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CIRCULAR NO. 272

Soil Management for Kentucky
By GEORGE ROBERTS

The conservation of soil is a primary requisite for the con-
{inuance of human life. Mineral resources, seemingly indis-
pensable, are luxuries compared with the products of the soil.
The American people are slow to learn the importance of soil
conservation. Probably no nation ever wasted its soil resources
as fast as we are wasting ours, altho we have a warning in the
example of China of the enormity of the consequences of soil
destruction. The density of the population of China as a whole
is 94 per square mile, but in 18 provinces containing most of the
more level land of the country, the density is 245 per square mile.
(The density of the United States is 41 per square mile.) The
uplands have been so eroded that on great areas human habita-
tion is impossible, and the people have been driven to the low-
lands, where the struggle for existence is so great that human
excrement is rigidly conserved for fertilizer and the roots of
grain crops are dug for fuel. Rice plants are grown in beds and
transplanted like our tobacco crop, in order that some other
crop may be grown on the land before the rice is transplanted.

We may say: ‘‘That occurred in China; Americans will
never allow their soil to deteriorate to such an extent.”’ How-
ever, when we consider that China’s agriculture is forty to fifty
centuries old, while our lands have been in use for only a com-
paratively short time, we must realize that we are wasting them
very rapidly. We are prodigal of our resources, as pioneers
always are, and have little consideration for future inhabitants
to whom we should recognize our responsibility for conserving
resources not of our ecreating.

SOIL EROSION
For a convineing statement of the enormous extent of soil
erosion in this country, the reader is referred to United States
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Department of Agriculture Circular No. 33, entitled ‘‘Soil
Erosion, a National Menace,”” by H. H. Bennett and W. R.
Chapline. Mr. Bennett, who has spent thirty years studying
+he soils of the United States, says that he ‘‘is of the opinion
+hat soil erosion is the biggest problem confronting the farmers
of the Nation over a tremendous part of its agricultural lands.”
He estimates that the loss from soil erosion is about twenty times
as great as from crop removal.

Some Statistics on Erosion. In the circular referred to, Mr.
Bennett makes the estimate that at least 126,000,000 pounds of
plant food elements (that is, elements of the kind taken from
ihe soil by the plant) are removed from the crop and pasture
lands of the United States annually by erosion; that if only
nitrogen, phosphorus and potassium (the elements bought in
commercial fertilizers) are considered, the loss amounts to
£2.000,000,000 annually, at the lowest cost at that time (1928)
for which these could be purchased in commercial fertilizers. He
further estimates the immediate or tangible yearly loss to be
4200,000,000 because of the extra land cultivated or fertilizers
hought to produce the crops desired. There are counties in the
United States in which from 70,000 to 90,00 acres of agricultural
land have been eroded beyond reclamation.

If Kentucky soils undergo only the average rate of erosion
for the United States, the losses for the State would be about
$34,000,000 and £3,400,000, respectively. Probably the rate of
erosion in Kentucky is much greater than for the United States
because of the topography of the land and the large rainfall.
But these figures do not give a full picture of the losses due to
erosion, for sooner or later such land becomes SO eroded that it
is unfiit for tillage or even pasture, and is permanently aban-
doned. Kentucky has much land so badly eroded that it has
been abandoned or produces so little that it provides only the
most meager support for its tillers. If erosion 18 not eon-
trolled, much larger areas will soon be in such condition that the
inhabitants will not be able to support. schools, roads and local
government and will become a tax burden upon the State or be
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Soil Management for Kentucky 5
deprived of these advantages, which creates very serious social
problems.

Control of Erosion. Nature’s method of controlling erosion
is the only effective method. Left to her own devices before soii
has been depleted by man, nature keeps it covered with vgeta-
tion, and makes an effort to do so after depletion, if given the
opportunity. Terracing, without a vesetative covering, is in-
effective for most lands subject to washing, altho very valuable
in eonnection with proper cropping.

Heavy rainfall causes washing on almost any sloping land
unprotected by vegetation. Obviously, the steeper the slope, the
¢aster the water moves and the greater the erosion. ‘When the
velocity of water is doubled, its power to carry material is in-
creased thirty-two times. This fact should impress one with
the necessity of doing something to reduce the velocity of the
run-off and to make the soil resistant to erosion. Grass does
this for farm lands better than anything else. KErosion may
occur unobserved for some time because the first erosion i3
general sheet washing—that is, a fairly uniform removal of soil
without the formation of gullies. Usually when gullies form,
the largest damage has been done and the final stage of erosion
has been reached. Usually little attention is oiven to erosion
control until gullies appear.

As already stated, a grass covering is the best protection
for agricultural lands. While all the land cannot be kept mn
grass all the time, the more oood grass there is for pasture and
hay, the less the area that has to be used for tilled crops to feed
livestock ; for with good pasture the grazing season is oreatly
extended and the nutritive value of the pasture is greater. It
{he crop land were managed according to well-proved good and
simple practices, the present harvested crops of the State could
be produced on two-thirds or less of the present area used for
this purpose. This would allow steeper land to go back to pas-
ture, and effect a very large control of erosion.

An erosion-control experiment at the University of Mis-
souri,! conducted on land with a slope of 3.68 feet per hundred,

1 Missouri Experiment Station Bulletin 211.
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chows the effectiveness of grass in controlling erosion. Land in
corn annually, eroded at the rate of 7 inches in 56 years; in
wheat annually, at the rate of 7 inches in 150 years; in a rota-
tion of eorn, wheat and clover, at the rate of 7 inches in 437
years; in blugrass sod, at the rate of 7 inches in 3547 years.
Only one half of a pound of nitrogen per acre was lost annually
by erosion from the bluegrass sod, but forty pounds were lost
with continuous corn.

The highest priced farm land in the State is in the Blue-
grass region, where only about one-third of it is used for
harvested crops, altho more livestock is kept per unit of land
than in other parts of the State. Bourbon County, devoted
almost entirely to general farming, had in 1929, 52,900 acres of
crop land and 127,740 acres of pasture land, or about 70 per-
cent in pasture. Thirty-six thousand acres were in corn, small
grain and tobacco, about 20 percent of the total crop and pasture
land. Without doubt, where good grass will grow, a general
system of farming is best for Kentucky where the soil is so
susceptible to erosion. Grass grows well in central’ Kentucky
primarily because of the caleium (the important element in lime-
stone) and phosphorus content of the soil, and not because farm-
ers decided to grow livestock and provided bluegrass pasture.
Livestock is prodominant because of the grass. Central Ken-
tucky leads in the produection of high-quality White Burley
tobacco also because of its production of good grass, which puts
the soil in ideal condition for tobacco.

In the thirty-seven counties lying west of the longitude of
Louisville 44 percent of the land is in pasture, including wood-
land pasture and other non-plowable pasture land. The pasture
is generally of poor quality. The topography and the character
of the soil of this area, as well as of most other parts of the
State, are such that serious erosion takes place unless the soil
is protected. Anyone traveling thru the State cannot fail to see
the devastating effects of erosion where grass is not generally
used.

That good grass can be grown in all parts of the State by
good soil management has been demonstrated beyond doubt.
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Soil Management for Kentucky

Excellent bluegrass has been grown on the experiment fields in
Taylor County, Muhlenberg County, Graves County, and on
the BExperiment Substation at Princeton, by treating the soil
with ground limestone and phosphate and growing legumes with
the grass. Of course, the choice of grasses for pasture is not
limited to bluegrass.

An experiment in pasture production on badly worn sand-
stone land on the Experiment Substation at Princeton® shows
! that good pasture can be made on practically any soil of the

1 State, no matter how badly depleted, for this land represented
! about as unfavorable conditions as will be found in the State.
i Land adjacent and simiiar to the pasture land produced 12
- bushels of corn in 1928, a fairly good season for corn as shown
1 by land on the same farm under fair management yielding
¢ more than 50 bushels per acre. Three 10-acre fields of similar
1 produetivity, eroded and grown up in briers and bushes, were
0 cleared, terraced, and prepared for seeding in the fall of 1927.
y One field was left untreated ; one was treated with 1200 pounds
2 of ground rock phosphate per acre; and one was treated with
& 114 tons of limestone and 600 pounds of superphosphate per
E acre. No lime or fertilizer has been used since. (These treat-
g ments will probably show decided effects for fen vears.) The
jv‘ fields were seeded the last of August to rye, and the following
& spring to a mixture of orchard grass, redtop, Canada bluegrass,
Kentucky bluegrass, white clover, sweet clover, common lespe-
! deza and Korean lespedeza, at the rate of 15 pounds per acre,
- orehard grass predominating in the mixtuve. The land has been
b pastured with yearling steers since 1929, inclusive. The results
1 of the tests to the end of 1933 are summarized in the following
llfi table :
e
y
¥

2 Pasture experiment conducted jointly by the Agronomy and Animal
Husbandry Departments, E. N. Fergus and E. S. Good, leaders.
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TABLE 1. EXPERIMENT IN PASTURE PRODUCTION

Total Gain in Weight

mield | ; ¥ Av, No. of Steers per Field
No Treatment Steers Carried
§ per Field

In b Yrs. Av. per Yr.

|
il N e e | 2.46 [ 2309 | 462
2 Rock phosphate o 5.51 | 6352 | 1271
5 ILimcstone, superphosphate ¥ 6.36 ‘ 6380 | 1276
|

The drouth of 1930 seriously reduced thie average annual
carrying capacity. Omitting 1930, the average annual gains for
the 3 fields were 509 pounds, 1398 pounds, and 1430 pounds,
respectively.

At the end of 1933, there was on Field 1 a thin, weak stand
of the original seeding, consisting chiefly of lespedeza and red-
top. Weeds and bushes maile up 90 percent of the vegetation.
The field is eroded badly though terraced, and on the steeper
slopes little vegetation 1s left.

On Field 2, lespedeza and redtop were the most abundant
of the pasture plants, but there was much white eclover and
orchard grass, with Canadian bluegrass and Kentucky bluegrass
well distributed but not prominext. The stand of weeds and
hushes was rather thin and on the decrease. The pasture plants
~onstituted about 95 percent of the vegetation. Only insignifi-
.ant erosion had occurred.

On Field 3, orchard grass was the dominant pasture plant.
Tlowever, all the other plants were well distributed and in
places abundant; with Kentucky blnegrass making a good sod
in most places. Only about 1 percent, of the vegetation was
weeds. . There was no serious erosion except in a place or two
where the cattle kept the grass tramped down.

The experience of farmers in producing pastures verifies
the results of experimental work. The writer has seen first-
class bluegrass pastures on farmerly unproductive land in east-
ern Kentucky and on typical upland in Fulton County. Good
pastures may be seen in all parts of the State where the soil has
been properly treated. It may be stated with assurance that
oood pastures and hay can be produced anywhere in the State
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Soil Management for Kentucky

by simple soil. management practices, thus stopping erosion and
oreatly reducing the acreage of land necessary to grow the pres-
ent amount of grain and tobacco. This discussion of pastures 18
primarily to emphasize their importance in preventing soil
erosion. Grass land, when plowed for cultivated crops, erodes
tar less under cultivation than if grass had not been grown.
Terraces can be used to great advantage on many areas. Ken-
tueky Extension Circular 120 gives detailed directions for their
construction and maintenance, and also directions for stopping
gullies.

PREVENTION OF LEACHING

There is another cause of large loss of plant nutrients from
soils, not so great as-from erosion, buttas great as losses in erops
removed from the soil, or even greater under some soil condi-
tions; this is loss by leaching—that is, the passage of soluble
plant nutrients from the soil in underdrainage waters. These
josses being invisible, their magunitude can be determined only
by chemical methods. Crusts on the walls of containers con-
stantly used for boiling water which comes from wells and

_springs are formed from materials that have been leached largely

trom the soil. Water from any well or spring, evaporated to
dryness, leaves a deposit of salts, part of which come from the
layer of soil in which plants feed, and part from lower depths.

The most serious losses from the soil by leaching are calcium
and nitrogen. These losses, of course, are oreatest on soil on
which nothing is growing. Nearly all soils of Kentucky, even
those underlaid with limestone, are acid because of leaching of
caleium and other basic elements. About the only Kentucky
soils that are not acid are those in which there are numerous
fragments of limestone, such as some soils in the northern Ken-
tucky hill region and some in regions of marl deposits where
outeropping marl works down a slope on to the soil below.

Tt is a simple matter to replace calcium lost by leaching
by using lime products such as ground limestone and marl, of
which Kentucky has a great abundance.® The replacement of

3 According to reports of the National Lime Assnpiation, I_{entucky
ranked second in 1932 among the states in the use of liming materials.
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nitrogen lost by leaching and erosion is not so simple. Nitrogen
in ecommercial fertilizers is very expensive. Legumes and
manure must be very carefully handled in order to maintain
enough nitrogen in the soil to meet the needs of crops.:

The following experiments illustrate the magnitude of
losses of nitrogen by leaching: The Cornell, New York, Experi-
ment Station* found that in 15 years 1124 pounds of nitrogen
were lost in drainage waters from the first 4 feet of unlimed
soil kept bare of vegetation, while similar soil in grass lost only
40 pounds. (These studies were made in lysimeters.)

On a fertile piece of land on tke Kentucky Experiment
Station farm at Lexington, on which tobacco was grown, barley
was sown soon after the tobacco was removed, while a similar
piece of soil was left bare. On November 30 the barley had
taken up 156 pounds of mitrogen per acre, with 19 pounds per
acre of soluble nitrogen left in the first 8 inches of soil. In
the bare soil there were 69 pounds of soluble nitrogen per acre
in. the first 8 inches, a difference of 106 pounds of nitro-
gen that presumably had already passed below the first 8 inches
of soil by November 30. Other tests on the farm showed that
most of the soluble nitrogen in the soil in the fall passes below
{he first 2 feet of soil by the last of Mareh. The nitrogen lost
from the soil without a cover crop was 156 pounds greater than
with the cover erop, an amount equivalent to 1000 pounds of
nitrate of soda. (Nitrate of soda usually sells for forty to sixty
dollars per ton.) ‘

A similar test was made on a less fertile soil on the Ken-
{ucky Bxperiment Station farm, in which certain cover erops
were sown at different dates following the harvesting of tobacco.
The results were as follows:

4 Cornell Experiment Station Memoir 134.
0 s P. B. Karraker, Journal American Society of Agronomy, Vol. 22, No.
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TABLE 2. COVER CROPS AND LOSS OF NITROGEN

Nitg'ogen per acre in plants and soluble
nitrogen in 2 feet of soil in December

Crop and Date of Sowing

In plants In soii
Barley seeded September 1= 46 1bs. | 3 1bs.
Barley seeded October 10 20 1lbs. | 19 1bs.
Wheat seeded October 10 .. 10 1bs. | 32 lbs.
Wheat seeded November 7 2 1bs. 1| 35 1bs.

By the end of the following March, practically ali the solu-
ble nitrogen had disappeared from {he first two feet of soil. In
{his test, the nitrogen lost from ground seeded to wheat on
October 10 was the equivalent of 200 pounds of nitrate of soda,
while there was practically no loss from the land seeded to
barley on September 11. &

Tobaceo is not ‘‘hard’’ on land, but many practices that
sometimes go with its culture may cause large losses of plant
nutrients. Tobacco is usually grown on the best ground, and
after the crop has ceased to take up nitrogen, there is usually a
considerable period of warm weather in which soluble com-
pounds of nitrogen develop in the soil. These will be lost if
there is not a cover crop on the land that makes a large growth
before winter. Cover crops sown after the first of October
usually do not make enough growth to take up all the soluble
nitrogen developed in the soil following most cultivated erops.
The richer the soil, the larger will be the losses by leaching if
the soil is not fully protected. Grass is the best protection
against leaching, and obviously those grasses with long growing
periods, like bluegrass, are best. Rarely is any appreciable
amount of soluble nitrogen found under growing grass. Of
course, not all land can be kept in grass, but cultivated land
should be kept covered with growing plants as much of the time
as possible.

Korean lespedeza is the most generally grown legume in
{he State, and its use is rapidly increasing. It is a highly use-
ful legume and should be on almost every farm in the State.
However, its benefits as a nitrogen-fixation erop cannot be fully
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utilized unless grass 1S grown with it. There is considerable
warm weather after lespedeza matures and also in the spring
hefore it produces much growth. No doubt much of the nitro-
gen it has fixed 1s converted into soluble form in this period thru
the decay of roots and residues left on the ground, and this
soluble nitrogen is lost by leaching unless grass is growing with
the lespedeza. Where lespedeza has been grown alone, a winter
grain should be seeded. Usually, disking the ground is sufficient
preparation for seeding grain.
TILLAGE

Tillage may be defined as the working of the soil by me-
chanical means for the purpose-of making its condition more
favorable for crop growth. The objects of tillage may be classi-
fied as follows: (1) Improving the structure of the soil—that
is, producing befter granulation and general “‘working’’ con-
dition; (2) incorporation of plant remains, manure and fertiliz-
ers; (3) control of weeds; (4) control of soil moisture; and (5)
rendering plant nutrients more available under certain condi-
tions, such as summer fallowing for summer-seeded crops. The
various tillage operations may be classified as follows: (1) Plow
ing; (2) pulverizing operations, including various forms of har-
rowing, dragging and rolling; (3) compacting operations (vari-
otis kinds of rollers and compactors) ; and (4) stirring operations
commonly designated as cultivation, mainly for killing weeds
and conserving moisture.

Plowing. Plowing 1s done principally to cover plant re-
mains, to make planting easy, to make the soil more permeable
to plant roots, and to make subsequent cultivation easier. Planf
remains should be completely covered, and the soil should be
well pulverized by the operation. The type of plow used should
be governed by these two considerations. The principal types
are the sod plow, the stubble plow, and the general purpose plow.
The sod plow has a long, gently sloping moldboard: the stubble
plow has a steep, short moldboard; and the general purpose
plow is intermediate between these two. The last-named type
is almost universally used in Kentucky and serves very well
for most conditions of soil found in the State.
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Soil Management for Kenltucky 13

A question frequently asked relates to the depth of plowing.

For practically all soils in Kentucky, 6 to 7
enough. Subsoiling and deep tilling with special implements

inches is deep

has not materially affected yields in experiments conducted
cn the Experiment Station farm at Lexington. The results of
experiments on subsoiling and extra deep plowing in the Uniter
States show that plowing deeper than 7 inches generally has not
produced increased yields.

The time of plowing is important. Plowing in the fall for
spring planting should not be done it it will cause the soil to
wash during the winter and spring. Some heavy soils, and some
lighter ones low in humus, plowed in the fall, compact so badly
during the winter that there is no advantage in fall plowing.
Fall plowing should be done as late as possible, for if there is
much warm weather after plowing, soluble nitrogen compounds
will form which will be lost by leaching during the winter. LE
land that is inclined to wash must be plowed in the fall, washing
will be somewhat lessened by setting the furrow slices on edge
{0 make a somewhat ridged surface. Running the furrows as
near at a richt angle to the slope as possible also helps to
control washing. A’ furrow slice should not be turned com-
pletely over unless necessary to cover rubbish. “A jointer is
helpful on sod land, and a sharp rolling coulter and jointer for
covering coarse trash.

Spring plowing for spring planting should be done as far
ahead of planting as possible, but final preparation of the soll
for planting may be deferred till planting time unless weeds
appear earlier; then these should be destroyed by disking or
harrowing early in their growth.

Frequently it is advisable to disk land before plowing. This
may be done to conserve moisture when plowing has to be de-
layed. The oround may be disked also to cause it to pulverize
better on plowing. Disking may make it easier, under some con-
ditions, to cover rubbish, while under other conditions, it may
interfere by loosening the soil and causing it to shed poorly from
the moldboard.
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Summer plowing for summer- and fall-planted erops usually
is done some time ahead of seeding. However, serious losses of
pitrogen may be caused by this practice. If land is plowed in
summer for seeding winter wheat, there is probably considerable
loss of nitrogen, because wheat seeded at the usual time in Ken-
tucky (October) does not make sufficient growth to take up a
great deal of nitrogen. Summer plowing of wheat land in
regions of heavy rainfall is partially responsible for their rapid
depletion.

Preparation of Plowed Land for Planting. A good seed bed
is a well pulverized plow layer of soil properly compacted for
the kind of crop to be planted. For large seeds like corn and
soybeans, no special effort need be exerted to compact the seed
Led, but for small seeds from the size of wheat down, the plow
Jayer should be fairly well compacted, with just enough loose
dirt at the surface to cover the seed well.

The implement to use for preparing the seed bed after plow-
mg depends upon the condition of the soil and the character of
seed bed desired. Disking may be required where soil has be-
come compacted after plowing. Again, a drag or a spike-tooth
harrow may meet every requirement. There may be conditions
where the use of a roller to press clods into the soil may be de-
sirable before disking or harrowing, so that these implements
will more effectively pulverize them.

After a seed bed has been well pulverized, it may be de-
sirable to smooth it as a final preparation for seeding. This
may be done with a spike-tooth harrow, a drag or a roller ot
come kind. For small seeds like alfalfa, a smooth roller may be
best when the seeding is done with a clover seed drill or the seed
is broadeasted and lightly harrowed in. Obviously, the smoother
the surface, the better for this kind of seeding.

It is evident from this discussion that one must use his judg-
ment in each particular case as to what implement will best make
the kind of seed bed desired. Often much labor may be saved
and better results produced by exercising a little forethought.
The writer remembers seeing a large force of workmen and
teams in a clean field from which tobaceo had been harvested,
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Soil Management for Kentucky 15

hreaking the soil with turning plows and following immediately
with harrow and wheat drill. All that was needed to make the
best seed bed was some operation like the use of a heavy harrow
to provide enough loose dirt to cover the wheat properly.

Cultivation for Weed Conlrol and Moisture Conservation.
A great deal of misconception has arisen relative to the value of
tillage to conserve moisture. Proper stirring of the surface of
the soil when no crops are growing upon it does conserve
moisture to some extent, and the destruction of weeds always
conserves moisture. After intertilled crops like corn have
reached a stage of growth in which the roots have extended
well outward in the soil, little or no moisture is saved by culti-
vation, except through weed control. The following cultivation
experiments on corn at the Kentucky Experiment Station farm
well illustrate this point.

Tests were made on different methods of cultivating corn
through the ten-year period of 1911 to 1920. The corn was
grown in rotation with soybeans, wheat and clover. The ground
on which the tests were made was manured, before planting, at
the rate of approximately 10 tons per acre. Hach method of
cultivation was repeated three times each year. Weeds were
kept down to practically the same extent in all methods of culti-
vation.

The average yields for ten years for the various methods of
cultivation were as follows

Bus. per Acre

Shallow 6 to 8 tiMes oo 5b.b
Deep 6 to 8 tiMes oo 56.2
Shallow 3 to 4 times e 55.8
Deep 3 to 4 tiMes e 56.1

No cultivation, weeds scraped ... oeoeeee 52.9

The shallow cultivation was done with small shovel culti-
vators and averaged about 2 inches deep. The deep cultivation
was done with a riding cultivator or ‘‘double shovel’”” and
averaged about 4 inches deep. On the ““no cultivation’ plots
{the weeds were scraped with very sharp hoes, with very little
disturbance of the soil.
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The conclusion that must be drawn from these experiments,
considered in connection with other experiments in which weeds
were allowed to grow, is that the prineipal beneficial effect of
cultivation of eorn on soil of this type is the elimination of weeds.
The yield of corn is usually lower with deep cultivation than
with shallow, for the reason that the roots are destroyed in the
surface layer of soil, which is usually richer in available plant
food than the lower layers. On the Eperiment Station farm the
subsoil is as rich in the mineral nutrients as the surface soil, or
richer. There is more available nitrogen in the surface soil, but
it is easily soluble and is carried down by the water.

The best means for producing good structure (granula-
tion) of the soil and increasing its moisture-holding capacity is
the growing of a good sod ahead of cultivated crops. Nothing
olse is so effective in granulating the soil and holding it in that
condition as a combination of deep-rooted legumes and fibrous-
rooted grass. A good sod of this kind is more effective for this
purpose than any amount of manure that can be used in general
farm praectice. If a good sod precedes a cultivated crop, manure
is valuable almost wholly for the plant food it contains. In
other words, it improves structure and increases the moisture-
holding capacity of the soil very little.

DRAINAGE

Good drainage is an essential condition for productive soils
for most crops, and for all erops commonly grown in Kentucky.
Particularly is it true that good drainage is essential in pro-
ducing tobacco of high quality.

A soil may have good surface drainage and have very poor
underdrainage because of a tight subsoil. So-called “‘cold”’
Jland and ‘‘seepy’’ land are not uncommon on slopes. Some-
times level land at the foot of a slope may have better under-
drainage than the slope. Many flat lands arve poorly drained
because there is mo outlet for the water, and not because the
subsoil is tight.

A poorly drained soil is usually characterized by a light-

colored subsoil, frequently containing dark-colored iron con-
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cretions, and is often referred to as ‘‘buckshot’’ land. A well
drained subsoil is usually reddish or reddish brown, and is well
granulated.

Poor drainage adversely affects every quality necessary to
a productive soil. It lowers the availability of plant nutrients
by preventing aeration of the soil and by restricting root pene-
tration. It inhibits bacterial activity, which is very important
in making plant nutrients available, particularly nitrogen. The
decay of organic matter in poorly drained soils gives rise to
products that are mot mnearly so favorable to plant growth as
those produced in a well drained soil. Poor drainage is condu-
cive to the heaving and freezing of winter crops. If sloping land
has poor underdrainage, it washes worse than if well drained.

Tiling is the only satisfactory permanent relief for poor
drainage. It will often pay for itself in one to two years thru in-
creased yields of crops. Where tile drainage is not possible,
there are some other types of drainage that may be used. Open
ditches, properly graded, will carry away much water. They
must of course be kept cleaned out. They interfere w