farming should be assigned to 
the state of Utah. Since dry-farm experiments
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began in Utah in 1901, the subject has been a lead
ing one in the Station and the College. A large num
ber of men trained at the Utah Station and College 
have gone out as investigators of dry-farming under 
state and Federal direction.

The other experiment stations in the arid and semi- 
arid region were not slow to take up the work for 
their resj)ective states. Fortier and Linfield, who 
had spent a number of years in Utah and had bc'come 
somewhat familiar with the dry-farm practices of 
that state, initiated dry-farm investigations in 
Montana, which have l)een prosecuted with great 
vigor since that time. Vernon, under the direction 
of Foster, who had spent four years in Utah as 
Director of the Utah Station, initiated the work in 
New Mexico. In Wyoming the experimental study 
of dry-farm lands began by the private enterprise 
of H. B. Henderson and his associates. Later 
V. T. Cooke was placed in charge of the work under 
state auspices, and the demonstration of tlie feasi
bility of dry-farming in Wyoming has been going on 
since about 1907. Idaho has also recently under
taken dry-farm investigations. Nevada, once looked 
upon as the only state in the Union incapable of 
producing crops without irrigation, is demonstrating 
by means of state appro))i*iations that large areas 
there are suitable for diy-farming. In Arizona, 
small tracts in this sun-baked state are shown to 
be suitable for dry-farm lands. The Washington

2 B

11

■' \

■ t i

t̂i
I  I

1. •

t  H



370 DRY-FARMING

- »5
liiM

Siiiiji
^Irii

u
\ 'r  

,̂f

•r

'• '̂

Station is investigating the problems of dry-farming 
peculiar to the Columbia Basin, and the staff of 
the Oregon Station is carrying on similar work. In 
Nebraska, some very important experiments on dry
farming are l)eing conducted. In North Dakota 
there were in 1910 twenty-one dry-farm demon
stration farms. In South Dakota, Kansas, and 
Texas, provisions are similarly made for dry-farm 
investigations. In fact, up and down the Great 
Plains area there are stations maintained by the 
state or Federal government for the ))urpose of deter
mining the methods under which crops can be pro
duced without irrigation.

At the head of the Great Plains area at Saskatch
ewan one of the oldest dry-farm stations in America 
is located (since 1888). In Russia several stations 
are devoted very largely to the problems of dry 
land agriculture. To be especially mentioned for 
the excellence of the work done are the stations at 
Odessa, Cherson, and Poltava. This last-named 
Station has been established since 188G.

In connection with the work done by the experi
ment stations should be mentioned the assistance 
given by the railroads. Many of the railroads own
ing land along their respective lines are greatly 
benefited in the selling of these lands by a knowl
edge of the methods whereby the lands may be 
made productive. However, the railroads depend 
chiefly for their success upon the increased prosperit}"
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of the population along their lines and for the pur
pose of assisting the settlers in the arid West con
siderable sums have been expended by the railroads 
in cooperation with the stations for the gathering of
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F ig . 100. Using treadm ill for threshing grain from small plants on one
of the U tah experimental dry-farm s.

information of value in the reclamation of arid lands 
without irrigation.

It is through the efforts of the experiment stations 
that the knowledge of the day has been reduced to a 
science of dry-farming. Every student of the sub
ject admits that much is yet to be learned before the 
last word has been said concerning the methods of 
dry-farming in reclaiming the waste places of the 
earth. The future of dry-farming rests almost 
wholly upon the energy and intelligence with which
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the cxjieriment stations in this and other countries 
of tlie world shall attack the s])ecial problems con
nected with this branch of agriculture.

The United States Department of Agriculture

The Commissioner of Agriculture of the United 
Statics was givcui a secretaryship in the President's 
Cabinet in 1889. With this added dignity, new life 
was given to the dei)artment. Under the direction 
of J. Sterling ]\Iorton preliminary work of great im
portance was done. Upon the ajipointment of James 
Wilson as Secretary of Agriculture, the department 
fairly leaped into a fullness of organization for the in- 
V(\stigation of the agricultural jiroblems of the coun
try. From the beginning of its new growth the 
United States Dejiartment of Agriculture has given 
some thought to the sjiecial j)roblems of the semiarid 
region, especially that jmrt within the Great Plains. 
Little consideration was at first given to the far West. 
The first method adopted to assist the farmers of 
the j)lains was to find plants with drouth resistant 
])ro|)erties. For that puipose explorers were sent 
over the earth, who returned with great numbei*s of 
new plants or varieties of old plants, some of which, 
such as the durum wheats, have shown themselves 
of great value in American agriculture. The Bureaus 
of Plant Industry, Soils, Weather, and Chemistry have 
all from the first given considerable attention to the
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problems of the arid region. The Weather Bureau, 
long established and with perfected methods, has 
been invaluable in guiding investigators into regions 
where experiments could be undertaken with some

9

hope of success. The Department of Agriculture was 
somewhat slow, however, in recognizing dry-farming 
as a system of agriculture requiring siiecial investiga
tion. The final recognition of the subject came with 
the appointment, in 1905, of Chilcott as expert in 
charge of dry-land investigations. At the present 
time an office of dry-land investigations has been estab
lished under the Bureau of Plant Industry, which co
operates with a number of other divisions of the 
Bureau in the investigation of the conditions and 
methods of dry-farming. A large number of sta
tions are maintained by the Department over the 
arid and semiarid area for the purpose of studying 
special problems, many of which are maintained 
in connection with the state experiment stations. 
Nearly all the dejiartmental experts engaged in dry- 
farm investigation have been drawn from the service 
of the state stations and in these stations had m- 
ceived their special training for their work. The 
United States Department of Agriculture has cho.sen 
to adopt a strong conservatism in the matter of dry
farming. It may be wise for the Department, as the 
official head of the agricultural interests of the coun
try, to use extreme care in advocating the settlement 
of a region in which, in the past, farmers had failed
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to make a living, yet this conservatism has tended 
to hinder the advancement of dry-farming and has 
placed the departmental investigations of dry
farming in point of time behind the pioneer investi
gations of the subject.

The’ Dry-fanning Congress

.\s the gi'eat dry-farm wave swept over the coun- 
tr>', the need was felt on the part of experts and lay
men of some means whereby dry-farm itleas from all 
parts of the country coukl be exchanged. Private 
individuals by the thousands and numerous state 
and governmental stations were working separately 
and seldom had a chance of comparing notes and dis
cussing problems. .V need was felt for some central 
dry-farm organization. .\n attempt to fill this need 
was made by the people of Denver, Colorado, when 
Governor Jesse F. .McDonald of Colorado issued a 
call for the first Dry-farming Congress to be held in 
Denver, January 24, 25, and 2G, 1907. These dates 
were those of the annual stock show which had 
become a permanent institution of Denver and, in 
fact, some of those who were instrumental in the 
calling of the Dry-farming Congress thought that it 
was a good scheme to bring more people to the stock 
show. To the surprise of many the Dry-farming 
Congress became the leading feature of the week. 
Representatives were iiresent from practically all

1
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the states interested in dry-fanning and from some 
of the humid states. Utali, the jiioneer dry-farm 
state, was represented iiy a delegation second in 
size only to that of Colorado, where the Congress was 
held. The call for this Congress was inspired, in 
part at least, b}" real estate men, who saw in the dry- 
farm movement an opportunity to relieve themselves 
of large areas of cheaji land at fairly good prices. 
The Congress proved, however, to be a businesslike 
meeting which took hold of the cpiestions in earnest, 
and from the very first made it clear that the real 
(‘State agent was not a welcome member unless he 
came with jierfectly honest methods.

The second Dry-farming Congress was held Jan
uary 22 to 25, 1908, in Salt Lake City, Utah, under 
the presidency of Fisher Harris. It was even better 
attended than the first. The proceedings show that 
it was a Congress at which the dry-farm experts of 
the country stated their findings. A large exhibit 
of dry-farm products was held in connection with 
this Congress, where ocular demonstrations of the 
jiossibility of dry-farming were given any doubting 
Thomas.

The third Dry-farming Congress was held Feb
ruary 23 to 25, 1909, at Cheyenne, W}’oming, under 
the presidency of Governor W. W. Brooks of Wyo
ming. .'\n unusually severe snowstorm preceded the 
Congress, which jirevented many from .attending, 
yet the number present exceeded that at any of
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the preceding Congresses. This Congress was made 
notable by the number of foreign delegates who had 
been sent by their respective countries to investigate 
the methods jiursued in America for the reclamation 
of the arid districts. Among these delegates were 
representatives from Canada, Australia, The Trans
vaal, Brazil, and Russia.

The fourth Congress was held October 26 to 28, 
1909, in Billings, Montana, under the presidency of 
Governor Edwin L. Morris of ^Montana. The uncer
tain weather of the winter months had led the pre
vious Congress to adopt a time in the autumn as 
the date of the annual meeting. This Congress 
became a session at which many of the principles 
discussed during the three preceding Congresses 
were crystallized into definite statements and agreed 
upon by workers from various parts of the country. 
A number of foreign representatives were present 
again. The problems of the Northwest and Canada 
were given special attention. The attendance was 
larger than at any of the preceding Congresses.

The fifth Congress will be held under the presidency 
of Hon. F. W. Mondell of Wyoming at Sj)okane, 
Washington, during October, 1910. It ])romises 
to exceed any j)receding Congress in attendance 
and interest.

The Dry-farming Congress has made itself one 
of the most important factors in the development of 
methods for the reclamation of the desert. Its
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j)ublished rej)orts arc the most valuable publications 
dealing M’itli dry-land agriculture. Only simple 
justice is done when it is stated that the success of 
tlie Dry-farming Congress is due in a large measure 
to the untiring and intelligent efforts of John T. 
liurns, wlio is the permanent secretary of the Con
gress, and who was a member of the first executive 
committ('e.

Nearly all the arid and semiarid. states have 
organized state dry-farming congresses. The first 
of these was the Utah Dry-farming Congress, organ
ized about two months after the first Congress held 
in Denver. The })resi(lent is L. A. Merrill, one of 
the })ioneer dry-farm investigators of the Rockies.

Jethro Tull {see frontispiece)

A sketch of the liistorv of drv-farming would he 
incomplete without a mention of the life and work 
of Jethro Tull. The agricultural doctrines of this 
man, interpreted in the light of modern science, are 
those which underlie modern dry-farming. Jethro 
Tull was born in Jierkshire, England, 1674, and 
died in 1741. He was a lawyer by profession, but 
liis health was so j)oor that he could not ])ractice his 
j)rofession and therefore spent most of liis life in the 
seclusion of a quiet farm. His life work was done in 
the face of great ])hysical sufferings. In spite of 
physical infirmities, he produced a system of agricul-
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ture which, viewed in the light of our modern knowl
edge, is little short of marvelous. The chief inspira
tion of his system came from a visit paid to south 
of France, where he observed ^^near Frontignan and 
Setts, Languedoc that the vineyards were carefully 
j)lowed and tilled in order to produce the largest 
croj)s of the best grapes. Upon the basis of this 
ol)servation he instituted experiments upon his own 
farm and finally developed his system, which may be 
summarized as follows: The amount' of seed to be 
used should be {proportional to the condition of the 
land, especially to the moisture that is in it. To 
make the germination certain, the seed should be 
sown by drill methods. Tull, as has already been 
observed, was the inventor of the seed drill which 
is now a feature of all modern agriculture. Plow
ing should be done deeply and frequently; two 
])lowings for one crop would do no injury and fre- 
({uently would result in an increased yield. Finall}", 
as the most im{Portant {princijple of the system, the 
soil should be cultivated continuall}^ the argument 
being that b}̂  continuous cultivation the fertility 
of the soil would be increased, the water would 
be conserved, and as the soil became more fertile 
less water would be used. To accomjplish such culti
vation, all crojps should be {placed in rows rather far 
apart, so far indeed that a horse carrying a culti
vator could walk between them. The horse-hoeing 
idea of the svstem became fundamental and gave
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tlic iiiiiiic to his famous book, ^̂ The Horse Hoeing 
Husbandry,’̂ by Jethro Tull, published in parts from 
1731 to 1741. Tull held that the soil between the 
rows was essentially being fallowed and that the 
next year the seed could be planted between the 
rows of the preceding year and in that way the fer
tility could be maintained almost indefinitely. If 
this nudhod were not followed, half of the* soil could 
lie fallow every other year and be subjected to con
tinuous cultivation. Weeds consume water and 
fertility and, therefore, fallowing and all the culture 
must be perfectly clean. To maintain fertility a 
rotation of crops should be j)racticed. AVlieat should 
be the main grain crop; turnii)s the root crop; and 
alfalfa a very desirable crop.

It may be observed that these teachings are sound 
and in harmon}" with the best knowledge of to-day 
and that they are the very j)ractices which are now 
being advocated in all dry-farm sections. This is 
doubly curious Ix'cause Tull lived in a humid country. 
However, it mav be mentioned that his farm consisted 
of a very poor chalk soil, so that the conditions under 
which he labored were more nearly those of an arid 
country than could ordinarily be found in a country 
of abundant rainfall. While the practices of Jethro 
Tull were in themselves very good and in general 
can be adopted to-day, yet his interpretation of the 
principles involved was wrong. In view of the 
limited knowledge of his day, this was only to be
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,ure

expected. For instance, he believed so thoroughly 
in the value of cultivation of the soil, that he thought 
it would take the place of all other methods of main
taining soil-fertility. In fact, he declared distinctly 
that ^Hillage is manure,’̂ which we are very certain 
at this time is fallacious. Jethro Tull is one of the 
great investigators of the world. In recognition 
of the fact that, though living two hundred years 
ago in a humid country, he was able to develop 
the fundamental practices of soil culture now used 
in dry-farming, the honor has been done his memory 
of placing his portrait as the frontispiece of this 
volume.
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CHAn’ER XVIII

THE PRESENT STATUS OF DRY-FARMING

It is difficult to obtain a correct view of the pres
ent status of dry-fanning, first, because dry-farm 
surveys are only beginning to be made and, secondly, 
Ix'cause the area under diy-farm cultivation is in
creasing daily by leaps and bounds. All arid and 
semiarid parts of the world are reaching out after 
methods of soil culture whereby ])rofitable crops 
may be ])roduced without irrigation, and the practice 
of diy-farniing, according to modern methods, is 
now followed in maii}̂  divTrse countries. The United 
States undoubtedly leads at present in the area 
actually under dry-farming, but, in view of the 
immense dry-farm districts in other parts of the 
world, it is doubtful if the United States will always 
maintain its supremacy in dry-farm acreage. The 
leadershij) in the development of a science of dry- 
farming will probably remain with the United States 
for years, since the numerous experiment stations 
established for the study of the problems of farming 
without irrigation liave their work well under way, 
while, with the excejition of one or two stations in 
Russia and Canada, no other countries have experi
ment stations for the study of dry-farming in full

382
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operation. The reports of the Dry-farming Congress 
furnish practically the only general information as 
to the status of dry-farming in the states and terri
tories of the United States and in the countries of 
the world.

California

Tn the state of California dry-farming has been 
firmly established for more than a generation. The 
chief croj) of the California dry-farms is wheat, 
though the other grains, root crops, and vegetables 
are also grown without irrigation under a compara
tively small rainfall. The chief dry-farm areas are 
found in the Sacramento and the San Joaquin valleys. 
In the Sacramento Valley the precipitation is fairly 
large, but in the San Joaquin Valley it is very small. 
Some of the most successful dry-farms of California 
have produced well for a long succession of years 
under a rainfall of ten inches and less. California 
offers a splendid example of the great danger that 
besets all dry-farm sections. For a generation 
wheat has been produced on the fertile Californian 
soils without manuring of any kind. As a conse
quence, the fertility of the soils has been so far de- 
pleted that at present it is difficult to obtain paying 
crops without irrigation on soils that formerly 
yielded bountifully. The living problem of the dry- 
farms in California is the restoration of the fertility 
which has been removed from the soils by unwise
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384 DRY-FARMING

cropping. All other dry-farni districts should take 
to heart this lesson, for, though crops may be pro
duced on fertile soils for one, two, or even three gener
ations without manuring, yet the time will come

F ig . 102. Throshiiig in dry-farm  district near Moscow, Idaho.

when plant-food must be added to the soil in return 
for that which has been removed by the crops. 
Meanwhile, California offers, also, an excellent 
example of the possibility of successful dry-farming 
through long jieriods and under varying climatic 
conditions. In the (lolden State dry-farming is a 
fully established practice; it has long since passed 
the exj)eriniental stage.

Columbia River Basin

The Columbia River liasin includes the state of 
Washington, most of Oregon, the northern and
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, central part of Idaho, western Montana, and extends 
into British Columbia. It includes the section often 
called the Inland Einjiire, which alone covers some 
one hundred and fifty thousand square miles. The 
chief dry-farm ci'op of this region is wheat; in fact, 
western Washington or the “ Palouse country” is 
famous for its wheat-producing powers. The other 
grains, potatoes, roots, and vegetables are also grown 
without irrigation. In the parts of this dry-farm 
district where the rainfall is the highest, fruits of 
many kinds and of a high quality are grown without 
irrigation. It is estimated that at least two milliono
acres are being dry-farmed in this district. Dry- 
fanning is fully established in the Columbia River 
Basin. One farmer is reported to have raised in one 
year on his own farm two hundred and fifty thousand 
bushels of wheat. In one section of the district 
where the rainfall for the last few years has been only 
about ten or eleven inches, wheat has been produced 
successfully. This corroborates the experience of 
California, that wheat may really be grown in local
ities where the annual rainfall is not above ten inches. 
The most modern methods of dry-farming are fol
lowed by the farmers of the Columbia River Basin, 
but little attention has been given to soil-fertility, 
since soils that have been farmed for a generation 
still appear to retain their high productive powers. 
Undoubtedly, however, in this district, as in Cali
fornia, the question of soil-fertility will be an impor-
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tant one in the near future. This is one of the great 
dry-farm districts of the world.

The Great Basin

'I'hc Great Basin includes Nevada, the western 
half of Utah, a small part of southern Oregon and 
Idaho, ami also a part of Southern California. It is 
a great interior basin with all its rivers draining into 
salt lakes or diy sinks. In recent geological times 
the Great Basin was filled with water, foi-ining the 
great Lake Bonneville which drained into the 
Columbia River. In fact, the Great Basin is made 
uj) of a series of great valleys, with very level floors, 
representing the old lake bottom. On the bench 
lands are seen, in many j)laces, the effects of the wave 
action of the ancient lake. The chief dry-farm crop 
of this district is wheat, but the other grains, includ- 
ing corn, arc also produced successfully. Other 
cro])s have been tried with fair success, but not on a 
commercial scale. Grapevines have been made to 
grow quite successfully without irrigation on the 
b(uich lands. Several small orchards bewaring lus
cious fruit are growing on the deep soils of the Great 
Basin without the artificial ai)])lication of water. 
Though the first dry-farming by modern peoples 
was probably practiced in the Great Basin, yet the 
area at present under cultivation is not large, pos
sibly a little more than four hundred thousand acres.
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THE STATUS IN THE GREAT BASIN

Dry-farming, liowever, is well established. There 
are large areas, especially in Nevada, that receive 
less than ten inches of rainfall annually, and one 
of the leading problems before the dry-farmers of 
this (.listrict is the determination of the possibility

F i g . 103. Dry-farm  K ubanka w heat, and nature of eountry near Reno,
Nevada.

of producing croj)S ii])on such lands without irriga
tion. On the older diy-farins, which have existed
in some cases from forty to fifty \"ears, there are no

% / % /  '

signs of diminution of soil-fertility. Undoubtedly, 
howeyer, even under the conditions of extremely 
high fertility prevailing in the Great Basin, the time 
will soon come when the drv-farmer must make 
provision for restoring to the soil some of the fertility
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388 DRY-FARMING

taken away by crops. There are millions of acres 
in the Great Basin yet to be taken up and subjected 
to the will of the dry-farmer.

Colorado and Rio Grande River Basins

The Colorado and Rio Grande River Basins include 
Arizona and the western part of New Mexico. The 
chief dry-farm croj)s of this dry district are wheat, 
corn, and beans. Other crops have also been grown 
in small quantities and with some success. The area 
suitable for diy-farming in this district has not yet 
been fully determined and, therefore, the Arizona and 
New Mexico stations are undertaking dry-farm sur
veys of their respective states. In spite of the fact 
that Arizona is generally looked upon as one of the 
drk'st states of the Union, dry-farming is making 
considerable headway there. In New Mexico, five 
sixths of all the homestead applications during the 
last year were for dry-farm lands; and, in fact, there 
are several prosperous communities in New Mexico 
which are subsisting almost wholly on dry-farming. 
It is only fair to say, however, that dry-farming is 
not yet well established in this district, but that the 
prospects are that the application of scientific prin
ciples will soon make it j)ossible to produce profitable 
crops without irrigation in large parts of the Colorado 
and Rio Grande River Basins.

• A
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The mountain states

This district'includes a part of Montana, nearly the 
whole of Wyoming and Colorado, and part of eastern 
Idaho. It is located along the backbone of the Rocky 
Mountains. The farms are located chiefly in valleys 
and on large rolling table-lands. The chief dry-farm 
crop is wheat, though the other crops which are grown 
elsewhere on dry-farms may be grown here also. In 
Montana there is a very large area of land which has 
been demonstrated to be well adapted for dr3 -̂farm 
purposes. In Wyoming, especially on the eastern 
as well as on the far western side, diy-farming has 
been shown to be successful, but the area covered at 
the present time is comparatively small. In Idaho, 
dry-farming is fairly well established. In Colorado, 
likewise, the practice is very well established and the 
area is tolerably large. -\11 in all, throughout the 
mountain states dry-farming may be said to be well 
established, though there is a great opportunity for 
the extension of the practice. The sparse population 
of the western states naturally makes it impossible 
for more than a small fraction of the land to be prop
erly cultivated.

4

r:

r

I

The Great Plains Area

3 This area includes parts of Montana, North Dakota, 
South Dakota, Nebraska, Kansas, Wyoming, Colo-
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rado, New Mexico, Oklahoma, and Texas. It is the 
largest area of dry-farm land under ai)i)roximately 
uniform conditions. Its drainage is into the Missis- 
sij)j)i, and it covers an area of not less than four hun-

F ig . 104. View of the 3 0 ,0 0 0 - a c T o  dry-farm  district in Cache Valley, 
Utah. The part a t the left of the fence is unreclaimed.

dred thousand square miles. Dry-farm crops grow 
well over the whole area; in fact, dry-farming is well 
established in this district. In spite of the failures
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SO widely advertised during the dry season of 1894, 
the farmers who remained on their farms and since 
that time have employed modern methods have se
cured wealth from their labors. The important ques
tion before the farmers of this district is that of 
methods for securing the best results. From the 
Dakotas to Texas the farmers bear the testimony 
that wherever the soil has been treated right, accord
ing to approved methods, there have been no crop 
failures.

Canada

Dry-farming has l)een j)ushed vigorously in the 
semiarid jiortions of Canada, and with great success. 
Dry-farming is now reclaiming large areas of formerly 
worthless land, esj)ecially in Alberta, Saskatchewan, 
and the adjoining provinces. Dry-farming is com- 
])aratively recent in Canada, yet here and there are 
semiarid localities where crops have been raised 
without irrigation for u])wards of a quarter of a cen
tury. In Alberta and other places it has been now 
practiced successfully for eight or ten years, and it 
may be said that dry-farming is a well-established 
])i*actice in the semiarid regions of the Dominion of 
Canada.

Mexico

In Mexico, likewise, diy-farming has been tried and 
found to be successful. The natives of Mexico have
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DRY-FARMING

practiced farming without irrigation for centuries; 
and modern methods are now being applied in the 
zone midway between the extremely dry and the 
extremely humid portions. The irregular distribu
tion of the precipitation, the late spring and early fall 
frosts, and the fierce winds combine to make the dry- 
farm problem somewhat difficult, yet the prospects 
are that, with government assistance, dry-farming 
in the near future will become an established practice 
in Mexico. In the opinion of the best students of 
Mexico it is the only method of agriculture that can 
be made to reclaim a very large portion of the country.

Brazil

Brazil, which is greater in area than the United 
States, also has a large arid and semiarid territory 
which can be reclaimed only by dry-farm methods. 
Through the activity of leacling citizens experiments 
in behalf of the dry-farm movement have already 
been ordered. The dry-farm district of Brazil re
ceives an annual precipitation of about twenty-five 
inches, but irregularly distributed and under a tropi
cal sun. In the opinion of those who are familiar with 
the conditions, the methods of dry-farming may be so 
adapted as to make dry-farming successful in Brazil.

it
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THE FOREIGN STATUS OF DRY-FARMING
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Australia

Australia, larger than the continental United 
States, is vitally interested in dry-farming, for one 
third of its vast area is under a rainfall of less than 
ten inches, and another third is under a rainfall of 
between ten and twenty inches. Two thirds ot the 
area of Australia, if reclaimed at all, must be re
claimed by dry-farming. The realization of this 
condition has led several Australians to visit the 
United States for the purpose of learning the methods 
employed in dry-farming. The reports on dry
farming in America by Surveyor-General Straw- 
bridge and Senator J. H. McColl have done much to 
initiate a vigorous propaganda in behalf of dry
farming in Australia. Investigation has shown that 
occasional farmers are found in Australia, as in 
America, who have discovered for themselves many 
of the methods of dry-farming and have succeeded in 
producing crops profitably. Undoubtedly, in time, 
Australia will be one of the great dry-farming coun
tries of the world.

Africa

Up to the present. South Africa only has taken an 
active interest in the dry-farm movement, due to the 
enthusiastic labors of Dr. William Macdonald of the 
Transvaal. The Transvaal has an average annual 
precipitation of twenty-three inches, with a large
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DRY-FARMING

district that receives between thirteen and twenty 
inches. The rain comes in the summer, making the 
conditions similar to those of the Great Plains. The 
success of dry-farming has alre l̂dy been practically 
demonstrated. The question before the Transvaal 
farmers is the determination of the best application 
of water conserving methods under the prevailing 
conditions. Under i)roper leadership the Transvaal 
and other jiortions of Africa will probabl}" join the 
ranks of the larger dry-farming countries of the world.

Riissia

More than one fourth of the whole of Russia is so 
dry as to be reclaimable onl}̂  by dry-farming. The 
arid area of southern European Russia has a climate' 
very much like that of the Great Plains. Turkestan 
and middle Asiatic Russia have a climate more like 
that of the Great l^asin. In a great number of lo
calities in both Euro])ean and Asiatic Russia diy- 
farming has been jiracticed for a number of years. 
The methods employed have not been of the most 
refined kind, due, possibly, to the condition of the 
peo})le constituting the farming class. The govern
ment is now becoming interested in the matter and 
there is no doubt that dry-farming will also be prac
ticed on a very large scale in Russia.
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396 DRY-FARMING

Turkey
Turkey has also a large area of arid land and, due to 

American assistance, experiments in dry-farming are 
being carrietl on in various parts of the country. It 
is interesting to learn that the experiments there, up
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F ig . lOG. Dry-farm olive orchards near Sfax, Tunis, Northern Africa
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THE STATUS OF DRY-FARMING ABROAD

to date, have been eminently successful and that the 
prospects now are that modern dry-farming will soon
be conducted on a large scale in the Ottoman Empire.

$

Palestine

The whole of Palestine is essentially arid and semi- 
arid and diy-farrning there has been j)ractieed for cen
turies. With the api)lication of modern methods it 
should be more successful than ever before. Dr. 
Aaronsohn states that the original wild wheat from 
which the present varieties of wheat have descended 
has been discovered to be a native of Palestine.

China
China is also interested in dry-farming. The cli

mate of the drier portions ot China is much like tliat 
of the Dakotas. Dry-farming there is of high antiq
uity, though, of course, the methods are not those 
that have been developed in recent years. Under 
the influence of the more modern methods dry-farm
ing should spread extensively throughout China and 
become a great source of profit to the enij)ire. The 
results of dry-farming in China are among the best.

These countries have been mentioned simj)ly be
cause they have been represented at the recent Diy- 
farming Congresses. Nearly all of the great coun
tries of the world having extensive semiarid areas aie

LV>i
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398 DRY-FARMING

directly interested in dry-fanning. The map on pages 
30 and 31 shows tliat more than 55 per cent of the 
worlchs surface receives an annual rainfall of less 
than twenty inches. Dry-farming is a world prob
lem and as such is being received by the nations.
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THE YEAR OE DROUTH

The Shadow of the Year of Drouth still obscures 
the hope of many a dry-farmer. From the magazine 
j)age and the public platform the prophet of evil, 
thinking himself a friend of humanity, solemnly warns 
against the arid region and dry-farming, for the year 
of drouth, he says, is sure to come again and then will 
be repeated the disasters of 1893-1895. Beware of 
the year of drouth. Even successful diy-farmers who 
have obtained good crops every year for a generation 
or more are half led to expect a dry }̂ ear — one so 
dry that crops will fail in spite of all human effort. 
The question is continually asked, ^̂ Can crop yields 
reasonably be expected every year, through a suc
cession of dry years, under semiarid conditions, if 
the best methods of dry-farming be practiced?’̂ In 
answering this question, it ma}̂  be said at the very 
beginning, that when the }̂ ear of drouth is mentioned 
in connection with dry-farming, sad reference is al
ways made to the experience on the Great Plains in 
the early }^ars of the 9̂0̂ s. Now the fact of the 
matter is, that while the years of 1893, 1894, and 189o 
were diy years, the only complete failure came in 
1894. In spite of the improper methods practiced by

399
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the settlers, the willing soil failed to yield a crop only 
one year. Moreover, it should not be forgotten that 
hundreds of fanners in the driest section during this 
dry period, who instinctivel}" or otherwise farmed 
more nearly right, obtained good crops even in 1894. 
The simple practice of summer fallowing, had it been 
practicinl the year before, would have insured satis
factory crops in the driest year. Further, the set
tlers who did not take to their heels upon the arrival 
of the dry year are still living in large numbers on 
tluar honu'steads and in numerous instances have 
accumulated comfortal)le fortunes from the land 
which has been held uj) so long as a warning against 
settlement beyond a humid climate. The failure of 
1894 was due as much to a lack of proper agricultural 
information and i)ractice as to the occurrence of a 
dry year.

Next, the statement is carelessly made that the 
recent success in dry-farming is due to the fact that 
we are now living in a cycle of wet years, but that as 
soon as the cycle of diy }̂ ears strikes the country dry- 
farming will vanish as a dismal failure. Then, again, 
the theory is ])ro])osed that the climate is permanently 
changing toward wetness or drjmess and the past has 
no meaning in reading the riddle of the future. It is 
doubtless true that no man may safely predict the 
weather for future generations; yet, so far as human 
knowledge goes, there is no perceptible average 
change in the climate from period to period within
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402 DRY-FARMING

historical time; neither are there jirotracted dry 
jieriods followed by i)rotracted wet ]X'riods. The 
fact is, diy and wet years alternate. A succession of 
somewhat wet years may alternate with a succession 
of somewhat dry years, hut the average jirecipitation 
from decade to tlecade is very nearly the same. 
True, there will always he a dry year, that is, the 
driest year of a scries of years, and this is the sup- 
po.sedly fearful and fateful year of drouth.' The busi
ness of the diy-farmer is always to farm so as to be 
prepared for this driest year whenever it conies. If 
this be done, the farmer will always liave a crop: in 
fhe wet years his croj) will be large; in the driest year 
it will 1 )e sufficient to sustain liiin.

So persistent is the lialf-expressed fear that this 
driest year makes it impossible to rely upon dry
farming as a i)ermanent system of agriculture that a 
search has been made for reliable long records of the 
production of croj)s in arid and semiarid regions. 
Public statements have l)een made by many perfectly 
reliable men to the effect that croj)s liave been j)ro- 
duced in diverse sections over long periods of}^ears, 
some as long as thirty-five or forty years, without one 
failure having occurred. Most of these statements, 
however, have been general in their nature and not 
accompanied by the exact yields from year to year. 
Only three satisfactor}  ̂records have been found in a 
somewhat careful search. Others no doubt exist.

r
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A DROUTH-RESISTING FARM 403

The Barms farm

The first record was made by Senator J. G. M. 
Barnes of Kaysville, Utah. Kaysville is located in 
the Great Salt Lake Valley, about fifteen miles north

t' \

K 1.. \

Fio. 108. Field of dry-farm  wheat. U tah 1909.

of Salt Lake City. The climate is semiarid; the pre
cipitation comes mainly in the winter and early spi ing,
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404 DRY-FARMING

the suininei's aro dry, and the evaporation is large. 
Senator Barnes jiureliased ninety acres of land in the 
spring of 1887 and had it fanned under his own su
pervision until 1!)0(). He is engaged in commercial 
enterprises and did not, himself, do any of the work 
on the farm, hut employed men to do the neces
sary labor. II()wev(‘r, he kept a close supervision 
of the farm and decided ui)on the practices which 
should he followed. From seventv-eight to eiahtv- 
nine acres were harvested for eacli crop, with the 
exception of 1902, wlien all hut ai)out twenty acres 
was fired hy sparks from the j^assing railroad train. 
The plowing, harrowing, and weeding were done very 
carefully. The conij)lete record of the Barnes dry- 
farm from 18(S7 to 1905 is shown in the table on 
the following page.

The first ))l()wing was given the farm in ^fay of
1SS7, and, with the exception of 1902, the land was
invariably j>lowed in the spring. With fall plowing
the yields would undoubtedly have been better.
d'he first sowing was made in the fall of 1887, and fall

'  •

grain was grown during the whole j)eriod of observa
tion. The seed sown in the fall of 1887 came up well, 
but was winter-killed. This is ascribed by Senator 
Jfarnes to the very dry winter, though it is ])robable 
that the soil was not sufficiently well stored with 
moisture to carry the crop through. The farm was 
plowed again in the spring of 1888, and another crop 
sown in September of the same year. In the summer
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THE YEAR OF DROUTH 405

R ecord of th e  B arnes D ry-farm , Salt Lake  Valley ,
U tah (90 acres)

c

)

Y"ear
A n n u a l

R a i n f a l l
(Inches)

Y ield  
PER A cr e  

(B u.)

W h e n
P l o w e d

W h e n  So w n

1887 11.66 May Sept.
1888 13.62 Fad u re May Sept.
1889 18.46 22 5 — Volunteer
1890 10.33 15 5 —

1891 15.92 F allow May Fall
1892 14.08 19.3 —

1893 17.35 Fallow May Fall
1894 15.27 26.0 —

1895 11.95 Fallow May Aug.
1896 18.42 2 2 .0 —

1897 16.74 Fallow Spring Fall
1898 16.09• 26.0 —

1899 17.57 Fallow May Fall
1900 11.53 ; 23.5
1901 16.08 Fallow Spring Fall
1902 11.41 28.9 Sept. Fall
1903 14.62 12.5 — —

1904 16.31 F allow Spring Fall
(

1905 14.23 25.8 (

1

of 1889, 22\ bushels of wheat were harvested to the 
acre.' Encouraged by this good croj) ^Ir. Barnes al
lowed a volunteer crop to grow that fall and the next 
summer harvested as a result 15J bushels of wheat 
to the acre. The table shows that only one crop 
smaller than this was harvested during the whole

1 About four acres were sown on stubble.
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l)eriod of ninetoeii yeans, iiaiiiely, in 1903, when the 
same tiling was done, and one ero]) was made to follow 
another without an intervening fallow jieriod. This 
observation is an evidenee in favor of clean summer 
fallowing. The largest crop obtained, 28.9 bushels 
per acre in 1902, was gathered in a year when the next 
to the lowest rainfall of the whole period occurred, 
namely, 11.41 inches.

The iirecipitation varied during the nineteen years 
from 10.33 inches to 18.4() inches. The variation in 
yield per acre was considerably less than this, not 
counting the two crojis that were grown immediately 
after another crop. All in all, the unique record of the 
Barnes dry-farm shows that through a j)eriod of nine
teen years, including diy and comparatively wet 
years, there was absolutely no sign of failure, except 
in the first year, when i)rol)ably the soil had not been 
put in proper condition to supj)ort crops. In ])ass- 
ing it maybe mentioned that, according to the records 
furnished by Senator Barnes, the total cost of oj)erat- 
ing the farm during the nineteen }Tars was $4887.69; 
the total income was $10,144.83. The difference, 
$5257.14, is a very fair j)rofit on the investment of 
$1800 — the original cost of the farm.

Mil
■1ill'll)

The Indian Head farm
An equally instructive record is furnished b}̂  the 

exf)erimental farm located at Indian Head in Sas
katchewan, Canada, in the northern j>art of the Great
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Fig. 109. C arting macaroni wheat to the wharves in southern Russia.

Plains area.' According to Alway, the country is in 
appearance very much like western Nebraska and 
Kansas; the climate is distinctly arid, and the pre
cipitation comes mainly in the sjiring and summer. 
It is the only experimental dry-farm in the Great 
Plains area with records that go back before the dry 
years of the early 9̂0̂ s. In 1882 the soil of this farm 
was broken, and it was farmed continuously until 1888,

U



i

V .V.\

f f i t s

h
f  f *1 V

r 1 '

.41

D R Y -FA R M IN G

when it was made an experimental farm under gov
ernment supervision. The following table shows the 
3uelds obtained from the year 1891, when the pre
cipitation records were first kept, to 1909: —
R ecord of I ndian H ead E x perim en tal  F arm and 

M o th erw ell’s F arm , Saskatchew an , C anada

Y e a r
A n n u a l

R a in f a l l
(Inches)*

B u s h e l s  o f  W h e a t  
PER A cre

E x p e r i m e n t a l  F arm
B u s h e l s  o f  W h e a t  

PER A cre  
M o t h e r w e l l ’s 

F arm
Fallow Stubble

1801 14.03 35 32 30
1892 0.92 28 2 1 28
1893 1 0 .1 1 35 2 2 34
1894 3.90 17 9 24
1895 12.28 41 2 2 26
18!)G 10.59 39 29 31
1897 14.02 33 • 2 0 35
1898 18.03 32 — 27
1899 9.44 33 — 33
1900 11.74 17 5 25
1901 2 0 . 2 2 49 38 51
1902 10.73 38 2 2 28
1903 15.55 35 15 31
1904 11.90 40 29 35
1905 19.17 42 18 36
1900 ' 13.21 2 0 13 38
1907 15.03 18 18 15
1908 13.17 29 14 1 0
1909 13.90

f 28 15 23

Averap;e 32.4 20.5

 ̂  ̂ Snowfall not included. This has varied from 2.3 to 1.3 
inches of water.

' 11



THE FARM AT INDIAN HEAD 409

» ii- ; ;

The annual rainfall shown in the second column 
does not include the water which fell in the form of 
snow. According to the records at hand, the annual 
snow fall varied from 2.3 to 1.3 inches of water, which 
should be added to the rainfall given in the table.

-  K
V . , ,

F ig. 110. View of Palouse w heat district, showing rolling nature of
country.

Even with this addition the rainfall shows the dis
trict to be of a distinctly semiarid character. It will 
be observed that the precipitation varied from 3.9 
to 20.22 inches, and that during the early ’90̂ s several 
rather dry years occurred. In spite of this large 
variation good crops have been obtained during the 
whole period of nineteen years. Not one failure is 
recorded. The lowest yield of 17 bushels per acre

I
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came during the very dry year of 1894 and during the 
somewhat thy year of 1900. Some of the largest 
yields were obtained in seasons wlien the rainfall was 
only near the average. As a recortl showing that the 
year of drouth need not be fearetl when drv-farming 
is done right, this table is of v ry high interest. It 
may be noted, incidentall}', that throughout the whole 
period wheat following a fallow alwavs vielded 
liislier than wheat following the stubble. For the 
nineteen years, the difference was as 32.4 bushels is 
to 20.5 bushels.

The Motherwell farm

In the last column of the table are shown the annual 
yields of wheat obtained on the farm of Commissioner

I

Motherwell of the province of Saskatchewan. This 
private farm is located some twenty-five miles away 
from Indian Head, and the rainfall records of the ex- 
j)erimental farm are, therefore, only api)roximately 
accurate for the Motherwell farm. The results on this 
farm may well be compared to the Barnes results of 
Utah, since they were obtained on a ])rivate farm. 
During the period of nineteen years good crojis were 
invariably obtained; even during the very drv vear 
of 1894, a yield of twenty-four bushels of wheat to the 
acre was obtaiiu'd. Curiously enough, the lowest 
yields of fifteen and sixteen bushels to the acre were 
obtained in 1907 and 1908 when the precij)itation was

I 1 ITMil d
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DKOUTH-RESISTING FARxMS

fairly good, and must be ascribed to some other factor 
than that of precipitation. The record of this farm 
shows conclusively that with jn-oper farming there is 
no need to fear the year of drouth.

The Utah drouth of 1910

During the year of 1910 only 2.7 inches of rain fell 
in Salt Lake City from lAlarch 1 to the July harvest, 
and all of this in March, as against 7.18 inches dur
ing the same period the preceding year. In other 
parts of the state much less rain fell; in fact, in the 
southern part of the state the last rain fell during 
the last week of December, 1909. The drouth re
mained unbroken until long after the wheat har
vests. Great fear was expressed that the dr}"-farms- 
could not survive so protracted a ])eriod of drouth. 
Agents, sent out over the various dr}"-farm districts, 
reported late in June that wherever clean suimner 
fallowing had been ])racticed the cro])s were in excel
lent condition; but that wherever careless methods 
had been ])racticed, the crops were poor or killed. 
The reports of the harvest in July of 1910 showed 
that fully 85 per cent of an average crop \vas obtained 
in spite of the protracted drouth wherever the soil 
came into the spring well stored \vith moisture, and 
in many instances full crops were obtained.

Over the whole of the dry-farm territory of the 
United States similar conditions of drouth occurred.
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After the harvest, however, every state reported 
that the crops were well uj? to the average wherever 
correct methods of culture had been employed.

These well-authenticated records from true semi- 
arid districts, covering the two chief types of winter 
and summer precipitation, prove that the year of 
drouth, or the driest year in a twenty-year period, 
does not disturb agricultural conditions seriously in 
localities wnere the average annual precipitation is 
not too low, and where proper cultural methods are 
followed. That dry-farming is a system of agricul
tural practice which requires the application of high 
skill and intelligence is admitted; that it is precarious 
is denied. The year of drouth is ordinarily the year
in which the man failed to do properly his share of the 
work.
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CHAPTER "I

DRY-FARMING IN A NUTSHELL

L o c a t e  the clry-fRnii in a section with an annual 
precipitation of more than ten inches and, if jiossible, 
with small wind movement. One man with four 
horses and plenty of machinery cannot handle more 
than from 160 to 200 acres. Farm fewer acres and
farm them better.

Select a clay loam soil. Other soils may lie equally 
productive, but are cultivated properly with some
what more difficulty.

Make sure, with the help of the soil auger, that 
the soil is of uniform structure to a depth of at least 
eight feet. If streaks of loose gravel or layers of 
hardpan are near the surface, water may be lost to
the plant roots.

After the land has been cleared and broken let it 
lie fallow with clean cultivation, for one year. The 
increase in the first and later crops will jiay for the
waiting.

Always plow the land early in the fall, unless abun
dant experience shows that fall plowing is an unw ise 
practice in the locality. Always plow deeply unless 
the subsoil is infertile, in which case plov a litt e
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deeper each year until eight or ten inches arc reached. 
Plow at least once for each croj). Sj)ring plowing 
if practiced, should be done as early as possible in 
the season.

Follow the j)low, whether in the fall or spring, with 
the disk and that with the smoothing harrow, if crops 
are to be sown soon afterward. If the land plowed 
in the fall is to lie fallow for the winter, leave it in the 
rough condition, exce])t in localities where there is 
little or no snow and the winter tein])erature is high.

Always disk the land in early spring, to ])revent 
evaporation, tollow the disk with the harrow.
Ha rrow, or in sonu' other wav stir the surface of the

*  % /

soil aft(u* every rain. If crops are on the land, har
row as long as the ])lants will stand it. If hoed cro{)s, 
like corn or potatoes, are grown, use the cultivator 
throughout the season. A deej) mulch or dry soil 
should cover the land as far as ))ossible throughout 
the summer. Jmmediately after harvest disk the 
soil thoroughly.

Destroy weeds as soon as they show themselves. 
A weedy dry-farm is doomed to failure.

(iiv(' the land an occasional rest, that is, a clean 
summer fallow. Under a rainfall of less than fifteen 
inches, the land should be summer fallowed every 
other year; under an annual rainfall of fifteen to 
twenty inches, the summer fallow should occur every 
third or fourth year. Where the rainfall comes 
chiefly in the summer, the summer fallow is less im-
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DRY-FARMING IN A NUTSHELL

portant in ordinaiy years than where the summers 
are diy and the winters wet. Only an absolutely 
clean fallow should be permitted.

The fertility of dry-farm soils must be maintained. 
Return the manure; plow under green leguminous

F ig . 111. Homeward bound. Sagebrush in foreground; dry-farm s in the
distance.

crops occasionally and practice rotation. On fertile 
soils jilants mature with the least water.

Sow only by the drill method. Wherever possible 
use .fall varieties of crojis. Plant deejily three or 
four inches for grain. Plant early in the fall, espe
cially if the land has been summer fallowed. Use only 
about one half as much seed as is recommended for 
humid-farming.

All the ordinary crops may be grown by dry-farm
ing. Secure seed that has been raised on dry-farms. 
Look out for new varieties, es})ecially adapted for 
drv-farming, that mav be brought in. ^\heat is

%/ 4 O '  7 ^

king in dry-farming; corn a close second. Turkey 
wheat promises the best.
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stock the dn'-farin with the be.st modern machin
ery. Dry-farming i.s jxi.ssible only becau.se of the 
modern jilow, the disk, the drill seeder, the harvester, 
the header, and the thresher.

Make a home on the dr}'-farm. Store the flood 
watei-s in a re.servoir, or jnunp the underground 
waters, for irrigating the family garden. Set out 
triH's, j)lant flowei-s, and keep some live stock.

Learn to understand the reasons back of the prin
ciples of drj'-farming, aj)ply the knowledge vigor
ously, and the crop cannot fail.

Always farm as if a year of drouth were coming.
Man, by his intelligence, compels the laws of nature 

to do his bidding, and thus lie achieves joy.
“ .Vnd God blessed them — and God said unto 

them. Be fruitful and multiply and replenish the 
earth, and subdue it.”
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A PARTIAL BIBLIOGRAPHY OF THE LIT
ERATURE OF DRY-FARMING
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Some Interesting Soil Problems. Milton Whitney. 

Yearbook, U. S. Department of Agriculture for
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1900
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Successful Wheat Growing in Semiarid Districts. 

M. A. Carleton. Yearbook, U. S. Department of 
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The Algerian Durum Wheats: A Classified List, 
with Descriptions. C. S. Scofield. Bulletin No. 7, 
Bureau of Plant Industry, U. S. Department of 
Agriculture.
1903

Investigation of the Great Plains and Unirrigated
Lands of Eastern Colorado: Seven Years Study.
.1. E. Payne. Bulletin /7, Colorado Experiment 
Station.

The Description of Wheat Varieties. C. S. Scofield. 
Bulletin No. 47, Bureau of Plant Industry, U. S. 
Department of .Vgriculture.
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Macaroni Ylieats. T. L. Lyon. Bulletin No. 78,
, Nebraska Experiment Station.

Report of the Edgley Substation. North Dakota 
Experiment Station.

The Thorough Tillage System for the Plains of 
Colorado. W. H. Olin. Bulletin 103, Colorado 
Experiment Station.

Agriculture without Irrigation in the Sahara 
Desert. 1. H. Eearne} .̂ Bulletin No. 86, Bureau 
of Plant Industry, U. S. Department of Agriculture.
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Characteristics and Its Adaptation for Making 
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No. 92, South Dakota Experiment Station.
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Arid-farming in U tah: First Report of the State 
Experimental Arid Farms. J. A. Widtsoeand L. A. 
Merrill. Bulletin No. 91, Utah Experiment Station.

1906
Agriculture and Irrigation. J. H. McColl, M. P. 

Bendigo, Australia.
Management of Soils to Conserve iVIoisture with 

Special Reference to Semiarid Conditions. George 
H. Failyer. Farmers’ Bulletin No. 266, U. S. Depart
ment of Agriculture.

Saccharine Sorghums for Forage. C. R. Ball. 
Farmers’ Bulletin No. 246, U. S. Department of 
Agriculture.

Arid-farming Investigations. W. M. Jardine. 
Bulletin 100, Utah Experiment Station.

Alacaroni or Durum Wheats. J. H. Shepherd. 
Bulletin 99, South Dakota Experiment Station.

1907
Dry Land Farming in the Great Plains Area. 

E. C. Chilcott. Yearbook, U. S. Department of
Agriculture for 1907, page 451.

Dry-farming in the Great Basin. C. S. Scofield.
Bulletin 103, Bureau of Plant Industry, U. S. Depart
ment of Agriculture.

Dry-farming in New iMexico. J. J-  ̂ernon. 
Bulletin No. 61, New ]\Iexico Experiment Station.

The Culture and Uses of Brome Grass. R. A. 
Oakley. Bulletin 111, Part V, Bureau of Plant 
Industry, U. S. Department of Agriculture.
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Farm Practice in the Columbia Basin Uplands. 
Byron Hunter. Farmers’ Bulletin 295, U. S. Depart
ment of .-Vgriculture.

Dry-farming in Montana. F. B. Linfield and 
•\lfred .Vtkinson. Bulletin No. 63, Alontana Experi
ment Station.

I irst .Vnnual Report of the Superintendent of 
Demonstration Farms for North Dakota. North 
Dakota Experiment Station.

Campbell’s 1907 Soil Culture Manual. H. W. 
Campbell, Lincoln, Nebraska.

Proceedings of the First Dry-farming Congress, 
Denver, Colorado.

Evaporation Losses in Irrigation and Water 
Reciuirements of Crops. S. Fortier. Bulletin 177, 
Office of Experiment Stations, U. S. Department of 
Agriculture.

Cement Pipe for Small Irrigating Systems. G. E. 
P. Smith. Bulletin 55, Arizona Experiment Station.

Dry-farming in Idaho. Elias Nelson. Bulletin 
No. 62, Idaho Experiment Station.

How to Make Dry-farming Pay: Being the Re
sults of Forty Years of Successful Arid Land Culti
vation in Utah. George L. Farrell, Logan, Utah.

Milling Qimlities of Wheat. R. Stewart and J. E. 
Greaves. Bulletin 103, Utah Experiment Station.

Milo as a Dry Land Grain Crop. C. R. Ball and 
A. H. Leidigh. Farmers’ Bulletin 322, U. S. Depart
ment of .\griculture.
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Dry Land Grains. W. M. Jardine. Circular 
No. 12, Bureau of Plant Industry, U. S. Department 
of Agriculture.

Dry-farm Investigations in Montana. A. Atkin
son and J. B. Nelson. Bulletin 74, Montana Experi
ment Station.

The Storage of Winter Precipitation in Soils. 
J. A. Widtsoe, Bulletin No. 104, Utah Experiment 
Station.

Dry Land Farming and Kindred Topics. F. S. 
Cooley. Farmers’ Bulletin No. 1, Montana Agri
cultural College.

Notes on Dry-farming. W. M. Jardine. Cir
cular No. 10, Bureau of Plant Industry, U. S. Depart
ment of Agriculture.

Second Annual Report of the Superintendent of 
Demonstration Farms for North Dakota. North
Dakota Experiment Station.

The Plains : Some Press Bulletins. Bulletin 123,
Colorado Experiment Station.

Dry Land Olive Culture in Northern Africa. 
T. H. Kearney. Bulletin 125, Bui •eau of Plant 
Industry, U. S. Department of Agriculture.

Report of the Second Dry-farming Congress, Salt
Lake City, Utah.

Dry Land Agriculture : Papers Read at the Second 
Annual ^Meeting of the Cooperative Experiment 
Association of the Great Plains Area. Bulletin 130, 
Bureau of Plant Industry, U. S. Department of
Agriculture.

Report on Dry-farming in America. . Strav- 
bridge, I. S. O., Adelaide, South Australia.
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1909 :.
The Influence of Depth of Cultivation Upon Soil 

Bacteria and Their Activities. W. E. King and
C. J. T. Doryland. Bulletin IGl, Kansas Experiment 
Station.

Tests of Pumping Plants in New Mexico. B. P. 
Fleming and J. B. Stoneking. Bulletin 73, New 
Mexico Experiment Station.

On the Relation of Active Legumes to the Soil 
Nitrogen of Nebraska Prairies. F. J. Alway and 
R. M. Pickney. The Journal of Industrial and 
Engineering Chemistry, November, 1909, page 771.

Tillage and Its Relation to Soil Moisture. C. C. 
Thom. Popular Bulletin No. 22, Washington 
Experiment Station.

Methods of Tillage for Dry-farming. G. Sever
ance. Popular Bulletin No. 15, Washington Experi
ment Station.

Dry-farming in Wyoming. V. T. Cooke. State 
Dry-farming Commission, Cheyenne, Wyoming.

Dry-farming in Wyoming. J. D. Towar. Bulle
tin No. 80, Wyoming Experiment Station.

Report of the Third Dry-farming Congress, Chey
enne, Wyoming.

Alfalfa in Cultivated Rows for Seed Production in 
Semiarid Regions. C. J. Brand and J. M. West- 
gate, Circular No. 24, Bureau of Plant Industry, 
U. S. Department of Agriculture.

Factors Influencing Evaporation and Transpira
tion. J. A. Widtsoe. Bulletin 105, Utah Experi
ment Station.
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' A Study of the Production and Movement of 
Nitric Nitrogen in an Irrigated Soil. R. Stewart 
and J. E. Greaves. Bulletin 106, Utah Experiment 
Station.

Dry-farming: Report of the Proceedings at the 
Third Dry-farming Congress and further Investiga
tions in America. Senator J. H. McColl. Gov
ernment Printing Office, Australia.

Dry-farming: Its Principles and Practice. W.
Macdonald. The Century Company.

1910
Dry Land Farming in Eastern Colorado. H. M. 

Cottrell. Bulletin 145, Colorado Experiment Sta
tion.

Dry-farm Practice in Montana. A. Atkinson. 
Circular No. 3, Montana Experiment Station.

The Fixation of Nitrogen in Some Colorado Soils. 
W. P. Headden. Bulletin 155, Colorado Experi
ment Station.

Drouth Resistant Plants for the Arid Southwest. 
J. J. Thornber. Timely Hints for Farmers, No. 83,
Arizona Experiment Station.

The Use of Windmills in Irrigation in the Semi- 
arid West. P. E. Fuller, Farmers^ Bulletin 394, 
U. S. Department of Agriculture.

A Contribution to our Knowledge of the Nitro
gen Problem under Dry-farming. F. J. Alway and 
R. S. Trumbell. Journal of Industrial and Engineer
ing Chemistry, April, 1910.

Report of the Fourth Dry-farming Congress, Bill
ings, Montana.
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Tri-Local Experiments on the Influence of Envi
ronment on the Composition of Wheat. J. A. LeClerc 
and S. Leavitt. Bulletin 128, Bureau of Chemistry. 
U. S. Department of .\griculture.

Fruit Growing for Home Use in the Central and 
Southern Great Plains. H. P. Gould. Circular 
No. 51, Bureau of Plant Industry, U. S. Department 
of .Agriculture.

Traction Plowing. L. W. Ellis, Bulletin No. 170, 
Bureau of Plant Industry, U. S. Department of 
Agriculture.

Seasonal Nitrification as Influenced by Crops and 
Tillage. C. A. .lensen. Bulletin No. 173, Bureau 
of Plant Industry, U. S. Department of Agriculture.

Cooperative Grain Investigations. Nephi Sub
station. Nephi, Utah. Report of the Years 1907 
and 1908 and 1909. F. D. Farrell.

The Nitrogen and Carbon in the Virgin and 
Plowed Soils of Eastern Oregon. C. E. Bradley.
The Journal of Industrial and Engineering Chemis
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THE SMOOT-MONDELL BILL FOR HOME
STEADING OF DRY-FARM LANDS

Section i

That any person who is a qualified entryman under 
the homestead laws of the United States may enter, 
by legal subdivisions, under the provisions of this 
act, in the states of Colorado, Montana, Nevada, 
Oregon, Utah, Washington, and Wyoming, and the 
territories of New Mexico and Arizona, 320 acres, 
or less, of nonmineral, nonirrigable, unreserved, and 
unappropriated surveyed public lands which do not 
contain merchantable timber, located in a reasonably 
compact body, and not over one and one half miles 
in extreme length. Provided, that no lands shall be 
subject to entry under the provisions of this act until 
such lands shall have been designated by the secre
tary of the interior as not being in his opinion sus
ceptible of irrigation at a reasonable cost from any 
known source of water supply.

Section 2

That any person applying to enter land under the 
provisions of this act shall make and subscribe, 
before proper officials, an affidavit, as required by 
Section 2290 of the Revised Statutes, and in addition

.
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thereto shall make affidavit that the land sought 
to be entered is of the character described in Section 1 
of this act and shall pay the fees now required to be 
paid under the homestead laws.

Section 3

That any homestead entryman of lands of the 
character herein described, upon which final proof 
has not been made, shall have the right to enter pub
lic lands, subject to the provisions of this act, con
tiguous to his former entry which shall not exceed 
320 acres, and residence and cultivation of the orig
inal entry shall be deemed as residence upon and 
cultivation of the additional entry.

Section 4

That at the time of making final proof, as pro
vided in Section 2259 of the Revised Statutes, the 
entryman under this act shall, in addition to the 
proofs and affidavits required under the said section, 
prove by two creditable witnesses that at least one 
eighth of the area embraced in this entry was con
tinuously cultivated to agricultural crops other than 
prairie grasses, beginning with the second year of 
the entry, and at least one fourth of the area em
braced in the entry was so continuously cultivated 
beginning with the third year on the entry.

That nothing 
affect the right

Section 5

herein contained shall be held to 
of a qualified entryman to make

f
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homestead entry in the states named in Section 2259 
of the Revised Statutes, but no person who has 
made entry under this act shall be entitled to make 
homestead entry under the provisions of said section, 
and no entry under this act shall be commuted.

Section 6

That whenever the secretary of the interior shall 
find that any tracts of land, in the state of Utah, 
subject to entry under this act, do not have upon 
them such a sufficient supply of water suitable for 
domestic purposes as would make continuous resi
dence upon the land possible, he may, in his discre
tion, designate such tracts of land, not to exceed in 
the aggregate 2,000,000 acres, and thereafter they 
shall be subject to entry under this act without the 
necessity of residence. Provided, that in such 
event the entryman on any such entry shall cultivate 
in good faith not less than one eighth of the entire 
area of the entry during the second year, one fourth 
during the third year, and one half during fourth 
and fifth years after the date of such entry, and that 
after entry, and until final proof, the entryman shall 
reside within such distance of said land as will 
enable him successfully to farm the same as required 
by this section.
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B r a n d ,  248.
B r a z i l ,  fallowinjj in ,, 197; present 

s ta tu s of dr>’-farniinK, 392.
B r e a k i n g ,  virgin land, 305.
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farming, 317.
B r o o k s ,  G o v e r n o r ,  president D ry- 

Farm ing Congress, 37().
B r o o m  c o r n ,  245.
B u c k i n g h a m ,  139, 149.
B u c k w h e a t ,  pounds water for one 

pound, 14; in rotations, 299.
B u e r g e r s t e i n ,  180.
B u l b s ,  on dry farms, 254.
B u r b a n k  p o t a t o e s ,  254.
B u r n s ,  J o h n  T . ,  secretary D ry 

farming Congress, 378.
B u r r ,  115, 122.
B u r t  o a t s ,  241.

C a c h e  v a l l e y ,  beginnings of d ry 
farming in, 350.

C a c t u s ,  on dry-farm  lands, 305.
C a l c i u m  s u l p h a t e ,  in arid soils, 77.
Co/i/orma, area, 26 ; type of rain

fall, 39 ; soils, 75, 77; soil-fer
tility  question, 383; ev'apora- 
tion, 132; clim ate and plant 
composition, 272; evaporation re
duced by cultivation, 155; depth 
of roots, 91; fall planting, 215; 
fallowing, 196; pum ping plants, 
341; cost of pumping, 344; 
wheats, 240; held peas, 249; 
w ater in crops from, 264; be
ginnings of dry-farm ing, 193, 
357, 359; present sta tus of d ry 
farming, 383, 386.

C a m p b e l l ,  H .  IF., work for d ry 
farming, 361 ; method sum m a
rized, 363; “ a voice in the
wilderness,” 365; adoption of

fallowing, 194; cultivation be
tween rows, 163; subsurface 
packer, 316.

C a n a d a ,  see also A l b e r t a ,  S a s k a t c h -  

e u ' a n ;  and Crim ean w'heat, 
238; continuous record of In 
dian Head farm, 406; record of 
Motherwell farm, 410; present 
sta tus of dry-farm ing, 391.

C a n a l ,  irrigation canal, source of 
water, 333.

C a p i l l a r y  s o i l - w a t e r ,  see also S o i l -  

w a t e r ;  soil-water, 106; thickness 
of him, 108; alone of use to plants, 
143; evaporation of, 137.

C a r b o n ,  am ount in plants, 171 ; 
assimilation of, 171.

C a r b o n  d i o x i d ,  in soil formation, 
54; absorption by leaves, 172.

C a r l e t o n ,  237, 261, 270, 271.
C a r o b  t r e e ,  on dry-farm s, 252 ; 

yields, 253.
C a s c a d e s ,  description, 36.
C a f a l p a ,  on dry-farm s, 253.
C a t h o l i c  f a t h e r s ,  and early d ry 

farming, 353.
C e d a r ,  80, 253, 305 ; in G reat Basin, 

251.
C e r e a l s ,  see W h e a l ,  O a t s ,  B a r l e y ,  

R y e ,  G r a i n .

C h e m i c a l  a g e n c i e s  in soil form a
tion, 54.

C h e r r i e s ,  on dry-farm , 252.
C h e r s o n  S t a t i o n ,  370.
C h e y e n n e  W e l l s ,  C o l o . ,  substation, 

366.
C h i h u a h u a ,  dry-farm ing in, by 

Indians, 353.
C h i l c o t t ,  200, 298; appointed dry- 

farm expert, 373.
C h i l e ,  durum  wheat in, 237.
C h i n a ,  dry-farm ing in, 353; fall 

plowing, 195; present s ta tu s of 
dry-farm ing in, 397.

C h i n e s e  d a t e ,  on dry-farms, 252.
C i s t e r n ,  for water, 336.
C i v i l i z a t i o n ,  and arid soils, 73, 351.
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C l a y ,  from combined s ilica ; in 
soils, 56; and  climate, 57; and 
hardpan, 64; and native vege
tation , 80 ; soils defined, 57 ; in 
soil classification, 57; depth  of 
planting in, 221; soils respond 
to cultivation, 157.

C l e a r i n g ,  m achinery for clearing 
land, 302.

C l i m a t e ,  climate features of dry-farm  
area, 35; sum m ary of clim ate in 
dry-farm  territo ry , 48 ; does not 
change, 400; and proportion of 
p lan t parts, 261.

C l o v e r ,  pounds w ater for one pound, 
15; tap roo t of, 83; for nitrogen, 
297.

C o a l ,  for steam  pum ps, 342.
C o l o r a d o ,  area, 26; type of rainfall 

over, 40 ; soils of, 74, 76 ; nitrogen 
in Colorado soils, 286 ; deep and 
fall plo\sdng in, 195; fallowing 
in, 197; field peas in, 249 ; milo 
in, 246; dry-farm  orchard in, 
252; pum ping p lan ts in, 342; 
first D ry-Farm ing Congress held 
in Denver, 374; present s ta tu s  
of dry-farm ing in, 389.

C o l o r a d o  B a s i n ,  soil d istrict, 76; 
sta tus of dry-farm ing in, 388.

C o l o r a d o ;  C a f i o n  o f ,  description, 35.
C o l o r a d o  S t a t i o n ,  first experim ents 

on dry-farm ing, 366.
C o l u m b i a  B a s i n ,  description, 36; 

soil districts, 74; use of roller in, 
315; weeder used in, 314; be
ginnings of drj^-farming in, 357; 
an originator of dry-farm ing, 
193 ; present s ta tu s  of dry-farm 
ing in, 384.

C o m m e r c i a l  f e r t i l i z e r s ,  and d ry 
farming, 296.

C o m p o s i t i o n ,  chemical composition 
of arid and hum id soils, 68; of 
crops, 257-277; young plants 
rich in protein, 274; commer
cial value of superior quality  of

dry-farm  crops, 278; variations 
due to  climate, 271-274; varies 
w ith w ater supply, 267-271; a 
reason for variation  in, 274-275 ; 
causes of variations in, 267.

C o n t i n u o u s  c r o p p i n g ,  dangerous, 
203.

C o o k e ,  369.
C o r n ,  243; pounds w ater for one 

pound, 15, 16; depth  of root 
penetration, 86, 87; root sys
tem , 83; w ater absorbed by 
seeds of, 209; repeated drying 
in germ ination, 218; am ount to 
sow, 224; mechanical planters, 
320; harvesters for, 321; varia
tion in composition, 267;. im
portance of hum us for, 297; 
w ater and yield, 346.

C r a c k e d  l a n d ,  danger of, 141.
C r i m e a n  w h e a t ,  238.
C r o p ,  see also P l a n t ;  for dry-farm 

ing, 232 ; for irrigation and d ry 
farming, 256; varieties, 234 
condition of good dry-farm , 234 
adap ta tion  of, 232 ; care of, 226 
harrowing of, 162 ; not on fallow 
land, 124; composition of dry- 
farm , 257; nu tritive substances 
in, 264; from dry-farm s highly 
nutritious, 275; w ater in dry- 
farm, 262; yield varies with 
w ater applied, 345; producing 
power of rainfall, 18; soil- 
w ater necessary to m ature, 118; 
effect on transpiration , 178; to 
prevent soil blowing, 198 ; special
ising in dry-farm , 279 ; problems, 
256.

C u l t i v a t i o n ,  see also T i l l a g e ;  saves 
m oisture, 152-156; experiments 
showing value of cultivation in 
reducing evaporation, 154-155; 
increases depth of soil-water, 116 ; 
effect on transpiration, 187 ; and 
hum us, 198; and root systems, 
92; tim e of, 158; after rains,
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162; early in spring, 159, 160; 
during season, 160; depth of, 
157; m ust destroy weeds, 162; 
of growing crops, 163; of rows 
of lucern, 248; of fall-sown crop 
in spring, 159; between rows 
of plants, 163; im plem ents for 
soil cultivation, 310.

C u l t i v a t o r s ,  314.
C u r r a n t s ,  on dry-farm s, 253.

D a k o t a s ,  soils of, 74 ; type of rain
fall over, 40; wheats for, 236 ; 
milo in, 246.

D a v i d s o n  a n d  C h a s e ,  307.
D e f i a n c e  w h e a t ,  240.
D e s e r t ,  essentially fertile, 58, 72, 73.
D i s k  h a r r o w ,  311, 313.
D i s k i n g ,  414; after harvester, 127; 

after fall plowing, 129; fall- 
plowed land in spring, 129, 159; 
to reduce run-off, 98; crop in fall, 
226; crop in spring, 227.

D o g  V a l l e y ,  s ta te  well in, 341.
D r a i n a g e ,  p lant food in drainage 

water, 65; in arid countries, 66.
D r i l l ,  invented by Tull, 226, 317; 

types for sowing, 318.
D r i l l  c u l t u r e ,  225; and snow con

servations, 225.
D r o u t h ,  defined, 49, 400, 402, 412; 

how to farm against, 416; year 
of drouth, 399; year of drouth 
disproved, 403-412; fallow in
dispensable in year of, 203; of 
1910,411.

D r y - f a r m i n g ,  defined, 1 ; a mis
nomer, 2 ; a technical term , 4 ; 
v s .  humid-farming, 4 ; fun
dam ental problems, 6, 9 ; theo
retical basis of, 11; climatic 
features of areas, 35; physical 
features of territory  in United 
States, 35; areas in United 
States, 25-32; areas in world, 
32—34 ; soils, 50-80 ; three main 
conditions, 192; w ater the crit

ical elem ent in, 203; and m a
chinery', 302, 327 ; crops for, 232 ; 
certain ty  of crop yield, 204; 
im portance of steady productive 
power, 293; and irrigation go hand 
in hand, 350; to ta l area in 
United States, 27; originated 
in several places, 193; system  
same in divers localities, 194 ; 
in a nutshell, 413.

D r y - f a r m ,  size of a dry-farm, 301. 
D r y - f a r m e r ,  tem peram ental char- 

aeteristics, 330 ; acreage for one 
man, 301.

D r y - f a r m i n g  C o n g r e s s ,  organization 
and history, 374; opinions on 
cultural methods, 194.

“ D r y - l a n d  a g r i c u l t u r e , "  4.
D r y  m a t t e r ,  and transpiration, 182- 

186; m ethods for determ ining 
w ater for, 12; w ater for one 
pound of, 12; w ater cost in 
arid countries, 17.

D u r r a ,  245.
D u r u m  w h e a t ,  237.

E h e r m a y e r ,  150, 155.
E g y p t ,  sands of Egj’pt fertile, 58. 
E l e c t r i c i t y ,  electric motors, 322, 325 ;

for pumping, 342.
E l m ,  on dry-farms, 253.
E t u r n e r ,  243.
E n g i n e s ,  in dry-farming, 321. 
E n g l a n d ,  Boswell oats from, 241 ;

steam plowing in, 323.
E s c o b a r ,  244.
E s e r ,  148.
E u r o p e ,  steam  plowing in, 323. 
E v a p o r a t i o n ,  form ation of w ater 

vapor, 132; factors increasing, 
133, 130; effect of tem perature 
on w ater vapor, 133; from free 
w'ater surface, 132; and relative 
hum idity, 46; measure of arid
ity, 131 ; under humid and arid 
conditions, 149; possible evap
oration in arid districts, 131 ;
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a t various localities, 132; of 
capillary water, 137; loss of 
soil-water by, 165; causes of 
evaporation of soil-moisture, 160; 
conditions of evaporation from 
soils, 136; in cloudy weather, 
150; prom oted by winds, 135; 
furthered by alkali, 149; in 
fall and winter, 133; chiefly 
a t surface, 139-141; regulating, 
130; dry  soils prevent, 148; 
effect of rapid top drying of soils, 
147-152; reduced by mulches, 
155; cultivation reduces, 152- 
156 ; fall plowing prevents, 127 ; 
a cause of transp iration , 174.

E x p e r i m e n t  S t a t i o n s ,  work for d ry 
farming, 365, 371.

F a l l ,  evaporation in, 134.
F a l l o w ,  see also C u l t i v a t i o n .

F a l l o w i n g ,  122-125, 413, 414;
beneficial effects of, 188; di
minishes evaporation, 138; effect 
on transpiration , 188; to  vary 
with climate, 125, 202, 203;
in soil form ation, 55; cause of 
failure of fallow experim ents, 124 ; 
right kind of, 124; frequency of, 
125; in all dry-farm  districts, 
194 ; hoed crops in place of, 200 ; 
and plowing, 193 ; and seed-bed, 
212; and am ount to  sow, 223; 
and fall planting, 200, 218; and 
crops, 124 ; danger of weeds on, 
124, 162; in rotations, 299;
discussed by D ry-farm ing Con
gress, 195; when adopted by 
Campbell, 364; beginning of, 
in Colum bia Basin, 357; in 
various states, 196, 197; re
sults on Barnes farm, 405 ; occa
sional, in G reat Plains, 119; 
results a t M ontana S tation, 202; 
Indian  H ead record, 408, 410 ; in 
Saskatchew an, 202.

F a r r e l l ,  98, 215, 216.

F a r r e l l ,  G e o .  L . ,  early dry-farm er 
in U tah, 355.

F e r t i l i t y ,  see also P l a n t - f o o d ,  S o i l  

F e r t i l i t y .

F e r t i l i z e r s ,  effect on transpiration , 
182, 186.

F e s c u e  g r a s s ,  transp iration  figures 
for, 185.

F i e l d  b e a n ,  250.
F i e l d  p e a ,  249.
F i g ,  on dry farms, 252.
F i r ,  on dry-farm s, 253.
F l e m i n g  a n d  S t a u l k i n g ,  343.
F l o o d  w a t e r ,  as source of perm a

nent supply, 334.
F l o u r ,  nu tritive value of dry-farm , 

276.
F o i s e  w h e a t ,  240.
F o r b e s ,  348.
F o r t i e r ,  155, 158, 341, 342, 369.
F o s t e r ,  369.
F r a n c e ,  olive industry  in Tunis, 252.
F r o s t ,  and fall planting, 216; and 

m ethod of sowing, 225.
F r u i t ,  dry-farm  orchards in G reat 

Plains, 252; on irrigated farms, 
236.

F x d l e r ,  338.
F u r r o w ,  drill furrow and sowing, 

225.

G a r d e n ,  preparation on a dry-farm , 
347.

G a r d n e r ,  185.
G a s o l i n e ,  engines for pumping, 342; 

m achinery in dry-farm ing, 322,
325.

G e r m a n y ,  emmer in, 243; first 
determ inations of w ater v s .  p lan t 
production in, 12 ; steam  plowing 
in, 323; w ater absorption by 
seeds in, 209.

G e r m  l i f e ,  effect of pore-space on,
102.

G e r m i n a t i o n ,  see also S o u n n g ' ,  con
ditions of, 205; mechanism of, 
208; effected by soil moisture.
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209; best am ount of w ater for, 
210; effect of n itra tes on, 210; 
effect of incomplete, 217; and 
drill culture, 226.

G l a c i e r s ,  in soil form ation, 53.
G o o d a l e ,  206.
G o o s e b e r r i e s ,  on dry-farm s, 253.
G r a c e ,  301.
G r a i n ,  root system, 83 ; relation of 

roots to, 216; ratio of straw  
and ^rain, 18; ratio to straw  
and climate, 261 ; cultivating 
grain between rows, 163.

G r a n i t e s ,  and clay soils, 57.
G r a p e s ,  on dry-farm s, 253, 386.
G r a s s e s ,  root system, 83 ; depth of 

roots, 88.
G r a v e l ,  effect of gravel seams, 62.
G r a v i t a t i o n a l  soil-water, 104.
G r e a s e w o o d ,  80.
G r e a t  B a s i n ,  description, 35; geo

logical history of, 75 ; soils dis
tric t of, 75; lime in soils of, 70; 
hygroscopic moisture in soils of, 
103; depth of soil-water, 112; 
cedars in, 251 ; fall sowing in, 
215; grapes in, 253; w ater in 
crops from, 264 ; present sta tus 
of dry-farm ing in, 386.

G r e a t  P l a i n s ,  description, 35; soil, 
74; blowing of soils in, 198; 
conditions of w ater storage in 
soils, 115; w ater storage in soils 
of, 122; one difficulty of soil- 
w ater storage, 134; fall i>lowing 
in, 195; spring plowing in, 129; 
cultivation in, 162; and the 
fallow, 119, 197-202; sowing in, 
215; and Crimean wheats, 238; 
dry-farm  orchards in, 252; ro ta
tions of crops in, 298; w ater in 
crops from, 264; an originator 
of dry-farm ing, 193; first scien- 
tihc work on dry-farming, 367; 
beginnings of dry-farm ing in, 
358; originated dry-farm ing 
independently, 359; CampbeH’s

work for, 362; reason for dry- 
farm failures, 358.

G r e a t  S a l t  L a k e ,  75; entrance to, 
354.

G r e a v e s ,  S t e w a r t  a n d ,  190, 263.
G r e e n  m a n u r i n g ,  297.
G r o w t h ,  and transpiration, 183.
G u t t e r s ,  roof gutters source of w ater 

supply, 336.
G y p s u m ,  effect on soil structure,

102.

H a l l ,  261, 271, 291.
H a r d p a n ,  definition and kinds, 

62.
H a r r i s ,  F i s h e r ,  president D ry 

farming Congress, 376.
H a r r o w i n g ,  see also C u l t i v a t i o n ;  the 

dry-farm , 414; use of harrow 
for various purposes, 310; use 
of disk harrow, 311; smoothing 
harrow, 310; after plowing, 129; 
on growing crops, 227; crops in 
spring, 160.

H a r v e s t e r ,  combined harvester and 
thresher, 230, 321.

H a r v e s t i n g ,  228-231 ; soil-water at, 
117; implements for, 320.

H a y ,  w ater in, 262 ; nu tritive value, 
275.

H e a d d e n ,  286.
H e a d e r ,  see also S t r a w ,  S t u b b l e ;  use 

on dry-farms, 228, 321 ; stubble, 
value in shading, 151; value of 
header stubble in transpiration, 
191 ; and soil fertility, 289.

H e l l r i e g e l ,  12, 184.
H e n d e r s o n ,  369.
H e n r y ,  25, 38, 45.
H i g h  P l a t e a u s ,  76.
H i l g a r d ,  51, 61, 68, 73, 77, 90, 351, 

357.
H i s t o r y  o f  D r y - f a r m i n g ,  351-381; 

Jethro  Tull and dry-farming, 378 ; 
d rj’̂ -farming originated independ
ently in four sections, 359; 
m ethods originated alike in all
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districts, 360; beginnings of 
dry-farm ing in California, 357; 
C am pbell’s work, 361 ; begin
nings of dry-farm ing in Colum 
bia Basin, 357; beginnings of 
dry-farm ing in G reat Plains, 358 ; 
beginning of m odern dry-farm 
ing in U tah, 354; railroads and 
dry-farm ing, 370; the work of 
the experim ent stations, 365; 
the D ry-farm ing Congress, 374 ; 
work by the U nited S tates D e
partm en t of Agriculture for d ry 
farming, 372; present s ta tu s  in 
California, 383 ; present s ta tu s  in 
Colorado and Rio G rande ba
sins, 388; present s ta tu s  of d ry 
farming in Colum bia Basin, 384 ; 
present s ta tu s  of dry-farm ing, 
382-398; s ta tu s  in foreign coun
tries, 391 ; present s ta tu s  of d ry 
farm ing in G reat Basin, 386; 
statue in G reat Plains, 389; 
sta tus in M ountain  S tates, 389,

H o e d  c r o p s ,  in place of fallo^dng, 
200; in rotations, 299.

H o e i n g ,  possible hand hoeing, 141.
H o g e n s o n ,  313.
H o l l a n d ,  variation  in p lan t compo

sition in Holland, 269.
H o m e s t e a d  B i l l ,  the S m o o t - M o n d e l l ,  

for dry-farm s, 425.
. H o m e s t e a d s ,  on dry-farm s, 332, 416.

H o p k i n s ,  185.
H o r s e b e a n s ,  pounds w ater for one 

pound, 14.
H o s c b u s , 84.
H u m i d ,  defined,* 24.
H u m i d - f a r m i n g ,  defined, 1, 4 ;

v s .  dry-farm ing, 4.
H u m i d i t y ,  see R e l a t i v e  H u m i d i t y .

H u m u s ,  in soils, 58; nitrogen in, 
59, 71; and fallowing, 198; and 
green m anuring, 297 ; and header 
stubble, 198 ; and lime, 70.

H u n t ,  225.
H y g r o s c o p i c  m o i s t u r e ,  102, 137.

2 F

I d a h o ,  area, 26; soils of, 75; evap
oration in, 132; fallowing in, 
197; milo in, 246; w heats in, 
240 ; present s ta tu s of dry-farm 
ing, 385, 386, 389.

I d a h o  S t a t i o n ,  dry-farm ing in, 369.
I l l i n o i s ,  w ater needs of crops on 

soils of, 185.
I m p l e m e n t s ,  s e c M a c h i n e r y ,  E n g i n e s ;  

for dry-farm ing, 301-327; for a 
dry-farm , 327; steam  and other 
m otive power, 321.

I n d i a ,  sands of India fertile, 58; 
field-water capacity of soils, 110; 
pum ping plants in, 341 ; d ry
farming, 353.

I n d i a n ,  corn grown by American, 
244.

I n d i a n  H e a d ,  see also S a s k a t c h 

e w a n .

I n d i a n  H e a d  f a r m ,  longest record 
in G reat Plains, 359, 406.

I n d i a n  H e a d  S t a t i o n ,  dry-farm ing 
in, 370.

I n s o l u b l e  r e s i d u e ,  in soils, 68.
I r r i g a t i o n ,  see also W a t e r ;  and dry

farming, 328-350; indispensable 
in arid regions, 331; supple
m entary  only to  natural precipi
tation , 345; and p lan t growth, 
261; developm ent of roots under, 
90; economy in small applica
tions, 346; case of economical 
irrigation in Arizona, 348; use 
of little  w ater in, 344; advan
tages of, 329; why m ostly prac
ticed in antiquity , 352.

J a r d i n c ,  200, 236, 240.
J e n s e n ,  190.
J e r u s a l e m  c o r n ,  245.
J o h n s o n ,  154.
J u j u b e  t r e e ,  on dry-farm s, 252.

K a f i r  c o m ,  245.
K a n s a s ,  area, 27; type of rainfall 

over, 40; soils of, 74; climate
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and p lant composition in, 272; 
deep and fall plovsing in, 195; 
milo in, 245; m eat in oats from, 
201 ; windmill pum ping in, 344 ;
present s ta tu s of dry-farm ing in, 
389.

K a n s a s  S t a t i o n ,  dry-farm ing in. 
370.

K e a r n e y ,  253, 352.
K h a r k o w  w h e a t ,  238.
K h e r s o n  o a t s ,  241.
K i n g ,  14, 85, 123.

L a y t o n ,  C h r i s t o p h e r ,  dry-farm  pio
neer, 355.

L e a e h i n g ,  of soils, 60.
L e a v e s ,  proportion of, 260, 261 ; 

work of, 171; stom ata in, 172; 
loss of w ater through leaf sto
m ata, 174.

L e a t h e r ,  110.
L e C l e r c  a n d  L e a v i t t ,  272.
L e C o n t e  a n d  T a i t ,  344.
L e g u m i n o u s  c r o p s ,  249; and fer

tility, 291; and nitrogen, 296; 
in rotations, 299.

L e n t i l s ,  w ater absorbed by seeds of 
209.

L i m e ,  in soils, 69; effect on soil 
structure, 101 ; and indirect 
fertilizer, 70; and humus, 70;
and hardpan, 64; and bacterial 
life in soil, 291.

L i n f i c l d ,  369.
L i t t l e  C l u b  w h e a t ,  240.
L i v e  s t o c k ,  and dry-farm ing, 293- 

296.
L o a m ,  soils defined, 57.
L o c a t i o n ,  of dry-farm , 413.
L o c u s t ,  on dry-farm , 253.
L u c e r n  or a l f a l f a ,  247; as nitro

gen gatherer, 249, 297; depth of 
roots, 83, 88, 90, 247; am ount 
to sow, 224; w ater and yield, 
346 ; seed, 248 ; water in, 262 ; 
cause of failures, 249.

L y o n ,  74.
;  I

M a c a r o n i  w h e a t ,  237.
M c C o l l ,  32, 393.
M a c D o n a l d ,  393 ; Governor, called 

first Dry-farm ing Congress, 374. 
M a c D o u g a l l ,  131, 178.
M a c h i n e r y ,  see also I m p l e m e n t s ;

dry-farm ing made possible by. 
302.

M a i n e ,  composition of flour from 
276.

M a l a d  C r e e k ,  355.
M a m m o t h  p o t a t o e s ,  254.
M a n u r i n g ,  see also S o i l  F e r t i l i t y ;  

effect on transpiration, 185; and 
soil fertility, 293; diminishes ev^ap- 
oration, 138; in rotations, 299. 

M a r l ,  65.
M a r t i n ,  353.
M a s o n ,  252.
M a y e r ,  269.
M e a d ,  341, 344.
M e n n o n i t e s ,  and Crim ean wheats. 

238.
M e r r i l l ,  16, 224, 327, 368, 378.
M e s q u i t e ,  on dry-farm  lands, 251. 

305.
M e x i c o ,  dry-farm ing in. 353 ; evap

oration in, 132; beans in, 250; 
corn in, 244; present s ta tu s of 
dry-farm ing in, 391.

M i d d l e  composition of flour
from, 276.

M i l l e t ,  pounds w ater for one pound, 
14.

M i l l i n g  p r o d u c t s ,  nu tritive value of 
dry-farm , 276.

M i l o ,  245.
M i n e r a l  m a t t e r ,  in crops, 264. 
M i n n e s o t a ,  area, 27; soils of, 74. 
M i s s i s s i p p i  V a l l e y ,  description, 35. 
M o n d e l l ,  president Dry-farm ing 

Congress; Smoot-Mondell Home
stead Bill, 425.

M o n t a n a ,  area, 26; type of rainfall 
over, 40; soils of, 74; deep and 
fall plowing in, 195 ; fallowing in, 
196; pum ping plants in, 342;

II
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m eat in oats from, 261; present 
s ta tu s of dry-farm ing, 385, 389; 
fourth D ry-farm ing Congress in 
Billings, 377.

M o n t a n a  S t a t i o n ,  dry-farm  work 
begun, 369; on fallowing, 202; 
w ater stored in soil, 120.

M o r m o n ,  pioneers began reclam a
tion of W est, 365.

M o r t o n ,  J .  S . ,  Secretary of Agri
culture, 372.

M o t h e r w e l l ,  record of dry-farm , 410.
M u l c h ,  see also C u l t i v a t i o n ;  value 

in reducing evaporation, 155; 
explanation of efltect of mulch, 
152; natu ra l mulch in arid cli
m ates, 149; on different soils, 
149; effect of varying depth  of, 
158; im plem ents for m aking a 
soil, 310.

N a t u r a l  ' p r e c i p i t a t i o n ,  see R a i n f a l l .

N e b r a s k a ,  area, 26; type of rainfall 
over, 41 ; soils of, 74; deep and 
fall plowing in, 195; fallowing 
in, 197; storing the rains in the 
soil, 115; w ater stored in soils 
of, 122; w heats for, 236; milo 
in, 246; present s ta tu s of d ry 
farming, 389.

N e s s l e r ,  139, 154.
N e v a d a ,  area, 26; type of rainfall 

over, 39; soils of, 75; evapora
tion in, 132; fallowing in, 196; 
present s ta tu s  of dry-farm ing in, 
386.

N e v a d a  S t a t i o n ,  dry-farm ing in, 
369.

N e w e l l ,  32.
N e w  M e x i c o ,  area, 26; type  of 

rainfall over, 39; soils of, 74, 76; 
evaporation in, 132 ; fallowing in, 
197; experim ents on pumping, 
343 ; mesQuite and cacti on dry- 
farm lands, 305; milo in, 245; 
present s ta tu s  of dry-farm ing in, 
388, 390.

N i t r a t e s ,  and transpiration , 190; 
effect on germ ination, 210.

N i t r o g e n ,  in arid humus, 59, 71; 
critical elem ent of soil fertility, 
292; explanation of accum ula
tion of, 292; from leguminous 
crops, 296 ; from lucern, 249.

N o b b e ,  84, 85.
N o r r i s ,  G o v e r n o r ,  president D ry

farm ing Congress, 377.
N o r t h  D a k o t a ,  area, 26; fallowing 

in, 197; m eat in oats from, 261 ; 
present s ta tu s  of dry-farm ing in, 
389.

N o r t h  D a k o t a  S t a t i o n ,  dry-farm ing 
in, 370.

N o w o c z e k ,  217.
N u t r i e n t s ,  see P l a n t - f o o d s ;  in crops, 

264.

O a k ,  on dry-farm , 253.
O a t s ,  241 ; pounds w ater for one 

pound, 14, 15; depth of roots, 
88; w ater absorbed by seeds of, 
209 ; repeated drying in germ ina
tion, 218; am ount to sow, 224; 
m eat in oats, 261 ; in rotations, 
299; variation in composition, 
268, 269.

O d e s s a  S t a t i o n ,  370.
O f f i c e  o f  D r y  L a n d  I n v e s t i g a t i o n s ,

373.
O h i o  p o t a t o e s ,  254.
O i l ,  crude oil engines for pumping,

342.
O k l a h o m a ,  area, 27 ; type of rain

fall over, 40; soils of, 74; milo 
in, 245; present sta tus of d ry 
farm ing in, 390.

O l i n ,  357.
O l i v e ,  dry-farm  olive orchards in 

United States, 252; industry  in 
Tunis, 252; trees in Tunis in 
early days, 353; tax of oil from

, Tunis, 353.
\ O r e g o n ,  area, 26; type of rainfall
1 in, 39 ; soils of, 75 ; evaporation
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in, 132; fertility  of dry-farm s, 284; 
wheats in, 240; prc'sent s ta tus 
of dry-farm ing in, 384, 386.

O r e g o n  S t a t i o n ,  dry-farm ing in, 370.
O r g a n i c  m a t t e r ,  see H u m u e .

O s m o s i s ,  process of, 168.
O x y g e n ,  in air and carbon dioxid, 

172; in soil form ation, 55; in 
germ ination, 207.

P a c i f i c ,  type of rainfall, 39.
P a c k e r ,  subsurface, 316.
P a g n o u l ,  185.
P a l e s t i n e ,  present s ta tu s of d ry 

farming in, 397.
P a l o u s e  B l u e  S t e m  w h e a t ,  240.
P a l o u s e  c o u n t r y ,  385.
P a r s o n s ,  252.
P a y n e ,  358, 367.
P e a c h ,  dry-farm  peach orchard in 

Utah, 251.
P e a s ,  pounds water for one pound, 

14, 15, 16; water absorbed by 
seeds of, 209; repeated drying 
in germ ination, 218 ; for nitrogen, 
297; variations in composition, 
268; field, 249.

P e a r l  p o t a t o e s ,  254.
P h o s p h o r i c  a c i d ,  in soils, 69.
P h y s i c a l  a g e n c i e s ,  of soil form ation.

P i n e ,  on dry-farms, 253.
P i n i o n  p i n e ,  on dry-farm  lands, 

305.
P l a n t ,  see also C r o p s ;  in soil for

m ation, 55 ; carbon in plants, 171 ; 
proportions of p lant parts, 258; 
m ovem ent of w ater through 
plant, 170; vigor of p lan t and 
transpiration, 179; effect of age 
transpiration , 177.

P l a n t - f o o d s ,  enum eration of, 169; 
to tal and available, 282; in arid 
and hum id soils, 67, 68; how 
they enter plant, 168; move
m ent through plant, 170; effect 
on transpiration, 177, 180.

P l a n t i n g ,  thick planting and evap>- 
oration, 151.

P l o w ,  for dry-farm ing, 305-309; 
moldboard type, 306; disk type, 
307; subsoiler, 309; need of better 
knowledge for dry-farm ing, 309. 

P l o w i n g ,  the dry-farm , 413; effect 
on transpiration, 186; diminishes 
evaporation, 138; as practiced in 
various states, 195; deep and fall 
plowing in all dry-farm  districts, 
194 ; depth of plowing in arid and 
hum id soils, 126; deep plowing 
in arid soils, 62; deep plowing 
defined, 126; deep plowing for 
w ater storage, 125-126; reasons 
for fall plow’ing, 127 ; fall plowing 
for w’ater storage, 126, 127; fall 
plow'ing prevents evaporation, 
127; fertility  effects of fall plow'- 
ing, 127; tim e for fall plowing, 
128; disking after fall plowing, 
129; tim e for spring plowing, 
128; in spring prevents evapo
ration, 159; in spring of fall- 
plow'cd land, 159; in spring after 
fall plowing, 129; disking fall- 
plowed land in spring, 159; and 
fallowing, 193; rough land 
catches moisture, 128; to in
crease pore-space, 102 ; to reduce 
run-off, 98; w'et soils, 101, 128; 
disadvantages of steam  plowing, 
323.

P l u m s ,  on dry-farm , 252, 253. 
P o d - b e a r i n g  c r o p s ,  249.
P o l t a v a  S t a t i o n ,  299, 370.
P o r e - s p a c e ,  of soils, 101 ; of gj'psura 

soils, 102.
P o t a s h ,  in soils, 69.
P o t a t o e s ,  254; depth of roots of, 

88; mechanical planters, 3 2 0 ;  

pounds w ater for one pound, 15; 
variations in composition, 268; 
w^ater and yield, 346.

P o w e l l ,  M a j o r  J .  IF., on early d ry
farming, 355.
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P r e c i p i t a t i o n ,  see R a i n f a l l .

P r o b l e m s ,  of dry-farm ing, 6.
P r o t e i n ,  in plants, 266; acquired 

early by plants, 274; function 
of, 264 ; more protein  in dry-farm  
crops, 269.

P u d d l i n g ,  to  be avoided, 159.
P u m p i n g ,  area irrigated from pum p

ing, 341; crop possibilities of 
small p lan t in Arizona, 348; 
w ater for dry-farm s, 341 ; by 
windmills, 341; cost of, in Ari
zona, 344; cost of pum ping in 
California, 344 ; cost of pum ping 
in K ansas, 344 ; cost of, in New 
Mexico, 343.

Q u a l i t y ,  valuation of dry-farm  
crops, 257; on basis of w ater 
content, 263.

R a h h i t - h r u s h , 80.
R a i l r o a d s ,  and dry-farm ing, 363, 

370.
R a i n f a l l ,  see also N a t u r a l  P r e c i p i t a 

t i o n ,  W i n t e r  P r e c i p i t a t i o n ;  rec
ords insufficient in dry-farm  
territo ry , 28; d istribution  over 
earth-surface, 33; types of 
distribution, 38 -40 ; d istribution  
less im portan t, 130; in spring or 
sum m er causes loss of soil-water, 
130, 160; average does not
change, 400; chief factor in de
term ining aridity, 25; over one 
acre in pounds, 19; and native 
vegetation, 79; how disposed of, 
97; depth  of penetration, 114 
downward m ovem ent in soil, 60 
am ount stored in soils, 114-115 
effect of small rains on soil- 
m oisture, 113; im portance of 
m oist subsoil in storm , 116; 
proportion stored in G reat Plains 
soils, 122 ; am ount stored in U tah

. soils, 121 ; and p lan t growth,

. 261; crop-producing power of.

18, 20; lim its for dry-farm ing, 
1, 22; dry-farm ing with less 
th an  10 inches, 357, 385; and 
am ount to  sow, 222; and fall 
sowing, 216; irrigation supple
m entary  only to, 345; stored in 
cisterns, 336.

R e c l a m a t i o n  S e r v i c e ,  U n i t e d  S t a t e s ,  

on area of desert land, 29.
R e c o r d ,  continuous record of Barnes 

farm, 403; continuous record of 
Indian  H ead Station, 406.

R e d  c h a f f  w h e a t ,  240.
R e d  c l o v e r ,  pounds w ater for one 

pound, 14.
R e d  F i f e  w h e a t ,  237.
R e d  R u s s i a n  w h e a t ,  240.
R e l a t i v e  H u m i d i t y ,  defined, 135; 

over dry-farm  territory , 46; 
effects of, in New York and Salt 
Lake C ity, 135; influence upon 
transpiration , 176.

R e s e r v o i r s ,  for flood water, 334; 
building, 337.

R i o  G r a J i d e  B a s i n ,  sta tus of d ry 
farming in, 388.

R o c k s ,  crystalline rocks and clay 
soils, 57.

R o c k y  M o u n t a i n s ,  description of the, 
35.

R o l l e r ,  use of, on crop, 226, 227, 
315.

R o o t - h a i r s ,  organs of absorption, 
167; immersion in soil-water, 
168.

R o o t s ,  functions of, 81 ; kinds of, 
• 82 ; taproot, 83 ; fibrous, 83 ; 

systems, 81; extent of, 84; 
weight of, 84, 85; depth of pene
tration , 86 ; direction of develop
m ent, 89; developm ent under 
arid conditions, 88 ; develop
m ent under irrigation, 90; sys
tem s in arid v s .  hum id climates, 
92; conditions of deep rooting, 
93; deep root system s and fer
tility , 287, 292; and deep culti-

!
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vation, 92 ; and pore-space, 102 ; 
w ater taken through roots, 11 ; 
w ater absorbt'd by, 94; their 
place in absorption, 166; effect 
on transpiration, 179; and fall 
planting, 214, 216; and depth 
of planting, 221 ; proportion of, 
260, 261 ; relation to straw  and 
grain, 216.

R o s e n ,  299.
R o t a t i o n ,  of crops in dry-farm ing, 

298.
R o t h a m s t e d  S t a t i o n ,  on fertility  and 

transpiration, 184, 271.
R u n - o f f ,  98.
R u r a l  N e w  Y o r k e r  p o t a t o e s ,  254.
R u s s i a ,  stations for study of d ry

farming, 370; fallowing in, 1^7 
crop rotations in, 299 ; emmer in 
243; durum  wheats from, 237 
home of Crimean w'heats, 238 
honie of Red Fife wheat, 237 
present sta tus of dry-farm ing in, 
394.

R y e ,  243; pounds w ater for one 
pound, 14; water absorbed by 
seeds of, 209; am ount to sow', 
224.

S a c k s ,  180.
S a g e b r u s h ,  79; clearing land of, 

302; w ater need of, 178.
S a l i s b u r y ,  J o s h u a ,  early dry-farm er 

in Utah, 355.
S a l t s ,  effect on evaporation, 138.
S a n b o r n ,  84.
S a n d ,  \ \ \  soils, 58; origin of, 58; 

characteristics of arid soil, 58; 
fertility of arid soil, 58; soil, and 
dry-farm ing, 58; soils defined, 
57; soils respond to cultivation, 
157; depth of planting in, 221.

S a n f o i n ,  251.
S a n  J o a q u i n  B a s i n ,  77.
S a n p e t e  V a l l e y ,  lime in soils of, 70.
S a s k a t c h e w a n ,  see also I n d i a n  H e a d ;  

fertility of dry-farms, 285; deep

and fall plowing in, 195; fallow
ing in, 197, 202.

S c h u m a c h e r ,  84.
' ' S c i e n t i f i c  a g r i c u l t u r e , ' '  4.
S c o f i e l d ,  163.
S e a s o n ,  short season in dry-fanning 

260.
S e e d - b e d ,  212.
S e e d s ,  germ ination of, 205; ab

sorption of water, 209, 210;
value of home-grow n, 233 ; to be 
secured from arid regions, 273, 
274; size of seed, 224; propor
tion of, 260, 261 ; lucern, 248. 

S e e p a g e ,  loss of soil-water by, 165. 
S e g o  l i l y ,  256.

\ S c 7 n i a r i d ,  defined, 24; area inter- 
i ested in dry-farm ing, 29.
: " S e m i a r i d - f a r m i n g , "  4.

S h a d i n g ,  effect of, 150.
S h a d s c a l e ,  80.
S h a w ,  251.
S h e p h e r d i a ,  depth of roots of, 90, 

91.
S h r u b s ,  for dry-farms, 251.
S i e r r a  N ^ e v a d a s ,  description of, 36. 
S i l i c a ,  clay from combined, 57;

sand from uncombined, 58.
S i l v e r  p o p l a r ,  on dry-farm s, 253. 
S i x t y - D a y  o a t s ,  241.
S m a l l  g r a i n s ,  see W h e a t ,  O a t s ,  

B a r l e y ,  R y e ,  G r a i n s .

S m i t h ,  344.
S r n o o t - M o n d e l l  homestead Bill, 425. 
S n o w ,  drill culture and snow conser

vation, 225.
S n o w f a l l ,  over dry-farm  territory, 

42.
S n y d e r ,  74.
S o i l - a i r ,  effect of pore-space on, 

102; composition of, 208.
S o i l  C u l t u r e  a n d  F a r m  J o u r n a l ,  

362.
S o i l  F e r t i l i t y ,  see also P l a n t - f o o d ;  

sum m ary of explanations of, 292 ; 
of dry-farm , 415; critical ele
m ents of, 283; nitrogen the

y-
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critical element, 292; apparen t 
increase under dry-farm ing, 283; 
accum ulation in upper layers, 
287; stubble and, 228; reasons 
for dry-farm  fertility , 286-292; 
effect of continuous cropping, 
282; m aintaining soil fertility , 
281-300 ; possible equilibrium  of, 
293 ; coming great question, 300; 
and am ount to  sow, 222; and 
transpiration , 183—186; effect on 
transpiration , 182, 191; evapora
tion decreases with, 138; prob
lem in California, 383; problem 
in G reat Basin, 387.

S o i l - w a t e r ,  see also W a t e r ,  C a j y i l l a r y  

W a t e r ;  for loss of, see also T r a n s 

p i r a t i o n ;  in virgin soils, 112; 
why desert soils contain m oisture, 
148; how rain-w ater is changed 
into, 108-110; to ta l w ater capac
ity, 104; hygroscopic moisture, 
102, 137; .capillary, 106; field 
capacity for capillary, 107 ; grav
itational, 104; downward m ove
m ent, 111-115; dependent on 
pore-space, 102; sinks deeper 
with cultivation, 116; possible 
am ount stored in soils, 119 
storage by fallowing, 122-125 
thickness of film in per cents, 108 
effect of th inning the  film, 147 
a t  harvesting, 117; danger of 
dry soil, 117; im portance of 
moist subsoil, 116; dem onstra
tion th a t  i t  m ay m ature crops, 
95; necessary to m atu re  crops, 
118; stored in G reat Plains soils, 
122; am ount stored in U tah 
experiments, 121 ; m ethods of 
loss, 165; m anner of upw ard 
m ovem ent, 152; how it reaches 
surface, 141 ; causes of evapora
tion of, 160; conditions of evap
oration from, 136; evaporation 
proportioned to, 138; dissipated 
by winds, 135; evaporation of

capillary, 137; effect of rapid 
top  drying of soils, 147-152; 
m akes independent of rain distri
bution, 130; in spring and m id
summer, 143; effect on absorp
tion, 168; m ovem ent through 
plants, 170; effect on transp ira
tion, 180; and am ount to sow, 
222; germ ination and, insuffi
cient, 218 ; effect on germ ination, 
209.

S o i l s ,  dry-farm , 50-80; im portance 
in dry-farm ing, 50 ; form ation of, 
physical agencies, 52; chemical 
agencies, 54; physical constit
uents of, 56; sizes of particles, 
99; composition of hum id and 
arid, 67, 68; characteristics of 
arid soils, 56, 71 ; definition and 
characteristics of topsoil, 59; 
characteristic structure of arid, 
61 ; structu re  of, 99-101 ; hum us 
in arid, 58; depth of, in arid 
countries, 61 ; depth of d ry 
farming, 62, 78; favorable for 
dry-farm ing, 77; pore-space of, 
lOi ; alkali, 66; blowing of soils 
in G reat Plains, 198; breaking 
soil crust in spring, 227; arid 
soil deficient in clay, 58; native 
vegetation of arid, 79; effect of 
kind, on transpiration , 187, 188; 
for dry-farm , 413; deep soil 
needed, 140; weak and strong, 
58; physical classification of, 
57; judging of, 78; divisions of 
the U nited States, 74; depth in 
soil-water studies, 119; field 
capacity  for water, 107—110; 
danger of cracks, 141; danger of 
low soil-water, 117; dry surface 
soil to  prevent evaporation, 150; 
effect of rapid top drying, 147- 
152; natural mulch on different, 
149; calcareous soils form good 
mulch, 157 ; civilization and arid, 
73.
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S o l u b l e  s i l i c a ,  in soils, 70.
S o n o r a  w h e a t ,  240.
S o r a u e r ,  12, 178, 183.
S o r g h u m s ,  244.
S o u t h  D a k o t a ,  area, 2G; deep and 

fall plowing in, 195.
S o u t h  D a k o t a  S t a t i o n ,  dry-farming 

in, 370; present status of dry
farming, 389.

S o w i n g ,  see also G e r m i n a t i o n ,  205- 
228, 415; and seed-bed, 212; 
failures due to, 205; implements 
for sowing, 317 ; method of, 225 ; 
time of, 212; in fall, 212; in fall, 
disadvantages of, 214; in fall, 
when preferable, 215; in fall and 
fallowing, 218; in fall and root 
system, 210; in fall, right time 
of, 216; in spring, when prefer
able, 215; depth of, 220; quantity 
for, 222 ; in various sections, 215.

S p a l d i n g ,  178.
S p r i n g ,  cultiv'ation in early, 159; 

if wet, causes loss of soil-water, 
100.

S p r i n g s ,  source of water, 334.
S p r u c e ,  on dry-farms, 253.
S t a t e  a i d ,  for dry-farm studies, 368.
S t e a m ,  machinery in drv-farming, 

321.
S t e m s ,  proportion of, 200, 201.
S t e w a r t ,  284.
S t e w a r t  a n d  G r e a v e s ,  190, 203, 271. 

S t .  J o h n ' s  B r e a d , "  on dry-farms, 
252.

S t o c k b r i d g e ,  154.
S t o m a t a ,  description, number, and 

function, 172-174.
S t o o l i n g ,  223.
S t o r i n g  w a t e r ,  in soil, 94 ; depend

ent on porc'-space, 102; by fall 
plowing, 120; l>y deep plowing, 
125; in Great Plains soils, 122.

S t r a w ,  from dry-farms very nutri
tious, 275; header straw to 
retard evaporation, 150; header 
stubble conserves soil-water, 155;

not to be burned, 156; ratio 
straw to kernels, 18; ratio to 
grain and climate, 261; relation 
of roots to, 216.

S t r a w b r i d g e ,  393.
S t u b b l e ,  see also H e a d e r ,  S t r a w ;  

decay of header, 191, 230; for 
header and fertility, 290 ; header 
stubble and fertilitj^ 228 ; header 
stubble and humus, 198; value 
of header stubble in transpira
tion, 191.

S u b - h u m i d  a r e a ,  and dry-farming, 
29; defined, 24.

S u b - P a c i f i c ,  type of rainfall, 39.
S u b s o i l ,  characteristics of arid, 60 ; 

distinction between soil and, 61 ; 
importance of moist, 116; may 
be turned up in arid countries, 
126;  ̂ meaning in arid countries, 
59.

S u b s o i l i n g ,  and dry-farming, 126; 
an advantage of, 141; how 
accomplished, 308.

S u b s u r f a c e  p a c k e r ,  316; invented, 
362.

S u b s u r f a c e  p a c k i n g ,  disadvantages 
of, 364.

S u b t e r r a n e a n ,  water, quantity of, 
338.

S u g a r  b e e t s ,  on dry-farms, 254; on 
irrigated farms, 236; variation 
in composition, 268; water and 
yield, 346.

S u m m e r  r a i n s ,  cause loss of soil- 
water, 160; sometimes detri
mental, 130.

S u m m e r  t i l l a g e ,  see C u l t i v a t i o n  and 
F a l l o w i n g .

S u n f l o w e r s ,  pounds water for one 
pound, 14.

S u n l i g h t ,  effect on transpiration, 
177.

S u n s h i n e ,  over drv-farm territory, 
46.

S w e d i s h  S e l e c t  o a t s ,  241.
S y c a m o r e  f i g ,  on dry-farms, 252,

J

I

J

III



- 1

IN D E X 443
ratio 

io to 
iatioQ

t raw;  
; for 
eader 
eader 
value 
spira

ling,

126;
how

ated,

tages

r of,

and

one

tion,

ory.

T a r a h u m a r i  I n d i a n s ,  as dry-farm 
ers, 353.

T e m p e r a t u r e ,  and soil form ation, 52 ; 
of dry-farm  territory , 42 ; factor 
in transpiration , 177; in germi
nation, 206.

T e n n e s s e e  W i n t e r  b a r l e y ,  242.
T e x a s ,  area, 27; type of rainfall 

over, 40; soils of, 74; evapora
tion in, 132; clim ate and p lan t 
composition in, 272; milo in, 
245; present s ta tu s of dry-farm 
ing in, 390.

T e x a s  S t a t i o n ,  dry-farm ing in, 370.
T h a m e s ,  transp iration  in w ater 

from, 180.
T h r e s h e r ,  combined w ith harvester, 

230, 321.
T i l l a g e ,  see C u l t i v a t i o n ,  M u l c h ;  “ is 

m anure,” 204; “ is m oisture,” 
204.

T i l t h ,  good tilth , 101.
T o m a t o ,  w ater need of, 178.
T o o e l e  C o u n t y ,  U t a h ,  early d ry 

farm ing in, 356.
T o p o g r a p h y ,  of dry-farm  territory , 

35-38.
T r a c t i o n  e n g i n e s ,  321.
T r a n s p i r a t i o n ,  com pared w ith evap

oration, 166; value of, 175; 
evaporation a cause of, 174; 
conditions influencing, 175; and 
plant-food, 180; and header 
stubble, 191; effect of stopping, 
175; for a pound dry  m atter, 
182; loss of soil-water by, 165; 
regulating the, 165, 186.

T r a n s v a a l ,  fallowing in, 197; steam  
plowing in, 323.

T r e e s ,  ex ten t of root developm ent, 
91 ; for dry-farm s, 251.

T s c h a p l o w i t z ,  183.
T u l l ,  J e t h r o ,  204, 226, 317, 362; 

life and works, 378.
T u n i s ,  cultivating w heat in, 163; 

olive industry  in, 252; early 
dry-farm ing in Tunis, 352.

T u r k e y ,  fallowing in, 197; present 
s ta tu s  of dry-farm ing in, 396; 
wheat, 238.

U n i t e d  S t a t e s ,  rainfall over, 25; 
soil divisions of, 74.

U n i t e d  S t a t e s  D e p a r t m e n t  o f  A g r i 

c u l t u r e ,  185, 197, 233, 237, 372, 
373.

U n i t e d  S t a t e s  W e a t h e r  B u r e a u ,  2 5 ,  

38, 372.
U t a h ,  area, 26; type of rainfall in, 39; 

soils of, 75, 76; increase in fer
tility  of, 228; evaporation in, 
132 ; deep and fall plowing in, 
195; w ater storage from fall 
plowing, 127 ; fallowing in, 196 ; 
depth  of roots in, 90 ; water 
absorption by seeds in, 209; 
run-off from torrential rain, 98 ; 
w ater requirem ents of plants in 
U tah , 16; drouth  of 1910, 411; 
wells on U tah deserts, 339, 340; 
milo in, 246; dry-farm  peach 
orchard in, 251; size of a dry- 
farm  in, 301; continuous record 
of Barnes farm, 403; composi
tion of flour from, 276; origi
nated dry-farm ing, 193, 354, 359 ; 
present sta tus of dry-farm ing in, 
386; second D ry-Farm ing Con
gress in Salt Lake C ity, 376; 
s ta te  aid for d rj’-farm studies, 
368.

U t a h  S t a t i o n ,  84, 109, 112, 120, 
124, 140, 138, 151, 155, 158, 
185, 187, 261, 267, 345, 368.

V a r i e t i e s ,  see also C r o p s ;  need of 
standard  wheat, 240.

V e g e t a b l e s ,  on dr>'-farms, 254; on 
irrigated farms, 236.

V e g e t a t i o n ,  native vegetation on 
arid soils, 79.

V e r n o n ,  L o v e t t ,  a n d  S c o t t ,  34.3.
V e t c h ,  251 ; for nitrogen, 297.
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V i b r a t i o n ,  effect on transpiration, 
177.

V i r g i n  s o i l ,  to  lie fallow after 
breaking, 140.

n ' a g n e r ,  154, 155.
V ' a s h i n g t o n ,  area, 20; type of 

rainfall in, 39; soils of, 75; fal
lowing in, 196; wheats in, 240; 
dry-farm ing in, 357; fifth Dr>'- 
farming Congress in Spokane, 
3 / / ; present sta tus of dry- 
farming in, 384.

H a s h i n g t o n  S t a t i o n ,  dry-farm ing in, 
309.

U a t e r , see also S o i l - w a t e r ,  94; the 
critical element in dry-farm ing, 
1, 203, 204; the scarcity of free 
water in arid districts, 331 ; 
scarcity of water and livestock, 
295; sources of, 333; solvent 
action in soil formation, 54; 
moving water in soil formation, 
52; freezing w ater in soil form a
tion, 52 ; saline ingredients, 340 ; 
stiurces and quan tity  of subter
ranean water, .338; storing in 
soil, 94; surface, evaporation 
from free, 132; absorption of 
w ater by seeds, 210; in germi
nation, 205; absorbed by roots 
only, 94; m ovem ent of water 
through plant, 170 ; rate  of move
m ent through plant, 170; evap
orated through stom ata on leaves, 
17.^; for one pound of dry m atter, 
12; in dry-farm  crops, 202; 
pumping w ater for dry-farms, 
341 ; use of little w^ater in irriga
tion, 344 ; carried in pipes, 347 ; 
case of economical use of, in Ari
zona, 348.

If n t e r - t a b l e ,  distance in arid soils, 
105.

W a t e r  v a p o r ,  formation of, 132; 
held in air, 1.3.3-1.34.

W a v e s ,  in soil formation, 53.

W e a t h e r i n g ,  51 ; depth of, 60.
H e e d s ,  cause loss of soil moisture, 

102; abhorred by dry-farm er, 
124; on the dry-farm , 414; 
disk harrow' to destroy, 313; 
U tah w'eeder, 313; discussed by 
D ry-farm ing Congress, 196.

W e l l s ,  as source of water, .339. 
W h e a t ,  classification for dry-farm 

ing, 230; on dry-farm s, 234; 
pounds of w ater for one pound, 
14, 10; w’ater absorbed by seeds 
of, 209; repeated drjdng in ger
m ination, 218; am ount to sow, 
224; depth of roots, 88; varia
tion in composition, 268; effect 
of climate on composition, 272; 
composition in humid and semi- 
arid United States, 270, 271; 
w ater in, 263; spring w'heat in 
rotations, 299; dry-farm  wheat 
in California, .383; durum , 237; 
value of fall sowing of, 215; 
spring, 2.30; semisoft winter, 
239; Turkey, Kharkow, and 
Crimean, 238; winter, 238; 
w inter w'heat in rotations, 299; 
w ater and yield, 340.

W h i t e  A u s t r a l i a n  w h e a t ,  240. 
W h i t m a n ,  M a r c u s ,  pioneer of Co

lumbia Basin, 357.
W h i t n e y ,  112, 149.
W i l e y ,  263.
B’iVso/i, J a m e s ,  Secretary of Agri

culture, 372.
W i l t i n g ,  stom ata when wilting 

occurs, 173.
W i n d ,  and winter killing, 214; see 

also B l o w i n g ;  over dry-farm  
territory, 47; effect on w ater in 
air, 135; effect in rapid top 
drying of soils, 148; effect on 
transpiration, 177; in soil for
m ation, 53.

If i n d m i l l ,  conditions for success, ' 
342; for pumping, 341.

W i n t e r ,  evaporation in, 134.
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isture, 
inner, 
414; 
313; 

ed by

farm-
234:

ound,
seeds

W i n t e r - k i l l i n g ,  cause of, 214; and 
am ount to  sow, 223.

W i n t e r  p r e c i p i t a t i o n ,  am ount stored 
in soil, 115.

W i n t e r  w h e a t s ,  238.
W i s c o n s i n ,  w ater requirem ents of 

plants in Wisconsin, 15 ; m eat in 
oats from, 261.

W o l l n y ,  12.
W o o d w a r d ,  180, 183.
W o r l d ,  dry-farm  area of world, 32.
W y o m i n g ,  area; 26; type of rain

fall over, 40 ; soils of, 74 ; evap

oration in, 132; deep and fall 
plowing in, 195 ; pum ping plants 
in, 342; Wyoming Station, be
ginnings of dry-farm ing in, 369 ; 
th ird  Dry-farm ing Congress in 
Cheyenne, .376; present sta tus 
of dry-farm ing in, 389.

Y e a r ,  of drouth, 399; of drouth, 
defined, 402.

Y o u n g ,  B r i g h a m ,  entrance to G reat 
Salt Lake Valley, 354.
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Cyclopedia of American Agriculture
E d it e d  b y  L. H. BAILEY

Director of the College of Agriculture and Professor of Rural Economy, 
Cornell University.

With 100 full-page plates and more than 2000 Ulus* 
trations in the text; four volumes; the set, $20.00 net; 
half morocco, $J2.00 mt; carriage extra

V o l u m e  I  —  Farms 

V o l u m e  I I  — Crops
V o l u m e  I I I  — Animals

V o l u m e  IV — The Farm and the Community

“ Indispensable to public and reference libraries . . . readily compre
hensible to any person of average education.” — T h e  N a t i o n .

“ The completest existing thesaurus of up-to-date facts and opinions on 
modern agricultural methods. It is safe to say that many years must 
pass before it can be surpassed in comprehensiveness, accuracy, prac
tical value, and mechanical excellence. I t ought to be in every library 
in the country,” —  R e c o r d - H e r  a i d ,  Chicago.
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Cyclopedia of American Horticulture
E d it e d  b y  L. H. BAILEY

With over 2800 original engravings; four volumes; the 
set, $20.00 net; half morocco, $ j2.00 net; carriage extra

“ This really monumental performance will take rank as a standard in 
its class. Illustrations and text are admirable. . . . Our own convic
tion is that while the future may bring forth amplified editions of the 
work, it will probably never be superseded. Recognizing its impor
tance, the publishers have given it faultless form. The typography leaves 
nothing to be desired, the paper is calculated to stand wear and tear, 
and the work is at once handsomely and attractively bound.” — N e v *  

Y o r k  D a i l y  T r i b u n e .
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BOOKS ON AGRICULTURE
On S e lec tio n  of L and , e tc .

Thomas F. H unt’s How to Choose a Farm . . . , ,
E. W. Hilgard’s Soils: Their Formation and Relations to Climate

and Plant G ro w th .....................................................................
Isaac P, Roberts’ The F a r m s te a d ....................................................

On T illa g e , e tc .
F. H. King’s The S o i l ............................................
Isaac P. Roberts’ The Fertility of the Land .
Elwood Mead’s Irrigation Institutions
F. H . King’s Irrigation and Drainage 
William E. Smythe’s The Conquest of Arid America 
Exiward B. Voorhees’ Fertilizers . . . .
Edward B. Voorhees’ Forage Crops 
H. Snyder’s Chemistry of Plant and Animal Life .
H. Snyder’s Soil and Fertilizers. Third edition 
L. H. Bailey’s Principles of Agriculture .
W. C. W elbom’s Elements of Agriculture, Southern and 
J. F. Duggar’s Agriculture for Southern Schools .
G. F. W arren’s Elements of Agriculture .
T. L. Lyon and E. O. Fippen’s The Principles of Soil Management 
Hilgard & Osterhout’s Agriculture for Schools on the Pacific Slope

On P la n t  D iseases, e tc .
George Massee’s Plant Diseases . . . .
J. G. Lipman’s Bacteria in Relation to Country Life
E. C. Lodeman’s The Spraying of Plants
H. M. W ard’s Disease in Plants (English)
A. S. Packard’s A Text-book on Entomology 
Stevens & Hall’s Diseases of Economic Plants

On P ro d u c tio n  of N ew  P la n ts
L. H. Bailey’s P lant-B reeding...................................
L. H. Bailey’s The Survival of the Unlike 
L. H. Bailey’s The Evolution of Our Native Fruits 
W . S. Harwood’s New Creations in Plant Life

On G arden -M ak ing
L. H. Bailey’s Manual of Gardening 
L. H. Bailey’s Vegetable-Gardening 
L. H. Bailey’s Horticulturist’s Rule Book 
L. H. Bailey’s Forcing Book ,
A. French’s Book of Vegetables

On F ru it-G ro w in g , e tc .
L. H. Bailey’s Nursery Book . . . .
L. H. Bailey’s Fruit-Growing . . . .
L. H. Bailey’s The Pruning Book . . .
F. W . Card’s Bush F ru its ...................................
J. T. Bealby’s Fruit Ranching in British Columbia

$i 75 net
4 oo net 
I  50  net

I 5 0  n e t  

I  5 0  n e t  

1 25  n e t  

I  5 0  n e t  

I  5 0  n e t  
I  25  n e t  

I  5 0  n e t  

I  25  n e t  

I  25  n e t  

I  25  n e t  

7 5  n e t  

7 5  n e t  
I  10 n e t  

I  7 5  n e t  

I 0 0  n e t

I  6 0  n e t  

I 5 0  n e t  
I  25  n e t

1 6 0  n e t  

4  5 0  n e t
2 0 0  n e t

1 25 n e t
2 0 0  n e t  

2 0 0  n e t

1 7 5  n e t

2 0 0  n e t  

I  5 0  n e t

7 5  n e t  
I  25  n e t  
I  7 5  n e t

I 5 0  n e t  
I  5 0  n e t  

I 5 0  n e t  

I  5 0  n e t  
I  5 0  n e t

f

i

n r



I 75 net

4 00 net 
I 50 net

1 50 net 
1 50 net 
I 25 net 
I 50 net 
I 50 net 
1 25 net 
I 50 net 
[ 25 net 
1 25 net 
1 25 net 
75nel 
75 net 

[ 10 net ■ 
[ 75 net 
[ 00 net

60 net 
50 net 
25 net 

; 60 net 
50 net 

; 00 net

25 net 
; 00 net 
00 net

75

00 net 
0̂ net 

75 net 
25 net 
75 net

9
50

50

50

net
net
net
net
net

il

fi

a

BOOKS ON AGRICULTURE -  Cbn^mae(/
On th e  C are of L ive S to c k

D. E. Lyon’s How to Keep Bees for Profit , .
Nelson S. Mayo’s The Diseases of Animals . •
W. H. Jordan’s The Feeding of Animals 
I. P. Roberts’ The Horse . . . .
George C. W atson’s Farm Poultry .
C. S., Valentine’s How to Keep Hens for Profit
0 . Kellner’s The Scientific Feeding of Animals (translation)
H. R. Lewis’ Poultry Laboratory G u id e ...................................

On D a iry  W o rk
Henry H. W ing’s Milk and its P roducts...................................
C. M. Aikman’s M i l k .............................................................
Harry Snyder’s Dairy C h e m is t r y ............................................
W . D. Frost’s Laboratory Guide in Elementary Bacteriology
1. P. Sheldon’s The Farm and the Dairy . . . .
Chr. Barthel’s Methods Used in the Examination of Milk and

Dairy P r o d u c t s ...............................................................................

$  I  50 n e t  
I  50 n e t  

I  50  n e t  

I  25 n e t  

I  25 n e t  
I  50 n e t  
I  90 n e t  

65 n e t

I  50 net 
I  25 net 
I  00 net 
1 60 net 
I  00 net

I  90 net

On E conom ics a n d  O rg a n iz a tio n
J. McLennan’s Manual of Practical Farming . . . .
L. H . Bailey’s The State and the Farmer . . . .
Henry C. Taylor’s Agricultural Economics . . . .
I. P. Roberts’ The Farm er’s Business Handbook . . . *
George T. F airchild’s Rural Wealth and Welfare . . .
S. E. Sparling’s Business Organization . . . • •

In the Citizen’s Library. Includes a chapter on Farming 
Kate V. St. Maur’s A Self-supporting Home . . . .
Kate V. St. Maur’s The Earth’s B o u n ty ...................................
G. F. W arren and K. C. Livermore’s Exercises in Farm Management

I  50  n e t  

I  25 n e t  

I  25 n e t  

I  25 n e t  

I  25 n e t  

I  25 n e t

I  7 5  
I  7 5  n e t  

80 net

On E v e ry th in g  A g ric u ltu ra l
L. H. Bailey’s Cyclopedia of American Agriculture:

Vol. I. Farms, Climates, and Soils.
Vol. II. Farm Crops.
Vol. III. Farm Animals.
Vol. IV. The Farm and the Community.

To be complete in four royal 8vo volumes, with over 2000 illustrations. 
Price of sets: Cloth, {J20 net; half-morocco, 53^ net.

F o r  f u r t h e r  i n f o r m a t i o n  a s  t o  a n y  o f  t h e  a b o v e ,

a d d r e s s  t h e  p u b l i s h e r s
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BOOKS OF GENERAL INTEREST
A Self-Supporting Home

By KATE V. ST. MAUR CUM, litnU raU ,, n .t

in .h e 'v c tT a b T e 'U ^ d e t'a tV g "  -
cavies, and  in every branch of husbanHrv fr» guineas, rabbits,
book i, espccially'^aluab" cV n^sT m pT e^r .h e ^ L g fn n "

" ’<= '‘ ‘" 'J '^ver published." -
I

How to Keep Bees for Profit
By D. E. LYON Ill.ulraUd, j^m o, $ ,.so  ,u l

up me n r e r o u s  0 u l s S \ L 7 c o n f V o m =* ■' 'ak es
.hem  from .he s . a J J d ^ ^ o f  to.!g e x p e r t-n ^ . « ‘'h

How to Keep Hens for Profit
By C. S. VALENTINE cimh rn , r v *.n „  ,K„ „ , . tlothy Illustrated^ $ i .e o  net

By .he well-known w riter on poultry raising in the New York T riiu n t Farmer.

Manual of Practical Farming
By DR. JOHN McLENNAN Cloth, m ..c r a u d ,

Manual of Ciardening
This^^Je niustra tod , , 3 ,no, S ^ .o o  no t

books by tL '" s a m e 'lu .h irG a “ ../u 7 v ,7 iS " /> ° a rir^ ^
with m uch new m aterial and  the result of tife experience of ten

The Book of Vegetables and CJarden Herbs
By ALLEN FRENCH a ./ , / / w . . ,

T he illustrations, n u m b e r in g rb o m 'ls o ^ r r fa 'l l  fio7o rig inaV draw ings!'

P U B L I S H E D  BY

T H E  M A C M I L L A N  C O M P A N Y
64-66  F if th  A venue, New Y ork
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