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FARM DRAINAGE IN RELATION TO DROUTH 

An understanding of the fundamental 
facts presented in this News Letter 
makes it clear that tile drainage properly 
designed and installed helps materially to 
overcome the ills of drouth. 

Overdrainage of Mineral Soil 
Impossible 

A well-drained condition of the soil 
within the root zone of plants is essential 
to their well-being and healthy develop
ment. It is impossible to overdrain a 
mineral soil, although natural conditions 
are sometimes found where a lack of 
proper attention to design of tile drain
age may result in overdrainage of peat. 

The soil moisture necessary to plant 
life is the capi llary moisture. In a well
drained soil it occurs within the root 
zone of plants as a thin film wrapped 
around each soil particle. It is held 
there by the surface tension of the water 
and an adhesive attraction to the soil 
particle. This attraction can ·be over
come only by absorption and use by the 
plants in transpiration, or by heat which 
vaporizes it and causes it to evaporate. 
This force of adhesion between the capil
lary film and the soil particle is much 
stronger than gravity and, therefore, can
not be overcome by gravity. 

In general, the best soil moisture con
dition for plant life is that where the 
pore space of the soil is about two thirds 
filled with capillary water and one third 
filled with air and other gases. When 
free or gravity water occurs within the 
soil of the root zone in such quantities 
as completely to fill the pores, causing a 
waterlogged condition, the plant quickly 
tends to strangle for it cannot absorb the 
necessary moisture and plant food where 
vaporization of the water cannot occur. 
For this reason the roots of most crop 
plants will not penetrate a waterlogged 
soil. Some kinds of plants will with
stand a waterlogged condition of the soil 
longer than will others but all except 
aquatic plants will eventually succumb to 
it, especially if the excess or gravity 
water is "dead water," that is, not mov
ing. If, however, drainage conditions 
are such, in time of saturation, as to 
keep the excess water moving off, most 
plants will withstand the waterlogged 
condition much longer than they would 
in "dead water." This is because moving 
or "live water" carries, either entrained 
in it or in solution, more or less air, 
carbonic acid gas, and other gases which 
give some opportunity for the plant roots 
to absorb plant food. 

What Constitutes Good Drainage 
The economic problem, then, involved 

in the artificial provision of needed drain-

H. B. ROE 

time of saturation, the excess water will 
be removed from the soil of the root 
zone at a rate just sufficient to prevent 
injury to plant life. Unaided, nature 
seldom takes care of this. Tile drainage 
supplies the necessary aid. 

Most crop plants, where proper soil 
moisture conditions obtain, develop the 
greater portion of their root system with
in the first 24 to 36 inches of depth of 
soil. To enable such development and to 
safeguard the best condition of this por
tion of the soil as an ample feeding zone 
for the plants, underdrainage must usually 
be provided that wiU keep the free water 
out of this zone or that will quickly re
move it after rainfall or saturation from 
any other cause. In most mineral soils 
in Minnesota the depth of ti le drains 
that will produce such a result has been 
found to be from 3~ to 4 feet, according 
to the distance between drains and to the 
texture of the soil. 

During wet weather, when free water 
is being supplied to the surface at inter
vals, the surface of the watertable in the 
soil arches upward between the tile lat
erals so that, at such times, depth of 
drainage is not uniform over the entire 
field and the average depth of drainage 
must be considered. The depths of tile 
drains just suggested, if the drains are 
properly spaced, will generally give an 
average result that will keep the portion 
of the root zone containing the great mass 
of plant roots tolerably free of gravity 
water. 

Good Drainage Reduces Injury 
from Drouth 

In soils provided with a proper drain
age system, in the early growing season, 
the seedlings or young transplants find 
the watertable dropping away from their 
vigorous and fast growing young root 
systems at a rate which stimulates the 
roots to strike deeper so as to keep con
tinually in contact with the capillary 
water rising in the soil from the surface 
of the free water. In this way, before it 
attains its normal mature growth, the 
root system of the plant develops a depth 
and spread that increases the volume of 
its feeding ground many fold and at a 
rate commensurate with the development 
of the plant above ground. Then, as the 
moisture supply tends to decrease with 
the advancing season and the oncoming 
of hot, dry weather, the enlarged feeding 
area still furnishes a total supply of 
moisture more nearly meeting the needs 
of the growing plant than it would if the 
feeding ground were limited by a high 
watertable and by shallow rooting. Under 
such optimum drainage conditions, also, 

the supply of soil water is protected from 
rapid depletion by evaporation, by the 
blanket of 3 or more feet of well-drained 
soi l above it, through which the water 
vapor rises much more slowly than it 
would in the open air, impeded, as it is, 
by the ex tremely irregular pore spaces 
in the soil. At the same time, the plant 
roots themselves absorb a considerable 
portion of the water vapor as it passes. 

On the other hand, in poorly drained 
soil where the watertable is held near 
the ground surface during a considerable 
part of the period of growth of the roots, 
while they find ample water, for the time, 
within easy reach, their vigor of growth 
is not stimulated, the space in which they 
may develop is greatly limited and root 
mat11rily is reached under these unfavor
able conditions, before the hot, dry 
weather has begun to lower the watertable 
rapidly. The mature roots have practi
cally ceased to grow and do not follow 
the retreating watertable. The results are, 
the feeding ground within their reach 
remains limited, the free water quickly 
drops below the point where the moisture 
needed by the plants can be supplied 
rapidly enough by capillary rise through 
the soil, and the plant gradually starves, 
and becomes stunted or dies from lack of 
moisture and plant food. 

Tile Drainage Improves with Age 
When ti le drains are installed in a wet 

soil, the soil water moving to the drains 
w1der the action of gravity has to form 
new and unaccustomed channels. It takes 
an appreciable time for this to be accom
plished. Therefore, best results from tile 
drainage do not appear immediately upon 
completion of its installation but some 
time thereafter. Hence, the best time of 
year to install tile drainage is in the late 
summer or early fall after the crops have 
been removed from the land. During the 
following spring, as the soil thaws out 
and opens up, the drains will develop an 
effectiveness increasingly apparent dur
ing the growing season. The next best 
time for putting in drains is in the early 
spring as soon as the frost is out of the 
ground and before the major farming 
operations have begun. 

For best results planning and installa
tion of farm drainage should be done 
under the direction of an agricultural 
engineer, as he understands all the rela
tionships of depth, spacing, and rate of 
fall of the drains, to soil, soil moisture 
movement, and drainage requirements of 
crops. 

For a fuller discussion of this subject, 
reference is made to Special Bulletin 149 
and Technical Bulletin 101 of the Min
nesota Agricultural Experiment Station. 
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