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THE TRENCH SILO IN ARIZONA
By

R. N. DAVIS,

Associate Dairy Husbandman, Agricultural Experiment Station

The increased interest in trench silos of farmers of the State
within recent years has brought about numerous requests for in-
formation regarding the merits and construction of this type of
silo, and for methods of figuring capacities under a variety of
conditions.

HISTORY

Historians tell us it was a common practice of the ancient
Greeks and Romans to preserve grain and green feed in under-
ground pits. The first trench silo is said to have been constructed
in the United States in Colorado in 1915. Trench silos have be-
come quite numerous in parts of Canada and the western half
of the United States during the last decade. They are also in
use in the East and South and are becoming increasingly used
wherever soil conditions and drainage are favorable.

There is apparently no record as to when the first trench silo
was constructed in Arizona. A considerable number was con-
structed 8 to 10 years ago and several are known to have been
in continuous use for more than 10 years. There has been a big
increase during the last few years in the number of trench silos
in the State. In fact, practically no other type of silo has been
constructed for some time. Data are not available, however,
which would make it possible to estimate the number of trench
silos in the State at this time.

The trench silo is very popular with a large majority of those
who have used it. A considerable number of people state that
they prefer it to any other type of silo regardless of cost.

Trench silos are in use in all the agricultural districts of the
State. There has been a big increase especially in the north-
eastern part of the State during the last 2 years. The county
agent of Apache County reports 27 new trench silos in that county
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than from either the pit or above-ground silo. Livestock, autos,
or tractors instead of human labor can be used for packing the
silage.

The principal disadvantages are, the trench silo is not as per-
manent as some other types unless the sides are walled with
concrete and it may mar the appearance of the farmstead if lo-
cated close to the barn. There is more exposure while feeding
but this is not an objection in Arizona except, possibly, in the
high altitudes where the winters are cold. In gopher-infested
areas, there may be considerable spoilage caused by gophers
burrowing through the walls of the silo.

ADAPTABILITY AND DURABILITY

Trench silos have given good satisfaction in the State in soils
ranging from sandy loam to heavy clay. They are not adaptable
to very sandy soils unless walled. Soils containing cobblestones
are undesirable because the walls should be smooth. It is not
advisable to construct a trench silo where water would come up
into the silage. There are instances, however, where water has
stood several inches deep in silos in heavy clay soils without ap-
parent injury to the silage. Water flowing through the silage
would likely admit air and cause spoilage.

The walls of trench silos in medium and heavy clay soils will
stand for several years in good condition. At least, one large silo
in heavy clay soil was used for 10 years with very little change
in the walls. Another large silo in a rather sandy loam soil has
been in use for 11 years. Only a small amount of labor was
required each year to smooth off the walls.

COST

One advantage of the trench silo is the low cost of construction.
There is very little expense besides the necessary man and horse
labor to make the excavation and smooth the walls. Two men
and two teams with the necessary equipment should do the ex-
cavation for an 80-ton silo in 2% to 3 days.

It is rather a common practice to construct a plank wall around
the top of the silo and dump the excavated dirt against this wall
thereby increasing the depth of the silo. This is not essential.
A great many trench silos are constructed without lumber, with
the possible exception of plank for the rear end. (See Figure 2.)
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not be located where the groundwater table will come up into
the silage. A water supply should be convenient for use in wetting
the silage when filling the silo.

If the silo can be located in the side of a hill or bank it will
require less excavation to construct a driveway for removing
the silage.

SIZE OF SILO

It is better to have the trench too narrow than too wide. A
trench that is too wide may result in spoiled silage if the herd
is small. Extra capacity can be provided for a large herd by
extending the length of the trench or by constructing two silos.

The trench will gradually become wider from smoothing the
walls each year. If one is constructing permanent walls of
concrete it may be advisable to make the trench as wide as
the size of the herd will permit because the walls cost the same
regardless of the width of the trench. When in doubt as to width
make it narrow.

If there are as many as 20 cows in the herd a very satisfactory
size would be 12 feet wide at the top, 8 feet wide at the bottom
and 8 feet deep. The length can be extended as far as desired.
The trench should be narrower for smaller herds and wider for
larger herds.

The size and capacity of the silo should be determined by the
number of cows to be fed and length of feeding period. Ordin-
arily a cow will receive about a cubic foot of silage daily. Mul-
tiply the number of cows in the herd by the number of days in
the feeding period. This will give the number of cubic feet of
silage needed. For example: If 20 cows are to be fed for 180 days,
3,600 cubic feet of silage will be required. (20x180=3,600.)

It is well to remember in deciding on the size and capacity of
the silo that it is better to have too much silage than not enough.
Silage will keep indefinitely.

DEPTH

It is not advisable to make the depth more than 8 or 10 feet
unless the silo is very large. It is more expensive to excavate a
deep trench and it also requires more work to prepare the drive-
way into the silo. The loss from spoilage on top of a shallow silo
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can be reduced to the minimum by efficient sealing with old hay
or straw and dirt. Silage may be preserved very efficiently in a
trench only 5 or 6 feet in depth.

SHAPE

Sloping walls help to prevent caving and make better packing
possible because horses and tractors used in leveling and pack-
ing cannot get close to a perpendicular wall. The silage will
pack closer to a sloping wall which will help to prevent spoiling
in case there should be any pockets in the walls. The walls should
have a slope of at least 1 to 8, that is, a silo 8 feet deep and 8 feet
wide at the bottom should be at least 10 feet wide at the top.
If the soil is sandy or otherwise inclined to cave, the slope should
be increased to one to four. A silo 8 feet deep, 8 feet wide at the
bottom and 12 feet wide at the top would have a slope of 1 to 4.
There are, however, some trench silos in the State with perpen-
dicular walls which have preserved silage very efficiently. It is,
therefore, not essential in every case for the walls to slope.

g 3<—This silo built in a heavy clay soil was 20 feet deep, 14 feet wide, and
250 feet long. The walls which were perpendicular stood in good shape
for 10 years, at which time a crack appeared in the top of the ground about
2 feet from the silo. It is possible that there would have been no trouble
at this time had the walls been sloping.
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PERMANENT WALLS

Smooth dirt walls will preserve silage as efficiently as concrete
walls unless the soil is infested with gophers or other rodents.
It is, therefore, not advisable to provide concrete walls unless
one wants permanent construction and can afford the expense.
Permanent walls may be constructed after the silo has been in
use for several years. Concrete walls should not be less than 6
inches thick and should be reinforced with steel to prevent crack-
ing. Heavy woven wire may be used for reinforcing.

A trench silo with concrete walls and floor is about as expensive
as an above-ground concrete silo.

ROOF

There is no need for a roof on a trench silo in Arizona except,
perhaps, in the high altitudes where it might be a protection from
cold and snow. The average rainfall in the State will likely help
to preserve rather than spoil the silage on top of the silo.

CAPACITY

Table 1 gives the estimated tonnage per foot of length for
trench silos of various depths and widths. To determine the
capacity of a trench silo, multiply the tonnage per foot as shown
in the table by the length of the silo. For example: A silo 8
feet deep, 12 feet wide at the top, 8 feet wide at the bottom and
SO feet long would have a capacity of 70 tons. The average
width is 10 feet (one-half the sum of the width at top and bottom

12 + 8
- = 1 0

2

and by turning to the table one will note that a silo 8 feet deep and
10 feet wide has a capacity of 1.4 tons per foot—(50x1.4=70).
A silo 10 feet deep, 12 feet average width and 50 feet long would
have a capacity of 105 tons—(50x2.1=105). Two and one-tenth
tons is the capacity per foot of length as shown in Table 1.

Table 1 may be used, also, in figuring the dimensions of a silo
for any definite amount of silage. First determine the average
width, and the depth which will be satisfactory and then divide
the amount of silage which is to be put up by the tons per foot
of length for the particular size. For example: If it is desired
to put up 140 tons of silage and a trench 8 feet deep and 10 feet
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average width will be a desirable size, the trench should be 100
feet in length. By referring to the table one will note that a trench
8 feet deep and 10 feet wide will hold 1.4 tons per foot of length

140
=100

1.4
If the amount of silage is 1000 tons and the trench is to be 12
feet deep and 14 feet wTide, the silo should be 333 1-3 feet in length

1000

3
Three tons is the capacity per foot of length for a silo of this
dimension.

In determining the size and capacity of a trench silo, it is well
to remember that there will be a small amount of spoiled silage
on top and it is very hard to fill the silo so it will be level full
when the silage has settled. Allowance should be made for this
by slightly increasing the capacity.

The capacity of a trench silo of any width and of even depth
from 6 feet to 20 feet can be determined by using average weight
of silage per cubic foot as given in column two of Table 1. First
find the cubic feet in 1 foot of length by multiplying the depth
by the average width. Then determine the total number of cubic
feet by multiplying the cubic feet in 1 foot of length by the length
of the silo. The number of cubic feet in the silo multiplied by the
weight per cubic foot for the depth, as shown in the table, will
give the weight of the total contents in pounds and this divided by
2,000 will give the tons. For example: A silo, 12 feet deep, IS
feet average width, and 100 feet long would have a capacity of
320.4 tons,

12 x 15 x 100 x 35.6
=320 4

2000
The average weight per cubic foot of silage 12 feet deep is shown
in the table to be 35.6 pounds.

The weights used in estimating the capacities of silos as given
above are taken from data secured in the Middle West and are
for silage made from corn. The limited data available for both
sweet and grain sorghum silage show no wide variations in weight
as compared to corn silage. These data are for settled silage and
will not apply to the weight of unsettled silage.
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The depth of the settled silage and not the depth of the silo
should be used in estimating the amount of silage.

So many factors influence the weights of silage it is impossi-
ble to give any estimate of weight that is more than an approxima-
tion. The chief factors influencing the weight of settled silage
are: (a) the percentage of water in the silage, (b) the proportion
of grain to forage, (c) the depth of the silage, and (d) the diameter
of the silo. The rate of filling and thoroughness of packing in-
fluence the weight of unsettled silage.

The weight of silage is uniformly higher in the center of the
silo than near the wall. The average weight per cubic foot of
silage in a wide trench silo would be more than that of a narrow
silo.

Table 1 is to be used for settled silage and when percentages
of moisture and grain are average. When conditions are extreme,
the following modifications are suggested :*

"1. When the corn is put into the silo in a less mature con-
dition than usual, for example, in the milk stage, or the beginning
of the dough stage, add 10 to 15 percent to the weights given in
the table. <

Fig. 4.—It requires less power to fill the trench silo. The ensilage cutter
above is being run by a Model T Ford, Apache County.

^Circular 89, Missouri Experiment Station.
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Fig. 5.—Livestock, tractors, or autos may be used to pack the silage in a
trench silo. It is very essential that the silage be thoroughly packed.

"2. If the grain is unusually heavy in proportion to the stalk,
add 5 to 10 percent to the figures found in the table.

"3. If the corn is considerably past the usual stage of maturity
and clearly contains less water than usual, deduct 10 to 15 percent.

"4. If very little or no grain is present, deduct 10 percent."

FILLING

The trench silo is filled the same as other types of silos. It
requires less power to fill the trench silo, however, than it does
to fill the above-ground silo because it is not necessary to ele-
vate the silage. (See Figure 4.) It is not necessary to have
a blower to fill the trench silo. It is less expensive to level and
pack the silage in a trench silo because livestock, tractor, or auto
may be used for this purpose instead of human labor. (See Figure 5.)

Because of the method of feeding silage from the trench silo it
is very essential that the silage be cut short, not over one-half
inch.

It is very important that the silage be thoroughly packed during
the time of filling and the silo should be filled heaping full so it
will be as nearly full as possible after settling. The capacity of
the silo can be increased by refilling after the silage has stood
one or two days.
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Fig. 6.—The ensilage harvester cuts the standing corn into silage and elevates
it into a truck or wagon. It eliminates the labor of handling the bundles
of corn and reduces the cost of filling the silo.

THE ENSILAGE HARVESTER

The "ensilage harvester" (Figure 6), is very much in favor with
those farmers of the State who have used it for filling the trench
silo. This machine cuts the standing corn into silage and elevates
it into a wagon or truck. By providing a canvas sling1 for the
wagon box, the silage is dumped into the silo by the aid of a team
or tractor, (Figure 7).

The "ensilage harvester" eliminates a considerable part of the
labor in filling the silo and the cost of this machine is less than
the cost of ensilage cutter, binder, and tractor used for running
the cutter.

One farmer states that he put up 60 tons of silage a day with
the "ensilage harvester," 7 men, 4 teams, and a tractor. Another
farmer with the same number of men and teams reports a daily
tonnage of 100 and states that the total cost of putting up silage
was not over 50 cents a ton when he paid $75 a month for labor.
Still another farmer states that he reduced his cost of putting
up silage from $1.25 to $0.80 a ton by using the ensilage harvester.
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Fig. 7.—If an ensilage harvester is used, the silage can be dumped into the
silo with a team or tractor by means of a canvas sling in the wagon box.

The amount of silage put up in a day will vary directly as the
yield per acre. The harvester will cut a row of thick and tall
corn as fast as it will harvest a row of small corn. The acreage
covered per day will be practically the same as with a corn binder.

The distance which the silage has to be hauled and the yield
per acre will determine the number of teams and men required
to haul the silage.

There are several of these machines in the State. At least
one man in the Salt River Valley who has an ensilage harvester
was offering to harvest silage last fall for $1 per ton. He delivered
the silage to the silo but the levelling and packing had to be done
by the farmer.

COOPERATION IN FILLING THE SILO

By cooperating- in purchasing the machinery and in exchang-

ing labor for filling the silo it is possible to reduce the cash out-

lay to the minimum. The cost of the ensilage harvester would

be small per person if divided between four o*f five farmers and

there should be sufficient labor on this number of farms to handle

the filling of the silo.

If properly stored and cared for an ensilage cutter will last

for several years with little expense for upkeep.

SEALING THE SILO

After the silo has been filled it should be sealed. First cover

the silage with several inches of straw or old hay and, after

wetting thoroughly, cover with 10 to 15 inches of soil. The soil
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should be thoroughly packed and should be wet. It is advisable to
wet the soil thoroughly after it has been spread over the silage. .,

REMOVING THE SILAGE

The silage may be removed in vertical slices a few inches thick
and this method may be advisable during rainy weather.

It is quite a common practice, however, to remove the silage
in slices 3 to 5 feet thick. (See Figure 8.) Weather conditions in
the State are generally such that the exposed silage wall dries
out and does not mold.

A very satisfactory method for removing the silage from the
silo is to back a wagon into the silo and fork the silage into the
wagon. If the silage has been finely cut and the ensilage cutter
knives kept sharp one can easily leave a smooth wall in removing
the silage with a pitchfork.

If the cutter knives are not kept sharp, tough parts of the stalk,
such as the shuck, will not be properly cut. In removing the silage
these long pieces will cause holes in the silage wall and this may
result in spoiled silage.

Fig. 8.—Showing method of removing silage from large trench silo. This silo
was constructed in sandy loam soil and has been in u*se for 10 years. The
walls were straight when dug. This silo was 20 feet deep, 20 feet wTide
and 200 feet long.
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7. Sloping- walls are advisable but not essential except in soils
subject to caving. The walls should slope at least 1 foot inward
for every 8 feet in depth. A slope of 1 to 4 is recommended for
some soils.

8. Permanent walls are not advisable unless one wants a per-
manent silo and can afford the expense.

9. There is no need of a roof on a trench silo in Arizona,
except in locations subject to snowstorms.

10. It is better to have too much silage than not enough. The
average cow will consume about 1 cubic foot of silage daily.
Silage will keep indefinitely.

11. Farmers may reduce the expense of filling the silo to the
minimum by cooperating in purchasing the machinery and in
exchanging labor for putting up the silage.

12 The silage in the trench silo should be thoroughly packed
and sealed immediate!} after filling* with several inches of wet
straw or old hay and 10 to IS inches of wet soil.

13. The "ensilage harvester" reduces the labor and expense in
filling the trench silo.
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