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The importance of the subject of soil moisture has been
| abundantly shown in meny parts of the lUnited States, but is of the |
| grestest importance in the centrsl west where there is such 2 scarcity;
: and unequal distribution of rainfall, 4hat it becomes necegsary to re—;
- sort to the most practicsl and scientific methods in order to make

| agriculture vay on much of the arable land between the Mississippi

| River and the Rocky Mountaing.,

In much of this comparatively arable territory there is suffi+ w

: ! |

clent rain during the year to raise fair crovs of many of the cereals, | @
but the unequal distribution of the moisture causes the crop to grow 3 m
| i

| very rank for & time but lster it is often impaired by drouth, or en- ; “

| tiraly dviéd up before the grain is matured. Many s farmer after | m
putting in his crop and working hard to keep down the weeds has ha— ;
come thoroughly disheartened when the hot, dry months of july and

? August came; and his corn was withered before the scorching winds I L

| leaving him nothing, not even feed for his hungry stock, Perhaps he

i ff
becomes discouraged and quits farming or he travels on secking = more | W

| favorable farming locality. But here he finds many others before him| M'~
| it il
| and many disadvantages. The population is rapidly increasing, the i Em_

| country is fast filling with settlers, the better farming lands have | |

| | : . ' ﬁ i
| 811 long esincs been taken, Some of us must till these less desirsble| H -
ilanda, and we find that to raise cropes we must practice new methods | E

| of farming. These methods in the main are conditions lessening the
| :
| demage by summer drouths, ﬂ

4 ,: In the Centrsl part of Kansas where we were born and raised

| sufficient rain falls in the course of a year to raise crops if it

| only came at the time when most needed. The annual rainfall in cen—=

| tral Kansas is about 25 inches, and according to Professor ¥, H, King




' only 12 inches of water sre requirsd to raise 40 bushsls of wheat

lack of nmoisture.

, and|
10 inches to raise 60 bushals of corn., Thus we see that there is watef
enough wers it vroparly distributed and msde use of by the cropa,

We must have‘methods whereby we can conserve this watsr so that it wili
be available %o the crop in the time of greatest nead, Then, =and only:
then can ws Tsel assured that our fields will noi be deastroved by the

’

The imcortance of +thi

2

work is of inestimable value to farm—
ers of the gemi-arid region: If they lesarn to know, hy moisture deter%
minations, where the water that falls goes to, they are bestter abls o]
know how to conserve it. The quanti tv of water in the soil at the vaué
ious semsongz of the vear, and the conditions ofceultivation which
bring the water within reach of the plant are all important questions

to the agriculturalist.

er The lands of the central and westarn portiong
of the state are rich in plant food. And the farmsr usuallly has plenty

=

of it to work with, Thus the chief ohject to be gained by =o0il moist-i
ure study is to find out how to produce good cropg on fertile fields
which are supplied with plsanty of water but such very ueqgusally dietri;
buted,

The objact here is to state the methods of moisture determin—g
gtion and & few things that have heen done alohg this line by the
Initad States Depsriment of Agriculture and State FExperiment Stations,

Soil Moisture.— There are various things which effeet the

moisture of the soil, some of which we shall endeavor to give,

By soil moisture as trested here, is msant the entire amount of water

in the soil, regardless of whether it can be utilized by the plants

L

in their growth or not. Of course it must be understood that not all

of the water in the soil can be used by the plants, and further, that

TR,

only a part of the water which falls as rain or snow is ever used at

a
|




5311 by an average crop in the semi-srid weet, But it has hesn proven
| by King and others, by many experiments, that if even half of the

.8HHUH1 rainfall could be saved so that the plant might use it for its
!development, the farmer of that great vegion would ba hlassed by ; W@
crops that could not he excelied sny place in the Mississippi Bagin.

It ig interesting to know that different kinds of gsoil have

la very imporitant hearing on the s0il maisture content, wor instance, | “
& light sandy =o0il will not contain so high a ver cent of moisture as ; W
|will a fine clay s01il, except possibly, directly after a heavy wpain: | M'

(but at the same time the sandy soil will more readily part with its | M
moisture than will the clay soil, Thsrefore, plants on a sandy goil,
1 R Fy » ) . ) . 3 2 I i
while the moisture is sufficient, will mske a more rapid growth than | ”

|

they will on & heavy clay soil. 3 H

The amounts of water held by the different kinde of =oil

| when saturated are given by Professor King in his Soil Phvsics as f ﬂ
[ ranging from nearly 53 per cent in the finest clay soil. to 32.5 per J

| : d 2
lcent in ganly #il, But such conditions as these never actually exist | i

| in the field, and it is therefore better to condider the smounts held | i
by various goils when in actual field condition, This Professor King | M

(L : i
| gives as follows, as the average of the first three feet of the soil: | M

‘ | For a sandy loam, 14.3 per cent or about 3 inches of water; clay loam, | rf"
| 20,2 per cant or 3.5 inches of water; humug soil 32.4 per cant or | |6
1 |about 5 inches of water. It would geem that the inches of water are

1 | slightly out of proportion to the per cents, but it should be remem-—

ﬂ
| I
| bersd thet the per cants are calculated on the weights of the =oil, ‘ “

| and that the different goils are very different as ragards theiwr

| were obtained from soil holding &1l the water it would, a couple of

|
| | weights, which accounts for the seeming discrepancy. These figures | ’

' days after a heavy rain, some of the water having of course drained

| out of the land., It would appear then that the clay and humus soils




A

'ars the hest, as they contain ths largast smounts of water, but the

fact. should not be lost sight of, that although the sand has the least |

water in it, it will give up.a larger per cent of it to the plant,

the trouble weing, however, thet too much is iost by evaporation,

ky]

.lesving =1 dacﬁdéd bslance in fTavor of the clay‘énﬂ humug soils.
An experiment by Professor King on the smount of water held
| bv s0ile is worthy of mention, A field of cdrn'was taken which be-
gan to wilt, and the leaves roll up, early in the morning, The soil
| was clay, down to about 30 inches, and then sandy down to four feet.
ne amount of moisture was determined-and fowmnd to be 9.83 per cent
for "the clay loam, while Tor the sandy goil it was down to 4.17 per
cant, showing that much more of the moisture could be taken from the
sandy =o0il than from the clay loam. A furthef experiment bassed on

the suppogition that each particle of s0il is surroundesd by & film of

water, and the thickness of this film can be computed by the dismeter |

|'of the soil graing, makes it possibls to compute the smount of moist-
ure in the s0il, Figuring on this basis it was found that when heavy
| 6d clay had 14,24 par cent, coarse sandy goil would be down to 1,11

' bar eent with various gradations between., These per cents reprasent

| very clogely the relative amounts of water that ars given up by these

| s0ils for the use of the crop, and that the saﬁd, in the experiment
;wifh the wilting‘cﬁvn, was really the wat?est 80il there, so far asg
ithe available moisture was concerned.

" The amount of water which a goil will hold is based on ths
| size of the s0il particles, the smaller the varticles the greater
‘amount of moisture will the soil hold. As clay is the finest of any
?of the soils it holds most, so far as this principle determines the
Ewatev capacity of a soil, and the coarse sandy soil holds least,
{But while clay =0il contains mors water than other soils, when the

fwatar has bean down to & certain point, the plant is unable to secure

| B
| il

i
l




| important s

ion, that of

| however, and congider it as it effects the

| tilled when there is

eny more. It is evident however that as the clayey soils will hold

more water and retain it better, they are the best s0ils for the semi-— |

arid region of the west where the amount of water in the soil is go

subject,

The moisture of the s0il may be considered as having various

| functions, though, of course, strictly speaking it has only one funct- |

supelying the wants of the plant. We ecan divide its work;

soil for tillage purposes,

1and for dissolving chemicals to securs plant food, before congidering

its uses to

the plant,

The moisture content of ths =0il for tillage purposes is a3
' very essential thing to watch, s it is well known that at ceptain

times when the conditions as to moisture are correct, the land is

' easily tilled, and much batter crops are secured, than if ths so0il 1is

either too much or too little water in it.

|This is not mn item, of course, in untilled soil as on our great

'plaing, but the moment tillage beging soil moisture becomes important., |

| In fact tillage does not begin unless the conditions as to moisture

'with ths rains or snow.

| dry months of midsummer, but in Spring or Autunmn when the soil is

and all

{1y important psart,

1how running water
| which may be best
?over which the stream passes, we have only to &pply the same principle
|to the water in the soil, only its action is

| fore wa

are favorable., No one thinks of breaking prairis land in the hot

wet

Thus we ses, that even bafore tillage baging, |
the time after it ig gtarted, soil moisture playvs an gxceading-
The next impomtant question of the function of soil moisture |

is the dissolving action which it has on the soils., When we remember |

becomes loaded with vsrious se2ltes, the nature of g
determined by knowing the kinds of soil and rocks |

greatly enhanced, There-

see that the workx of soil moisture plays a part not to be over

i
4
|
.‘
|
|
|




looked, as the agricultural plants nesd neny kinds of mineral salts

for their develovment,

The water which falle ss rain containg some carbon dioxide.

which materially

'water vercolatec

alds in the dissolving power of the water.

down through the soil, much of the soluble material

|is taken up and hsld in solution in ths lower s0il, and in this way

the «zlts

ara used by the crops.

Not only dossg the soil absorb the

soluble material, but by slow action the water works on the insoluble

imatter in the soil and gradually this is brokan down.

Bgpecially is

[the latter work manifest in the winter when frost assists the action

|of the water., It also works on the organic matter in the soil causing

|gooner or later, be utilized as plant food.

Inext ssaszon than: one not fallowesd.

t %o decay, and bresk up in such a way that part of the material cap,

This would ih a messurse
of fallow ground will yield g better crop the _

The action of the water has made

lavailable a certain quantity of plant food, that has been used up as

11t bacsme availabla if there had besn a crop growing on the soil,

|The plants also aecrete some acids in their roots which, getting into

|the water in the sodl, aid in making available food material for the

lroot hairs

to take up z2nd carry to the leaves of the plant tc bs util- |

The most important function of water is its use to the plant.

It goeg without any proof that without the moisture in the soil the

(plants would soon die; in faect, they would never even start to grow,

i

|The enormoiis amount of water which the plant gives off in transpiration

Imust all come from the soil, and the fact that it requires as high as |

| from 250 to 800 tons of water to grow a ton of dry matter in crénvs,
Imakes it evident that the roots of a large tree, for instance, take
|up en enormous amount of water, This is equally trus in a Tield of

\wheat or corn, where there is also a large amount of leaf surface,




Another very important use which water has to the vlant has

haen referred to, namely, furnishing plant food in the soluble form.

The plant takes up the inorganic matter as soluble salts held in

solution in {the water of the soil as previously explained. It is

therefore evident that the more moisture & soil contsing, i.e., up to

& certain limit, the more food cezn the plant obtsin, as the increased

amount of water will tend to dissolve more of the inorganic salts.

ffowaver, there must not be so much water that it excludes the fres sir|

from the soil as air in the =0il is necesszarvy to all plant life,

In the discussion of the subject so far, nothing has been

said as to how the water occus in the soil. It is very distinct

jt

¥

classed ag three kinds, viz.: gravitational, capillary and hygroscopic)

tach of thes= vlays & separate and distinct part as regards the grow-

ing of plants, and hence in their relation to the farmer, Ths aver-—

age Tarmer may be but slightly interested in the several forms in |

which water is held in the goil, vet a knowlddge of them may at times

be of considerable value if he will apply the correct vrincivlie wmnder-|

lying the movements of soil water.

Gravatational water is water in & =g0il that is free to move

under the pull of gravity. It fills the spaces betwaen the grain of

the s01l, and is the water outsids of the film which immediately sur-

“

rounds ths soil particle, It is also spoken of simply as free or

hydrogtatic water., Gravatational water may become injurious in three

different waveg, if it increases in quantity to such an extent that it

will move with ease under the pull of gravity. 1. By washing out |

the soluble galts which may contain plant food; 2. by sexeluding the i

air, causing the suffocation of the plant rootsg, and the death of the

microorganieme which perform g very important work in msking available

| food for/the rlant; 3, Ry disgsolving cementing materials in the 801il,



thus destroving its texture.

Gravatational water is beneficial at least in two wavs; 1.

by replenishing the capillary and hygroscopic water supvly and, 2,- by

waghing out and carrying away injurious soluble galts, such as many of

the alkalies, and possibly poisonous materials from some of the de—
c.?:}.fiﬂg Ol-ugan"l_c matter.

Gravatational water, if there is a largs swply of it, con—
tinues to go dowm until it gete to the water table, or, to a hard pan

layver which is impervious, where the water will move by sesbage to

the nearest drainage channel, It will be seen from this that it is a

had practice to have a hard pan layer neasr ths surface, and sverything |

should be done to break it up, if there is one as it will very mater-

iallyv aid the soil in holding a large amount of water. In the smemi-

arid west the rainfall is so limited that the soil ordinarily ean hold

all the water which fallg, if the hard pan is obviated, &nd the soil.
otherwise kept in good tilth.

That moisture which moves in 211 directionsg, wherever it is
needed, usually from the moist to the less moist ground, is known as

o

capillary water, It is described ags a film of water around each soil
particle and outsgide the film of hygrogscopic moisture, grading into
it., It is from the capillary water that the plant roots draw their
supply., The force of capillarity acts in all directions and may help
gravity pull water deeper into the so0il, or, more commonly it brings
the water from a depth up to the surface; or, in the case of irriga-
tion by ditehes carries the water laterally ta whare it is needed.

]

The capillary action of =soils is influenced in various ways.

By the tillage the ground is given; by manuring; firming of the =soil,
ground is meant the surface till-

fand by rainfall., By tillage of the

lage. A heavy soil mulch put on the surface gtrengthens the tendency

to raise the water, as capillarity acts bstter in a damp than in a




dry soil,

And as it can not readily get through the mulch it pemaing

near the surface for the use of the plant. A good s0il muleh there-

fore is very bhaneficial.,

The action of manure on a soil geems to bs to put it in

batter mechanical condition, and the soil becoming more porous and

open, the upover three fest will gain water at the exvense of the deep-

er sub-sgoi

1., This should be gufficient to make peovls Teslize the

value of farm vard manure,

ced when the land has Jjust been plowed, =nd the ground is too opsn for

capillarity

The firming of the =o0il should be practi-

to rige into the surface soil. This movement of soil water is shown

also when

will cause

i

a smgll rain wete a few inches of the upper surface, which

a capillary rise of water, making the surface contain more

water than could possibly be rspresentsd by the rainfall,

The capillary movement of water is more rapid in a wst or

moist soil, than in a dry one, but it should not be too wet or it

will ruin

the texture, It

wil) also rige much faster in a cosarse

-

than in a fine grained soil, but will not risge nearly so high, The

4

function of the capillary water seems to be to act as a carrier c¢f the

soluble plant

food to the roote of the plants snd to supply the nec—

assary water for plant growth., The hygrosconic water lies closest

to the so0il grain and ie vperhaps mainly concerned in the dissolving

process.

o

By diffusion the elementg dissolvsad are readily transferred

to the moving gtream of capillaryv water, asnd then brought within reach

of the plant roots, which also grow in gearch of their foods, and

coming into closa contact

root hairs, assist in the

given off,

There is a differsnce of opinion as to whether

to act, By carefully firming such ground, water will tend |

|

with the soil grains, by means of the minute |

process of solution by the acid which is




from the hygroscopic water. The theory that the roots absorb the hr—
grosconic water may be ststed as follows: the grains of goil are en- |
veloped in a very thin fiin of water from which the »lant geta itsg
supnly - and this is known as hygroscopic water. The movement of hv—
groscopic water is very linmited, and the root hairs have to come to

where it i8, They envelove the coil particles and thus come in con-—

tact with the film of moisture and here take the water and plant food)

which they get from the soil. As this moisture is taken, (how is not

known ), the capillsry water replenishes the suprly and thus the work

is kept up,.
The hygroscopic water probably does much to dissolve plant
food but soluble materialmust bs carried by capillary or gravitation-—

al water from place to plsce. It is thus readily seen how on= clsss

of water depends upon another. The gravitationsl water comes aithep
frem rain, snow, or irrigation to the tillable land, snd it is from

this that the csvillary water gete 1ts supply, and it in turn suppliesd

the store of hygroscaepic water, which furnishes the plant with its

needs,

Metiods of Determination.-~ The necessity leading to the .+ |

moisture deﬁermination is to find out how much water is cantained in
the various candittons of the s0il at the different times of the !
growing season, and also to see where this water is and the movement
of it up or down through the soil, The movement downward is due to

gravity. The capillary movement may be in any direction but usually,

doubtless, from greater to less moisture content, This latter movemenft

is vrompted, first, by the absorption of water by the roots of the

plants, which loss must be supplied from the capillary wster. second,

the ecapillary water is strongly affected by the immense amount of evapp—

ation that takes place from the surface of the ground and water comes

up from helow to take the place of what has passed off dinto air,




The means of determining the moisture content and the move-—

ment of the water in the soil are: first, by the electriecal, and second,

by the gravimetric method. We will treat them in the order given.

The principle of the electrical determination is, that a weat
soil will conduct electricity better than a dry ons. carbon plates
three inches long, three-eights inches wide and three-sixteenths
inches thick are used to put into the ground, from which the wires
ars connected. Tach electrode is copper plated on one end, which is
connacted by an insulated (No.20) wire with the measwring ingtrument
above which records the resistance of the current of electricity pass—
ing through the ground from one plate to the other. The drier the
ground the grester the resistance will be, and the moister the soil
the less registance is offerad to the slectrical current vassing from
one plate to the other.

Thege plates may b2 placed at any depth in the soil at which
the moisture per cant is degiresd, The two plates need not bs more
than an inch apart where buried and are usuzlly put in ths same hole
bored with a 1-1/2 inch auger. Tha two carbonsg ars arranged on a
small stick of wood in such a manner, that after being placed in the

hole at the desired depth the plates can be forced out against the

sides of the hole and imbedded in the soil, after which the hole is

fillad with melted vitch to prevent water from accumulating and at the |

gsama time thoroughly insulate the woodsen block and the wires. The
Plates may be left in posgition ths entire season, and by connecting
ub the wires & reading may be taken everv day or &as dassired,.

The amount of soluble galt in the £0il water has very much
| influence on the resistance of the electric current vassing between
the plates, and the smaller the amount of soluble salt the greater
| the resistance to the current, This is thought to b8 due to the fact

that the salt ieg decomposed into its 1ons, and the free metallic dong




of the salt very materially assist the passage of the current. Thus
it is seen that a soil that is alkaline or contains much of this sol-—
uble salt, with the game per cent of moisture that is contzined in a
soil without the salt, will give a very different reading on the watt-
meter., So that a correction will have to be made for the amount of
gsoluble salt that may be in the soil. This can bs done by the elec—-
trical resistance, provided the water content snd temperaturs is known.|
Ususally, however, on fields whers we ordinarily grow crops there is notf
enough variation in the soluble salt that it need be taken into account;
But it is necegsary to first take a sample of the =0il and dstermine

the moisture by welghing, and drying by hsat, and from these fipgures
work out a standard from which the electrical determinationsg can b=s
made, Thia standard after having once heen correctly established does
not vary enough to materially effect the results providing the tempera~g
ture remains the same; but as soon as the temperature changes the re-—
sistance is affected due to the disassociation of the dons: of the salt
in the water, and the higher the temperature the greater the disasso-
g )

ciation and therefore the lesgss the resigtance to the slectrical

current, There is slso a method by measns of which this variation in

temperature can be recorded through the aid of electricity, and a
correction made.

Mr, Milton D. Whitney, Chief of the Bureau of Scils is the
instigator of this method of sg0il moisture determination, and clains
that it is much more accurate and can be performed with much less labor%
than the gravimetric method. He has adopted this method +in much of ‘
the moisture work in the nNepartment of Agricultiure.

|
Rulletin No,68 of Minnesota Rxperiment Station savs the ad- |

vantaged'of this method are very spparent, as the movement of moisture

lcan bhe obteained desily with a smsll amount of labor, One man can read

;forty elactrodes in two hours where it would take ten men to do the

T —— =
- w -




ag of Soil.

Sampl

ing

K

o
e
+.M
&3
ol
o
e
4+

-
o

Photograph illustr




short distances on = vlot., Tharafore in taking samples, from two to
four cores sre taken from each foot. Usuzlly more cores are takesn
from the first and second feet than in those deeper down, because
there is more chance of getting an witrue sample than lower down where |
the s0il has never been disturbed. All the samples from the first
foot are put in ones tray; all from the second foot in another tray,
and so on as desp as the ssmples are taken, which in msny cases is 6
feet deep., Howaver, the last two (5th & 6th) feet must be tsken with
the auger which is about 6-1/2 fest in length, the tube baing too hard |
to withdraw at thie d=vpth,

The trays are all numbered (both on 1id a&nd box) and when
esch sample is taken the number is rscorded so that it ie Xnowm ex—
actly whera each tray of =0il came from.

On reaching the laboratory each iray with its contents isg
waighed and the weight reccrdsed. The covers ars now removad and the
trays placed in a drying oven and left there until no moisture re—
mains, which usually requires from 15 to 20 hours at a tamperature of
from 80° to 100° Centigrade; but for thre= or four hours more the tem—j
perature should be brought up to 110° or 115°, wWhen thoroughly dry
the covers are replaced and the trays with their dry contents ars

weighed and the weights recorded, The difference in the two weights

©Of any tray thus obtained will show the amount of water that is driven |

off from the contents of the tray. The trayvs have all besen waighed

and the weights recorded before leaving the laboratory so now by sub-

tracting the weight of a tray from the weight with its dry éontents

will give the dry weight of the soil. By dividing the weight of the

water in any tray by the weight of ths dry soil in that tray the per

cent of water is secured for the sample of goil under congideration.
It should be noted that the per cent of moisture thus ob-

tained is computed on the dry weight of the so0il, and not upon the wet |




weight as was formerly done st somes of the experiment stations., This
method of computation will give a higher per cent than if computed on

the wet weight, but either will give the comparative changes of water

content in the soil undsr the various conditiong affecting soil nmoigt- |

ure,

This method of obtaining the water content of the soil va—
quires considerable labor, and it is slso necessary that all of ths
work he done with the greatest of care to give accurate results.

As before stated the electrical method 1s much the quicker way of
taking the moisture content, but to start with it is based upon this

method, since a standard must be worked out befors snv results can be

obtained by means of the electric current, Therefors the gravimetric

method is perhaps as sccurate as the electrical and the instruments
ara much cheaper:

however, the labor is lessened by the use of the

alactric current.
Some chemiets criticise the drying method as shove described:

but by the use of from 400 to 800 grams of z0il the moisture ner cant

can he more accurately determined than is possible to do by teking the |

amall

The drying is done with great care as 3ll the trays are w:
same
LJiempersture as nesrly as possible and the accuracy of the weights on

)
foads

any tray is almost
in 211 cases,

It was found by considerabls experimenting that tha trays
with their contents must be dried at 110° for several hours.
to mcke no materiasl difference in ths weight if the oven is hesated up
to 125¢ or 150° but if after hesting to a high temperature the travs
are set out uncovered and sllowed to cool they will take up a slight
basr cent of moisture from the air.

The main thing is to be sure to

kKeep them hot enough for a long enough time to drive off all of the

exact as the weight i8 taken to the tenth of a gram

It seems

samnles of from 5 to 10 grams as is usually done by the chemist. |

ghed at the |

1




water, then put on the cover, allow them to cool enough so the

can be handled and then weigh.

What has been done. - There has been much work done by the

experiment shations and some by private individusle to determins the

value of various methods of cultivation. The value of gome culti-

vation is apoarent to most farmers, but as to the best way of doing itj

many are not well informed. They have not exverimented snd recorded
rasults in such & manner that they are able to cultivate their craps
to the best advantage,

In the esrly spring of 1903 an experiment was begun on the
College farm with alfalfa land in order to study the moisture content

-

of the soil for various methods of treatment. The field was divided
into four plots, No.l was.lightly manured (8 losds per acre) snd no
cultivation, No.2 was left entirely untrested, No.3 was manured (9
losds per a;re) and disced, No.4 was manured (12 loads bper acre ) and
disced, April 1 after the alfalfa had made some growth (3 inches
nigh) soil samples wers taken down to a depth of gix feet and the

moisturs determined for each foot. The moisture content 6f- the first

]

foot and an average of the six feet for each of the four plots was as

follows: i
Table I, Giving Moisture im Soil of an Alfalfa Field. |

No, of Rlot. Par cent of water Avarage far the en-— ;

in first foot. tire gix feet, |

1 = = = = — = = = — - =30.8 - - - — - — - — - - 24,2 §

8 - - - - = - = - == 28,3~ - =-—- - - - - _ _2%.2 é

R e SRR 1, D ‘

PR S R O R D e e |

It will be seen that plots 1 and 3 showed & decidsd advantage over
plot 2 which had had no tre=tment, but plot 4 was even lower in moist- |

ure than plot 2. Whv this should be is not easily explained wnless




vhat plot 4 is next to a road, from which vracticzlly =11
of the water runs giving a chance for the water in plot 4 to be con-

ducted hy capillarity to the s0il undar the road,

There ars three esgential st that may be congidersd wunder|

the head of cultivation to conserve soil moi=ture.l Preparatioh of
the ground to rece=ive water, 2 restoring the capillarity so that
the moisture will rige uo to the seeds op roots of small plants,
3 praventing evaporation by the s0il muleh.

There has besn much written in »recent yeares ghout the preva-
ration of the ground to receive water. It has bean claimed that ih

subsoil plow is a bheneficial tool in such breparation, but through

many experiments it has been proven that generally the increasea

a

yield in the crop (if there ig an increase ) does not pay for ths work|
axpended., Howsver, ordinary plowing as esrly in the sess as p0$81~f
a8 to allow the water from rain or snow to enter the soil, has|
heen found to be very practical. Ksaness Bulletin No., 89 ang Cklahomaé
Bulletin No, 42 show the necessity of plowing early in the fall,
This will prepare the pround to tske in moisture and prsvent evapo-—
ration of water which the ﬂoil.alveaﬂy containg,
The resstablishment of the cspillarity in soil that has hean
loosenad up deeply by the plow often becomes necegsary. The sgoil
gtirred has had ite capillary force disconnected from those bslow

and hence the water: rises from below up to the furrow slics and

Thus the ground often needs to bs firmed or packed on the lower
the furrow slice so that the water may be conducted nesr the sur—
is often most needed Tor germinating seed or to supvly
the young plants, such preparation of the soil is often necessary

for gecuring a good stand when seeding grain, glfalfa or other small

12aded crons,




The matter of breventing the avaporation is Dazrhape the most

inportant thing

Lo be considered in desling with soil moigture, l
Bulletin No, 39 of Nebraska says the moisture problem is gimply ones
of evavoration of water from the =03l =and suggeste surface cultiva— |

tion as the method of controlling it.

It is very apparent to one *that has read the moisture experi-

~

-

ments, or has had the actual nxp§64nce himgelf that the soil muleh 1is

hie ot means, in fact, the only practical way of presspving 8vapo— |
= = |

|

ralion from the goil. |
|

4

%

The time of putting on this muleh has
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the amount of water lost from the soil, The Kansas and Oxlahoma ,
?znewiment Stationg have shown in Bulleting No.s 89 and 42 raspectiVei
1y, the great advantage gained by Dlowing stubble ground esrly in ;
he fall., 1In both instances several per cant more moisture was con-
gerved, than when the g wund was plowed one to two months later, 5

Many other Stations as well as ﬁﬂivaﬁe individusles have shown the 5

bensficial wesults of early plowing. Renew the s0il mulch (whan possg—
hle) after avery heavy rain, as the ground becomes hard and combact

and the capillary pores in the soil conduct the water to the surfaca,

where it iz svaporated. Surface cultivation, breaks ths capilliary
connection and thereby materiall¥ lessens the loas of watem.

Few farmers realize the need of the s0il muleh at verious

s2aeons of the vesr, and much water is lost in the spring bhefore it

is time to put in the spring crop, also many thousand bushels of

corn are lost,simply feromuthe fact that farmers fail to but =2 soil

mulch on their fields after the usual heavy raineg that come in June

and early July. Then again moisture is lost from the stubble fields
when %hey are left untreated wuntil late in the season. At the Kansas

Station one part of a stubhle field was digced early, another vlowed




early, and anothsr plowed late, and later the moisiurs contsnt deter-— |
mined, and the result was highly in favor of the garly treating of
guch fields.

[t was the intention to embody in this thesis the resul ity 0:f

gaversal expeariments that were started in the soring of 1903. Two
cultivation experiments were under way; one was z seriss of six vlots |
i

to test the different dsuths of cultivation from one to six inches.

The other was another series of six plots to test the fraquency of _
i
cultivation, All the plote in this seriss wars cultivated 2-1/2 inches

1

deep, one plot &t dintervals of three days, another at intervals of i
|
|
|

six days, others at intervals of nine, fiftesn and twantv-one arys.,

s

This was to ascertain the effect of frequency of vuftting on the soil

1

mulch, Rut owing to the fact that there was sueh an unususl amount

i
|
1
]
|
2
of r»ain in May (having rained on fourteen different aAavs ) ws ware

unahle to gather any results of véalue from either of these expariments,

However, one experiment was performed earlisr in the season f

[¥r}

by the writers,in connection with the Agricultural Department of thig|

Jollege, which shows the henafits of preparing a soil mulch early in |

Q2

the spring on the land fntended for corn, In this experinment five
vlots, each fifty-two fest wide were laid off on kafir—corn stubdble
ground., On April 1lst soil samples were taken to ths depth of six
feet on each plot, after which four of the plots were cultivated,
and one (plot 3) was left untreated as a check for the other plots,

. [ |

Plot No, 1 wzs lavn-disced and harrowed, Piot No., 2 was simply lap-
digecad. Plot No. 4 was listed, five to six inches dsep, and rows
3-1/2 fset apart, and plot No, 5 was plowsd, and harrowed twice,

The plots remained without further treatment until May 9th when samp-

les were again takem from each plot, and &ll the plots were listed

to corn, The per cents of moisture for April lst and May 9th are




hers

-~
1

given Tor the first foot, the average for the
&nd average fTor the entire six fsat, from each of
Table II Giving Moisture in the Soil of ths say

first two feet,

considerabls water, therefors, was saved by early

had it been a dry spring there no doubt wduld hsve

greaster difrference,
as importsa

Mraquency of cultivation ig not

depth of cultivation.

cles togelher and reestablishes

ing the soil

To conserve the moisture the
be cultivated after every rain because the rain runs the =soil parti-
capillarity from below.

‘ : |
too frequently in dryv weather exposss more of it

cultivation and
been a much
nt 2s the time and

ground should

1

disturb-

Bt

to the

April 1lat and May 9th.
e —— Sal
) ¢ = = = . k 4 N/ -
‘S.fr eatment | Moisture iﬁﬁk Moisturs in jjf%am' Moisturs in [Py
= in lat £t lessezy mwt 2 £ 2t 6 feet. el
¥ : ; = Zen -t — — %A 1= : =
5| received. (2. el For egacd e i‘ 21 eentl]ide eea | 1 Lnc ot Br-eeat u’té
-y JADP . 1| May 9} C2¢C App| 11| May 9 4 Apr.1l| May 9] e
1 |[Lap disced ) ;
_.|& harrowed 26,5 "|27.4 |+.9 |26.45 |27, ¥.55:128.15 i,g.l.g,-'—.zs
| 2 E s -
2""111:(11 I"]" %Cﬁll |2 l“ 26-’:) +o4 2'1. [117 _'lnu) 21-‘}6 -30 —056 (
1 ¥
1 : f
3 [Untrested [25.1 124.9 |-.2 |25. 24.3 -.7 120.45 |20, —.45 |
Listed 5:6 | |
4 inches degf25.3 |25.5 |+.2 |25.3 |25.9 +.86  |21.16 |20.66 |—.54 |
Plowed and ] S
5 |harrowed 4-4 26.7 |+2,3/24.8 125.9 +1.,1 |20.06 }21.00 |+.94 |
twice. |
? 1
By a study of Table II we find that plot 5 ss compsred with |
plot 3 g-ined 2.5 per cent of water in the first foot, 1.8 per cent |
1
in the first two feet, and 1.39 per cent in ths entire six fset,
j
Thus it is seen that the water hzs been gathered in ths upver two |
j
feet of goil where it is most nesded for the plant. It should also |
i
hae noticed that plot 5 is the only one that gained in the amount of
I water in the entire gix feet. |
1
Py further calculation from ths table we find that thisg 1.8
ver cent in ths upper two feet is equal to .55 inches of »rain. |




sun and wind and will psrhspvs do more haym than good, oonsiderable
Judgement must bs used as to the frequency of cultivation during a
dry spell. It should also be ramembered that it costs money to do
this work and unless extra cultivation will save congiderable moist—
ure and increase the crop it should not bha done, 5
The depth to cultivate to conserve the moat moisture is of’ !

considerabl s importance, &as much more work is required to put on a

deed mulch than 2 shallow one. It should also he remembered thet wha

5011 is used YEEEGwe in making the mulech is virtusliy out of uss to

e e o

the plant, for the roots can not obtain plant food from dry, loose
s0il, and besides the soil that is atirred up dries out ﬁuch mors
than thet directly undsr ths muleh.

L]

In Oklahoma, according to Bmlletin No. 42, forty-four bushels
of corn and threes thousand three hundred snd fortj—eight pounds of §
stover were raised on ground vlewad four inchas deep as agginst j
thirty-seven bushsels of grain snd two thousand eight hundred and é
thirty-five pounds of stover on ground plowed esight inches desep,

m

Fhis may be an exceptional case and refers to plowing rather than

to cultivation; but much the same orinciple is involvad,

&

In three trials in 1893 made at the Wisconein Station hv

~

1

Prof, King the yield of corn was congiderably in favor of three inch |
cultivation against ons and five-tenths-inches deen. In several

other experiments, given by King in the Wigconsin renort of 1894

which were carefully performed by farmers the results\in all cas
favored the three inch cultivation as compsred with that one snd
five-tenths inches deep. As an average for &all trials thsare was an
advantage of 6,27 per cent, in favor of the three inch-cul tivation,

Frain what has been gathered a mulch of 2-1/2 to 3 inches deep
ig preferable to either shallower or deeper, When it is dasper it

takes too much rich s0il from the uge of the plant, wand when it is




shallower there ig not a sufficisnt amount to congerve the moisture
to the hest advantage.

conclusion. — Several things which are of imnortance to
farmers have been learned in th2 sbudy of s0il moisture and may ba
briefly swined up as follows: 1, It has been shown that by preparing
tha s0il to receive the rainfall and then carefully congerving the |
moisture by cultivation that there is sufficient water to vaiseamaxi'
mum crop. And that by holding the watercthere will be more plant
food made available, dus to the action of the water, hence farm
crope will maks better growth. _

2, Having learned of tha different forms of water in the g0il
and the movements of s0il water cultivation can be suited to thel1eeﬁ%

|
off the soil according to the amount of water nresent and the re-
quirement of the crop.

3., In the method of detsrmination the object sought and the
end obtained is hot 8o much to give the Tarmer something he himselr ;
can use, as to give him a knowledge of the way the work is carried ;
on, and enable him to look with more intelligent eves on the work

which is being carried cn in this lins.

Q

4, In settiing forth what has besn done, thse results from

various expsariment stationg have been brought together snd as nearly

3

as possibls the average of these results given, which it is safe to

follow as a guide to what may be expected in the futuras. Several

things have been brought. out, for instance, that early fa2ll plowing
is hetter than late, whether for wheat or corn; the same is true of
sarly and late spring vplowing. The frequency of cultivation gave no§
material difference either to the crop or moisture content, the value
of cultivation ds=pending more on its baing done at the right time.

Shallow cultivation, (2-1/2 to 3 inches) except in rare cases, seams

-t

tha best to practice, and especially is this true of s erop that ig
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