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FERTILIZERS

What They Are and How to Use Them

M. M. McCOOL AND C. E. MILLAR

The comparative growth of crops on new land and on land cultivated for many
years indicates that the fertility of many Michigan soils has markedly decreased.
Right, soil cropped 42 years. left, soil newly brought under cultivation.
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FERTILIZER FACTS

There is no such thing as a special crop fertilizer such as a

)

“Wheat Fertilizer” or “Corn Fertilizer” which is suitable under

all conditions.

The fertilizer which will give the greatest returns on the
money mvested depends upon the nature of the soil and the

farming system as well as upon the crop grown,

The best method of determining the fertilizer which should be

used is by referring to the results of field experiments.

Fertilizers should be purchased on the basis of the analysis

printed on the bag and never by the trade name,

The highest grade fertilizer which meets the individual re-
quirements is the most cconomical to buy since a greater per-

centage of the purchase price goes to pay for plant food.

Soils which are properly managed will not he made acid or
have their physical condition injured by the use of standard

fertilizers.




FERTILIZERS

What They Are and How to Use Them '

M. M. McCOOL AND C. E. MILLAR

Every resident of the State of Michigan is affected financially and
socially by soil conditions, and in many sections of the State the status
of soil fertility is the outstanding economic problem. This situation
directly concerns the farmers, and indirectly, but none the less forcibly,
the merchants, bankers, and other business men. The problem of in-
creasing soil productivity then is one of general interest and concern.

The problem demands attention as is evidenced by the fact that in
some localities considerable areas of land which were once the scene
of prosperous agricultural communities are now largely untilled. In
other sections land has been cleared, cropped a few years and then
deserted. I‘rom practically every portion of the State come reports
of decreased yields. Inasmuch as the farmers are provided with im-
proved varieties of seed, superior tillage implements, have the serv-
ices of county agricultural agents at their disposal, and are better in-
formed regarding farming methods, it seems that the reported decrease
in yields must be due to a decline in soil productivity.

In view of these facts the writers have prepared and present in the
following pages a brief study of the plant food* relationships in the
state as a whole and on types of farms common to various communi-
ties. In addition, information is given concerning the sources of fer-
tilizer materials, the proper use of fertilizers, and their effects on soils
and crops.

FOOD ELEMENTS REQUIRED BY PLANTS

Plants require ten food elements for growth. These are carbon,
hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magne-
sium, iron, and sulphur. If any one of these food elements is lacking
proper growth cannot take place. The plant has three sources from
which to draw its food; air, water, and soil. Oxygen and hydrogen are
procured from water by plants, while carbon and oxygen are taken
from the air. In the case of legumes, some nitrogen is procured from
the air. All the other plant food elements must he taken from the soil
by crops. The supply of these nutrients in the soil in a form suitable
for plant use becomes, therefore, a very important consideration,

*In this publication the expression plant food is used because of its general usage
among farmers.
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IS THE SUPPLY OF AVAILABLE NUTRIENTS ADEQUATE?

Inasmuch as the supply of available plant-food in the soil is of great
importance a brief discussion of the question in the light of experimen-
tal results is presented below.

Nitrogen.—The supply of this element in Michigan soils varies great-
ly. Experiments have shown that additions of nitrogen at proper
times on badly run soils, especially of a sandy nature, generally result
in quite large increases in yield. Whether it is necessary to supply
this nitrogen deficiency by the use of commercial fertilizers or whether
the utilization of legumes is sufficient is an important question and will
be discussed in the following pages.

o *{4

Fig. 1.—An abundance of plant food is essential for maximum yields of legumes.
Clover from equal areas of land: left, unfertilized; right, fertilized.

Potassium.—DPotassium is the active principle of potash, and it is
usually referred to as potash in discussing fertilizers and soil fertility.
The supply of this element in most mineral soils is very large, but
the availability seems to be quite low especially in the more sandy
soils. Applications of potash have increased the yield of legumes and
special crops such as sugar beets and potatoes, and also, occasionally
the cereal crops. Organic soils such as mucks and peats contain much
smaller amounts of potash than the mineral soils and additions of this
element are usually profitable.

Iron, magnesium and sulphur. No soils deficient in available iron
have been found in this portion of the United States. Experiments
conducted by the Soils Section have also showed that the response
of Michigan soils to applications of sulphur is very questionable. These
results are corroborated by the findings of the experiment stations in
neighboring states. The farmers are cautioned that the increased
yields of legumes advertised as resulting from applications of sulphur
fertilizers were obtained in gencral in the far western states.
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It has generally been considered that the soils of central United
States were so well supplied with magnesium that additions of this
plant food element were unnecessary. Recent experiments, however,
indicate that on certain types of soil alfalfa and sweet clover may be
much benefitted by applications of limestone or fertilizers carrying
magnesium,

Calcium and Lime. The supply of calcium as a plant food element
seems adequate in the majority of our soils. Calcium, however, is the
active constituent of lime and the great need of so many of our soils
for lime to correct acidity should never be overlooked.

Phosphorus. Tew soils in this state have been found to contain
adequate supplies of available phosphorus. It is, therefore, more gen-
erally used than any other fertilizing element. In discussing fertilizers
and soil fertility relationships it is customary to use the term phos-
phoric acid. Phosphorus is the active constituent of phosphoric acid.

From the foregoing remarks it is seen that lime, magnesium, nitro-
gen, phosphoric acid, and potash are the only plant food elements which
occur in Michigan soils in such small quantities or in such unavailable
conditions that crop growth is limited seriously by the deficiency.
In this bulletin we will confine our attention to nitrogen, phosphoric
acid and potash.

COMPARATIVE YIELDS ||
, OF RYE .

LIMED AND ‘ '
FERTILIZED | | UNTREATED

Fig 2—On quite acid soils rye is benefitted by liming after which the use of fertilizer
rich in phosphoric acid is profitable.

REMOVAL OF PLANT FOOD BY CROPS

The amounts of these plant food elements removed each year from
the soils of the state by the staple crops are much greater than the
amounts returned to the cultivated land in manure. This relationship
1s brought out in Fig. 3. In calculating the amounts of plant food
removed, the average yields for 1920 and 1921 of the following crops
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Michigan soils than are returned to the cultivated land in manure,
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Table 1.—Amounts

C'rop

Sugar beets (Tops removed) .

Wheat ..

(‘orn

Oatg

Rye
Buckwheat
Barley

Beans

Potators. . .:vss s sapmumaas
common, roots only
mangles, roots only .
Turnips, common. . .
Turnips, rutabagas. ...
Carrots: sssscssis

DHRESHIPEL . - nnsss

Soy beans.........
(‘abbage head
Cauliflower he: .
Celery, tops......... .

Sweet corn, cars. ......
(tucumbers, fruit. . .
Onions, bulbs. ... ...
M uskmelons, fruit. .. .
Peppermint. .......

Apples......
Peact vy

Blackberries
Raspberries. .. .
Grapes.

i
Fat calf

Faih SEOER: s s v v v s wvmse wvavvs
Tat lamb. . 3

Fat pig. .. RS
Wool, unwashed. ... ..

#s
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of Plant Food Elements Contained in Farm Products.
Pounds
Amount R T T R
Phos- I
Nitrogen phorie Potash | Caleium Magnes-
Acid M
10 tons. ... LoB00 140 0.0 [ !
| Grain 25 bu. .. 30 0 | 12.8 6.0 198
| Straw 2500 1bs. .. | 12.5 | 3.8 150 50
|
‘ ket R iainll || 08 i s
| Tatal. . . . | 42.5 16 6 21.0 348
Girain 50 bu. . .. ‘ 46 4 18.2 1.0 3.02
Stover 3000 1hs. | 30.0 9.0 42.0 2.52
Cobs 500 1bs. .. ... 2.0 4 2.2 0.05
Total....... 78 .4 27.6 55.2 14 60 5.59
| Grain 50 bu. . . .. 32.0 13.0 9.6 1 60 1.92
Straw 2500 Ibs. ... .. 16.0 5.0 31.2 750 3.50
} Total. . ... e ", 48.0 18.0 40.8 0.10 | 5.42
|
| Grain 20 bu. ... .. 191 9.8 6.7 0 45 134
| Straw 2000 Ibs. 10.0 6.0 17.0 4 40 1
Total........ 29.1 15.8 3.7 4.85 2.74
Grain 20 bu. .......... 150 6.0 L P 54
Straw 5000 1bs. 62.5 7.5 75 3450 600
Tatel. a0 seavs 75 13.5 BB [l oo 15 3 frsnss ey wwiszes
Grain 35 bu. .. .. . 29 .4 12.6 8.4 0.67 2.02
Straw 1600 1bs. .. 13 .4 4.5 24.6 3.68 1.12
Total. ;.- s 428 171 33.0 4.35 3.14
| Seed 25 bu. .. .. | 60 0 18.0 19.5 3.00 2.61
Straw 2000 1bs. . : 28.0 6.0 b1 S0 TN Dp—————
Total. . ... .. . 88 .0 24.0 D A e sie e s e e s e
150 Bt -coie. 5 31.5 13.5 45.0 1 80 2.70
25,000 1bs . . 62.5 25.0 125.0 5. 00 5.00
. 60 0 40.0 20013 S I
0 0 20.0 90.0 10 00 2.00
| 40.0 24.0 100 .0 12.00 4 .00
| 23.0 13.0 53.0 6.00 2.00
‘ 12,000 1bs. . . s 26.4 24 .0 78.0 9.60 4.80
3 tons..... 3 3 147.0 30.0 126.0 83.50 21.30
2 tons 50.0 22.0 40.0 b | 4.08
2 tons 84.0 20.0 80.0 45 .70 10.80
2 tons..... 92.0 28.0 114.0 49 .20 15.50
|
b 10 bu. ... : . 53 .0 18.0 20.0 6.60 8 40
20,000 Ihs. .. 600 20.0 80 .0 18.00 1.00
15,000 1hs . % 42.0 15.0 50.0 6.00 3.00
10,000 1bs. .. ... 25.0 20.0 8.0 [lsassism s ae s frumess gs s
4,000 1bs. . . 18.0 8.0 110 /41| PP PP
100 bu. . 5.5 3.3 11.0
300 bu. . . 39.3 15.4 37.6 3.42
10,000 bu 3 22.0 8.0 B0 D s o s e nasion «
2,000 1bs. . ARG > 7.0 4.0 T80 L s smmmoa s ulsme psevess
300 bu. . Lo 6.0 3.0 15.0 1.18 1.68
400 bu. . . . . 22.0 11.0 B8 | roemesis el et
| 300 bu...... . 7.5 3.0 15.0 2.88 1.44
200 BT, 50 58 5 50200 w0 2 15.3 5.5 10 6 T SRS
8,000 Ibs. .. ... Py 16.0 4.0 20 15 6 mavor s g o fmseweness
0111 - R 1.0 3.0 T80 N 25 ntemponllimmsnninis
4,000 gts...... e 10.5 4.5 1%:0 s nassaenndlrsenes
6,000 Ibs. . . .. - 9.0 6.0 18.0 0.42 20
1000 Thai 2.0 ¢ 55 a5 2 6.0 1.7 L7 1.21 0.12
1001085505+ - " Xy 2 .46 1.5 0.21 1.18 0.05
93.3 15.5 18 12 80 0.37
1.56 1.0 0.14 073 0.053
S . . % 3.5 1.3 0.28 0 91 0 04
1000 1b8;: w5255 555 - 54.0 | 0.7 56 2 130 0.24
| |
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were considered; corn, wheat, oats, rye, barley, beans, buckwheat,
mixed hay, potatoes, apples, peaches, pears, peas, cabbage, and onions.

It is also of interest to note the amounts of the plant food clements
removed from an acre by good yields of the common crops. In con-
sidering the preceding table, it is important to bear in mind that these
quantities of plant nutrients are taken from the more readily available
portion of the soil supply and while the amounts removed by one crop
are quite small compared to the total amounts present, they assume
formidable proportions when compared to the quantities which can be
removed by crops economically. It should further be pointed out that

Fig. 4—Some of the most productive wheat soils give more profitable returns from
fertilization than less fertile land. Above, unfertilized. Below, fertilized.

IFig. 5.—Iertilized wheat field.
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the composition of crops is varied by the composition of the soil on which
they are grown. Thus crops grown on lime rich soils contain more
lime than those grown on acid soils. Climatic conditions also influence
the amounts of nutrients removed by crops.

One should never lose sight of the fact that when any of the above
products are sold the transaction represents a loss to the farm of the
plant food elements contained,

WHAT TYPE OF FARMING MAINTAINS FERTILITY?

From Fig. 3 it is seen that in the state as a whole very much larger
amounts of plant food elements are removed in crops than are re-
turned in manure. The question at once arises, therefore, as to what
types of farming keep the most plant food on the farm and what types
are most costly from a fertility standpoint.

To throw some light on this question the plant food balance has
been carefullly calculated for the most common types of farms found
in Michigan. These results cannot be absolutely accurate but the writ-
ers believe they represent conditions very much as they are at the
present time. The results are shown graphically in Figures 6, 7, &,
9 and 10.

The results of the study of the various types of farming, shown in
these diagrams, indicate a deficit of plant food cach year. This is true

r AReEroveED v CROPS ]
N1 7rROGEN
( RETURNED l losT 1
AEMOVED I
FrHo5PHOR/IC
Acrp
|/?fo i LBsr |
| Aerrovep N CROPS ]
Pormsr
, RE TURNED LosT J

Fig. 6.—Plant food balance on a 100 acre grain farm carrying 2 cows, 5 horses and
14 hogs.
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[ AErmovED v CROPS J
NiTroGEN
l Aervrnvep v ManuvrRE { LosT ]
AErovED |
ProsPHORIC
Acrp
I AETvrNED l LosT I
I AErovED 1IN CROPS ]
PorrsH
[ RETURNED IN NMANURE LosT I

Fig. 7—Plant food balance on a 100-acre dairy farm, carryving 20 cows, 10 young
cattle, 5 horses and 20 hogs.

l FAEeErtoved N CROPS I
NrrroGEN
r FETCRNED | LosT l
FTEMOVED ]
[FllosPIHORIC
Aclip
I Aro | LosT ]
[ TEMOVED 1~ CROPS l
Forssr
l AETURNED Los7 ]

Fig. 8.—Plant food balance on a 100-acre general farm, carrying 6 cows, 4 young
cattle, 5 horses and 14 hogs.
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| RErrovED 1~ CROPS J
NI1TROGEN
r RETURNED | LosT
RENMOVED I
FH05PHORIC
Acro
[ Rro J LosT [
L ErmovED v CroPS l
ForesH
L AETvmNED LosT —I

Iig. 9.— Plant food balance on a 100-acre general farm on a fertile, loam soil, arow-
ing 25 acres of clover, and carrying 6 cows, 4 young cattle, 5 horses and 14 hogs.

l Reprovep v CROPS ]
Ny 7/0GE N
[ PETURNED I LosT I
AEMOVED I
L HOSPIHORIC
Acro -
l/?rp. | Losr ]
I AErmoveED 1N CROPS ]
FPorasrt
I RETCARNED LosT l

Fig. 10.—Plant food balance on a 100-acre general farm on sandy soil with a short
rotation, including 25 acres of clover, and carrying 6 cows, 4 young cattle, 5 horses
and 14 hogs.
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on the heavily stocked dairy farms as well as on the grain farm, but to
a much less extent. [t is evident, therefore, that no type of farming
which includes the marketing of grain, hay, livestock, or dairy products
returns as much plant food to the soil in manure as is removed in crops
unless an extremely large amount of feed is purchased. This is es-
pecially true of phosphoric acid and potash. The facts regarding nitro-
gen are less definite because there is a certin amount of direct fixation
of atmospheric nitrogen by bacteria living in the soil, but not on the
roots of legumes. Several investigators have found that when condi-
tions are suitable an average of twenty-five pounds of nitrogen per
acre per year are added to the soil by this means. The process is greatly
modified by soil conditions, however, so that the amounts fixed in dif-
ferent soils are unquestionably quite variable. The Kansas Experi-
ment Station found that soils which show more than a small degree of
acidity fix very small amounts of nitrogen and in consequence it seems
probable that many soils in Michigan are not enriched by this means
to the extent they would be if properly limed. Since the quantity of
nitrogen added to the soil by this process is not known, it is impossible
to say how rapidly the nitrogen supply is being decreased by any given
method of farming.

An important fact to bear in mind when studying the preceding dia-
grams and data is that the plant food removed from the soil by crops
and not returned represents a loss from the supply of available plant
nutrients in the soil.  This is far more important than if the losses
are considered on the basis of tetal plant food present.

The fact that the plant food losses shown in the above diagrams
may be materially reduced if the manure is so handled as to decrease
losses by leaching and decay is well worth the most careful considera-
tion of every farmer.

Fig. 11.—On many of the more productive soils of the State, acid phosphate gives
very profitable returns.

T 1
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EFFECTS OF PLANT FOOD ELEMENTS ON PLANT GROWTH

Each plant food element plays a specific part in plant growth. It
1s generally understood that one element cannot perform all the func-
tions of another although a partial substitution can be made in some
cases,

Nitrogen. A lack of nitrogen is evidenced by a turning yellow of
the plant and the apparent cessation of growth. On the other hand,
an abundance of this element results in a larger growth of dark green
leaves and stems. When an excess of nitrogen is present there is a
tendency for the plant to keep on growing instead of maturing, and
the tissue is quite succulent and more susceptible to the attack of
disease. In the case of vegetables used for their leaves, nitrogen gives
a crispness and improved quality.  On late fall seedings of rye and
wheat, and also during the ecarly spring, an application of available
nitrogen hastens growth and often proves very bheneficial especially
on sandy or badly run soils.

Phosphoric Acid.  When a soil is not well supplied with phosphoric
acid, the plants do not grow so rapidly as they should and the yield
and quality of the seed is inferior. Phosphoric acid, therefore, not only
stimulates growth but gives a larger yield of seed of better quality and
an carlier date of maturity. One of the most important properties of
this clement is to stimulate root growth. This is an extremely im-
portant consideration since a plant with a large root system can gather

Fig. 12.—Phosphoric acid plumps the kernels and improves the market grade.
Right, fertilized with acid phosphate. Left, unfertilized. On the heavier types
of soil, well supplied with organic matter, as a general rule, acid phosphate is the
only commercial fertilizer that can be profitably used under present or similar
conditions.
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more food and water and thus better resist adverse conditions as well
as make a more rapid growth. With very few exceptions, the applica-
tion of soluble phosphate fertilizers have given profitable increase in
yield. It is often the case with acid soils, however, that the returns
from the use of phosphate are very much limited until the soil is limed.

Potash. This plant food element is closely connected with the for-
mation of starch, sugar, and similar compounds in plants. It is for
this reason that it is so often used in fertilizing potatoes, sugar beets,
and other tuber and root crops. Potash also 1s credited with making
the straw or stalk of plants more stiff thus preventing lodging to a
certain extent.

When well supplied with potash, plants exhibit a dark grcen thrifty
appearance.  Where potash is lacking, the plants take on a ycllowish
unhecalthy appearance and are quite subject to discase.

PLANT FOOD ELEMENTS CARRIED BY FERTILIZERS

FFertilizers are designed to offset plant food deficiencies in the soil.
[t is obvious from the above, therefore, that they must supply phos-
phoric acid, potash, and nitrogen in an available form. We all recognize
that soils are quite different in their characteristics and needs, and con-
sequently some soils may be deficient in only one plant food element
while another soil may need two or three. It is necessary, therefore,
to have fertilizers which supply the various food elements alone and
in various combinations. A material which supplies a plant food
clement is called a carrier of that element. Thus acid phosphate is a
carrier of phosphoric acid.  The following table gives the principal
carriers of the plant food elements and approximate percentage of the
element contained.

Table 2.—Important Carriers of Plant Food and the Percentage of Nutrients They

Contain.
1 : Per cent
e o T e Per cent | *Per cent | o et o] available T - Per cent
Carriers of nitrogen nitrogen | ammonia Carriers of phosphorie acid nhosphow Carriers of potash potash
| acid
Nitrate of soda........ 15.5 18.8 | Aecid phosphate........ 16.0 | Muriate of potash. ... .. 50 0
| Acid phosphate. i 18.0 to 620
Sulphate of ammonia. . 20.7 25.0 | Acid phosphate........ | 20.0 | Sulphate of potash. ... .. 50 .0
Dried blood. . .. .. o 11 .2 13.5 | Acid phosphate. ... ... .. 24 0 | Kainite 12.8
Tankage. . .. 4t012 | 5to 14 | Treble super phosphate. .| 43 to46 | ... ... .. .
Nitrate of lime. i4 15.5 TR | s oovammenessvvn s o] s o masee s wlmsmmsmm s s s s samanasss
Caleium cyanamid. . ... 21 to 24 6 26.0-30.0 | Steamed bone meal. . ... 28.0

*Ammonia is a substance containing 82.35 per cent of nitrogen. Since nitrogen
is the element required by plants the state law requires that the percentage of
nitrogen in a fertilizer be printed on the bag. In speaking of fertilizers, however,
and in expressing their composition by means of a formula such as 3-12-4 it has
heen customary to give the nitrogen content in terms of ammonia. Beginning with
January 1, 1929, however, the first figure of the formula will represent the per-
centage of nitrogen. To convert the percentage of ammonia in a fertilizer into
terms ol nitrogen multiply by .8235.

£ —

e e g
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The preparation of certain of these materials and the mixing of
them into combinations suitable for different soils and crops con-
stitutes the work of the fertilizer factories.

A fertilizer prepared by a fertilizer factory in a suitable condition
for application to the soil and containing either two or three of the
plant foods, nitrogen, phosphoric acid, and potash is known as a “mixed
fertilizer.” If the mixed fertilizer contains all three of the plant foods
mentioned it is called a “complete fertilizer.”

As a matter of convenience the composition of a fertilizer is ex-
pressed by numbers thus, 2-16-2, which 1s spoken of as the fertilizer
formula or analysis. These numbers represent the percentages of am-
monia, (nitrogen after January 1, 1929) phosphoric acid and potash
respectively.  Since fertilizers are handled on the ton basis one per cent
of a plant food element represents 20 pounds and is called a unit. Thus
a 2-16-2 fertilizer contains 2 units of ammonia (nitrogen after January
1, 1929), 16 units of phosphoric acid, and 2 units of potash—or one ton
of the material contains 40 pounds of ammonia (nitrogen after January
1, 1929), 320 pounds of phosphoric acid, and 40 pounds of potash.

Fig. 13—On the light sandy loams, wheat is often starving for nitrogen in the
carly spring. lLeft, spring top dressing of soluble nitrogen. Right, no spring ap-
plication of nitrogen.

HIGH GRADE FERTILIZERS

The retail price of a fertilizer is the sum of four charges. Tirst
the price of the plant-food contained; second, the transportation
charges; third, the profits and selling charges of the dealers, manu-
facturers, and salesmen; and fourth, the cost of maintaining and op-
erating the fertilizer factory and mixing plant and other incidental
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items. ‘The last three items may be grouped together and called gen-
eral expense and constitute a more or less fixed charge against each
ton.

A study of fertilizer costs reveals the fact that the general expense
item amounts to quite a percentage of the total price. One of the
causes for this large overhead on each ton of fertilizer is the mak-
ing of such a large number of analyses. Every time a mixture of
different composition is desired the mixing machinery must be allowed
to run empty and readjustments and arrangements made which entail
the loss of much time and means added expense.

Another source of expense to the user of fertilizer is the purchase
of low analysis mixtures. It can readily be seen that the same amount
of plant food will be contained in either one ton of 4-16-4 or two tons
of 2-8-2, but the consumer would have to pay the general expense
charge on two tons if he purchased the 2-8-2 and on only one ton if
he chose the 4-16-4. This of course would make the plant food ele-
ments in the 2-8-2 mixture much more expensive even though it cost
considerably less per ton. This point is illustrated in the accompany-
ing diagram I4g. 14 which shows the proportion of the purchasers
money which goes to pay for plant food in the case of a low grade
mixture such as a 2-8-2 and a high grade as a 4-16-4.

A

Burs FPrAanvr
fo0D LLEMENTS

164 ANALYSIS Low ANALYSsS
7 -/6-9 2-8-2
I'ig. 14—The shaded portion of each circle represents the percentage of the sell-
ing price which goes to pay the general charge, while the unshaded portion repre-
sents the percentage which pays for plant food. It is evident that when a high
grade fertilizer is purchased a much greater percentage of the buyers’ money
goes to buy plant food.

It is thus evident that it is more economical for a farmer to buy the
highest grade fertilizer that meets the needs of his soil.

In an effort to promote the more effective use of fertilizers and furn-
ish plant food to the farmers at a lower cost, meetings of represen-
tatives of a number of experiment stations and of various fertilizer
companies are held from time to time, At the first of these meetings
it became very evident that the number of analyses put on the mar-
ket could be greatly reduced and yet supply all the needs of farmers



FERTILIZERS 17

and other users of fertilizer. This was a move toward economy as
the making of many different analyses is expensive. From the list of
analyses decided upon as essential, the Soils Section of the Michigan
Station has selected those which field experiments and the experiences
of many farmers have showed to be needed under Michigan conditions.
It is evident that the mixture or analysis which should bhe used will
vary with the crop grown, the soil type, and the system of farming
followed. Recommendations covering these points as well as the time
of application are contained in Circular Bulletin No. 53 of the Mich-
igan Experiment Station.

[fig. 15—Soils that are quite sandy neced potash in addition to phosphoric acid
for the best results with legumes. Left, lime and acid phosphate.  Right, lime,
acid phosphate, and potash.

CONCENTRATED FERTILIZERS

With the introduction of treble-super-phosphate containing approxi-
mately 45 per cent phosphoric acid there has been a tendency, which
will undoubtedly increase, toward the production of very highly con-
centrated fertilizer mixtures,—such as 5-30-5, 6-24-8, 6-36-6, 19-32-16,
etc. Combinations of ammonia and phosphoric acid with such analysis
as 20-20-0 and 13-48-0 are on the market. A mixture containing 18
per cent ammonia and 15 per cent potash has also recently appeared.
Such high grade mixtures are more economical since the number of
bags required, the freight, labor in handling, etc., is much reduced.
Various questions arise, however, regarding the use of these concen-
trated materials such as the effect on germination when applied near
the seed. These questions are being investigated but the results as
yet are quite meagre. Those making use of these extremely high
analysis goods should bear in mind that proportionately lighter ap-
plications will supply the usual amounts of plant food and tend to offset
any detrimental effect to seed or plant,




18 MICHIGAN SPECIAL BULLETIN NO. 133

USE OF FERTILIZERS

Experimental results and the experiences of many farmers have
shown that the outstanding need of the majority of Michigan soils is
for phosphoric acid. As a result it is quite common to apply from
200 to 300 pounds per acre of acid phosphate or of a mixture high in
phosphoric acid every two years. The application is usually made on
the wheat, rye, potato, beans or other cash crop in the rotation.

When grown on the light sandy loams and other soils quite low
in humus, wheat and rye have been found to respond especially well
to a spring top dressing of soluble nitrogen in addition to the applica-
tion of fertilizer in the fall. This is due to the fact that nitrogen
becomes available in the soil through the decay of organic matter
by bacteria. These bacteria work very slowly in cold weather and
when the supply of organic matter is meagre, not enough nitrogen is
made available to supply the needs of the crop. The nitrogen may
be supplied either in the form of sulphate of ammonia at the rate of
40 to 60 pounds per acre or of nitrate of soda at the rate of 60 to 100
pounds broadcasted just as early as growth starts.

Legumes such as alfalfa and the clovers are heavy feeders on potash
and since the available supply of this nutrient is often meagre in the
more sandy soils it has been found highly advisable to supply the de-
ficiency by means of high potash fertilizers. If clover, alfalfa, or sweet
clover is to be seeded in a small grain, a fertilizer high in potash and
phosphoric acid should be applied at the time of drilling the grain. In
case the legume is seeded alone the fertilizer should be anplied and
worked into the soil at the time of or shortly before seeding.

I'ig. 16.—On worn soils, proper fertilization pushes the early growth of grains and
gives increased yields. Wheat. Left, lime and fertilizer; right, no treatment.
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INFLUENCE OF FERTILIZERS ON SOIL ACIDITY

The opinion sometimes expressed that acid phospate makes soils acid
is not based on experience.  In fact there is some experimental evidence
that this fertilizer has a slight tendency to overcome the detrimental
effects of acidity. Other fertilizers which are capable of neutralizing
soil acidity to some extent are nitrate of soda, basic slag, calcium cyana-
mid, steamed bone meal, and rock phosphate.

On the other hand, some fertilizers have a slight tendency to increase
or aggravate the acid condition of the soil. Muriate and sulphate of
potash do this to a certain extent, but sulphate of ammonia is the most
pronounced in its action. IExperimental fields which have received ap-
plications of this fertilizer quite regularly for many years without be-
ing treated with lime have become too sour to grow clover. This ten-
dency of sulphate of ammonia should be remembered, as its indiscrimi-
nate use on sour soils without addition of lime may not only result in no
henefit to the crop but in some instances may actually be a detriment.

The farmer who applies from 200 to 300 pounds or more of acid phos-
phate or high grade mixed coods every two vears need have no fear
that the practice will make his land sour.

Fig. 17.—Plenty of available plant food means larger oat yields. Left, fertilized.
Right unfertilized.
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METHOD OF APPLICATION

The method of applying a fertilizer in order to obtain the greatest
returns from the investment is governed by many conditions. When
applied in the hill or row, (10111111011141 results sometimes occur from
delayed germination or damage to the young plant. This damage is
governed not only by the amount of fertilizer applied, but by the kind
of fertilizer and climatic conditions as well.  On the whole, phosphatic
fertilizers arc less detrimental than are carriers of nitrogen and potash.
When dry periods follow the application, the danger of damage is in-
creased, some crops seeming to be much more sensitive than others.
In general, it is advisable to limit the application per acre to 125 Ibs.
or less when there is a likelihood of considerable fertilizer coming in
direct contact with the seed as in the case of corn or beans. In the
case of small grains even though the fertilizer may be in contact with
the seed the application is distributed over such a large area that 300
to 400 pounds per acre may be used with impunity.

When fertilizer is applied in the hill, little benefit is derived by the
succeeding crop from the unused pmtmn of the plant food. Hill fer-
tilization leads to a spotted condition in the next crop while a broad-
cast application allows uniform feeding over the field. Some Experi-
ment Station workers think this objection is so important that they
never recommend hill application.  Other workers feel that when fer-
tilizer prices are high and labor and money are scarce it is more advis-
able to use smaller amounts in the hill than to broadcast larger quan-
titics since the latter method requires going over the field a second time.

Fig. 18.—Potatoes need large quantities of available plant food for maximum yields.
The potatoes on left were fertilized while the rows in the center received no fertilizer.
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The position of the fertilizer with reference to the sced is important.
Some planters drop the plant food above the seed where it is out of
reach of the roots unless washed down by early rains. In dry seasons
the plants may not receive any benefit from such an application dur-
ing the early stages of growth and hence the final returns be diminished.
[n all applications whether broadcast or dropped near the seed it is ad-
visable to have the fertilizer placed deep enough to be in contact with
moist soil.

Results of experiments on methods of application of fertilizer to po-
tatoes show that the sprouts are very easily damaged when the fertili-
zer comes too close to them, especially in dry seasons. Planters have
therefore been developed which distribute the fertilizer at a good depth
on both sides of the seed picce and several inches from it. Plant food
so located is within easy reach of the roots of the young plants so that
the crop is benefited from the ecarly stages of growth without danger
of damage. Under average conditions for the grower who is going to
use a moderate amount of fertilizer this is the best method of applica-
tion. If very large amounts of fertilizer are to be applied a portion
should be broadcast and worked into the soil and the remainder applied
with the planter as described.

LOSS OF PLANT FOOD ELEMENTS BY LEACHING

The question is often asked if the plant food applied in fertilizers will
be carried away in solution by water percolating through the soil. This
is true of nitrogen, as this clement in a form which is available to plants
is not retained by the soil to any great extent. It is necessary there-

Fig. 19.—Muck soils respond remarkably well to fertilization. They are almost
universally deficient in potash and usually need phosphoric acid also. Heavy ap-
plications of such mixtures as 0-8-24, 2-8-16 and 0-12-12 have proved very profitable.
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fore to apply nitrogenous fertilizers quite near to the time they will be
utilized by the crops.

Phosphoric acid and potash on the other hand do not leach from the
soil to any great extent. In fact practically no phosphoric acid passes
through the soil with the drainage water and the amounts of potash
so lost are quite small. This permits of the application of these plant
foods at any convenient time with the knowledge that any portions
unused by the plants will remain in the soil for succeeding crops.

The conditions are somewhat different on soils composed largely of
organic matter such as mucks and peats. Data collected by this station
indicates that some of these soils fix in an insoluble form considerable
quantities of phosphoric acid and potash while others retain only small
amounts.

HOME MIXING

Some farmers prefer to mix their own fertilizers as by this means
they can procure any analysis they desire. There is also some saving
in home mixing, which in the case of high analysis goods may amount
to $9 or more per ton, if the farmer’s labor is not taken into considera-
tion.

The mixing process is very simple and requires no equipment heyond
a pair of scales, a shovel, a screen, a tamp of any description, and a tight
floor suitable to mix on. The procedure is as follows: Crusli cach ma-
terial to be used by rolling with a heavy fence post or by means of some
sort of a tamp and pass through the screen to be sure all lumps are re-
moved. Then by referring to Table 3 find the amount of each ingre-
dient needed to make the mixture desired. Weigh out these amounts
and thoroughly mix them together by shoveling over and over on a
tight floor. Sand or dry carth may be used for filler if any is needed
although it 1s not necessary to use filler.  When no filler is used, how-
ever, a proportionately less amount of fertilizer per acre is needed to
supply the plant food desired. For example, if one wishes to make a
ton of 2-12-2 using sulphate of ammonia, acid phosphate, and muriate

Table 3.—The amounts of materials to use in a 1,000-pound mixture in order to
obtain the percentage shown in the left hand column.

Available

Available

Available nitrogzn from  Available ammonia from phosphovie: | potash fron

Percentage required - o - acid from | sulphate or

Nitrate of | Sulphate of ~ Nitrate of | Sulphate of 2]0(/“ T‘ud m"”a"f\’h“f

soda ammonia soda ammonia phosphate potas

....... 2 3850 134 97 110 80 100 40
200 146 165 120 150 60
267 194 220 160 200 80
534 388 440 320 400 160
611 437 495 360 | 450 180
P § 663 485 550 400 | 500 200
T 01 5%2 | 660 480 | 600 240
................ 1068 776 | 851 640 800 320

The remainder of the 1,000 pounds should be made up of dry carth or fine sand as
a filler.
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of potash, it will require according to the Table, 160 pounds of sulphate
of ammonia, 1500 pounds of acid phosphate, and 80 pounds of muriate
of potash. These amounts total 1740 pounds. To make a ton, therefore,
it would be necessary to add 260 pounds of filler. If you plan to use 200
pounds per acre of this mixture and do not wish to use filler, use the
same proportion of your mixture as 200 is of 1 ton. Thus 200 is 1-10
of 1 ton. 1-10 of 1740 is 174, so you could supply the same amount of
plant food in 174 pounds of the clear mixture as you would in 200 pounds
if filler were added.

It should be borne in mind that acid phosphate, sulphate of ammonia,
muriate of potash, and similar carriers contain no added filler even
though they do not consist of 100 per cent plant food. This is because
the plant nutrients such as potash, phosphoric acid, and ammonia are of
such a nature that they cannot be utilized alone and so must be com-
bined with other substances. There are also certain amounts of mate-
rials produced during the process of manufacture and purification which
could only be removed at considerable additional expense.

Fig. 20—~When properly fertilized sugar beets not only give a greater tonnage,
but are also more disease resistant. Left, fertilized. Right, unfertilized. Note, poor
stand due to ravages of disease.

FERTILIZERS DO NOT BURN OUT HUMUS

The opinion is sometimes voiced that fertilizers will burn out or de-
crease the supply of humus in the soil. There is no basis for this be-
lief as is shown by the data from the Ohio Experiment Station in
Table 2.

This experiment shows that while the fertilized land did not contain
so much organic matter at the end of the test as did that receiving lib-
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Table 2.—Effect of fertilizers on accumulation of organic matter.
All crops removed (15-year period)

N Organic
Total applied| Total pro- | =805

in 15 years | ducein 15 !
Tons per | years. Lbs. Oi(ilési’t eI"k()js
acre per acre (e

Soil treatment

per acre
NG PertiliBED; < v 3 s mmimm o e 52 3 55 S 9% 15456 AE@EE 458555 0EEe 8 1s I PG EEY none 40,960 42,800
Complete fertilizer 5 117,910 60,800
ManUre. ... 190 139,670 73,600

eral applications of manure yet it contained approximately 50 per cent
more than it would have if no fertilizer had been used.

It is also interesting to note that although the manured land pro-
duced approximately 16 per cent more crops than that receiving ferti-
lizer yet the fertilized field yielded about 65 per cent more than the un-
fertilized even though no green crop or other humus forming material
was turned under.

& FERTILIZED ' UHTREATED

4 COMPARATIVE YIELDS
OF CORN

Fig. 21.—Corn needs to be fertilized on most Michigan soils.

FERTILIZATION OF PASTURES

Permanent pastures may be much improved by fertilization as has
been shown by a number of Experiment Stations. The following re-
sults from West Virginia are representative of the improvement which
may be expected. Sheep grazed on new pasture properly fertilized made
an average gain of 43.0 pounds, while on a similar pasture which re-
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ceived no fertilizer the gain was only 29.5 pounds. During the following
season the second pasture was also fertilized with the result that the
average gain of the sheep was 61 pounds compared to 63 pounds on the
pasturc fertilized previously. The improvement in the pasture was
largely due to the beneficial effect of the fertilizer on the growth of
clover.

Fig. 22—Proper fertilization not only makes a pasture capable of carrying more
stock but. improves the quality of the forage by bringing in legumes. Left, fer-
tilized ; right, unfertilized. Courtesy of the Pennsylvania Experiment Station.

NITROGEN FROM LEGUMES VS. COMMERCIAL NITROGEN

The question, “Is it not cheaper to supply nitrogen to the soil by
growing legumes than to use commercial nitrogen” is quite common
and is very pertinent. There is no doubt that nitrogen can be gathered
by legumes at a lower cost than it can be purchased in fertilizers. In
Regular Bulletin No. 290 of this Station the writers make the follow-
ing statement. “The cost of production of a pound of nitrogen by means
of leguminous crops in a rotation is difficult to determine. It should be
conceded that much of the benefits derived from the use of lime is due
to the effect on the legumes such as clovers and alfalfa. It seems fair
to charge two-thirds the cost of the lime to these crops, and also to
charge for the fertilizer that should be added to the soil for their bene-
fit. If two tons of lime are applied per acre and endure six years and
a four-year rotation is followed and two seedings of clover, vetch, or
soy beans are obtained, and where one hundred pounds of acid phos-
phate are added to cach seeding the cost of nitrogen runs from five to
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Fig. 23.—When little or no fertilizer has been used on the preceding crop, oats
will be benefited by proper fertilization.

eight cents a pound. If no lime is added to the land, naturally the cost
is less or from two to four cents. Alfalfa is the cheapest source of
nitrogen. On the same basis as in the first case above, nitrogen may
be produced for less than one-half what it costs when obtained by means
of other legumes. If the crop stands four years instead of six the cost
is slightly higher.”

When the cost of producing available nitrogen decreases, as it very
probably will in the near future, the price of nitrogen in fertilizers will
more nearly approach the cost of obtaining it through the growth of
legumes. When these conditions come about much more nitrogen
from this source undoubtedly will be used.



