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SoMEe CoNvERSION FACTORS

Home gardeners, nurserymen, and greenhouse grow-
ers often have difficulty figuring how much fertilizer
to use. Some equivalent values are:

® 1 acre is equal to 43,560 square feet.

® 1 gallon of concentrated liquid fertilizer weighs
about 11 pounds,

1 pint of water or dry fertilizer weighs about 1
pound.

1 pint is equal to 2 cups or 32 tablespoons,

1 tablespoon is equal to 3 teaspoons,

1 ppm means 1 part per million

pp2m means parts per 2 million

An acre of mineral soil turned to a depth of
6 2/3 inches weighs about 2 million pounds; an
acre of muck soil, about 500,000 pounds,

0.1 ounce or 28 grams of fertilizer per bushel
equals about 100 pounds per acre.

1 pound of fertilizer per cubic vard is equal to
800 pounds per acre.

20 bushels of soil mix equals about 1 cubic yard.
1 ounce or 28 grams per gallon is equivalent to
3 pounds per 48 gallons

1 ounce of fertilizer per 100 gallons makes a salt
solution of 75 ppm.

I bushel of manure weighs about 50 pounds.

SoMmE Equivar RaTES

Amount Fertilizer Needed

Pounds —
per acre One cubic 1,000 sq. ft.
desired sq. ft. yard (33" x 30°)
100 - 2oz
500 1 tsp. 10 oz
1.000 2 tsp. 1.31b.

The information given herein is for educational purposes only. Reference to commercial products or trade names
is made with the understanding that no discrimination is intended and no indorsement by the Cooperative Ex-
tension Service is implied

Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8, and
June 30, 1914, in cooperation with the U, 8. Department of Agriculture. Geao 5. Melntyre, Director, Co-
operative Extension Service, Michigan State University, E. Lansing, Mich.1P2R-20M-11:72DB
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How to Use This Bulletin

Fertilizer recommendations are based on the crop
to be grown, soil type, past cropping and available
plant nutrients as determined by a soil test. (See page
6 for a discussion of soil testing, )

Field Crops Grown on Mineral Soils

The soil management group greatly affects pr
vield goals . The soil management group to which
soil belongs is shown in Table 25, pages 29
To help you estimate a practical vield goal, see Tables
26 or 27 on pages 31 and 32. Average yield goals for
each soil management group are given there for south-
em or northern Mic n,

Nitrogen rec ommendations are given on page 8
in Tables 5. 6 and 7. They are not based on a soil
test, but on cultural practices, soil type, erop to be
grown and vield goal.

h
nd 30,

Phosphorus recommendations are based upon soil
tests and vield goals. They are shown in Table §,
page 11. See the boxed note in Table 8 for instr
tions on how to use,

Potassium recommendations based upon soil test
and yield goal are reported in Table 9, pages 12, for
loams, and in Table 10, page
13, for nds and sands,

Fertilizer placements suggested for the various crops

ay loams and clay

aindy loams, loamy

are given on pages 15 to 17,

Vegetable Crops Grown on Mineral Soils

Placement of typical rates of fertilizer is reported on
pages 17 to 2L

Follow the nitrogen recommends

tions given for each crop. Phosphate and potash rec-

ommendations are based on soil test levels. See Tables

13, 14 and 15, pages 18 and 19, for recommended
rates.

Crops Grown on Organic Soils
F

res 24 and 25

ilizer placement for these crops is given on
Follow the nitr
n for each crop. Phospl

n recommenda-

pe
tions giv
ommendations are based on soil test levels.

17 and 18, pages 22 and 23

¢ and potash rec-
See Tables
for recommended rates.

Micronutrient needs for crops grown on organic
soils are discussed on page 22,

Sod and Turfl on Mineral and Organic Soils

Fertilizer requirements for sod on ur_\:.mic sofls are

given under the section on organic so

Requirements on mine: ral soils are given in l|||- section
Sod and Tur

asses on Mineral Soils, page 26

Fertilizer Recommendations

Al fertilizer recommendations are expressed as
roex-
ample, if a recommendation calls for 125 pounds of
nitrogen (N), 50 pounds of phosphate (P.0.
pounds of patash (K:0), and 5 pounds of manganesc
(Mn) per acre, you will need to work out @ progrem
to apply such amounts, The sections in this publica-
tion on grades and ratios, pag nd fertilizer place-
should help do this, Your fertilizer
dealer or agricultural extension agent can alsa help

pounds of the actual plant food per acre. F

ments, page 15,

you. Several alternative programs may he possible.

Use the one that best fits your farmin
costs. Consider also the cost of the plant
nutrients, the cost of application, and the timeliness
of the application.

operation at

competitive




General Information

Fertilizers are materials that contain elements neces-
sary for plant growth, These essential elements, ealled
it nutrients,” may be divided into three groups,
The major or primary plant nutrients include the ele-
ments nitragen (N), phosphorus (P), and potassium
(K). These three elements are commonly deficient in
soils of low fertility.

A second group of plant nutric
ferred to as secondary elements includes sulfur (8),
calcium (Ca), and magnesium (Mg). Normally, they
are in ample supply in well-limed soils of Michigan.

The third group of essen clements is called
micronutrients because they are needed in only very
small amounts, These elements are sometimes called
trace or minor elements. They include iron (Fe),
manganese (Mn), boron (B), zine (Zn), copper (Cu)
and malybdenum (Mao).

commonly re-

Ma jor Prant NUTRIE

The amounts of nitrogen, phosphorus and potassium
in a commercial

fertilizer are given in the analys
on the container, The first figure is the percent total
i the second, the percent available phasphate
nd the third, the percent water-soluble pot-
:0). For example “5-20-20" has a guarantee
of at least 5 percent nitrogen, 20 percent phosphate
and 20 percent potash

The above analysis is called the oxide ba In
recent years there has been an interest in expressing
all lyses on the elemental by Such analyses
would show percent P and K rather than percent P,0.
and K.0. At present the expression of phosphorus and
potassium on the elemental basis has not been adopted
by Michigan control regulations. The conversion fac-
tors for the two systems are as follows:

(1) To convert P.0.
are:
percent Po0; = 0.44 percent P
percent K0 > 0.83 — percent K

nd K:0 to P and K, the factors

(2) To convert from P and K to Pyl); and K.0, the
factors are:
percent P 3 2.3 — percent P.0,
percent K < 1.2 — percent K.0

A fertilizer having a 5-20-20 ar is on the oxide
basis is equivalent in composition and value to a
5-8.8-168 reported on the elemental basis. Dual la-

beling gives the analysis in both the oxide and ele-
mental forms,

In this publication, recommendations are expressed
both as the oxide and as the element,

Grapes anp RaTios

Fertilizer grades refer to the guaranteed pe
tages of the major plant nutrients, The ratio refe

-

to the proportion of nitrogen, phosphate and potash in
the fertilizer. For example, 8-24-12 is a grade and has
a ratio of 1:4:2.

A minimum grade refers to the lowest analysis sug-

gested for a particular ratio. For example, 4 minimum
grade for an ratio fertilizer is 0-20-20, Higher
vsis materials of this ratio such as 0-25-25 or 0-30-
re encou

ed if they can save money and labor.

ertilizer recommendations in this publication are
given in pounds of plant nutrients per acre. From
these amounts, the buyer needs to determine the ma-
terials, or if a mixed fertilizer, the grade and amount

ation, For e
ple, if a recommendation calls for 50 pounds of nitro-
gen, 100 pounds of phosphate, and 50 pounds of pat-
ash, use a fertilizer having approximately a 1 to 2 to 1
ratio, such as 500 pounds of a 10-20-10,

that come elosest to the recomment am-

FERTILIZER MATERIALS

ogen: Nitrogen fertilizers may be divided into
three classes: (1) inorganic, ) synthetic  organic
and (3) natural organic. Providing proper appli
tions are made and equivalent rates are applied, there
should be little or no difference in the effect on plant
growth between the various sources. These classes of
nitrogen sources and their nitrogen content are given
in Table 1

Phosphorus:  Phosphorus in fertilizers is present
in three forms: (1) water soluble (2) available {ei-
trate soluble) and (3) citrate insoluble. A portion of
the citrate soluble phosphorus is also water soluble,
ation con-

Mast fertilizers presently sold for row appl
tain at least 50 percent of the phosphorus in the
water-soluble form. Tahle 2 gives a list of the major
phosphorus fertiliz

Potassium: Muriate of potash (KCI) is the most
widely used potassium supplying fertilizer materal.
Other potassium materials are listed in Table 2.




Goop FermiLizer Buys

Comparison of fertilizer cost and fertility value are

most reliable when based on cost per unit of av
able plant nutrients such as cents per pound of nitro-
gen, phosphate or potash. Where liquid fertilizers are
priced by a volume measure, the buyer must know
the weight-per-unit volume as well as the analysis in
order to caleulate the cost per unit of nutrient.

To determine the cost per pound for a straight
material, divide the cost per ton by the pounds of
nutrients in one ton.

For example: Product A has 33% nitrogen and costs
$66.00 per ton:

S66.00 66.00

———— = —— = $0100r10¢Ib.
2000 x 0.33 G0
When comparing materials having the same N-
nd Ko0 ratio, the buyer needs to caleulate an
rage value for all putrients before comparing
prices

For example: 5-20-20 costs §72.00 per ton; its total

nutrient content is 5% 4 20% - 20% or 45%.
$72.00 % 0.45 7200
- = = §0.05 or 8¢ Ib.
2,000 800

When comparing liquid and dry fertilizers, first de-
termine the weight per gallon. Divide this figure into
2,000 to find the number of g
the cost per gallon times the number of gallons per
ton to determine the cost per ton.

allons per ton. Multiply

Fartilizer Maserial
PHOSPHORUS CARRIERS
20% wparphosphote

Concantrated superphatphote
Ammanium phatphate

Diammanium phophate

Phasphoric ocsd

Superphospharic acid, Palyphosphate
Rack phasphote

HPO,
HsPOlL and HP:Oy
Flusro-and ehhe

3 CanlPOL * Caf

FOTASH CARRIERS
Mauriate of potorh L1}

0,
um wullate kiSO, + 2MgSO0,
ENOs

Table 2. Analysis of phosphorus (P,0.) and potash (K,0) fertilizer carrie

For example: If a liquid 8-16-8 costs $0.50 per gal-
lon and weighs 11.7 pounds per gallon, the cost per
ton would be 2000 % 830 88545 per ton, The

17
cost per unit of nutrient can be caleulated as above.
Ligquid fertilizers are equally as effective dry
rtilizers, providing comparable rates of nutrients are
applied in a similar manner. So, comparison with dry

‘able 1. Analysis and classes of s nitrogen (N} fer-

tilizer materials.

{ P
Nitrogen Fertilizer Fercent

Carriers Formula Form Nitrogen
IHORGARIC
Ammonium nitrate NH N0 ::'oli.d 33. 5
Asmonium sulfate (NH;)p50, Solid 2
Anhydrous ammonia  NHy Gast 82
Aqua ammonia iy OH Liquid 20-25
Caleium cyanamide  CaCNy Solid 21
Caleium nitrate Ca(tiiy) Solid 16
Nitrogen solutions (Varies Liquid 20-50
Sodium nitrate HnN(IIj Solid 16
SYNTHETIC ORGANIC:
Urea CO(NHy)3  Solid 45
Urea formaldehyde solid 38
NATURAL ORGANIC: 1b/T
Animal manure hotid 10-20
Sewage sludge Solid 5=10
T ==
Liguid under pressure
== g Approximate Per Cent T
N POh (7]
Per Cont
Avoiloble
Avallable PO, Which
(Citrate s Weter
Total Solvble) Scluble
] n n as Ul
a a a5 as o
" w 48 92 ]
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fertilizer can be made on a cost-per-pound ba
However, the buyer should keep in mind the a
ability of materials, ease of handling, handling
transportation costs, ease of application and storage
costs in addition to the cost of material,

SoIL SAMPLING

A soil test, to be helpful, must be made from a
representative soil sample. Too much is at stake to
be careless in this task

For general rotation crop:

soils should be tested at
Under intensive use, as in gar-
or for high-value field crops,
nnually,

least every 3 ye

dens and greenhous
soils should be tested

Soil samples may be taken at any time during the
3 when temperature (lack of frost) and moisture
conditions permit. Before sampling a field, check it
for differences in soil characteristies, Consider its
productivity, topography, texture, drainage
top soil, and past management. 1f these fe
uniform throughout the field, each composite sample
of the top soil can represent 10 to 13 acres,

Each composite sample should be made up of at
least 20 sub-samples taken at random over the feld.
Avoid taking samples close to gravel ros

W

color of

atures are

, dead fur-
rows, previous locations of brush, lime or manure

Be sure the sub-samples
1 pint of the soil in the

piles, or burned muck ar
are well mixed, and place
sample container for mailing to the laboratory
Extension Bulletin E-598, “Sampling Soils For Fer-
tilizer and Lime Becommendations,” also gives instruc-
tions on how to collect soil samples

Soi. TESTING

Soil tests on samples representative of a field are
ary before one may be sure of what plant nu-
trients to apply so that deficiencies will be eliminated
as a risk in crop production, However, a lack of plant
nutrients is only one of the many factors which can
limit crop vi

Soil pH of min
soil-to-water suspension and of organic soils with a
1:2 soil-to-water suspension.

Only soil tests obtained by the Bray Py (absorbed)
method should be used as a basis for selecting the
phosphorus recommendations suggested in this pub-
lication.

Ids

ral soils is measured with a 1:1

The potassium recommendations in Michigan s
based upon the 1.0 N neutral ammol
traction method,

Micronutrient levels are expressed as parts per mil-
lion (ppm). Awvailable mangane

m acetate ex-

and zine are de-

termined upon a 0.1 N HCI extrs

on; copper on a

L0 N HCI extraction (1:10 soil-extractant ra

All mineral soil samples submitted to the Michigan
State University Soil Testing Laboratory are extracted
on wi mples.  Amounts of nutrients which
they contain are CXPTesse ilable in two
million pounds of soil. This is about the weight of
an acre of loamy soil, 6 2/3 inches deep. O,
samples or synthetie soil mixes are measured by vol-

hed s

as pounds av

ume, This is necessary because such materials usually
have much lower densities than mineral soils,

Many soil samples are tested in laboratorie
than those supervised by the MSU Crop and Soil
Sciences Department, The test results and the fertil-
izer recommendations made by these laboratories can
tly different from those suggested in this pub-

These differcnces are due to other testing
methods and differences in soil test interpretations.

other

Basis ForR RECOMMENDATIONS

Fertilizer recommendations are based on theoreti-
cal considerations and many field experiments. In
et

these experiments, soil test levels of the plow

have been correlated with actual crop responses to
fertilizer nutrients.

Yield goals in Tables 26 and 27 represent practical
vield potentials under good management. These goals
are based on years of field experience with different
soil management groups. Yield potential on individ-
ual fields can vary substantially from these averages.
This variation is taken into account in later tables
where increasing quantities of fertilizer nutrients are
recommended over a range of increasing vield goals.

Past experience and good judgment must be used
in seleeting the yield goal for
needless cost to fertilize for a yield goal that cannot

1 given feld, It is a

be attained beeause of some other limiting factor or
factors. The accumulation of nutrients above a level
where crop response is attained leads to deleterious
effects on soils and crops. It also increases environ-
mental hazards due to potential erosion and /or leach-
ing of nutrients into ground or su waters,
Recommendations shown in Tables § to 10 call for
amounts that will result in fertility buildup when soils
ns

rh, the recommend.
call for little or no fertilizer. For such situations,
Ily deplete the soil reserves
to a point that more fertilizer will be needed. The

test low, Where soils test hi

crop removal will eventy

soil test should be repeated every two or three ye
to check the fertility reserves in the plow
high value crops, repeat soil tests every 3

Fertilizers are most effective on well-d

with favorable structure, which promotes deep root-
ing. Too much tillage can cause comj
stroy soil structure and lower fertilizer efficiency.




DEeFICIE

NCY SYMPTOMS

For better results from fertilizers, watch for plant
nutrient deficiency symptoms, Plants are normally
green, When another color develops, it is likely caused
by a d icy of some plant nutrient. Most def
cies result in yellowing of leaves, The pattern of yel-
lowing varies according to nutrient deficiency and
plant species. Insect damage and plant dise
also show similar color changes,

For many years, these deficiency symptoms have

505 Can

been studied under controlled conditions. The ap-
pearance of a starved plant may indicate what nu-
trient shortage is g the unhealthy condition. You
can become familiar with these symptoms and de-

2

cide for yourself when your plants are lac

ing nu-
trients. Green plant tissue tests will verify the symp-
toms of starvation. There may still be time to use
fertilizer profitably on that particular crop, or the in-
formation may help vou select the fertilizer for the
next crop.

SoiL Aciorry anp LiMe Int

Soil acidity is expressed in terms of "pH.” A soil
having a pH of 7.0 is neutral — neither acid nor al
kaline. A soil having a pH of 6.0 is mildly acid; pH
5.0 is more strongly acid. On the other hand, pH
8.0 is mildly alkaline, Most well-drained Michigan
soils, in their natural state, have a pH lower than
7.0. This is desirable from the
ability of most nutrients.

Plant nutrients, particularly phosphorus, are most
available in mineral soils having a pH between 6.0
and 7.0, For general field crops, acid soils should be
limed to pH 6.5, If alfalfa is to be grown, the soil
should be limed to pH 6.8

The estimated lime requirement of acid soil sam-
ples submitted to the Michigan State University lab-
oratory is determined by measuring the total soluble
and exchangeable hydrogen and aluminum, The de-
gree of acidity is reported as the This
method is more precise than estimates made from soil

standpoint of avail

me Indes

pH measurements alone, since it measures total acid-
ity instead of just the active acidity of the soil. Table
3 shows the amount of recommended limestone based
upon the “Lime Index” value for mineral soils. For
organic soils see Table 16,
The i lime
is 3 tons per acre.
If the “Lime Index” is less than 6.5, the soil should
be retested two vears after application for additional

¥ Season

lime needs.
For potatoes, the soil is generally limed to pH 6.0,
If there is no history of scab, or it is not suspected

Table 3. Tons of limestone needed to raise soil pH of
mineral soils to 6.5 or 6.8 as determined by the "L
Index” Method.

Lime Tons lime per acre
Index (9" Plow Depth) *
to pH 6.5 to pH 6.8

7.0 0.5 1.0
6.9 1.0 1.5
6.8 1.5 2.0
6.7 2.5 3.0
6.6 3.5 4.0
6.5 4.5 5.0
6.4 5.5 6.0
6.3 6.0 7.0
6.2 7.0 8.0
6.1 8.0 9.0
6.0 9.0 10.0
5.9 10.0 11.0

Below 5.9 11.0 12,0

*To convert lime recommendations to depth of plowing
ather than 9 inches, divide above rates by 9 and then multiply
by the depth of plowing,

because of resistant varieties, consider liming to pH
6.5, The lime application for potatoes should not ex-
ceed 2 tons per acre at any one time and should he
applied immediately following potato harvest.

Further information on liming is discussed in Michi-
gan Extension Bulletin 471

Svrrur Rates To Repuce Soi. vH

Elemental sulfur can be used to reduce the pH
level of a soil. While not practical for ficld crops, un-
der spe
purpose. The rates given in Table 4 should be used

conditions sulfur may be used for this

as a guide, Both spray grade and soil grade sulfur
are satisfactory.

Other materi;
rials are not as acidifying as sulfur,

als are satisfuctory. Since these mate-

sater rates must
he used. Listed below are materia
lent to sulfur rates in Table 4.

and rates equiva-

Pounds equivalent to

Material 1 pound of sulfur

Aluminum sulfate
Ammonium nitrate

Urea
Ammonium sulfate 2
Anhydrous ammonia 2

*For example, apply 7 times ax much aluminum
sulfate as sulfur.




Table 4. Quantity of sulfur required to reduce soil pH for a depth of 7 inches,

Desired pH Soil Texture
Change Sands Loamy sands Sandy Toams Loams Clay loams Organic
T I Y T TR T T Tb SUTfur/acre..covuvevnrencnncnns tressssssan
7.0-6.0 300 400 500 700 1100 1750
6.0-5.0 800 1000 1200 1400 1400 2750
5.0-4.0 800 1000 1200 1400 1800 4500
.................... ++o1b Sulfur/100 Square feet ........cciveeiniennnes
7.0-6.0 0.7 1.0 1.2 1.6 2.5 3.9
6.0-5.0 1.8 2.3 2.8 3.2 3.2 6.3
5.0-4.0 1.8 2.3 2.8 3.2 4.1 10.3

Recommendations for Field Crops on Mineral Soils

Major NurmienTs

Nitrogen (N) = The immediate nitrogen needs of a
crop growing on a mineral soil depend more on the
system of management than on the seil type or soil
test made prior to planting.

When mare than planting-time nitrogen is required,
the grower should follow the guidelines for applica-
tion given for the specific crop listed under the ferti-
lizer placement section on pages 15 to 17.

Bacteria in alfalfa and clover root nodules take
nitrogen from the to build their ewn bodies. The
plant is able to use the nitrogen released in the soil
by the bacteria.
by the bacteria, these crops do not usually need or
respond to nitrogen fertilizer

Because of this “nitrogen fixation”

Animal manures are relatively high in available ni-
trogen, unless they are high in straw or other car-
bonaceous bedding, such as shavings or sawdust. In
most cases, a small quantity of nitrogen at planting
time is desirable, even if animal manure is used
Where straw or mature grass cover crops are plowed
down, extra nitrogen is generally needed for orde rly
decompasition of the old erop residues and growth of
the new crop,

Tables 5, 6 and 7 give recommendations of the ni-
trogen fertilizer required for comn and other crops. 1F
the season is cool and wet and/or the field is poorly
drained, it is nsually nece

vy to apply larger quan-
tities of nitrogen than indicated,

A number of nitrogen materials are offered for sale,
Usnally the materials are equally effective and should
be purchased on the basis of cost per pound of actual

nitrogen, convenience of application, and supply, Un-
der special conditions, nitrate fer
especially for pli growing in cold seils or on re-
cently fumigated land

Most nitrogen carriers leave an acidic residue in
the soil. It r‘r'quin'x 1.8 pounds of limestone to neu-
tralize the acidifying effect of each pound of nitrogen
urea or anhydrous
ammonia and 5.5 pounds if ammonium sulfate is used.

eers nre preferred,

derived from ammonium nitrate,

Phosphorus  (P) — Phosphorus fertilizers are mostly
derived from phosphate rock located in Florida, Ten-
and the Western states, Normal superphos-
phate (0-20-0) is made by treating phosphate rock
with sulphuric acid. Triple superphosphate (0-46-0)
is made by treating the rock with phosphoric acid.
lizing
either

nEssee

Ammonium  phosphates are made by neut
ammonia, They
monoammonium phosphate (11-48-0) or diammonium
phosphate (16-45-0, 15-46-0, 21-53.0),
Polyphosphates have recently come on the market.
These materi

phosphorie acid with

we two or more phosphorus ions
The production of polyphosphorie
acid differs from ordinary phosphoric acid in that less
water is used, The process results in higher phos-
ysis, Field trials indicate that polyphos-
phates and ordinary phosphate materials are cssen-

in each molecule,

phorus ar

h|||_\ equal in availability to plants.

Normal and triple superphosphate have a low salt
index, but they can delay seed germination becanse
they readily absorb soil moisture. This often happens

in dry scasons when applied in direct contact with
the seed, such as with a fall seeding of wheat.




Ammonium phosphates have high salt effects and
Di-
ammonium phosphate is particularly hazardous be-

must be placed away from the secd or plant

cause of the release of the ammonium ion in the soil
solution,
Phosphorus fertilizers show their greatest benefits

for fast growth of small seedlir
e low. On
a good root system, the plant
soil phosphorus, Thus, fertilizers high in phosphorus

particularly when

soil temperature: v erop has developed

witer able to utilize

are generally recommended in starter solutions or in
bands near the seed.

The recommendations i
rates based on soil tests, crop grown and yield goul

: § show phesphorus

Potassium (K) — The common source of potassivm
ining

is potassium chloride (muriate of potash), con
60 percent K.0. This is the cheapest source anel s
highly effeetive for nearly all field erops. Other car-

rier + potassium sulfate, potassium magmesinm-sul-

fate und potassium nitrate. These sources are used for
specialty crops such as potatoes, blueberries, green-
house tomatoes and in |m||i|u_{ soil mixes. They are

used to help maintain low chloride levels and prevent
soluble salt accumulation.

Small seedlings have less need for potassium than
for phosphorus, On the other hand, onee plants start
to grow rapidly, they utilize large amounts of potas-
sium. Crop removal is particularly heavy when the

Table 5. Nitrogen fertilizer guides for corn growing on soil containing 2 to 4% organic matter.

Previous crop
or manure

-89 Bu
application 10-14 tons
Bpp

Yield goal

T _acre

- - - u
15-19 tons 20-24 tons 25-30 tons

Legume and 10 tons manure/acre 0
Good legume 10
Manure 10 tons/acre 30
No legumes, no manure

Pounds of nitrogen per acre,......... sanne
0 40 80
40 80 120
60 110 160
100 150 200

Por Sudangrass, sudaz, ete., use mitrogen rates comparable to silage productivity.

Table 6. Guide for estimating total nitrogen needed for small grains, potatoes, heans, and grassland.

Grass
asture or ha
Barley Pea Beans q
Dats a or Low Level Level Potatoes-cwt/acre**
Manure application Rye Wheat  Soybeans Management Mamt. - - -
CEse s . Pounds of nitrogen per acre........... wamaraasssenn Ee
Legume and 10 tons
of manure/acre 10 10 0 0 0 20 60 80
Good legume 10 10 10 0 0 60 100 120
Manure 10 tons/acre 10 30 10 0 50 90 130 160
No legume or manure 40 60 40 60 100 130 160 180

ATf wheat is apt to lodge,

follow amounts suggested for oats.

*4p.gset Burbanks will generally require an additional 30 to 40 pounds of nitrogen to
obtain the same yield goal ae other late season varieties.




whole plant is harvested, as with hay, summer for- sium that can be applied near the seed because of
ages, corn for silage or celery, possible salt injury to the seed. For this reason
The effectiveness of potassium applied in the row broadeast application is often recommended,
is equal or superior to that applied broadeast, How- The potassium-supplying ability of a soil is related .
ever, there is often a limit on the amount of potas- to the types and amounts of cliy minerals present.

Table 7. Nitrogen recommendations for sugar beets grown under different management systems,

Maximum Yield Maximum Yield
Previous Management of Roots of Sugar

Pounds of N/Acre
No nitrogen applied previous year

Legume and 10 tons manure/acre 10 0
Good legume 10 10
Manure (10 tons/acre) 50 30

Nitrogen applied previous year plus manure and/or legume

Legume and 10 tons manure/acre .
A1l rates of N applied previous year 10 0

Good Tegume
A1l rates of N applied previous year 10 0

Manure 10 tons/acre
Less than 50 1b N/A applied

Previous year 50 30
50-100 1b N/A applied

Previous year 50 10
More than 100 1b N/A

Applied previous year 50 0

Nitrogen applied previous year without lequme or manure

More than 150 1b Nfacre applied

previous year 90 0
100-150 1b N/acre applied

previous year 90 20
50-100 1b Nfacre applied

previous year 90 40
Less than 50 1b Nfacre applied

previous year 90 60




Table 8. Phosphate — phosphorus recommendations for field crops on

Alfalf

topdressin

mineral soi

osphorus (F) per acre

180199+~
14~

appropri

EXAM

ium can ade-
ium-supplying ability of
some soils fix potas-
sium in forms which are not readily available to plants,
Remember that routine soil testing does not deter-
mine various types of clay minerals or the fixing abil-
ity of a soil. If applications of 300 to 500 pounds of
K0 do not increase the soil test substantially, you
can assume the soil has considerable fixing capacity.
A correetive application of an additional 1,000 pounds
K+0 should be made. Once such soils have a good
test, they will continue to supply potash for some time
even though crop removal may be considerable.

The recommendations in Tables 9 and 10 show the
:s based on soil tests, crop grown, vield

quately redict the pot
maost Michigan soils, Howe

SECONDARY NUTRIENTS

Magnesium (Mg) — Magnesiom  deficiency is most
likely to oceur in acid soils with a sandy loam, Joamy

1hsoil as
Table 26 or &

5 O

sand or sand plow layer with a
coarser than the plow layer (see
in similar soils limed with calcic limestone or marl,
Responsive crops are cauliflower, celery, muskmelons,
potatoes, peas, oats and com. Magnesium deficiency
is & common disorder in greenhouse tomatoes,

Present soil test criteria for recommending mag-
nesium in Michigan are: (1) if the exchangeable
magnesium level is less than 75 pounds per acre, or
(2) if as a percent of the total bases (calcium plus
magnesium plus potassium expressed as milliequiva-
lents per 100 grams of soil), potassium exceeds mag-
nesium or (3) if the soil magnesium a pereent of
total bases) is less than 3 percent.

On acid soils where magnesium need is indicated,
at le 1,000 pounds of dolomitic limestone should
be applied. On soils which are not acid and need
magnesium, soluble sources are suggested. Magnesium
sulfate (epsom salts), sulfate of potash-magn
finely ground gnesium oxide @
sources of magnesium.

Magnesium can be applied as a foliar spr.




gested rates per acre are 10 to 20 pounds of mag-
nesium sulfate (epsom salts) in 100 gallons of water.

Magnesium deficiency may be induced by high
rates of potassium. In some states,

rronomists strive
gnesium of the tot
tble bases (equivalent basis). These high

to have at least 10 percent ms
exchan

rates aimed at preventing “gr tetany” disorders
in livestock which feed on lush grass. Any
cerned with “grass tetany” should avoid excessive

one con-

rates of potassium fertilizer. Legume hay, which is
generally high in magnesium, should alse be fed,
Some magnesium carriers which can be mixed with
grain or salt rations may also be considered. Con-
t your animal feed specialist for amounts and
SOUrces,

Calcium (Ca) — Caleium is an essential nutrient for
plant growth. Well-limed soils rich in ealcium,
Even soils needing lime to correct acidity generally
contain sufficient caleium for plants. The poor growth

of plants on acid soils is usually due to excess soluble
manganese, iron and/or aluminum,
Research at Purdue University found that the soil

water for Indiana varied between 8 to 450 ppm cal-
cium. The average content was 30 ppm. uming a
ratio of 400 to 1 as the amount of water needed to

Tahle

0. Potash — potassium recommendations |

produce one pound of dry matter, even the lowest
reading of 8 ppm would be sufficient calcium to reach
plant roots,

Disorders such as blossom end rot in peppers and
tomatoes, black heart in celery,

internal tip burn in
rots are attributed to

cabbage and cavity spot
calcium de
in plants grown on soils high in calcium.

» disorders ean oceur even
Flarida
workers report that ealcium deficiency in vegetables

the calcium content of the
soil water (at saturation) is less than 10 percent of the
total soluble salts. If ealeium is low, th
re high.

most likely occurs whe

potassium,
ammonium and /or sodium

Sulfur (S}~ Sulfur is an essential nutrient found in
about the same amount in plants as phosphorus. One
might suspect that sulfur deficiency could be wide-
spread because of more intensive erapping and the
increased use of fertilizers low in sulfur, Field trials,
however, have not shown any need for sulfur as a
plant nutrient. Soil mineral sources and sulfur fallout
from industrial smoke and gasoline combustion are
believed to exceed plant requirements,

If sulfur deficiency in erops should apy the soils
most likely to first show a need are the sandy soils
of northern N

or

Poundn per

Annually
R ded
poe of X Acre e

Orchard,




MiICRONUTRIENTS FOR MINERAL SoILs

mese (Mn) — Mincral soils of Michigan may be
ficient in o

iganese for the production of ocats,

ns, potatoes, sudangrass, sugar beets
In extreme cases, barley and most vegetables will re-
spond to mangancse. A deficiency is most likely to
occur on dark-colored surface soils in lake bed or gla-
cial outwash areas, Apply 5 to 10 pounds of manga-
nese per acre in a band with the fertilizer near the
seed. Suitable are manganese sulfate, chelated
materials and finely ground manganous oxide. Broad-
cast application is not recommended. Neither granu-
lar manganese oxide nor any of the manganic forms
are eptable manganese materials in blended ma-
ter

and spinach.

AT

Boron (B} = Two to three pounds of boron per acre
may be needed for sugar beets, table beets, ili-
flower, celery, turnips and rutabagas. Use 1 to 2
pounds per acre for a

fa on sandy loams and sandy
soils, Lettuce, broceoli, .\pm:lr]l and cabbage may
need 1 pound of boron per acre. Never apply boron

for beans, cucumbers, soybeans, peas or small grains.

Zine (Zn) — Zinc is needed for beans and com grown
on alkaline soils of lake bed areas of eastern Michi-
gan. The deficiency is especially noted on crops grow-
ing on soil banks, over the tile lines where calcareous
subsoil is mixed-in or where soils test high in phos-
pherus.

For treatment on known deficient soils, apply in the
band fertilizer 3 to 4 pounds of zinc from inorganic
salts or 0.5 to 0.8 pounds from organic salts (chelates)
per acre, .‘iuggmlvd rate as a preventive program is
2 pounds of zinc from an inorganic salt per acre.
Granular forms of zinc oxide have not been effective.

Foliar sprays have corrected the deficiency on beans
and onions,

Foliar Application — Micronutrients can be absorbed
through the leaves of plants from foliar applications.
Where spray equipment is available, cost of mate
used is greatly reduced. If compatible, the micro-
nutrients can be added to a fungicide or insecticide
spray. Suu_\:l-sl(‘d micronutricnt sources and rates per
re as sprays follow (page 14).

Table 10, Potash — potassium recommendations for ficld crops on sandy loams and loamy sands,

soil potansium - pounds of K per acre

5
150+ ba

250-350 cwe
Sugar beats




Suggested source

5C. Wi

ter soluble manganese
sulfate

1 to 2 pounds of mangs

* to 1 pound of copper
0.3 to 0.7 pounds of zine
0.1 to 0.3 pounds of boron
1 ounce of molybdenum

basie copper sulfate
zine sulfate

soluble borate

found in 2 ounces of so-
dium molybdate

Use a minimum of 30 gallons of water per acre.

micronutrient rates are expressed as the element,
The micronutrients can be mixed in liquid or dry

fertilizer by the manufs

mum percentages that may be sold with a claim are:
Element Percent
Manganese L0
Boron 0.125
Copper 05
Zine 0.5 (inorganic) or 0125 {organic)
Molybdenum - 0.04
Iron 01
Sulfur 1.0

ANIMAL MaNURES AND OTHER WASTES
\

anures are valuable pri
trient content. They also serve as an excellent source
of organic matter for improving soil physical condi-
tion. Table 12 gives some average plant nutrient fig-
ures for several kinds of common animal manures.
During the first year, about 50 percent of the nitro-
gen and nearly all of the potassium are bile,
Presently, 4 pounds of nitrogen, 2 pounds of phos-
phate (P20,) and § pounds of potash (K:0) for each
ton of cattle manure applied per acre are deducted
from fertilizer recommendations given in preceding
tables. Sheep and chicken manures add an additional
10 pounds of nitragen per ton, Chicken manures add
an additional 10 pounds of phosphate and sheep
manures an additional 10 pounds of patash per ton
above that for cattle manure,

Due to changes in farming practices, more manure
is being spread per acre than in the past. Present
research indicates that rates in excess of 15 tons per
acre annually lead to nutrient imbalances. Soils re-
ing manure should be soil tested frequently and
manure and fertilizer rates adjusted accordingly.

Municipal sewage efluents are also a rich source of
nutrients, as well as a source of water for irrigation

rily for their plant-nu-

ol

Table 11. Micronutrient response and fertilizer needs as indicated by soil tests, (For responsive  crops growing on

known deficient soil types.)

MARGANESE (o.

{ HC1 EXTRACTION)

Hinsral Soils

Organic Soils

Above pH T, pH 5.6-E.0

Above pH 6.5 pH 6.0-56.5
Hesponse  Hn-1bs/A Response Mn-1bs/k
Sesponas  Hu-lbeiA Saponds

ZINC FOR MINERAL AND ORGANIC SOILS (0.1 M HC1 EXTRACTION)

Response  Mn-1bs/A Responme  Hn-iba/h
Frobable ] Certain 16 Certaln 12
Probable [ 4 Certain 12 Probable 8
Possible 0 @ Probable 8 Fosaible 4
Kone ] [} Possible 4 Nene 0
Yone a ] Kone [} Mone ]

COPPER FOR ORGANIC SOILS

Above pH 7.5 H 6.7 to 7.4
B n-1ba A% "‘E_‘ Tn-1ha A%

Certain 5 Frobable 3

Probable 3 Possible 3

Probable 3 Possible 2

1-15 Possible 2 None o
Above 135 None o Hone o

Below pH 6.7 1.0H HCl EXTRACTION

Response  @n-1bs/A*  Boll Te Flant Copper

.y = Cu Response 1bs /A

Poasible 2 B Frobble <t
None o 10-20 Fossible 3
Hone o 21-40 None [
None [ 51-B0 None a
None o 81-160 None o
Above 160 Excessive ]

chalated materials.




Table 12, Average amounts of nitrogen, phosph , and | and the bined value of manures from different
farm animals.
Per- Pounds per ton of manure Value
cent per
Kind of manure water N P Pl K K0 ton*
Chicken--
a. From dropping boards,
without litter 54 31 8 18 7 8 6.90
b. With old floor litter** 61 34 12 28 13 15 8.65
Dairy cattle 79 11 2 5 10 12 2.75
Fattening cattle 80 14 4 9 9 11 3.55
Hog 75 10 3 7 8 10 2.70
Horse 60 14 2 5 12 14 3.30
Sheep 65 28 4 9 20 24 6.30

*Caleulated on the aeumption that the present retail corts per pound are ar follows: N, 15 cents; PoOg, 10 eonts; and KzOp,

cends.
**Probably contained some feed residues.
SOURCE: Michigan State University Circulor Bulletin 2

purposes. Systems for using municipal effluents in
agricultural production are under intensive study.
Numerous design, management, economic and other
principles have to be worked out. The grower who
has the opportunity to use municipal or indus
effluents should consult the local Seil Cons
Service and Cooperative Extension Service s

SucGeEsTED FERTILIZER PLA
ror FieLp Crops

Alfalfa, Alfalfa Brome, Clover, Birdsfoot Trefoil — The
fertilizer recommendations for alfalfa seedings given
in Tables 5 to 10 are for spring or summer clear seed-
ings. Apply fertilizer at rates up to 100 pounds of
phosphate plus 50 pounds of potash per acre through
the grain drill. Fertilizer in excess of this amount
should be broadeast and plowed down or disked in
ahead of seeding,

’ is fertilizer recommendation is
sufficient to establish the legume and for growth until
the first crop is removed. Beyond that point, addi-
tional fertilizer is required,

At planting, allow the legume seed to fall on top of
the soil above the fert
deep. To seed bromegr
small grain or with the fer

Boron is needed annually on alfalfa at the rate of
one to two pounds per acre. It should not be ap-
plied in combination seedi containing grass or

or band and cover % inch
vither mix the seed with a
zer

small grain because of injury to these plants. Boron
for the legume should be applied as a topdressing

ANIMAL MANURES.

after the grass has become well established or the
grain crop has been harvested.

Topdressing of alfalfa is suggested in early spring
while the plants are dormant or immediately after a
hay harvest.

Planting-time nitrogen is not suggested for spring
or summer clear seeded alfalfa.

Small Grain, Legume Seeding—The recommenda-
tions in Tables 8 to 10 are for legumes seeded in small
grain. This recommendation should be sufficient to
rv the legume through the first cutting. A top-
dressing of additional fertilizer is suggested either
early spring after the small grain is harvested (late
fall on level fields) or after t

first cutting.

At planting time, on sandy soils, do not exceed 100
]mumis of plant nutrients (N Pu0; -+ K:0) per acre
in direet contact with the seed. On fine textured soils
do not exceed 140 pounds per acre, If larger amounts

are required, apply in

separate operation. See the
discussion on some grain drills in the next section.

Barley, Oats, Wheat, Rye — The proper place to ap-
ply fertilizer for small grains is one inch to the side
and one inch below the seed. Many grain drills ap-
ply the fertilizer directly in contact with the seed
This placement can ¢ injury when large amounts
are applied, especially when the soil is dry. Do not
drill in direct contact with the seed more than a total
of 100 pounds of plant nutrients (N P.0. K:0)
for sandy soils and 140 pounds per acre for fine-




If additional amounts are needed, ap-
ply in a sef € operation.

On winter grains, nitrogen in excess of planting time
fertilizer should not be fall applied on sands, loamy
sands or sandy loams. Similarly, it should not be
applied on frozen ground on soils with greater than
3% slope,

all grains, especially barley, growing on certain
soils are likely to lodge, On the e little or
nitrogen,

Manganese is recommended in the band fertili;
for wheat, oats, and barley growing on lake bed soils
and dark colored flats where pH is above 65 Use
5 to § pounds of manganese per acre for soils with
pH 6.5 to and 8 to 10 pounds per acre for soils
having pH 7.3 to 85.

ba

Field Beans, Soybeans — Beans are very sensitive to
fertilizer Apply
fertilizer in the row 1 inch to the side and 2 inches
below the seed, These crops often need mar ganese
when grown on orginie soils and dark colored sandy
soils with a pH higher than 5.8, and lake bed soils
and depressional areas having gray subsoil color with
pH's above 6.

To prevent manganese deficiency, apply 4 to 8
pounds of manganese on mineral soils. Manganese is
usually mixed with fertilizer and applied in a band
near the seed. Foliar applications are also effective
and are often preferred, especially in the production
of soybeans,

applied in contact with the seed.

Field beans, especially the Sanilac variety, have
proven highly responsive to zine fertilizer when
grown on soils with pH of or higher, The de-
ficiency is particularly noticeable on land previously
planted to sugar beets, or where caleareous subsoils
exposed by

and leveling or after tiling, To pre-
vent the deficiency, apply 3 to 4 pounds of zine per

re in the row fertilizer. If organic forms such as
zine chelates are used, apply 05 to 0.8 pounds of
zine per

e,

Corn, Corn Silage — Phosphorus stum fertil-
izers in excess of the row fertiliz be plowed
down. Nitrogen can be sideplaced or plowed down
Row fertilizer should be placed two inches to the
side and 2 inches below the seed. At this placement
the fertilizer can include all of the phosphate and up
to 100 pounds of the potash and 60 pounds of nitrogen
per a The row fertilizer is usually high in phos-
phate, so as to stimulate rapid, even growth of corn
during late spring.

Corn harvested for silage removes large amounts
of plant nutrients. In a Michigan study, corn yield-
ing 140 bushels of grain when harvested by a sheller
removed 120 pounds of nitrogen, 52 pounds of phos-

phate, and 27 pounds of potash per acre. The same
crop if harvested for silage removed 196 pounds of
nitrogen, 69 pounds of phosphate, and 206 pounds of
potash per aere, A comparison of the two practices
illustrates that nutrient removal, especially potash, is
t when silage is harvested.

Nitrogen should not be plowed down in the fall on
sands, loamy sands or sandy loams. Similarly, it
should not be broadeast on frozen ground with greater
than 3 percent slope. Care should be used when
applying anhyd: to pletely trap the
gas in the soil. Broadcast or s applications of
juid nitrogen should not exceed 10 pounds per acre
after emergence of the com. Applications of greater
than 10 pounds per acre can cause leaf burn, Broad-
cast or spray applications of liquid fertilizers contain-
ing phosphorus and potassium are not recommended
because of the inefficient use of these nutrie Many
e this pro-
s for applying a pre-emer-

&

solutions are compatible with herbicide

vides o convenient mea

genee herbicide and supplemental nitrogen,

Grass (pasture or hay) — Grass usually needs high-
nitrogen fertilizer such as 2-1-1 or 4-1-2 mtio. Tl
fertilizer may be topdressed in winter or early pring,
Under intensive cropping, additional topdressings are
When a new
seeding is started, more liberal rates of

applied during the grow
phosphorus
and potassium are applied, These materi

e ap-
plied broadeast after plowing and then are disked into
the top 3-4 inches of soil. Tables 8-10 report suggested
fertilizer amounts based upon soil tes

L

Potatoes — Apply up to 60 pounds of nitrogen, 200
pounds of phosphate, and 100 pounds of potash per
acre in bands two inches to the side and level with
or slightly below the seed picces. Plow down or dise-
in additional amounts when needed.  Supplemental
nitrogen can be either plowed down, sidedressed or
applied in the irrigation water. Nitrogen applications
made after plant emergence are generally more ef-
ficient than nitrogen plowed down, For suggested
nitrogen rates, see Table 6. No more than 50 pounds
of nitragen per acre should be applied in the fall to
cover crops grown on sands, loamy sands or sandy
loams. No nitrogen should be applied on these tex
tures if the soil is left bare. Similarly, nitrogen should
not be broadeast on frozen soils with a slope greater
than 3 percent.

Manganese may be needed when mineral soils test
above pH 65 A soil test can help determine the
ible amounts of manganese, See Table 11 for
micronutrient recommendations. Manganese may be
¥ spray.

applied as a fe

Fall applications of potash for the cover crop or
plow-down applications in the spring are suggested for




ates of potassium chloride. Potassium sulfate
» are preferred potash carriers for
ments, but are more expensive,

ito varicties show diffe
Russet

wes in fertility require-
Burbunks show a greater need for
gen and potassium than Sebagos and Katahdins.

Sudan
or chopped forage

Sorghum, Sudangrass — Sorghum  and
grown for summer pastu
nutrient requirements si iilar to corn. In estimating
f the column in Tables 5,
md 8 to 10 for corn that fits the nearest yiclding
capacity of the soil.

tilizer requirements,

Narr
the 100-bushels- -per-acre

Iy this is the column for
Id goal

Recommendations for

Most vegetable crops require relatively high levels
of fertility for optimum yields of ~|l|~[\!.lnn quality.
Fertilizer may be applied to vegetables in one or
more of the following ways: (1) applied at time of
planting to the green manure or cover crop preceding
the vegetable crop; ( owed down; (3) drilled in
after plowing; (4) placed in bands near the
(3) used in starter solutions; (6) sidedressed or top-
dressedd; (7) applied to the (foliar Ffeeding).

Credit any fertilizer applied by any of the above
methods to the total amounts recommended in Tables
13-15.

Some rules that will aid in making decisions are:

(1) For maximum growth, fertilize a green
crop with a high analysis nitrogen fertiliz
covery of the nitrogen applied to a green manure
crop will amount to about 40% for the first vegetable
crop.

(2) When using a high analysis phosphorus fertil-
izer, place in bands near the sced so as to deercase
soil phosphorus fixation.

(3) 1f phosphorus is to be sideplaced, drill in or
plow down a fertilizer high in nitrogen and potas-

seed;

leaves

anure
The re-

sium. This reduces possible injury to small plants or
germinating seeds and helps decompose non-legumi-
nous plant residues,

(4) Use starter solutions high in phosphorus for
spring planting or transplants,
(5) Sidedress or topdress vegetables or fruiting

rect or prevent some micronutrient deficiencies, 1t is
not recommended for applying phosphorus and po-
tassium fertilizer because of exce
to supply suffic
injury.

¢ cost, inability
it nutrients and possibility of plant

pets — Fertilizer for sugar beets should be ap-
plied in bands one inch to the side and two inches
below the s A band three inches dircetly below
the seed is satisfactory, Part of the fertilizer,
ever, may conveniently be broadeast before plowing.

how-

IF the soil pH is above 6.8, manganese and boron

are recommended. They may be applied as part of

the band fertilizer.

The quality of sugar beets is affected very markedly
by past nitrogen management and presently applicd
nitrogen. Table 7 in the fore part of this bulletin
gives suggested nitrogen rates for maximum tonnage
and maximum recoverable sugar

Vegetable Crops on Mineral Soils

Fertilizers should be applied according to soil tests
for P and K, as shown in Tables 13-15.

SucGESTED FERTILIZER PLACEMENT

Some typical fertilizer recommendations for vegeta-

bles showing placement and nitrogen rates are given

below. For specific amounts, have your soil tested.

Asparagus (new planting, crowns) — Plow down 50
pounds of nitrogen, 100 pounds of phosphate, and 80
pounds of potash per acre and apply 30 pounds of
phosphate in the trench before setting plants. Later,

sidledress with 30 pounds of nitrogen per acre during

cultivation.

Asparagus (established planting) — Alternate  appli-
cations of nitrogen at the rate of 40 to 80 pounds one
year, with 50 pounds each of nitrogen, phosph
and potash per acre on alternate years, applied
the end of harvesting season on soils with medium
phosphorus and potassium tests. [
application if manure is applied.

liminate nitrogen

Lima Beans, Snap Beans — Apply fertilizer two inches
to the side and two inches below the seed. Do not
apply dire contact with the seed, Use 25
pounds of nitrogen, 100 pounds of phosphate, and 50
pounds of potash per acre for clay loams; 25 pounds
of nitrogen and 60 pounds each of phosphate and
potash per acre for sandy loams. Plow down extra
fertilizer if needed. Sidedress beans with urea or
ammonium nitrate to -.upph about 30 to 40 ;mum]'.

in

5

of nitrogen per acre from the time 2 to 3 true

have appeared up to flowering, if foliage is light




Table 13. Fhosphate — phosphorus lations for vegetables on mineral soils,

Pounds Par
Acre

R

Available

[ %, | et e
20-19
-99

1004~

Asparagus

Harket garden

potatoes

b (200)
{380}

*Flgure In pareath crop Us the estimated dsve.
Table 14. Potash — p il lations for vegetable crops on loams, clay loams and clays.
Available soll potassium —-pounds of K per acre Pounds Per
Acre
Eecommended
R,
i Less than 60- - - = = =
Less than 60 = = - — = - 60-99 —mmm=-
Less than 60 = = = - - 60-99 ..o ____ 100-149 T e e
Leas than 60 - - - -  60-99 - - - - - 100-149 - - - - - - 150-199 - - - - - -
60-99 - === 100-145 - == == 150-1%9 - == 200-249 i e
100-149 = -- 150-189 - - oo 200-299 - - - - - - 250-349 - - - oo o
150-199 - - - = 200-249 - ---- = eemees N
200+ --== 250+ @ aa--- 300+ 0 - - L e
Asparagus* (35) Asparagun Cabbage (200-600) Broceold (120)
d beds crowns, new beds Cucumbers (200) Brusssl sprouts
berries Carrots (200-400) over 40,000 plance Cauliflower (160)
Lima Beans (30) Cucunbers (150) Egg plant (150) Celery (400)
Peas (40) Endive Flower beds Boma garden
Pumpking Lattuce (250) Muskmelons (150) Marker garden
Radish (40) Sweat corn (100) Onions (400) Tomatces (500)
Snap Beans (60) Parsnips
Squash Peppers (40)
Turnips Rhubarb (200)
Rutabagas (200)
Spinach (100)
Sweat potatoes
Table beets (300)
Waternelons
*Figure in parentheses after crop is the estimated yleld potential in cwes. (100 1bs.) per acre. .
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for

Table 15. Potash — pot

o crops on sandy loams and loamy sands,

Rthu

Peppera (4

heses after cro imated yield pe

green, Manganese is often needed if pH of soil is
above 6.5,

Carrots, Horserad; nips — Drill in or plow
down the fertilizer before seeding. Use 50 pounds of
nitrogen and 100 pounds each of phosphate and pot-
ash per acre on sandy loams. Topdress with 50
pounds of nitrogen per acre after plants are well
started.

Table Beets, Rutabagas — Drill in fertilizer before
seeding or apply in a band one inch to the side and
two inches below the seed, Use 50 pounds of nitrogen,
150 pounds of phosphate, and 100 pounds of potash
per acre for clay loams; 50 pounds of nitrogen, 120
pounds of phosphate, 120 pounds of potash and 1
pound of boron per acre for sandy soils. Topdress
with 50 pounds of nitrogen.

Broccoli, Cabbage, Brussel Sprouts, Cauliflower —
Plow down 40 to 60 pounds of nitrogen per acre
with stubble or grain cover crops. For sandy soils
plow down or drill in after plowing, 50 pounds of
nitrogen, 150 pounds of phosphate, 160 pounds of
potash, and 1 to 2 pounds of boron per aere, Clay
loams require about 200 pounds of phesphate and
100 pounds of potash per acre. Band, if possible,

aten

19

fal in cwets. {100 1bs.) per acre.

a part of the fertilizer near the plants or seeds. Use
4 ounces of sodium molybdate per acre for caulifiower.
Use a high nitrogen starter solution for transplants
{for amounts, see following information on starter
solutions). Sidedress cauliflower with an additional
70 pounds of nitrogen per acre,

Sweet Corn — Plow down or sidedress about 120
pounds of nitrogen per acre. Apply N-P-K fertilizer
high in phosphorus in a band 2 inches to the side and
2 inches below the seed. Extra potassium, if needed,
can be plowed down.

C nbers — For pickling cucumbers, plow down 30
to 50 pounds of nitrogen per acre with stubble, grass,
or grain cover crops. Drill in or broadcast and disk in
balance of fertili If fertilizer is placed in a band
two inches to the side and two inches below the seed,
do not apply more than 300 pounds per acre for 4-
foot row spacings. Sidedress with 30 to 40 pounds
of nitrogen per acre when the vines |
the foliage becomes light or yellow green or if rain-
fall has been excessive. Drill in or disk in all the
fertilizer where seeding rates exceed 40,000 per acre.
A suggested rate is 700-1000 pounds of 10-20.20
per acre,

+gin to run if




Apply in a band about 300 pounds of a fertilizer
high

in phosphorus, such as a 10-20-10, per acre.
ibout 2 inches to the side of the seed. If the
is above pH 6.7, use 2 percent manganese in the
band fertilizer. If additional nitrogen and potassium
are needed, disk in or plow down before seeding.
Sidedress the crop about mid-season with 60 pounds
of nitrogen per acre.

Muskmelons, Watermelons — At planting time, fertil-
ize used for 4 green manu
40 pounds each of nitrogen, phosphate,
For sandy soils, drill in, th or four
inches deep, 50 pounds of nitrogen and 150 pounds
each of phosphate and potash per acre after plowing,
Use 50 pounds of nitrogen, 150 pounds of phospl
and 100 pounds of potash per acre for clay loams.
Sidedress with 80 pounds per acre of nitrogen three
s after plants have emerged, or after transplant-

€ OF ryegr

per acre,

tes,

wee
ing.

Peas — Broadcast or drill two inches to the side of
the seed 50 pounds each of nitrogen, phosphate, and
potash acre for sandy loams or 50 pounds of
nitrogen, 100 pounds of phosphate, and 50 pounds of
potash per acre on clay loams. If nitrogen deficiency
» topdress 20-30 pounds of nitrogen per acre
when peas are 4-6 inches tall. To avoid leaf burn,
apply only when plants are dry,

Radishes, Turnips — Drill in or disk in 50 pounds
each of nitrogen, phosphate, and potash per acre.
Boron may be needed at the rate of 1-2 pounds per
acre,

Tomatoes — Plow down or drill in three or four
inches deep 1/2 to 2/3 of the fertilizer recommended
in Tables 11-13. Apply the remainder in bands three
to four inches to the side and several inches below
at planting time, Use starter solutions high in phos-
phate in transplanting. Apply additional nitrogen
fertilizer, 30 to 90 pounds of nitrogen per acre when
the first fruits are about the size of a half dollar.
High rates often retard maturity but give high seasonal
yields. Use 50-80 pounds of nitrogen per acre at plant-
ing time.

Rhubarb — In early spring apply
gen, 100 pounds of phosphate, and 130 pounds of
potash per acre. Sidedress with 50 pounds of N per
acre two weeks after growth starts.

50 pounds of nitro-

Market Gardens — Plow down about 50 pounds of
nitrogen, 100 pounds of phosphate, and 100 pounds
of potash per acre. In addition, broadeast and disk in
a similar amount, or apply in bands 1 inch to the
side and two inches below the seed at planting time,

Make one or two applications of nitrogen between
rows during the growing season, Nitrogen recom-
mendations for individual crops are listed under the
name of the crops. For other vegetables, use 40 to
100 pounds additional nitrogen per acre as indicated
by foliage color. More nitrogen is needed for green
leafy vegetables, tomatoes, peppers, sweet corn, and
rhubarb than for beans, peas, cucumbers,
root crops, or asparagus.

ter solutions when tr
celery, ete. High analysis, water soluble
we available in most garden supply stores,
Starter solutions may also be used to obtain growth
of particularly leafy vegetable crops when soils are
cold and temperatures are low. Avoid overfeeding, or

melons,

nsplanting cabbage,

salt burn may result,

Home Gardens — For home gardens, apply 10 to 15
pounds of fertilizer per 1,000 square feet before plow-
ing or spading, After plowing, apply similar amounts
into the soil several inches deep. Use 6-24-12, 5-20-20
or similar grades, Micronutrients may be needed
Their need is discussed under each vegetable.

In midsummer, fertilize with 5 pounds of ammo-
nium nitrate or 4 pounds of urea per 1,000 square
feet of area. Apply this in a band along the rows six
inches to the side of the plants. To help maintain
the organic matter level in gardens, rake in rye or
ly September. Topdress the grain
cover crop some time during early March with 4
pounds of ammonium nitrate or 3 pounds of urea for
each 1,000 square feet of land. If you use manure
cut all fertilizer rates in half.

wheat seed in

Vegetables in Flats and Flowers for Transplanting —
There are several alternative programs, These are:

(1) Use a complete fertilizer such as 6-24-12 or
10-20-10 at the rate of 2 to 3 pounds per cubic yard
(about 20 bushels) of soil or other mix.

(2} Use a fertilizer solution every day after plants
have emerged or less frequently if soil other than
peat-lite or other synthetic mix i This ferti-
lizer should be an all soluble starter solution made
from high phosphate formulations such as 10-30-10,
Dissolve two ounces of the d 5 gallons

used.

¢ fertilizer in 5
of water and apply w ilh a sprinkling can or hose-on
attachment, to cover 75 to 100 square feet, With this
program, no fertilizer needs to be added to the soil
mix used in plant growing,

(3) Prepare special soil mixes, especially if the
soil is steamed or fumigated. A suggested soil mix is
two parts, by volume, of sand and one part of shred-
ded peat. Another is a one-to-one mixture of peat
and vermiculite. To each cubic yard of the mixture,
add 12 ounces of potassium nitrate, and 3 pounds of

1f

20 percent superphosphate,

acid peat (below




pH 50) is used, add 6 pounds of finely ground
dolomitic limestone.  Additional nitrogen is needed
after plants are well started. Good r
monium nitrate or caleium nitrate.  Dissolve two
ounces in 5 gallons of water and apply as noted for
option 2.

(4) For constant plant feeding with soluble fer-
tilizer in water, prepare soil mixes and lime additions
as in option No. Dissolve 12 ounces of 15
20-20-20 in one gallon of water. Apply with injector
proportioner set at a dilution ratio of 1:100. If the
basic soil mix has ample phosphorus, dissolve 6 ounces
of potassium nit

are am-

il 6 ounces of ammonium ni-

trate per gallon of water. Dilute 1:100 with water.

Recommendations

Organic soils are classified as mucks and peats.
maost important o
Carlisle, l,.lr‘mnd:h'
Lupton and Rifle,

Addi information on the management of or-
ganie soils is given in Organic Soils Their Formation,
Distribution, Utilization and Management, Michig
State University Agricultural Experiment Station Spe
cial Bulletin 425,

The
nie soil series in Michigan are
Greenwood, Houghton, Kerston,

MENTS

Within each series, acidity or alkalinity varies, except
that Greenwood is always very acid. Crop production

does not benefit from liming unl soil:

water -.u\l:x-nnuu\ is below 5.2, Y requires
a soil pH of 5.5 or above. Blueberries benefit from
lime applications if soil pH is below 4.0. Apply 4
tons per acre if soil pH is below 4.0

When the soil magne:

test m level is less than

Table 16, Lime requirements of organic soils,

Lime Requirement

Tons/acre

Soil pH

5'
8
10*

*Plow down half and dise in other
half after plowing.

The final concentration of the nutrients is about 200
ppm for both the nitrogren and the potash.

ter Solution — Starter solutions can be used on
ur home garden. In cold weather, growth of crops
such as lettuee and tomatoes and others are promoted
by additional fertilizer,

Use this solution in addition
to the recommended rates of dry fer r. Com-
mercial starter fertilizers can be cither all mlulrlx' dry
0-15, or, 10-50-10 or they can be

Follow manufacturer’s
mendations when using concentrated fertilizers. Lig-
uid and dry fertilizers are essentially equal in effec-
tivene

material such as 15-3

liquic  formulations. recom-

for Organic Soils

150 lml:mh per acre and lime is rc'qmr«r‘, use at
least 1 ton of dolomitic lime per acre,

In some cases, the surface foot of soil may have a
pH around 5.0 and the second foot around 4.0. If
the soil is plowed sufficiently deep to bring some of
the acid soil to the surface,
test on

lime according to soil
mple taken after plowing.

Lime requirements for organic soils are shown in
le 16,
Some problem areas may be due to acid or alkaline

layers in the rooting zome. In problem areas, check
the soil pH at 6 inch intervals to a depth of 2 or 3
feet. Newly established areas should be tested for
pH at 6 inch intervals to a depth of 2 or 3 fect

:cT oF TiME oF SoiL SAMPLING

In the case of newly reclaimed organic soils or
soils which have not been heavily fertilized there is
little o
year to another. Consequently, time of sampling is

ange in soil test levels from one time of the

not important on these soils,

On organic soils which have been fertilized for 2 or
3 years, the time of sampling is important. Consider-
able amounts of potassium leach over winter. The
potash recommendations in Table 18 are for samples
collected in the fall. For samples collected between
January and June decrease recommendations for pot-
ash by 25 pereent.

Major NUTRIENTS

Nitrogen requirements are given for each crop in
the section fertilizer management.
which may suggest the need for additio
are: (1) organic layers less than 18

Conditions
1 nitrogen
ches deep,

on




(2) soil pH less than 5.2, (3) he rainfall, (4)
high water table and (3) low soil temperatures in
the spri If any one of these conditions exist,
crease the suggested amounts by 30 applying it
as a top-or sidedress application.

Phosphate and potash requirements are given in
Tables 17 and 18.

MICRONUTRIENTS

Organic soils are often low in nese, boron,
copper, molybdenum, and zine. High value crops,
particularly, should be fertilized with micronutrients
if conditions indicate possible need,

Micronutrients can be absorbed through the leaves
of plants, Where spray equipment is available, cost of
I used is greatly reduced. Su
ays are discussed on pages 13 and 14

rested  rates

Manganese (Mn) — Manganese deficiency is likely to
oceur on organic soils with a pH of 58, or above
t deficiency can be corrected by the application
of manganese salts or by the addition of enough sul-
fur to acidify the soil. Very acid soils that have been
limed usually show a greater need for manganese
fertilization than do soils naturally high in lime,

Crops listed in Table 20 are grouped according to
the degree of response to treatment with manganese,
The amount of manganese recommended according
to soil test is shown in Table 11, Soil fixation can be
very great, particularly when the fertilizer is broad-
cast. For this reason, place the manganese in bands
near the seed, If manganous oxide is used as the
nganese carrier, use only finely ground material
with acid forming fertilizers. Manganese must be ap-
plied yearly, since there is usually no arryover in
the available form, Chelated forms of manganese have
not been effective when applied to organic soils,

Boron (B) — The need for fertilizing with boron on
organic soils depends on the erop grown (see Table
19). Boron is generally applied broadeast or drilled
in before seeding and should not be banded near
the seed. Corn, barley, and beans may be injured by
boron applications.

The availability of boron in the soil is affected by
lime content. For this reason, the amounts suggested
i le 19 are greater on high-lime soils. In esti-
boron needs, expect some residual effect for
the succeeding crop, However, this will not injure

sensitive crops if recommended rates are applied. It
may be necessary to use quantities greater than those
suggested in Table 19 for table be

Table 17. Phosphate — ph

for organic soil

Oa
Fanture {grass)
Eye

Soybeans-35 bu

Sugar baets
fable boats

Onions dry-600 cut
Onions dry=-600 cwt

antial in cves. (100 lbs.) per acre. .

*Figure in parentheses after erop {n the estimated yie




Copper (Cu) — Acid, peaty soils are usually low in
copper. Liming will not decrease the need. The e
riers used for fertilizers are usually either the sulfate
or oxide forms, Copper applied to organic soils is not
casily leached, nor is it much used by the crop. For
this reason, no further copper fertilization is needed if
a total of 20 pounds per acre has been applied to

low or medium responsive crops and 40 pounds per

acre for high responsive crops,

Additional cooper will be needed if soil erosion is
serious or the field is plowed deeply. In many in-
stances, the copper level in the soil is ample be
of repeated applications of copper fungicide dust or
spray. Crops listed in Table 20 show the degree of
response to copper fertilization, and data in Table 11
show copper recommendations

15e

Zine (Zn) -3
on nearly neutral or alkaline organic soi

nc deficiency is more likely to ocour
Omnions,

beans, and corn are affected under Michigan condi-
tions. Apply 3 to 4 pounds of zine annually for 3 or

4 years, then reduce rate to 1 pound per acre.

Molybd (Mo) — Molybed deficiency  has
been noted on lettuce, spinach, cauliflower, cabbage,
and onions, The organie soils that need molybdenum
S0

are below pH 5.5, “Soils with high iron content a
show a need for molybdenum.

The suggested treatment for molybdenum is a
foliar spray application of 2 ounces of sodium molyb-
date per acre or a seed treatment at a rate of ' ounce
of sodium molybdate per acre. For seed treatment
dissolve the % ounce of sodium molybdate in 3 table-
spoons of water. Mix with seed required for one acre.

Table 19. Boron recommendations for organic soils — el-

emental basis,

Crop Pounds per acre
Response pH 5.0-6.4 pH 6.5-8.0
High 2 3
Medium 1/2 1
Low 0 1/2

Table 18. Potash — | inm fertil

ndations for organic soils,

Available soil potassium -

Pounds Per

K Por

Clover
Ry Corn
Pasture (grass)
sed

low in 3
Ly Lf 1L

o soll test is
pa um per
great

sggented for 150 p
ed, because potash

smounts of pota
e

1o potash Ls merve can




Su STED FerriLizer MANAGEMENT ror Crors GRowN oN ORGANIC SOILS

Broccoli, Cabbage, Cauliflower — Drill 50 pounds of fertilizer can be applied in a band 3 inches below the
nitrogen and all of the phosphate and potash into the 1 fertilizer high in phosp! ( .
soil 4 inches deep prior to planting, Sidedress ad a 1-4-2 or 2-4-1 ratio) for the remainder of the fer-

ditional nitroger
nitrogen is suffic

s needed; usually 30-60 pounds of tilizer needs. Do not exceed 250 pounds of nitrogen
ent. If the soil pH is 5.8 or above, plus potash in the row on 14 inch rows, Lower rs

boron and manganese should be applied. Below pH should be used on wider rows. Sided additional
5.8, only boron is needed. Molybdenum secd treat- nitrogen as needed. On well drained high organic
ment or foliage spray is recommended, soils, use a total of 50 pounds of nitrogen. On sandy
mucks and marly soils, use a total of 80 to 120 pounds
Carrots, Parsnips — Dise in or plow down fertilizer of nitrogen,
containing boron and copper. Diseing in is the pre-
ferred method of application, Celery — Dise or drill in the fertilizer after plowing
An alternate program is to plowdown a fertilizer Apply 1 pound of boron and 2 pounds copper per
high in potassium (for example a 1-2-4 ratio) con- acre. Spray foliage with 1 if the soil pH

taining boron and copper. The remainder of the is above 6.5.

Table 20, Crop response to micronutrients (organic soils),

Others
Crop Micronutrient response May be
Manganese Boron Copper Needed
Alfalfa Medium High High
Asparagus Low Low Low
Barley Medium None Medium Zine
Beans Hi None Low Zine .
Blueberries N None Medium ITon
Broceoli Medium Medium Medium Molybdenus
Cabbage Medium Medium Medium Molybdenus
Carrots Medium Medium Medium
Cauliflower High High Medium Molybdenum
Celery Medium High Medium
Clover Medium Medium Medium Molybdenum
Cucumbers Medium Laow Medium
Corn Low Low Medium Zine
Grass Low None Low
Lettuce High Medium High Molybdenum
Oats High None High
Onions High None High nc, Molybdenum
Parsnips Medium Medium Medium
Peas i None Low
Peppermint None Low
Potatoes Liow Low
Radishes Medium Medium
Rye None None
Spearmint None Low
Soybeans None Low
Spinach Medium High Molybdenum
Sudangrass None High
Sugar beets High Medium
Sweet corn Low Medium
Table beets High
Turnips High
Wheat None




Sidedress one to three times during the growing
season at the rate of 50 pounds of actual nitro
per acre per application, The number of applications
will depend upon the season, drainage, and type of
muck. The color of the plant and plant
will help determine your nitrogen needs. Avoid ex-
cessive rates of ammonia forms of nitrogen in the
spring if the soil has been fumigated. Ammonia fer-

1 be used after June 15,

1 celery varieties need magnesium applied as
. Use Epsom salts (magnesium sulfate) at the
rate of 10 pounds per acre per week. If this rate
does not correct the magnesium yellowing, increase
the rate to 20 pounds. Caleium is needed to prevent
blackheart disorder and is applied as calcium chloride
at the rate of five to ten pounds per acre weckly.

e tests

a spra

Corn (field or sweet) — Plant population goals should
be about 20,000 plants per acre. Band a complete
fertilizer 2 inches to the side and below the seed. Do
not exceed 250 pounds of nitrogen plus potash in the
band. Plow down additional potash requirements
prior to planting, Sidedress supplemental nitrogen
(50-80 pounds) if the plants are not dark green in
color in late June. Mangs zine and copper may
be needed.

Head Lettuce, Spinach — Apply a high phosphate fer-
ilizer (1- 2.4-1- ratio) in a band 1 inch to the
side and 2-3 inches below the seed. Do not excee
250 pounds of nitrogen plus potash in the row
nting time, Plow down additional potash require-
nts prior to planting. Sidedress with 50 pounds of
nitrogen at blocking ti

Apply % pound of boron and 2 pounds of copper in
the row at planting time. 1f the soil pH is 5864
use 5 pounds of mangane d if it is above 6.4,
apply 10 pounds per acre in the row at planting
Molybdenum seed treatment may be needed on acid
fibrous peats.

Onions — Apply a high phosphate fertilizer (1-4-2,
2.4.1 ratio) in a band 2-3 inches below the seed. Do
not exceed 250 pounds of nitrogen plus potash in the
band on 14 inch rows. Plow down additional potash
requirements prior to planting, Side or topdress with
80 pounds of nitrogen in June.

Apply 2-4 pounds of copper and 3 pounds of zinc
in the band at planting time. If the soil pH is 5.5-6.4
apply 5 pounds of mangane wl if it is above 6.4
apply 10 pounds of manganese per acre in the row
at planting time.

Peppermint, Spearmint — Drill in or broadeast the
phosphate and potash in the spring before the crop
emerges. Topdress in June with 70 pounds of nitrogen.

25

Use a pelleted form and apply when the foli
dry. Use of a drag or finger-tooth harrow at this stage
of growth may increase the incidence of wilt.

If soil pH is above 6.5, apply 5 pounds of man-
ganese with the spring applied fertilizer.

2 15

Potatoes — Apply a high phosphorus analysis fertilizer
2 inches to the side and 2 inches below the seed
piece. Do not exceed 250 pounds of nitrogen plus
potash in the band on 2§ inch rows. Plow down ad-
ditional potash requirements prior to planting, Nitro-
gen is required at 50-60 pounds per acre. Extra ni-
trogen may be needed if June is cold, if the field is
poorly drained or if the soil has a pH less than 5.0.
Apply 30-50 pounds in late June or early July for
late potatoes.

Apply 10 pounds of manganese in the row if the
soil pH is above 6.0, Manganese may be sprayed on
the foliage at the rate of 1 pound per acre four times
during the growing season.

Tahble Beets, Swiss Chard, Radish, Turnips, Rutabagas
— Drill in or disk in fertilizer. Use 1 pound of boran
per acre in the fertilizer for radishes, 2 pounds bioron
for turnips, rutabagas and sw rd, and 4 pounds
for table be If soil pH is above 6.0, use 5 to 10
pounds of manganese per acre in the fertilizer for all

crops. In-row application of manganese sulfate is es-
pecially needed for the production of radishes. For
phosphate-potash rates, sce Tables 17 and 18.

Beans, Soybeans — See Tables 17-18 for rates of phos-
phate and potash. Disk in or plow down the fertil-
izer. If the pH is above 6.0, plow down the potash
and place in a band near the seed a fertilizer high in
phosphorus which contains manganese. Additional

mang; : may be needed for soybeans and can be
applied as a spray on affected plots with 2 pounds of
mangane ctual) in 15 gallons or more of water
per acre, Use 1 to 3 pounds of zinc per acre in row

fertilizer for field beans if pH is above 6.5.

Sod — Turfgrasses used in sod production are some-
what less responsive to phosphate and potash than
most vegetable crops. These nutrients should be ap-
plied at rates based on soil tests suggested in Tables 22
and 23, and worked into the soil before

After fall seedings have emerged, 25-40 pounds ni-
trogen per acre can be topdress Suggested an-
nual nitrogen rates for established sod are 80-150
pounds nitrogen per acre for Merion Kentucky blue-
grass, 80-120 pounds for other Kentucky bluegrasses,
and 40-50 pounds for red feseues. Intermediate rates
should be used for mixtures and blends of these
Nitrogen should be applied at 4 to 6 week

stablishment.

Lrasses.




intervals during the growing scason. DO NOT apply
more than 40 pounds nitrogen per acre at any one
time,

A minimum of two applications of nitrogen per

year arc suggested with more applications when
higher rates are used. Summer nitrogen applications
should be used primarily to maintain color and growth
desired or to “green-up” the sod before harvest,

Sod and Turfgrasses on Mineral Soils

Sod production on min soils requires more ni-
trogen than on organic soils, Recommended rat
200-300 pounds nitrogen per acre per year for Merion
Kentucky bluegrass, 120-200 pounds for other Ken-
tucky bluegrasses, and 80-160 pounds for red fescues.
For mixtures or blends of these grasses, intermediate
rates are best.

Nitrogen should be applied at 4 to 6 week inter-
vals during the growing season with a maximum of
60 pounds of nitrogen per acre in one application.

Phosphate and potash should be applied according
to soil tests based on Tables 22 and 23 and worked
into the soil before establishment.

Turfgrasses are most responsive to nitrogen, al-
though adequate levels of other nutrients are also
needed. The suggested ranges for annual nitrogen
iss species in Michi-

requirements for several tu
gan are shown in Table 21

Liberal irrigation, especially on sandy soils, may re-
quire increasing these levels somewhat for optimum
quality turf. Such conditions may incre leaching,
however. Careful, well-planned irrigation and fertil-
ization schedules will reduce the potential for leach-
ing. I use of the turf area permits, a lower nitrogen-
requiring grass (such as creeping red fescue) should
be planted on sandy sites, especially along lakes and
streams.

Table 21. Annual nitrogen

The nitrogen rates suggested in Table 21 may be
decreased by 20 to 40 percent if clippings
turned to the turf, The lone exception to this is for
fairways where clipping return is already assumed.
Personal judgment is important in evaluating the ni-
trogen needed to maintain the desired quality and
vigor of the turf.

Nitrogen fertilizers should be applied a minimum
of 2 times per year, spring (April-May) and late sum-
mer (late August-early September). Grasses usually
respond best when about two-thirds of the nitrogen
is applied in the spring and one-third in late summer,
No more than 1 to 1.5 pounds of nitrogen per 1000
saquare feet should be applied at one time, especially
during warm weather, For grasses which require 5

+ rE-

or more pounds nitrogen per 1000 square feet an-
nually, a minimum of 4 applications is suggested.

Phosphorus and potassium applications should be
based upon soil tests. Soil samples should be taken
from the 0-2 inch soil depth with the thatch dis-
carded. Table and 23 are guides for determining
the desired rates of phosphorus and potassium, re-
spectively. Generally, no more than 1.5 pounds of
any element should be applied per 1000 sq, feet at
one time. If recommendations call for more than this
amount, consider two or more applications,

Lime should be applied if pH drops below 5.7 in

for

Turfgrass

Pounds Nitrogen

Per 1,000 sq. ft

Marion Kentucky BIUBOIESS ..vvvvvsssissiessisssosssnse
Kentucky Bluegrasses (Delta, Park, Kenblue)......
Other Kentucky BlUEGrasseS........oeveesenes
Creeping Red Fescue, SUNNY areas...........coee..
Creeping Red Fescue, shady areas,........eeveevennses
Colontal: Benbeassas. o e s s T S
GRBBNS, T6OS [ viivisunainiitioetasi e svss
FRITWAYE . . v vnmosonsis .

*

]
o AEYE~

PO L = 13 L) PO L
1

*With deep root feeding of trees.




established turf. Soil pH should be checked periodi-
f Acidif i
gen fertilizers can reduce soil pH with conl
Liberal irrigation from a hard water source can cause
a marked increase in pH. This often leads to iron de-

cally on intensively managed turfs,

ficiency on golf greens and other closely-mowed turfs.
Iron can be applied as a chelate {follow manutac-
tur: ferrous sulfate (1% to
2 gunees per 1000 square feet every 2 weeks or as
needed),

scommendations) or a

Soil Management Groups

Soil management groups have been worked out eo-
sratively by the Soil Conservation Service of the
s Department of Agriculture, the Coop-
ixtension Service, and the Michigan Agricul-
tural Experiment Station, These are T

interpretive
soil groupings. They arc based on properties of the
soil profile to a depth of 3.5 to 5.5 fect

A soil management group identifi
given in Table and the soil ma

d

tion chart is
ment group
nation for each soil series is shown in Table 25.
Experiences with soil man

ment groups are used
to indicate practical yield potentials with good man-

agement practices. The yield estimates in Tables 26
ind for southern and northern Michigan, respee-
tively, help determine the yield goals to use with the
fertilizer recommendations in Tables 5-10. Thesc
yields assume that adequate drainage has been sup-
plied on soils of the “b” and “c” management groups.

The group numbers shown in the left hand eol
umn of Tables 26 and 27 indicate the relative coarse-
ness of the mineral materials in the upper three feet
of the soil profile: from 0, for the finest textured
clays, to 5, for the coarsest textured sands. The small
letters immediately following the numbers or capital

Table 22, Phosphate applications for turf based on soil test.

Pounds Phosphate (Pp0g) Recommended

Soil Test General Turf & Sod Golf Greens
(Lbs. P/Acre) Per q Ft er Acre Per 1000 5q Ft
Less than 15 (very low) 3 130 [
16-25 (1ow) 2 85 3
26-40 Emed‘]um) 1 45 2
41-70 (high) 0 0 1
More than 70 (very high) 0 0 0

Table 23. Potash applications for turf based on soil test.
Pounds Potash (K,0) Rec Jed

Soil Test General Turf & Sod Golf Greens*
(Lbs. K/Acre) er Sq Ft Per Per 1000 Sq Ft
Less than 50 (very low) 4 170 5
51-100 (Tow) 3 130 ]
101-174 (medium) 2 85 3
175-250 (high) 1 45 2
More than 250 (very high) 0 0 1

L] - . ..
Ineluding golf greens and other high maintenance turf on sandy scils with
high irrigation rates.




Table 24, Soil

agement group id

chart,

Sofl
Management .
Group Texture of Upper Three Feet of the Soil Profile Natural Draina
Humbers a b [
0 Clays (over 55%) - - Oc
1 Clay to silty clay la 1b Te
1.5 Clay loams 1.52 1.5b 1.5¢
2.5 Loams 2.5 2.5b 2.5¢
3 Sandy loams and stratified silts and very fine sands 3a 3b 3
n Sandy loams over clay to silty clay at 15-42" 3/1a 3/1b e
3f2 Sandy loams over loams or clay loams at 18-42" 3/2a 3/2b 3f2¢
4 Loamy sands LE} 4b dc
41 Sands or loamy sands over clay to silty clay at 18-42* - 4/1b 41c
42 Sands or loamy sands over loams or clay loams at 18-42° 4/2a 472b 4f2c
5/2 Sands or loamy sands over loams to clays at 42-66" 5/2a 5/2b Sc
5.0 Sands with moderate or deep subsoil development 5a 5b 5c
5.3 Sands with 1ittle subsoil development 5.3a b 5S¢
5.7 Coarse sands with 1ittle or no subsoil development 5.7a 5b 5¢
G Gravelly loamy sand or sandy loams Ga Ge Gc
L Alluvial or overflow area (lowlands) 3a-L Je-L 3e-L
M Mucks or peats - = -

*a - well drained, light colored; b - somewhat poorly drained, moderate ly dark colored;

e - poorly drained, dark ecolored.

letters indicate the natural drainage under which the
soil dev s for well drained or moderately
well drained; “b” is for imperfectly® drained, and “¢”
is for the more poorly drained condition:

Where another letter follows the sm
indicates the natural drainage and is
it by a dash, it indic
soils important to their use, For example, a
fter o dash represents very acid subsol
s soils calcareous or limy at the surface; and
indicates subsoils which are hard and cemented,

For soils where the texture of the upper layer dif-
fers from the lowe er, o fraction is used instea
a whole number, example, 4/1 is for loamy
18 to 42 inches thick over cla 2 is for sand 42
to 66 inches thick over loams or ¢ Where bedrock
is within 18 to 42 inches of the surface, a capital R
is shown as the denominator.

Where capital letters are the first part of the sym-
bol, they rep important soil characteristics as
follows: G for gravelly or stony soils, L for low-land
or alluvial soils subject to overflow, M for muck und
peats, and R for racky soils where the bedrock is less
than 18 inches from the surface, M/m is for 12 to 42
inches of muck or peat over marl. The small letters
following these capital letter designations indicate the

letter which
ated from
s other characteristics of the

1l

*Somewchat poorly drained iv a synonym for “imperfectly
drained.

natural drainage conditions under which they were
formed.

Thus, the Leda soil management group reported
for the Abscota series includes naturally well drained
or moderately well drained soils of loamy sand to sand
textures throughout the profile, which were formed on

lowlands subject to seasonal overflow. The 3a-a soil
management group includes upland mine soils,
such as Munising, developed from sandy loam mate-

rials under well-drained conditions which are natu-
rally very strongly acid throughout the profile, The
M/le soil management group includes shallow organic
soils (mucks and peats) over silty clay or clay within
12 to 42 inches below the surface which were natu-
rally very poorly drained. The Me soil management
group includes deep organic soils which are naturally
very poorly drained. The soil management group
designations for each of the soil series recognized to
d Michigan are reported in Table 25,
The soil series in your field can be determined from
the published soil survey reports. Soil interpretation
sheets are available for each of these series. You may
obtain the available information from your County
Agricultural Extension or Soil Conservation Service of-
or the Crop and Soil Scienees Department, Michi-
tate University,
Additional information con
is given in

E-360, avs

ing soils of Michigan
xtension  Bulletin
ixtension Office.




Table 25. Management group designation for different soil series, See tables 26 and 27 for suggested yield goals.

sofl | S0l 5ot T
soil Mgm't, safl Mogn't s0i1 Mom't. 5011 Hom't.

Serfes Group* Series Group* Saries Group® Series Group®
Abscota L-4a Chesaning=losco Graycalm Sa Mcliregor 3b-c
Adalph 2.5¢ Chippeny M/Rc Grayling** 5.7a Mecosta L-4s
Adrian M4 Cohoctah L-2c Greenwond*™ Me-a Melita 5/2a
Armeek Ja-a Coldwater 3b Griffin=Shoals Manominee 4f2a
Alcons 3a Coloma da Guelph 2.5a Matamora i
Algansee L-4c Colwaod 2.5¢ HartwicksKalkaska Moten 42
Alger 1Y Conover 2,50 Hesse Gbe M ami 2,5
Allendale 41b Coral b Hettinger 1.5¢ Michi gamme 3/Ra
Allouez Ga Corunna 3f2e Hiawatha 5a Hinoa .
Alpena Ga Coventry Ja Hibbing 1.52 Missaukee 3
Amasa Ja-a Crivitz da-a Hillsdale 3 Menico Ib-a
Angelica 2.5 Crosby 2.5b nk kY Montealm aa
Antrin da Crosien 2.5 Vome r=Brady Moran 2/Ra
Arenac §/2b Croswell 1] Houghton Mc Horley 1.5
Arkport Ja Crystal Falls 3/Fa Hoytville e Morocco 5b
Auburndale 2.5b Dafter 2/1b Hyron=Huronville Moye ab
Aubres 5b Dawson** Mc-a Huronville 1.5a Munising da-a
AuTrain Sa=h Deer Park** 5.3 Ingalls 4/2b Munuseong e
Avoca 4726 Deerton AfRa lonia I Mussey (Y3
Bach 2.5¢c-c Deford ic losco af2h Hahma ifAbe
Baraga Ga Del Rey 1.5 Iron River Ja-a Nappanee i)
Barker 1.5a Detour Gbe Isabella 2.5a Kegaunee ijRa
Barry 3c Diana Ghe Jeddo 1.5¢ RekoasasBrens
Belding iz Dighton 2.5 Johnswood Ja Rester 1.5a
Bellefontaine=Fox Dowagiac 3a Kalamazoo Ja Restoria da
Bentley aa Dresden 3 Kalkaska Sa Kewayge I
Bergland e Dryburg 3f2a Karlin 4a Mewton S¢
Barrien 5/2a Dryden la Kawbawg am Iffibc Misula 1t
Berville 3f2e Duel &/Ra Eawkawl in 1.5b Munfca 1.5a
Bibon 5f2a East Lake & Kendallville W Dakville Sa
Blount 1.5 Eastport** 5.0 Kent Ta Ockley 2.5
Blue Lake 4 Echo 5a Kerston L=Me Oequenc 4/2a
Bohemian 2.5a Edmore 4c Keweena 4a-a Ogden M1c
Bano 1c Edwards Wime kibbie 2.5b Ogemaw** Sb=h
Bowers 1.5b Eel L-2a Kinross Se Ogontz 3f2e
Boyer 4 Elmdale Ja Kiva da Omaga* 5.7a
Brady ab Elo 2.58-8 Kokomol 2.5¢ Omena
Brant=Menomines Emmert Ga Lacota Cnaway 2.5
Breckenridge e Emmat I Lake Linden 1.5 Onota IfRa
Brems 5b Ensign Rbc Lanson I Ontonagon Oa
Erevort 4f2c Ensley 3e Landes L-2a Orfenta 5/2b
Bri dgman®* 5.3a Epoufette ac Lapeer 3 Oshtemo an
Brimley 2.5b Essexville Af2¢c-¢ Latty e Otisco ab
Bronson 4 Evart L-4c Leel anau fa Ottawa 5/2a
Brookston 2.5¢ Ewen L-Za Lenawes 1.5¢ Ottokee da
Bruce 2.5¢ Fabius ab Linwood M-3c Owosso 3/2a
Brule L-2¢ Fairport 2/Ra Locke e Padus Ja-a
Burleigh 4f2c Fence 2.5 Londo 2,56 Palnrs W3
Burt 3/Rbe Fox a London-Landa Ta b
Cadmus 3f2a Froberg 1a Longlois 2,52 Parkhill 2.5¢
Capac 2.5b Fulton i Longrie AfRa Parma I/Ra
Carbondale Mo Gaastra 2.5b Loxley Mc-a Paulding Oc
Carlisle Me Gagatown 2.5a-¢ Lucas Ta Pelkie L-2c
Casco s Gay 3 Luptan M Pence fa-a
Cathro Hide Geneses L-2a Mackinac 2.5b Pennock L-2¢
Celina 2.5 6ilchrist aa Macomb 3f2b Perrin a
Ceresco L-2¢ Gi1ford dc Mancelona a Pert 1.5
Champion Ja-a Gladwin ab Manistee 4f2a PerthePert
Charning Sb=h Glendora L-4c Marenisco 4a-a Peshekee Ra
Charity le=c Glengary L-2¢ Markey M/AC Pewamo 1.5¢
Charlevoix 3t Gogeblc Ja-a Marlette 2.5 Pickford e
Chathan Ja Goodman 2.5 Matherton 3b PMneonning e
Chelsea Sa Gormer L-2c Maymee Sc Pinars 1-2c
Cheneaux an Granby 5¢ McBride Ja Plainfield Sa




Table 25 (Continued)
S011 Soil Sail Soil

Seil Mgm“t. Soil Mgm"t. S0l Mogm't. Soil Mom't.
Serfes Group* Serfes Group* Series Group* Series Group*
Pleine 3 Sebews 3c Sunfield 3a Valinia R
Porcupine=Mancelona Seelayville Me Superior 1a Wafnola ab
Posen Ja Selfridge Afin Tacoash M/3c Waiska Ga
Poygan 1.5¢ Selkirk 1 Tahquamenan** Mc-a Wakefield 2.5-n
Randville 4a-a Seward 3a Tappan 2.5¢c-¢ Hallace* Sa-h
Richtar b Shelldrake®* S.3a Tawas Mide Wallkil L-2c
Rifle Mc Shoals L-2¢ Teasdale 3t Warners Mfme
Rirmer Nk Slgma b Tedrow &b Warsaw 3a
Rodman Ga Sims 1.5¢c Thackery 2.5 Wasepd ah
Rallin Mime Sisson 2.5 Thetford i Hashtensw L-Ze
Romald 3c Skanen 3b-a Thomas 1.5¢-¢ Watton 1.5a

5 comman 5¢ Sleath 2.5b L aw
foselawneRubicon Sloan L-2e Tobico Sc-c Wausean 3e
Roselms 0b Spalding* Me-a | Toledo e Wea 2.5
Rousseay 4a Sparta 5& Tonkey 3c Weare=Kalkaska
Rubfcon* 5.3 Spinks 4a Traunik 5b Westland B
Rudyard 1] Spirit 2.5 Traverse b Woxford=Kalkaska
Ruse Rbe Stambaugh Ja-a Trenary Ja Wheatley S¢
Saganing 4c st, Clair Ta Trout Lake** Sh-h Mhittemare=isner
Sanfilac 2,5b-¢ 5t. lgnace Ra Tula b Willett Hie
Saranac L-2e Steuben Ja-a Tuseola 2.5a Winegars ab
Satago 2/Rbe Strongs=Kalkaska Twining JSb Wisner 1.5¢-¢
Saublo** 5.3 Sumeryille Ra Tyre 4/Rbc Witbeck 3
Saugatuck** Sb=h Summer aa Ubly 32 Yalmer
Saverine 3f2b Sunde11 3/Rbc Vilages 5.3a Tpsd

after das
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3 sted average yield goals for crops grown on different soil management groups under good management
ith adequate drainage in areas with growing seasons of OVER 140 FROST-FREE DAYS ANNUALLY. (Southern
Michigan),

Spil management Corn Winter Field beans Alfalfa Sugar

group* Corn silage wheat Oats soybeans 3 cuts beets
Bu. /A Tons /A Bu. /A Bu. /A Bu. /A Tons /A Tons /A

Clays

Oc a0 15 35 75 25 3.8 -

la 95 16 42 80 28 4.2 -

1b 110 17 45 85 32 4.5 18

lc 120 18 50 a0 35 4.8 20

Clay loams

1.5a 105 17 50 85 35 5.0 -
1.5b 115 18 55 a0 40 5.5 19
1.5¢ 125 19 60 100 42 6.0 23
Loams
2.5a 110 17 55 a0 35 4.8 19
2.5b 120 18 60 100 40 5.0 20
2.5¢ 130 20 60 110 5 5.5 23
Sandy loams over Clay or Loam
3/2a 105 17 50 a0 35 4.5 18
. 3/1b or 3/2b 115 18 55 95 a0 4.8 20
3/1c or 3/2c 120 18 60 100 40 5.0 22
Sandy loams
3a 95 16 45 &0 30 4.0 16
3b 105 17 50 a0 33 4.5 19
3c 110 17 55 a5 35 4.8 21
3/Ra 85 14 40 75 28 3.8 -
Loamy sands over Clay or Loam
4/2a 95 16 40 75 30 .0 15
4/2b-4/1b 100 16 45 80 35 4.2 16
4/2c-4/1c 105 17 50 85 35 4.5 18
Loamy sands
4a 75 13 30 a0 25 3.5 -
4b 80 13 35 65 32 3.8 -
dc 90 15 45 75 32 4.0 -
4/Ra or 4/Rb 55 11 25 50 22 3.0 -
Sands
5.0a 50 10 25 45 - 3.0 -
5b 60 11 30 55 - 3.5 -
S5c 80 13 40 a0 25 3.8 -




Table 27. Suggested average yield goals for crops grown on different soil management groups under good management
with adequate drainage in areas with growing season of LESS THAN 140 FROST-FREE DAYS ANNUALLY, (Northern

Michigan],

Soil management Corn Winter Field Alfalfa

group silage Corn wheat beans Dats 2 cuts .
Tons /A. Bu. /A Bu. /A Bu. /A Bu. /A Tons /A

Clays

Oc - - 30 - 75 3.5

la 12 75 35 25 70 3.5

1b 13 80 35 30 75 3.5

le 14 85 40 35 75 3.5

Clay loams

1.5a 13 80 40 30 75 3.7

1.5b 14 85 42 35 80 3.8

1.5¢ 15 90 45 40 85 4.0

Loams

2.5a 15 90 45 35 80 4.0

2.5b 15 90 48 40 85 4.0

2.5¢c 16 95 50 45 90 4.5

Sandy loams over Clay or Loam

3/2a 13 80 40 35 80 4.0
3/1b or 3/2b 14 a5 40 37 85 4.0
3/lc or 3/2c 15 90 42 40 85 4.0
Sandy loams .
3a 12 75 35 25 75 3.5
3b 13 80 35 30 80 3.5
3c 14 85 40 35 85 3.5
3/Ra 11 70 30 25 70 3.0
Loamy sands over Clay or Loam

4/2a 11 70 35 25 70 3.5
4/2b-4/1b 13 80 40 28 75 3.5
4/2¢c-4/1c 13 80 40 30 75 3.5
Loamy sands

4a 11 70 28 20 60 3.0
4b 11 70 30 25 65 3.0
de 12 75 35 30 70 3.0
4/Ra or 4/Rb 10 50 25 - 40 2.5
Sands

5.0a 9 50 25 - 40 2.5
5b 10 55 25 - 45 2.5
5c 11 70 30 - 50 3.0




