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INTRODUCTION

During 1968 in Minnesota, between $85 and $90 million
were spent on fertilizer alone. This represents 253,499 tons
of nitrogen, 210,594 tons of phosphate, and 196,627 tons
of potash. Since the average dollar return usually is 2 or 3
times the amount spent, fertilizers and lime have a consid-
erable impact on farm incomes.

These statistics show that good soil testing and recom-
mendation programs are essential. It is, therefore, an im-
portant responsibility of the Soil Science Department and
Extension Service of the Institute of Agriculture to provide
the farmer with reliable information on the use of fertilizers
and soil amendments. Continuing research by the soil sci-
entists provides this information which is implemented into
soil test analyses and recommendation programs. The latest
findings are therefore available immediately to the farmer.
To help with this information flow, a computerized fertilizer
and lime recommendation program has been developed for
Minnesota's agronomically important field and vegetable
crops. This computer program is designed to give recom-
mendations based on the individual farmer's situation.

This bulletin provides fertilizer and lime recommenda-
tions based on soil test analyses and related Soil Science
research. The authors intend that these recommendations
predict the nutrient requirements of plants for maximum
economical yields.

Major Plant Nutrients
(macronutrients)

The major plant nutrients or macronutrients are so called
because of the general probability of plants being deficient
in these nutrients and the large quantities taken up from
the soil relative to other essential nutrients.

NITROGEN (N)

Predicting the nitrogen needs of plants grown on min-
eral soils depends primarily on soil management the year or
two preceding the crop to be grown rather than on soil tests.
Crops following legumes, manure, or fallow need less nitro-
gen than those following nitrogen-depleting crops such as
small grains, corn, or other grasses. Weather also may affect
the nitrogen-supplying power of a soil through extremes of
soil moisture and soil temperature. Factors favoring the
activity of soil micro-organisms increases the decomposition
of the soil organic matter and consequently the nitrogen
availability. Weather is a chief reason why nitrogen soil tests
are difficult to relate to field results.

The crop species vary also in their need for nitrogen.
Well nodulated legumes seldom respond to nitrogen, while
corn requires large amounts of available nitrogen to obtain
high yields. In many cases lodging hazards limit the nitrogen
lates that can be used on small grains.
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PHOSPHORUS (P)

Various soil factors, such as organic matter levels, soil
temperature, pH, and previous applications of manure or
commercial fertilizers, affect the availability of phosphorus
to plants.

The need for phosphorus is critical for most crops in the
early growing season when soil phosphorus usually is least
available. This is due to the cold, wet soils which inhibit
microbial activity and release of organic phosphorus.

Plowed-under residues, and soil organic matter in min-
eral soils contain phosphorus in significant quantities which
are converted to an available form if conditions are favorable
for decomposition. Under warm summer conditions, release
often is rapid enough for high crop yields when phosphorus
rates have been applied to meet only early season demands.
These early season demands vary, depending upon the soil
temperatures which may affect the young plant's ability to
absorb the available soil phosphorus. Crops respond to
larger quantities of applied phosphorus when soils are cold
than when they are warm.

Soil pH is also important in phosphorus availability. The
most desirable pH range is between 5.5 and 7.0. Availability
decreases below pH 5.5 where highly insoluble iron and
aluminum phosphates are formed and above pH 7.0 where
relatively insoluble calcium phosphates are formed.

POTASSIUM (K)

Total potassium content in the plow layer will range from
a few hundred pounds per acre on coarse-textured soils to
more than 50,000 pounds in fine-textured soils. Readily
available potassium, however, represents only 1 or 2 percent
of this total.

Quantities of available potassium in soils vary chiefly
with texture, but uptake is affected by crop species, soil
temperatures, and competition with calcium, magnesium,
and ammonium content.

Small seedlings require less potassium than phosphorus.
However, soils with low potassium levels on many fine-tex-
tured soils which are cold late in the spring respond very
efficiently to starter potassium in row crops.

The root systems of grasses permit these crops to forage
better for potassium than legumes. For this reason, in grass
legume mixtures grown on a soil where potassium limits
yields, the legume stands often diminish and grasses take
over. Alfalfa has a higher potassium requirement than do
small grains and corn.

NPK Recommendations
The recommendations in this bulletin are in two categor-

ies, corrective and maintenance. The corrective recommenda-
tion, which includes phosphorus, potassium, and/or lime, is
given when corn and/or alfalfa are in the cropping system.
In this recommendation, it is assumed that certain minimum
soil test levels of P, K, and/or pH are needed for maximum
crop production. If the soil tests are below these levels, a
corrective recommendation is desirable. Although the cor-
rective recommendation is given only if corn and/or alfalfa



are in the cropping system, other crops can take advantage
of it, e.g., soybeans in a corn-soybean rotation. In most in-
stances, soybeans do not respond to direct fertilization, but
yield well in soils developed over a period of time to high
levels of fertility. This indicates that residual fertility is more
important than direct fertilization to the soybean. The cor-
rective recommendation should help to provide these needed
fertility levels.

If alfalfa is in the cropping system, the corrective recom-
mendation would vary considerably from the one given for
corn because alfalfa has a higher requirement for potassium
and lime. If corn and alfalfa are in the same cropping sys-
tem, the alfalfa corrective is given because of this higher
demand.

Two factors are involved in a corrective recommenda-

MAP I.

RELATIVE SUBSOIL PHOSPHORUS
IN MINNESOTA

High

Mediurn

Low

Cornputerized by township -- used in corrective recommenda ions only.
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tion: the fertility of the plow layer, determined through soil
testing, and the subsoil fertility, based on soil type and gen-
eral knowledge of the specific area. No application beyond
the initial corrective recommendation is necessary unless
subsequent soil tests indicate a need. Usually the corrective
recommendation is broadcast and plowed down.

The maintenance fertilizer recommendation refers to
the amounts of nitrogen, phosphorus, and potassium which
should be applied for the crop to be grown. This recom-
mendation is based on the soil test, crop to be grown, crop-
ping history, yield goal, growing degree days, rainfall, irriga-
tion, and starter effect. The maintenance recommendation
is geared to give maximum economic yields while maintain-
ing the soil at a high fertility level. The maintenance recom-
mendation is needed each year the crop is grown.

MAP 2.

RELATIVE SUBSOIL POTASSIUM
IN MINNESOTA

High

Medium

Low

Computerized by township - used in corrective recommendations only.



ALFALFA

Table 1. Corrective phosphorus recommendations"'

Relative subsoil
phosphorus (P) levelt

Low Medium High

Phosphorus Plant Plant Plant

(P) nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205 P205 P205
(lbs/A) analysis P P P

Low oxide 80 60 40
(0-10) elemental 35 26 18

Medium oxide 60 40 0
(11-20) elemental 26 18 0

Over oxide 0 0 0
20 elemental 0 0 0

* If 10 or more tons of manure have been applied per acre within the
past two years, subtract 40 lbs. of P205 from the above recommenda-
tion.

t See subsoil map, page 4.
No application beyond the initial corrective recommendation is neces-
sary unless subsequent soil tests indicate a need.

Table 2. Corrective potassium recommendations"

Relative subsoilf
potassium (K) level

Low Medium High

Potassium Plant Plant Plant

(K) nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A)

test Fertilizer K20 K20 K20
(lbs/A) analysis K K K

0-75 oxide 360 240 120
elemental 300 200 100

76-125 oxide 240 180 90
elemental 200 150 75

126-175 oxide 180 120 60
elemental 150 100 50

176-225 oxide 120 90 0
elemental 100 75 0

over 225 oxide 0 0 0
elemental 0 0 0

* If 10 or more tons of manure have been applied per acre within the
past 2 years, subtract 60 lbs. of 1<20 from the above recommendation.

t See subsoil map, page 4.
No application beyond the initial corrective recommendation is neces-
sary unless subsequent soil tests indicate a need.



ALFALFA
ALSIKE

Table 3. Maintenance recommendations for fine-textured soils

Phosphorus
(P)
soil
test

(lbs/A)
Fertilizer
analysis

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 over 300

Plant Plant Plant Plant
nutrients nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A) (lbs/A)
P205+ K20 P205+ K20 P205+ K00 P205+K20
P+K P+K P+K P+K

0-10

11-20

21-30

oxide
elemental

oxide
elemental

oxide
elemental

over 30 oxide
elemental

60+120
26+100

40+120
18+100

30+120
13+100

0+120
0+100

60+60
26+50

40+60
18+50

30+60
13+50

0+60
0+50

60+30
26+25

40+30
18+25

30+30
13+25

0+30
0+25

60+0
26+0

40+0
18+0

30+0
13+0

0+0
0+0

Topdress annually unless no crops are removed.

Table 4. Maintenance recommendations for coarse-textured soils

Phosphorus
(P)
soil
test

(lbs/A)
Fertilizer
analysis

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 over 300

Plant Plant Plant Plant
nutrients nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A) (lbs/A)
P205+K20 P205+ K20 P205+ K90 P205+K20
P+K P+K P+K P+K

0-10

11-20

21-50

oxide
elemental

oxide
elemental

oxide
elemental

over 50 oxide
elemental

60+180 60+120 60+60 60+0
26+150 26+100 26+50 26+0

40+180 40+120 40+60 40+0
18+150 18+100 18+50 18+0

30+180 30+120 30+60 30+0
13+150 13+100 13+50 13+0

0+180 0+120 0+60 0+0
0+150 0+100 0+50 0+0

Topdress annually unless no crops are removed.

Some soils have limitations other than nutrients in their
yield potential. If the soil is extremely drougthy (coarse sand
or gravelly subsoil), then omit the corrective phosphorus and
potassium recommendations.

Alfalfa should not be grown on poorly drained or organic
soils.

6

If the soil is coarse-textured and low in organic matter,
it is advisable to add a borated fertilizer so that 2-4 pounds
of boron are applied per acre. Boron should be applied at
these rates also if a deficiency is observed frequently. The
boron should be broadcast about once every 3 years. No
nitrogen is recommended for alfalfa.



CORN

Table 5. Corrective phosphorus recommendations*

Apply only when yield potential is greater than 100
bu/A in areas I and ll (See map, page 8.)

Phosphorus
(P)
soil
test Fertilizer

(lbs/A) analysis

Relative subsoil
phosphorus (P) levelt

Low Medium High

Plant
nutrients
(lbs/A)
P205

Plant
nutrients
(lbs/A)

P205

Plant
nutrients
(lbs/A)

13,0,

Low oxide 80
(0-10) elemental 35

Medium oxide 60
(11-20) elemental 26

Over oxide 0
20 elemental 0

60 40
26 18

40
18

* If 10 or more tons of manure have been applied per acre within the
past 2 years, subtract 40 lbs. of P205 from the above recommendation.

t See subsoil map, page 4.
No application beyond the initial corrective recommendation is neces-
sary unless subsequent soil tests indicate a need.

Table 6. Corrective potassium recommendations*

Apply only when yield potential is greater than 100
bu/A in areas I and II. (See map, page 8.)

Potassium
(K)
soil
test Fertilizer

(lbs/A) analysis

Relative subsoil
potassium (K) level f

Low Medium High

Plant
nutrients
(lbs/A)

K20

Plant
nutrients
(lbs/A)

K20

Plant
nutrients
(lbs/A)

K20

0-100

101-175

175-250

over 250

oxide 150 120
elemental 125 100

oxide 120
elemental 100

oxide 90
elemental 75

oxide 0
elemental 0

90
75

60
50

0
0

90
75

60
50

0

0
0

* If 10 or more tons of manure have been applied per acre within the
past 2 years, subtract 60 lbs. of K20 from above recommendation.

t See subsoil map, page 4.
No application beyond the initial corrective recommendation is neces-
sary unless subsequent soil tests indicate a need.

Table 7. Maintenance phosphorus and potassium recommendations"'

Area I - see map, page 8.

Yield
potential Soil
(bu/A) texture

Phosphorus
(P)
soil
test Fertilizer

(lbs/A) analysis

Potassium (K) soil test (lbs/A)

0-150 151-300 over 300

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)

P205+K20 P205+K20 P205+K20

P+K P+K P+K

Greater
than
100

fine and
medium

coarse

oxide
0-20 elemental

oxide
over 20 elemental

oxide
0-20 elemental

oxide
over 20 elemental

60+60
26+50

40+60
18+50

40+40
18+33

20+40
9+33

60+40
26+33

40+40
18+33

40+20
18+17

20+20
9+17

60+20
26+17

40+20
18+17

40+0
18+0

20+0
9+0

Less than
or equal
to 100

fine and
medium

coarset

oxide
0-20 elemental

oxide
over 20 elemental

oxide
0-30 elemental

oxide
over 30 e!emental

40+40
18+33

20+40
9+33

30+60
13+50

20+60
9+50

40+20
18+17

20+20
9+17

30+30
13+25

20+30
9+25

40+10
18+8

20+10
9+8

30+0
13+0

20+0
9+0

* To be applied each year crop is grown.

f Irrigated soils receive fertilizer recommendation listed under fine-textured soil of greater than 100 bu/A yield.
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CORN

Table 8. Maintenance phosphorus and potassium recommendations"'
Areas II and III: see map, page 8.

Potassium (K) soil test (lbs/A)

0-150 151-300 over 300

Phosphorus Plant Plant Plant

(P) 
nutrients nutrients nutrients

Yield soil (lbs/A) (lbs/A) (lbs/A)

potential Soil test Fertilizer P205+K20 P205+K20 P205+K20
(bu/A) texture (lbs/A) analysis P+K P+K P+K

Greater
than
70

oxide 50+50 50+30 50+20
fine and 0-20 elemental 22+42 22+25 22+17
medium

oxide 30+50 30+30 30+20
over 20 elemental 13+42 13+25 13+17

oxide 40+40 40+20 40+0
coarse 0-20 elemental 18+33 18+17 18+0

oxide 20+40 20+20 20+0
over 20 elemental 9+33 9+17 9+0

Less than
or equal
to 70

oxide 30+30 30+20 30+10
fine and 0-20 elemental 13+25 13+17 13+8
medium

oxide 20+30 20+20 20+10
over 20 elemental 9+25 9+17 9+8

oxide 30+40 30+20 30+0
coarset 0-20 elemental 13+33 13+17 13+0

oxide 20+40 20+20 20+0
over 20 elemental 9+33 9+17 9+0

* To be applied each year crop is grown.

t Irrigated soils receive fertilizer recommendation listed under fine-textured soil of greater than 100 bu/A yield
listed for area L

r14,

C•C..

k

MAP 3.

YIELD GOAL POTENTIALS
FOR CORN
Growing degree days ond average
rainfall in Minnesota

1800
Growing
Degree
Days

21101i..:f ',mill lb.

 2200
  Growing
  Degree
.1,1rays

I I

Area 1 - 130-160
101-129
70-100
<70

Area 2 - 101-130
70-100
<70

Area 3 - 70-100
<70



CORN

Table 9. Nitrogen recommendations

Nitrogen recommendation (lbs/A)

Previous crop

Corn,
potatoes, Poor alfalfa

Organic sugarbeets, or Good alfalfa
Yield matter Manure small grain, clover stand, or Corn

potential level applied idle acres black fallow clover stand Soybeans failure

130-160 L-M 0 200 150 100 180 150
bu/A 10 T/A 150 100 50 130 100

or if irrig.
H o 170 120 70 150 120

10 T/A 120 70 20 100 70

101-129 L-M 0 150 100 50 130 90
bu/A 10 T/A 100 50 15 80 40

H 0 120 70 20 100 60
10 T/A 70 20 15 50 15

70-100 L-M 0 100 50 15 80 70
bu/A 10 T/A 50 15 15 30 15

H 0 70 20 15 60 50
10 T/A 20 15 15 15 15

Less than L-M 0 50 15 15 50 40
70 bu/A 10 T/A 15 15 15 15 15

H o 40 15 15 40 30
101/A 15 15 15 15 15

Although some nitrogen is necessary when row fertilizer is used, high rates of starter nitrogen are not essential.

Different Methods of Applying the Maintenance Fertilizer
Recommendations

A. Starter or row fertilizer should be used:
If soil is fine- or medium-textured and tends to warm
up in the late spring or
if only small amounts are required.

B. Broadcast application plus seed-placed (pop-up) fertilizer
may be used if your soil is fine- or medium-textured and
tends to warm up in the late spring.

Caution: do not apply more than 15-20 pounds per acre
annually of N + K20 as seed-placed fertilizer.

C. Either a broadcast or starter fertilizer may be used:
If soil is well-drained and rainfall is normally limiting
or
if soil is coarse-textured and not low in P and K.

Fine-Textured Soils. If the crop is 2nd year corn following
good alfalfa, the nitrogen recommendation may be lowered
by 50 pounds.

If you are aiming for a 200-bushel yield of corn, 250-
300 pounds of nitrogen are needed if the preceeding crop
was nonleguminous.

High Lime rims - where corn is yielding poorly, the soil
pH is above 7.4, and the potassium test is between 100 and
300 pounds per acre, broadcast an additional 120 pounds of
K2O.



SMALL GRAINS

Table 10. Maintenance phosphorus and potassium recommendations for barley, buckwheat, millet, oats, rye, sorghum-sudan,
wheat, and annual canary seed

Potassium (K) soil test (lbs/A)*

0-100 101-200 201-300 over 300

Plant nutrients Plant nutrients Plant nutrients Plant nutrients

Phosphorus 
(lbs/A) (lbs/A) (lbs/A) (lbs/A)

(P) Rowt Broadcast Row Broadcast Row Broadcast Row Broadcast
soil
test Fertilizer P205+K20 P205+K20 P205+K20 P205+K20 P205+K20 P205+K20 P205±K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K P+K P+K P+K P+K

0-10 oxide 40+40 60+60 40+20 60+30 40+15 60+0 40+0 60+0
elemental 18+33 26+50 18+17 26+25 18+12 26+0 18+0 26+0

11-20 oxide 30+40 40+60 30+20 40+30 30+15 40+0 30+0 40+0
elemental 13+33 18+50 13+17 18+25 13+12 18+0 13+0 18+0

21-50 oxide 20+40 30+60 20+20 30+30 20+15 30+0 20+0 30+0
elemental 9+33 13+50 9+17 13+25 9+12 13+0 9+0 13+0

over 50 oxide 20+40 0+60 20+20 0+30 20+15 0+0 20+0 0+0
elemental 9+33 0+50 9+17 0+25 9+12 0+0 9+0 0+0

* If the small grain is a companion crop for legume hay seeding and a corrective recommendation is applied, the maintenance P203 and K20 recom-
mendation for the small grain may be omitted except for small amounts applied in the row as a starter.

t It may be desirable to apply 10 to 20 lbs. of K20 in the row and broadcast the remainder.

Table 11. Nitrogen recommendations for barley, buckwheat, millet, oats, rye, sorghum-sudan,
wheat, and annual canary seed"

Nitrogen recommendations (lbs/A)t

Previous crop

Corn, potatoes, Alfalfa,
sugarbeets, clover,
small grain, fallow,
id!e acres organic soil SoybeansYield Lodging Manure  

Crop goal problem applied Row f Broadcast Row Broadcast Row Broadcast

Barley
Buckwheat
Millet
Oats
Rye
Sorghum-

sudan
Annual canary seed

no 0 50 50 20 20 30 30

10 1/A 20 20 10 0 15 20

yes 0 20 20 15 20 20 20

10 T/A 10 0 10 0 10 0

Wheat

Greater 0 80 80 40 40 60 60
than
50 bu/A 10 T/A 40 40 20 20 30 30

Less 0 50 50 20 20 40 40
than
50 bu/A 10 T/A 25 25 10 0 20 20

* If the small grain is a companion crop for a legume hay, do not exceed 30 lbs. of N per acre.
t it may be desirable to apply only 10 or 20 lbs. of N in the row and broadcast the remainder.
Unless moisture conditions are favorable, do not exceed 40 lbs. of nitrogen per acre in the row. If less than 20lbs. of nitrogen are recommended and the fertilizer is to be broadcast, the nitrogen may be omitted.
In low rainfall areas do not exceed 40 lbs. of N K20 per acre in the row.
Caution: urea forms of nitrogen are not recommended in the row. Do not apply borated fertilizers with the graindrill attachment.
Barley: If your crop is malting barley, subtract 10 lbs. of nitrogen from the recommendation given which is forgrain barley.
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SOYBEANS
PINTO BEANS

Table 12. Maintenance phosphorus and potassium recom-
mendations

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Phosphorus Plant Plant Plant

(P) 
nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K20 P205+K20
(lbs/A) analysis P+K P+K P+K

0-20 oxide 30+100 30+30 30+0
elemental 13+83 13+25 13+0

over 20 oxide 0+100 0+30 0+0
elemental 0+83 0+25 0+0

Results from direct fertilization of soybeans generally
have been unsatisfactory. It frequently is observed, however,
that this crop gives high yields on fertile soils in good physi-
cal condition. Because of nutritional peculiarities that are
not well understood, only moderate amounts of phosphorus
and potassum are recommended as a direct application.

When soybeans are grown in conjunction with either corn
or alfalfa, they receive the indirect benefit from corrective
applications if soil tests are medium and below. Soybeans,
therefore, are usually benefited by more fertilizer than ap-
pears on the table of recommendations for soybeans.

When small amounts of phosphorus and potassium are
applied directly, they should be added in the row for con-
venience of handling. Their use, however, is primarily for
later in the growing season, rather than as a starter.

Nitrogen fertilizer is not recommended for soybeans,
which don't respond to nitrogen. Direct applications merely
reduce root nodule development and seldom produce a prac-
tical yield increase.
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FLAX

Table 13. Maintenance phosphorus and potassium recom-
mendations

Potassium* (K) soil test
(lbs/A)

0-100 over 100

Phosphorus* Plant Plant

(P) 
nutrients nutrients

soil (lbs/A) (lbs/A)

test Fertilizer P205+K20 P20,+ K20

(lbs/A) analysis P+K P+K

0-10 oxide 20+60 20+0
elemental 9+50 9+0

over 10 oxide 0+60 0+0
elemental 0+50 0+0

Tab!e 14. Nitrogen recommendations

Nitrogen recommendations (lbs/A)

Previous crop

Corn, potatoes, Alfalfa,
sugarbeets, clover,

Manure small grain, fallow,
applied idle acres organic soil Soybeans

0
101/A

30 0 10

0 0 0

Flax: Do not exceed 10 lbs. of nitrogen per acre in the row or 20 lbs.
of N + P205+ K20 in the row.



SU GARBEETS

Table 15. Maintenance phosphorus and potassium recommendations

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 over 300

Phosphorus Plant Plant Plant Plant

(P) 
nutrients nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K20 P205+K20 P205-1-K20
(lbs/A) analysis P+K P+K P+K P+K

0-10

11-20

21-30

over 30

oxide 140+120 140+80 140+40 140+0
elemental 62+100 62+67 62+33 62+0

oxide 100+120 100+80 100+40 100+0
elemental 44+100 44+67 44+33 44+0

oxide 50+120 50+80 50+40 50+0
elemental 22+100 22+67 22+33 22+0

oxide 20+120 20+80 20+40 20+0
elemental 9+100 9+67 9+33 9+0

Do not broadcast fertilizer when low rates are recommended.

Table 16. Nitrogen recommendations
(Does not include Red River Valley*)

Nitrogen recommendations (lbs/A)

Previous crop

Corn, potatoes,
Organic sugarbeets, Alfalfa,
matter Manure small grain, clover,
level applied idle acres black fallow Soybeans

Low or 0 100 20 80
medium 10 T/A 60 0 40

High 0 80 0 60
10 T/A 40 0 0

* Nitrogen sugarbeet recommendations not given for the following coun-
ties: Clay, Grant, Kittson, Marshall, Norman, Polk, Traverse, or Wilkin.



CORN SILAGE
SORGHUM
SWEETCORN
SUGARCORN

Table 17. Maintenance phosphorus and potassium
recommendations

Phosphorus
(P)
soil
test

(lbs/A)

Potassium (K) soil test (lbs/A)

0-150 151-300 over 300

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)

Fertilizer P2054-K20 P205+ K00 P205+ K90

analysis P+K P+K P+K

0-20 oxide 40+60 40+30 40+10
elemental 18+50 18+25 18+8

over 20 oxide 20+60 20+30 20+10
elemental 9+50 9+25 9+8

Table 18. Nitrogen recommendations

Nitrogen recommendations (lbs/A)

Previous crop

Corn, potatoes,
Organic sugarbeets, Alfalfa,
matter Manure small grain, clover,
level applied idle acres fallow Soybeans

Low and 0 100 50 80
medium 10 T/A 60 0 40

High 0 80 30 60
101/A 40 0 20



SUNFLOWERS
MUSTARD
RAPE

Table 19. Maintenance phosphorus and potassium recom-
mendations

Phosphorus
(P)
soil
test

(lbs/A)

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)

Fertilizer P205+K20 P205+K20 P205+K20

analysis P+K P+K P+K

0-20 oxide 40+60 40+40 40+0
elemental 18+50 18+33 18+0

over 20 oxide 0+60 0+40 0+0
elemental 0+50 0+33 0+0

Table 20. Nitrogen recommendations°

Nitrogen recommendations (lbs/A)

Previous crop

Corn, potatoes, Alfalfa,
Organic sugarbeets, clover,
matter Manure small grain, fallow,
level applied idle acres organic soil Soybeans

Low or 0 60 20 40
medium 10 T/A 20 0 0

High 0 30 0 10
10 T/A 0 0 0

* These recommendations were made in cooperation with R. G. Robin-
son, associate professor, Department of Agronomy and Plant Genetics,
University of Minnesota.
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RED CLOVER
BIRDSFOOT TREFOIL
LEGUME-GRASS

Table 21. Maintenance phosphorus and potassium recom-
mendations

Phosphorus
(P)
soil
test Fertilizer

(lbs/A) analysis

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)

P205+K20 P205+K20 P205+K20

P+K P+K P+K

0-10

11-20

21-30

over 30

oxide
elemental

oxide
elemental

oxide
elemental

oxide
elemental

80+160 80+80 80+0
35+133 35+67 35+0

40+160 40+80 40+0
18+133 18+67 18+0

20+160 20+80 20+0
9+133 9+67 9+0

0+160 0+80 0+0
0+133 0+67 0+0



GRASS PASTURES
NONLEGUMINOUS HAY

Table 22. Maintenance phosphorus and potassium recom-
mendations

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Phosphorus Plant Plant Plant

(P) 
nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K90 P205+K20 P205+Ko0

(lbs/A) analysis P+K P+K P+K

0-30 oxide 30+60 30+30 30+0
elemental 13+50 13+25 13+0

over 30 oxide 0+60 0+30 0+0
elemental 0+50 0+25 0+0

NITROGEN RECOMMENDATIONS

1. No N recommended on organic soils.

2. 50 lbs. of N recommended on sandy soils, steep slopes, or areas of
low rainfall.

3. 75 lbs. of N recommended in areas of moderate rainfall.

4. 200 lbs. of N recommended on pastures with adequate rainfall and
managed with rotational grazing. Apply 100 lbs. in the spring and
another 100 lbs. in midsummer if moisture is adequate.
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KENTUCKY BLUEGRASS SEED
TIMOTHY SEED
REED CANARY

Table 23. Maintenance nitrogen, phosphorus, and potassium recommendations for established
stands of Kentucky bluegrass and timothy grown for seed

Potassium (K) soil test
(lbs/A)

0-200 over 200

Phosphorus Plant Plant

(P) 
nutrients nutrients

soil (lbs/A) (lbs/A) Nitrogen
test Fertilizer P205+K20 P205+K20 needed

(lbs/A) Soil analysis P+K P+K (lbs/A)

0-30

over 30

Mineral oxide 30+30 30+0
elemental 13+25 13+0 60

Organic oxide 40+40 40+0
elemental 18+33 18+0 20

Mineral oxide 0+30 0+0
elemental 0+25 0+0 60

Organic oxide 0+40 0+0
elemental 0+33 0+0 20

When establishing the seedbed, apply fertilizer recommended for small grains.



CULTURED SOD

Table 24. Maintenance phosphorus and potassium recommendations

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 over 300

Plant Plant Plant PlantPhosphorus
nutrients nutrients nutrients nutrients

(13) 
soil (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K20 P205+K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K

0-20 oxide 200+200 200+100 200+40 200+0
elemental 88+167 88+83 88+33 88+0

21-30 oxide 80+200 80+100 80+40 80+0
elemental 35+167 35+83 35+33 35+0

over 30 oxide 0+200 0+100 0+40 0+0
elemental 0+167 0+83 0+33 0+0

Recommended phosphorus and potassium should be worked into the soil before seeding.

Nitrogen applications for nonirrigated sod:
20 lbs. N per acre at seeding.
45 lbs. N per acre at or just before first mowing.
45 lbs. N per acre 3 to 4 weeks later or as needed.
45 lbs. N per acre about August 15.
45 lbs. N per acre about September 10.

If the sod is irrigated, additional applications of N may
be necessary.

For Merion bluegrass, the number of N applications may
be doubled.

Care should be taken in applying the N to avoid burning
the sod.

These fertilizer recommendations were prepared in cooperation with
Donald White, associate professor, Department of Horticultural Science,
University of Minnesota.



POTATOES

Table 25. Maintenance phosphorus and potassium recommendations

For irrigated mineral soils

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 301-400 over 400

Phosphorus Plant Plant Plant Plant Plant

(P) 
nutrients nutrients nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205±K20 P205+K20 P205+K20 P205+K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K P+K

0-20 oxide 200+500 200+400 200+300 200+150 200+75
elemental 88+417 88+333 88+250 88+125 88+62

21-100 oxide 150+500 150+400 150+300 150+150 150+75
elemental 66+417 66+333 66+250 66+125 66+62

over 100 oxide 75+500 75+400 75+300 75+150 75+75
elemental 33+417 33+333 33+250 33+125 33+62

Fertilizer recommendations for the horticultural crops were made in cooperation with 0. C. Turnquist, professor
and extension specialist, Department of Horticultural Science, University of Minnesota.

Table 26. Maintenance phosphorus and potassium recommendations

For nonirrigated mineral soils

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 over 300

Phosphorus Plant Plant Plant Plant

(P) 
nutrients nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205-FIC20 P205+K20 P205+K90 P205+K20

(lbs/A) analysis P+K P+K P+K P+K

0-10 oxide 200+200 200+100 200+75 200+50
elemental 88+167 88+83 88+62 88+42

11-30 oxide 100+200 100+100 100+75 100+50
elemental 44+167 44+83 44+62 44+42

over 30 oxide 50+200 50+100 50+75 50+50
elemental 22+167 22+83 22+62 22+42



POTATOES

Table 27. Maintenance phosphorus and potassium recommendations

For organic soils

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 301-400 over 400

Plant Plant Plant Plant Plant
Phosphorus nutrients nutrients nutrients nutrients nutrients

(P) 
soil 

(lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K20 P205+K20 P205+K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K P+K

0-30 oxide 200+300 200+250 200+200 200+150 200+75

elemental 88+250 88+208 88+167 88+125 88+62

31-50 oxide 150+300 150+250 150+200 150+150 150+75
elemental 66+250 66+208 66+167 66+125 66+62

over 50 oxide 100+300 100+250 100+200 100+150 100+75

elemental 44+250 44+208 44+167 44+125 44+62

Table 28. Nitrogen recommendations

Nitrogen recommendations (lbs/A)

Previous crop

Small grain,
corn,

potatoes, Alfalfa,
sugarbeets, clover,
idle acres fallow Soybeans

Crop Maturity Maturity Maturity
grown Manure 
on applied Late Early Late Early Late Early

Irrigated
mineral
soils

Nonirrigated
mineral
soils

Organic
soils

0 200 150 150 100 180 130

10 1/A 150 100 100 50 130 80

0 80 50 50 30 60 40

10 T/A 40 30 30 20 40 20

40 20



PEAS
SNAP BEANS
LIMA BEANS

Table 29. Maintenance phosphorus and potassium recommendations

Potassium (K) soil test (lbs/A)

0-100 101-150 151-200 over 200

Phosphorus Plant Plant Plant Plant
nutrients nutrients nutrients nutrients

CP)
soil (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K90 P205+K20 P205+K20
(lbs/A) analysis P+K P+K P+K P+K

0-10 oxide 100+100 100+75 100+50 100+0
elemental 44+83 44+62 44+42 44+0

11-20 oxide 75+100 75+75 75+50 75+0
elemental 33+83 33+62 33+42 33+0

21-40 oxide 50+100 50+75 50+50 50+0
elemental 22+83 22+62 22+42 22+0

over 40 oxide 0+100 0+75 0+50 0+0
elemental 0+83 0+62. 0+42 0+0

Table 30. Nitrogen recommendations

Nitrogen recommendations (lbs/A)

Previous crop

Corn, potatoes,
Organic sugarbeets, Alfalfa,
matter Manure small grain, clover,
level applied idle acres fallow Soybeans

Low or 0 40 0 20
medium 10 T/A 0 0 0

High 0 20 0 0
10 T/A 0 0 0
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VEGETABLE CROPS

Table 31. Maintenance phosphorus and potassium recommendations for the following vege-
table crops grown on mineral soils:

Asparagus, broccoli, brussels sprouts, cabbage, cauliflower, carrots, cucumbers, egg
plants, endive, lettuce, mint, muskmelons, green onions, parsnips, parsley, peppers,
pumpkins, rhubarb, rutabagas, spinach, squash, table beets, watermelons

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 301-400 over 400

Plant Plant Plant Plant Plant
Phosphorus

(P) 
nutrients nutrients nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205+K20 P205+K20 P205+K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K P+K

0-20 oxide 150+200 150+150 150+100 150+50 150+0
elemental 66+167 66+125 66+83 66+42 66+0

21-40 oxide 100+200 100+150 100+100 100+50 100+0
elemental 44+167 44+125 44+83 44+42 44+0

41-60 oxide 75+200 75+150 75+100 75+50 75+0
elemental 33+167 33+125 33+83 33+42 33+0

61-100 oxide 50+200 50+150 50+100 50+50 50+0
elemental 22+167 22+125 22+83 22+42 22+0

over 100 oxide 25+200 25+150 25+100 25+50 25+0
elemental 11+167 11+125 11+83 11+42 11+0

See table 35 for nitrogen recommendations.

Table 32. Maintenance phosphorus and potassium recommendations for dry onions and toma-
toes grown on mineral soils

Potassium (K) soil test (lbs/A)

0-100 101-150 151-200 201-300 301-400 over 400

Phosphorus

(P) 
nutrients nutrients nutrients nutrients nutrients nutrients

soil 
(lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P2,05+K20 P205+K20 P205+K20 P205+K20 P205+K20 P205+K20

(lbs/A) analysis P+K P+K P+K P+K P+K P+K

Plant Plant Plant Plant Plant Plant

0-20 oxide 200+250 200+200 200+150 200+100 200+50 200+0
elemental 88+208 88+167 88+125 88+83 88+42 88+0

21-40 oxide 150+250 150+200 150+150 150+100 150+50 150+0
elemental 66+208 66+167 66+125 66+83 66+42 66+0

41-60 oxide 100+250 100+200 100+150 100+100 100+50 100+0
elemental 44+208 44+167 44+125 44+83 44+42 44+0

61-100 oxide 50+250 50+200 50+150 50+100 50+50 50+0
elemental 22+208 22+167 22+125 22+83 22+42 22+0

over 100 oxide 25+250 25+200 25+150 25+100 25+50 25+0
elemental 11+208 11+167 11+125 11+83 11+42 11+0

See table 35 for nitrogen recommendations.
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VEGETABLE CROPS

Table 33. Maintenance phosphorus and potassium recommendations for radishes and turnips
grown on mineral soils

Potassium (K) soil test (lbs/A)

0-100 101-150 151-200 201-300 over 300

Phosphorus Plant Plant Plant Plant Plant

(P) 
nutrients nutrients nutrients nutrients nutrients

soil (lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

test Fertilizer P205+K20 P205-1-K20 P205-+-K20 P20,-EK20 P205+K20
(lbs/A) analysis P+K P+K P+K P+K P+K

0-20 oxide 100+100 100+75 100+50 100+25 100+0
elemental 44+83 44+62 44+42 44+21 44+0

21-40 oxide 75+100 75+75 75+50 75+25 75+0
elemental 33+83 33+62 33+42 33+21 33+0

41-60 oxide 50+100 50+75 50+50 50+25 50+0
elemental 22+83 22+62 22+42 22+21 22+0

over 60 oxide 25+100 25+75 25+50 25+25 25+0
elemental 11+83 11+62 11+42 11+21 11+0

See table 35 for nitrogen recommendations.

Table 34. Maintenance phosphorus and potassium recommendations for vegetable crops grown
on organic soils:
Asparagus, broccoli, brussels sprouts, cabbage, carrots, cauliflower, endive, lettuce,
mint, dry onions, parsley, parsnips, radishes, spinach, table beets, turnips, green
onions

Phosphorus
(P)
soil
test

(lbs/A)

Potassium (K) soil test (lbs/A)

0-100 101-200 201-300 301-400 over 400

Plant Plant Plant Plant Plant
nutrients nutrients nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A) (lbs/A) (lbs/A)

Fertilizer P205+K20 P205-1-K20 P205+K20 P205+K20 P205+K20
analysis P+K P+K P+K P+K P+K

0-20 oxide 200+400 200+300 200+200 200+100 200+50
elemental 88+333 88+250 88+167 88+83 88+42

21-40 oxide 150+400 150+300 150+200 150+100 150+50
elemental 66+333 66+250 66+167 66+83 66+42

41-60 oxide 100+400 100+300 100+200 100+100 100+50
elemental 44+333 44+250 44+167 44+83 44+42

61-100 oxide 50+400 50+300 50+200 50+100 50+50
elemental 22+333 22+250 22+167 22+83 22+42

over 100 oxide 25+400 25+300 25+200 25+100 25+50
elemental 11+333 11+250 11+167 11+83 11+42

See table 35 for nitrogen recommendations.

24



VEGETABLE CROPS

Tab:e 35. Nitrogen recommendations for:

Asparagus, broccoli, brussels sprouts, cabbage, carrots, cauliflower, cucumber, egg

Wants, endive, lettuce, mint, muskmelons, onions (green), onions (dry), parsley,

parsnips, peppers, pumpkins, radishes, rhubarb, rutabagas, squash, spinach, table

beets, tomatoes, turnips, watermelons

Crops

Annual nitrogen recommendation
lbs/A How to apply nitrogen

Soil Soil

Mineral Organic Mineral Organic

Asparagus 120 50 70 Broadcast - 50 50 Broadcast
Topdress after harvest

Broccoli 80 40 40 Broadcast

Brussels sprouts 40 Sidedress

Cauliflower

Cabbage

40 Broadcast

180 80 120 Broadcast 40 Broadcast
60 Sidedress 40 Sidedress

Carrots 30 20 Broadcast Broadcast

Parsnips
Radishes
Turnips

Cucumbers
Muskmelons
Watermelons

80 40 Broadcast
40 Sidedress

Egg Plants 50 • • Broadcast

Rutabagas

Endive, Lettuce, 120 50 Broadcast

Mint, Dry onions,
Parsley, Spinach,
Tab:e beets

Green onions

Broadcast

80 40 Broadcast Broadcast

Peppers, Tomatoes 110 • • 50 Broadcast- 10
Banded - 50 when
fruit appears.

Pumpkins
Rhubarb
Squash

60 50 Broadcast
10 Banded



STRAWBERRIES RASPBERRIES
BLACKBERRIES

Table 36. Maintenance phosphorus and potassium recom-
mendations

Phosphorus
(P)
soil
test Fertilizer

(lbs/A) analysis

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)

P20,+ K20 P205+ K20
P+K P+K P+K

0-20 oxide 100+200
elemental 44+167

21-40 oxide 50+200
elemental 22+167

over 40 oxide 0+200
elemental 0+167

100+100 100+0
44+83 44+0

50+100 50+0
22+83 22+0

0+100 0+0
0+83 0+0

Table 37. Nitrogen recommendations

Table 38. Maintenance phosphorus and potassium recom-
mendations

Phosphorus
(P)
soil
test Fertilizer

(lbs/A) analysis

Potassium (K) soil test (lbs/A)

0-100 101-200 over 200

Plant Plant Plant
nutrients nutrients nutrients
(lbs/A) (lbs/A) (lbs/A)
P205+K20 P205+K20 P205+K.20
P+K P+K P+K

0-20 oxide 50+100
elemental 22+83

21-40 oxide 25+100
elemental 11+83

over 40 oxide 0+100
elemental 0+83

50+50
22+42

25+50
11+42

0+50
0+42

50+0
22+0

25+0
11+0

0+0
0+0

Table 39. Nitrogen recommendations

Soil Nitrogen recommendations (lbs/A) Soil Nitrogen recommendations (lbs/A)

Mineral
Organic

75

25

26

Mineral

Organic
50
20



EVERGREEN SHRUBS:
Apply 3 to 5 lbs/100 sq. ft. of a 10-5-5 or 10-6-4 grade

fertilizer.

DECIDUOUS SHRUBS:
Apply 2 to 4 lbs/100 sq. ft. of a 5-10-10 or 5-10-5 grade

fertilizer.

TREES OR ORCHARDS:
No fertilizer recommendation given.

HOME LAWNS:
Follow recommendations in Extension Folder 165, "The

Home Lawn," by Donald White, obtainable from the Bulletin
Room, 3 Coffey Hall, Institute of Agriculture, University of
Minnesota, St. Paul, Minn. 55101.

GARDENS:
Apply 10-12 lbs/1000 sq. ft. of a 12-12-12 or 10-10-10

grade fertilizer.

Secondary and Micronutrients

SECONDARY NUTRIENTS

1. Calcium (Ca)
a. Soil conditions where deficiency might occur-

acid soils.
b. Extent of deficiency noted in Minnesota - none

reported or expected.
c. Recommendations if deficiency is known or sus-

pected - lime according to pH.
2. Magnesium (Mg)

a. Soil conditions were deficiency might occur-
most frequently in acid soils. Deficiencies can be
induced by continuous and unusually high rates
of potassium on acid soils.

b. Extent of deficiency noted in Minnesota - most
frequently reported on irrigated sandy soils near
the Twin Cities where soils are purposely kept acid
for scab control on potatoes.

c. Recommendations if deficiency is known or sus-
pected - apply 10 to 20 pounds of actual mag-
nesium per acre. This should be placed in the row
for potatoes or corn. Dolomitic limestone may be
used at low rates (about 1000 lbs./A) when main-
tenance of soil acidity is desired. (This magnesium
is not immediately available.)

3. Sulfur (S)
a. Soil conditions where deficiency might occur-

most frequently occur on sandy, low-organic soils
covered originally by forests.

b. Extent of deficiency noted in Minnesota - see
map 4, page 28.

c. Recommendations if deficiency is known or sus-
pected see soil test recommendations for sul-
fur, page 29.
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MICRONUTRIENTS (TRACE OR MINOR
ELEMENTS)

1. Boron (B)
a. Soil conditions where deficiency might occur-

sandy or medium-textured, low-organic soils. Some
organic soils.

b. Extent of deficiency noted in Minnesota - most
noticeable on alfalfa in the eastern third of Min-
noticeable on alfalfa in the eastern third of Min-
nesota. Symptoms become most obvious during
periods of drougth.

c. Recommendations if deficiency is known or sus-
pected - apply 2 to 4 pounds of actual boron for
alfalfa and 1/2 to 1 pound of actual boron per acre
for corn. Caution - do not apply boron contain-
ing fertilizer in the row for corn or small grains.

2. Chlorine (Cl)
a. Soil conditions where deficiency might occur -

none.
b. Extent of deficiency noted in Minnesota -none.
c. Recommendations if deficiency is known or sus-

pected - none.
3. Copper (Cu)

a. Soil conditions where deficiency might occur-
most likely on organic soils with a pH below 5.5
and possibly on mineral soils with a high pH.

b. Extent of deficiency noted in Minnesota - defi-
ciencies have been reported, but seldom substan-
tiated, with some vegetable crops on organic soils.

c. Recommendations if deficiency is known or sus-
pected - on organic soils, apply 7 to 10 pounds
of elemental copper (20 to 30 pounds of copper
sulfate) per acre. Use smaller amounts on min-
eral soils (approximately one-half of that recom-
mended for organic soils). Do not apply annually
because of a possible toxic build-up.

4. Iron (Fe)
a. Soil conditions where deficiency might occur-

soils with a high pH. Deficiency more severe when
soils are wet and cold.

b. Extent of deficiency noted in Minnesota - iron
deficiencies roughly coincide with the zinc-defi-
cient areas. See map 5, page 28.

c. Recommendations if deficiency is known or sus-
pected - corrective measures for field crops sel-
dom have been successful.
Apply 1 percent iron sulfate solution to leaves for
field crops on a trial basis, or apply 5 to 10
pounds per acre of organic chelate 138 Fe or
chelate 330 Fe. Chelates generally have been too
expensive for field crops. Their use is restricted
economically primarily to ornamentals. Soybeans,
flax, and ornamental shrubs show the greatest
need.

5. Manganese (Mn)
a. Soil conditions where deficiency might occur-

soils with a high pH. Deficiency is more likely on
organic than on mineral soils.

b. Extent of deficiency noted in Minnesota - extent
is not known. A few suspected deficiencies have
been reported.



c. Recommendations if deficiency is known or sus-
pected - apply 18 pounds per acre of actual man-
ganese, this is 50 pounds per acre of manganese
sulfate. Higher rates may be needed on soils with
unusually high pH (7.7 to 8.0+). Soybeans, po-
tatoes, oats, alfalfa, and peas likely would show
deficiency before other crops.

6. Molybdenum (Mo)
a. Soil conditions where deficiency fight occur -soil

characteristics are not well defined.
Deficiencies are likely only on low-organic acid
soils.

b. Extent of deficiency noted in Minnesota - re-
sponse to molybdenum on alfalfa was observed
on an unlimed area at the Rosemount Experiment
Station. Experiments on other soils have shown
no response.

c. Recommendations if deficiency is known or sus-
pected - liming, the recommended practice, cor-
rects molybdenum deficiency by increasing micro-
biological activity. If molybdenum is applied, the
rate should never exceed 8 ounces per acre. This
may be applied as ammonium molybdate,
(N H4)2 Mo04.

7. Zinc (Zn)
a. Soil conditions where deficiency might occur -

soils with a pH above 7. (Deficiencies rarely have
been noted below pH 7.) Zinc deficiencies can be
induced on high pH soils by unusually large ap-
plications of phosphorus. Deficiencies are more
severe if the soil is cold.

b. Extent of deficiency noted in Minnesota - see
map 5, page 28.

c. Recommendations if deficiency is known or sus-
pected - see soil test recommendations for zinc,
page 29.
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BENEFICIAL ELEMENTS

Other elements, such as sodium (Na) and cobalt (Co),
are not essential to plants, but may be beneficial. No recom-
mendations of these elements are being made in Minnesota,
however.

SULFUR CONTENT OF MINNESOTA SOILS
Studies in Minnesota have shown that soils vary greatly

in their sulfur-supplying capacities. In some soil areas, ap-
plication of sulfur is of major importance for most efficient
crop production, especially with alfalfa. For this reason, a
sulfur soil test was introduced in 1968 by the University of
Minnesota Soil Testing Laboratory to assist farmers in de-
termining which fields might be sulfur deficient.

Most soils low in sulfur-supplying power are in north
central Minnesota (see map 4). All soils in the shaded area,
however, are not sulfur deficient, nor are all soils in the non-
shaded area sulfur sufficient.

Frequently, high subsoil sulfur contents complicate mak-
ing recommendations for the nonshaded portion of the map.
For this reason, sulfur is recommended on a trial basis only
in this area.

Interpretation of the sulfur test in the two areas of Min-
nesota follows in tables 40 and 41:

Table 40. Data for shaded area of map 4

Sulfur soil test
(PPrn)

Relative
level

Yield increase
expected from

sulfur applications

Less than 7

7 to 12

More than 12

Low
Medium

High

Highly possible
Possible

Unlikely

MAP 5.

ZINC DEFICIENCY ON
CORN IN MINNESOTA

Probable Zinc-
deficient Area

Possible Zinc-
  deficient Area

Zinc Deficiency
Unlikely



SULFUR RECOMMENDATIONS
FOR TABLE 40

(1)If extractable sulfur is less than 7 ppm. (yield increase

highly possible):
a. For alfalfa and clovers: At time of establishment,

broadcast 50 lbs/acre of sulfur. This application

would require 50 lbs. of elemental sulfur or 300

lbs. of gypsum (18% sulfur)/acre. Repeat applica-

tion every 3 years.
b. For corn and small grain: Broadcast 20 lbs/acre of

sulfur or apply 10 lbs/acre of sulfur as starter. Re-

peat application every year.

(2) If extractable sulfur is between 7 and 12 ppm. (yield

increase possible):
a. For alfalfa and clovers: Apply sulfur on a trial basis

only. If a response is noted, use recommendation

listed above.
b. For corn and small grain: no sulfur recommended.

If extractable sulfur is greater than 12 ppm. (yield in-

crease unlikely):
a. For alfalfa and clovers: no sulfur recommended.

b. For corn and small grain: no sulfur recommended.

(3)

Table 41. Data for unshaded area of map 4

Sulfur soil test

(PPrn)

Relative
level

Yield increase
expected from

sulfur applications

Less than 7

More than 7

Low-medium

Medium-high
Possible
Unlikely

SULFUR RECOMMENDATIONS
FOR TABLE 41

(1) If extractable sulfur is less than 7 ppm. (yield increase

possible):
a. For alfalfa and clovers: Apply sulfur on a trial basis

only. If a response is noted, use recommendation
listed under heading 1 above.

b. For corn and small grain: No sulfur recommended.

(2) If extractable sulfur is greater than 7 ppm. (yield in-

crease unlikely):
a. For alfalfa and clovers: No sulfur recommended.

b. For corn and small grain: No sulfur recommended.

ZINC CONTENT OF MINNESOTA SOILS

When interpreting extracted soil zinc values, four factors

causing low zinc availability must be considered.

(1) Soil pH - Minnesota soils having a pH of 7 or less are

not likely to be deficient in available zinc.

(2) Soil phosphorus content - Zinc availability is reduced

as extractable soil P increases.

(3) Preceding crop - If sugarbeets, the possibility of zinc

deficiency increases.
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(4) Crop to be grown - Field corn is the crop most likely to
be zinc deficient in Minnesota.

Table 42. Data for map 5

Zinc soil test
(PPrn)

Relative
level

Yield increase
expected from

zinc applications

Less than 1.3

1.3 to 2.0

More than 2.0

Low

Medium
High

Highly possible

Possible

Unlikely

Deficiencies of available soil zinc are controlled easily

and economically. Zinc should be applied at a rate of 8 to 20

pounds per acre (20-60 pounds of zinc sulfate). Granulated

zinc sulfate is a commonly used zinc source. One applica-

tion should be sufficient for 2 to 4 years, depending on the

rate used. Zinc chelate and other zinc sources may be

effective also, but may be more expensive.
Zinc materials which are broadcast and plowed down

appear to be more effective than row applications. Zinc may

be mixed with other fertilizers for convenience of applica-

tion.

pH and Lime Recommendations

WHAT LIMING DOES

Lime improves crops principally by promoting desirable

biological activity. Such benefits are realized through higher

yields and better quality.
Bacteria in legume root nodules supply nitrogen to these

crops in plentiful quantities if soil acidity is reduced suffi-

ciently. Other types of bacteria step up their activity in rot-

ting residues and soil organic matter if adequate lime is

present.
In addition to stimulating biological activity, dolomitic

lime (as is available generally in Minnesota) supplies cal-

cium and magnesium. Addition of the latter is an important

advantage in soil areas which tend to be low in magnesium.

Liming acid soils will also make soil phosphorus more avail-

able to plants.

THE SMP BUFFER TEST

Since January 1, 1968 a buffer test called "SMP buffer"
has been used to better determine lime needs in Minnesota.

1. What the SMP buffer test is and what it does:

The SMP buffer test for lime was developed by 3 soil sci-
entists (Shoemaker, McLean, and Pratt) from Ohio State Uni-
versity. This test (currently used quite widely in the Midwest)
determines total soil acidity and more accurately predicts
lime needs. With only the soil-water pH (this is the pH value
everyone is familiar with as the soil pH), the acidity on the
organic matter and clay exchange sites could only be esti-
mated. Two soils with exactly the same soil-water pH might



vary quite widely in the amount of lime needed to raise the
pH to 6.5 or 6.9, depending upon the amount of organic
matter and clay content of each soil. The soil with the higher
organic matter and/or clay content v.ould require more lime
due to the higher reserve acidity.

The pH of the SMP buffer solution itself is 7.5. When the
SMP is added to a soil, the original pH of the SMP buffer will
go down. Since it is known how much acid is required to
lower the SMP buffer to any given pH level, the total acidity
of the soil can be determined. For example, a soil with a soil-
water pH of 5.4 might bring the SMP buffer pH index from
7.5 to 6.3. According to table 43, it would take 5.5 tons of
lime to raise the soil-water pH from 5.4 to 6.5.

There is a tendency to mistake the buffer index for soil
pH. Even though the buffer index is a pH, it is not the soil
pH. It is called a buffer index to show that there is a differ-
ence. The buffer index is used only to determine lime needs
and is in no other way connected with soil water pH.

2. SMP buffer is not used above pH 5.9.

If the soil-water pH (soil pH) is 6.0 or higher, the SMP buffer
is not run. The relative error of the SMP buffer is too high
in this soil pH range.

3. Soil-water pH and its relationship to the SMP buffer.

In order to become better acquainted with the soil-water
pH and its relationship to the SMP buffer, table 44 is given
to illustrate some typical soil pH values, the SMP buffer in-
dex, and the lime recommendations for 6- and 9-inch plow
depths.

Table 43. Lime recommendations

Where SMP buffer
applies

(soil-water pH values
be;ow 6.0) Lime required (tons/acre)*

Mineral soils To raise soil-water To raise soil-water
pH to 6.5 pH to 6.9

SMP buffer
index Area 1 2 Area 1 2

6.8 3.0 2 5.0 NRt
6.7 3.0 2 5.0 NR
6.6 4.0 2 6.0 NR
6.5 4.5 2 6.5 NR
6.4 5.0 2.5 7.0 NR
6.3 5.5 2.5 7.5 NR
6.2 6.0 3.0 8.0 NR
6.1 6.5 3.0 8.5 NR
6.0 7.0 3.5 9.0 NR
5.9 7.5 3.5 9.5 NR
5.8 8.0 4.0 10.0 NR
5.7 8.5 4.0 10.5 NR
5.6 9.0 4.5 11.0 NR

Where SMP buffer
does not apply

(soil-water pH values
of 6.0 and higher)

Mineral soils

Soil-water pH

6.5 Ot 0 24: NR

RECOMMENDATIONS 6.4 0 0 2 NR
6.3 3 0 5 NR
6.2 3 0 5 NR

1. Lime recommendations for corn and soybeans. 6.1 4 0 6 NR
If alfalfa is not in the cropping system, pH levels of 6.0 6.0 4 2 6 NR
or above are adequate without liming. If the soil pH is below Organic soils
6.0, apply lime at the rates needed to reach a soil pH of 6.5. (peats and mucks)§
High nitrogen rates used for corn on noncalcareous soils
depress pH. Soil-water pH

2. Limy subsoils in western Minnesota call for less lime.

In western Minnesota (area II on the map) no lime rec-
ommendations will be made for soil-water pH values of 6.1
and higher. Where lime is recommended in area ll the ton-
nage will be one-half that recommended for area I. In ex-
treme southwestern Minnesota the Moody-Kranzburg-Vienna
soil association has an acid plow layer. Frequently, these
soils have adequate lime in the subsoil, and lime is recom-
mended only if soil phosphorus and potassium test levels
are medium or high and there is difficulty in establishing
stands of alfalfa.

Some lime recommendations are in excess of 5 tons
per acre. If this creates financial problems, it may be de-
sirable to apply 5 tons per acre the first year and the re-
mainder 3 or 4 years later.
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5.4 2 2 2 2
5.3 2 2 2 2
5.2 2 2 2 2
5.1 2 2 2 2
5.0 2 2 2 2
4.9 3 3 3 3
4.8 3 3 3 3
4.7 4 4 4 4

4.6 4 4 4 4

4.5 and lower 5 5 5 5

* 6-inch plow depth
t NR = Not recommended
These lime rates at water pH 6.0 or above need not be applied where
alfalfa is not grown in the cropping system.

§ Only limed to pH 5.5



Table 44. Example lime recommendations

Lime recommendations (tons/acre)

6-inch plow depth 9-inch plow depth*
Organic Soil SMP  

Soil matter pH buffer To attain a pH of: To attain a pH of:
texture level (soil-water) index 6.5 6.9 6.5 6.9

Eastern Minn.

Winona

Fillmore

Rice
Dakota

Wabasha

Houston

Aitkin
Chisago

Western Minn.

Brown

Pipestone§

Redwood

Organic Soils

Anoka
Anoka

Isanti

Sil L 6.0 ND-I- 4 6 6 9
Sil L 6.2 ND 3 5 4.5 7.5
Sicl M 5.7 6.0 7 9 10.5 13.5
L M 5.5 6.0 7 9 10.5 13.5
Sil M 5.4 6.2 6 8 9 12
Sil M 5.4 6.1 6.5 8.5 9 12
Ls L 5.3 6.2 6 8 9 12
SI L 5.0 6.0 7 9 10.5 13.5

CI H 6.1

Sil M 5.8

CI H 5.9

VH

VH
VH

5.6

5.1

4.5

ND

6.5

6.4

ND

ND

ND

NR-4:

2

2.5

NR
2ff

5ff

NR

NR

NR

NR

NR

NR

NR

3
3.5

NR

3

7.5

NR

NR

NR

NR

NR

NR

These recommendations reached by multiplying 6-inch plow depth recommendation by 1.5.
t ND = Not determined
NR = Not recommended

§ Lime for loess soils of southwestern Minnesota is recommended only where it is difficult to establish stands of
alfalfa and where phosphorus and potassium levels are medium or high.

¶ To reach pH of 5.5

•
1 or 4,:l.feepi

440 ,4•4

40L14

•4•4•4,

• 10.4

4.4,11,0•f

4.044,4

• 0.0

COI40..4000

./4

1441.4.1•44

.4•Irm

AREA I

• .481C

csrtrom
MAP 6.

REFERENCE MAP FOR

LIME RECOMMENDATIONS

Area I (unshaded)--most subsoils are acid

Area 2 (shaded)--few subsoils are acid

4. 4

4,,40•11
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Soluble Salts

The term "soluble salts" refers to the inorganic soil
constituents that are appreciably soluble in water. Pure
water is a very poor conductor of electric current, whereas
water containing dissolved salts conducts current approxi-
mately in proportion to the amount of salt present. Thus,
the measurement of the electrical conductivity of an extract
gives an indication of the total concentration of salts.

This electrical conductivity measurement is reported in
millimhos per centimeter. The relative values are described
as follows:

Mmhos/cm Description Effect on crops

0 to 2

2 to 4

4 to 8

8 to 16

over 16

nonsaline
very slightly saline

moderately saline

strongly saline

very strongly saline

none

sensitive crops restricted

many crops restricted

most crops restricted

few Wants tolerant



Table 45. Relative tolerance of crops to salt*

Low
salt tolerance
2-4 mmhos.

Medium
salt tolerance
5-10 mmhos.

High
salt tolerance

over 10 mmhos.

Soybeans
Field beans
Peas
Sunflowers
Flax

Red clover
Alsike clover
Ladino clover
Timothy

Celery
Radishes
Cucumber
Peas
Onion
Carrot
Sweet corn
Potatoes

Field crops

Corn
Wheat
Rye
Oats
Sorghum

Forage crops

Reed canary grass
Brome grass
Alfalfa
Sweetclover

Vegetable crops

Spinach
Asparagus
Garden beet

Barley
Sugar beet

Birdsfoot trefoil

* Within each group the species are ranked in order of increasing salt-
tolerance.

General Information
FERTILIZER ANALYSES
Oxide and Elemental Basis. These are simply two ways of ex-
pressing the same amounts of phosphorus and potassium.
The oxide basis is the common way of expressing these nu-
trients. In the future, however, the method of expression
may be the elemental basis. For this reason, the fertilizer
recommendations are given in both forms. For example, the
recommendations may appear as follows:

Plant Nutrients
Needed (lbs/A) 

P05 0 

„... 
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oxide basis
elemental basis
this line is the recommendation given

on an oxide basis.
6•6 this line is the same recommendation

given on an elemental basis.

Conversion from the oxide to the elemental expression is as
follows:

oxide elemental
1.0 pound of P.05 (phosphate) = 0.44 pound of P

(phosphorus)
1.0 pound of K2O (potash) = 0.83 pound of K

(potassium)
All other essential elements are expressed on an elemental
basis.
Actual Nitrogen. Since nitrogen is already expressed on the
elemental basis, no clarification is needed on this point.
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Sometimes there are misunderstandings, however, on ele-
mental or actual nitrogen and nitrogen-containing fertilizers.
Anhydrous ammonia, for example, contains 82 percent nitro-
gen or 82 pounds of actual nitrogen in 100 pounds of the
material. Ammonium nitrate, by contrast, has only 33 per-
cent nitrogen or 33 pounds per 100 pounds of the material.

Understanding these differences is important when figur-
ing amounts of material to apply per acre and when compar-
ing prices. Prices among different forms of nitrogen can
be compared only by the cost per pound of actual nitrogen,
not on the price per ton of material.
Grades, Ratios, and Total Plant Nutrients Per Acre. Grades
of fertilizer refer to the percentage of each nutrient guaran-
teed by the manufacturer. Ratio refers to the proportion of
nitrogen, phosphate, and potash in the fertilizer. An example
is 8-32-16, which is a grade and has a ratio of 1:4:2. Note:
The grade is expressed with hyphens between the percentage
figures, and ratios are shown with colons.

Total plant nutrients per acre are the actual amounts of
nitrogen, phosphate, and potash recommended or applied.
For example, if 200 pounds of 8-32-16 are applied per acre,
it is commonly shown as 16 + 64 + 32 per acre. Note:
Total plant nutrients per acre are designated by plus signs.

RELATIVE LEVELS OF PHOSPHORUS AND
POTASSIUM IN MINNESOTA

Relative level Phosphorus Potassium

Low

Medium

High

Very high

0-10

11-20

21-30

over 30

0-100

101-200

201-300

over 300

The relative levels of phosphorus and potassium are
given only as a general reference for some of the common
agronomic crops grown in Minnesota. For many of the crops,
even the high reIative levels listed here would be considered
low.

RELATIVE ORGANIC MATTER LEVELS

L = low

M = medium

H = high

VH = very high

0 to 3.0%

3.1 to 4.5%

greater than 4.5%

peats and mucks

STANDARD SOIL TEXTURE ABBREVIA-
TIONS

C = clay
CL = clay loam

SiCL = silty clay loam
SiL = silt loam
L = loam

SL = sandy loam
LS = loamy sand
S = sand
P = peat
M = muck

SOIL TESTING FORMS

The two forms which follow are used by the Soil Testing
Laboratory at the University of Minnesota.



COMPUTERIZED SOIL TEST REPORT
University of Minnesota
Soil Testing Laboratory

•

Soil Science Department,

Agricultural Extension Service,

Agricultural Experiment Station

Cooperating

Report NO:

Date Received:

Date Reported:

For Additional Information Contact Your

County Agent 

Township:

ACP Payment: '

Receipt: This is to acknowledge receipt From:

 in the amount of $ 

* Identification Field Information
_

Soil Test Results Corrective Recommendations
See reverse side item 1

Laboratory
Number

Field
number
or letter

Sample
Number

Acres
,

Last
Last Limed

Fertilizer applied
last crop A)

to
Soil*

Texture
pH

Buffer
Index

Organi*c
Matter

P
Phosphorus
(lbs./A)

K
Potassium
(lbs./A)

Zn
Zinc
(ppm)

S
Sulfur
(ppm)

Soluble
Salts

(mmhos)

Lime ,.:Needed'
(tons/A)

P2 05
P.

(lbs./A)

K20
K

(lbs./A)
in

field
Yield

Crop
Manured

year tons/A
,

,-,N P205 K2u

•

Identification Maintenance Fertilizer Recommendations (to be applied each year crop is grown)
Subtract the amount of The above recommendatioi

Recommendation for next crop Recommendation for following crop lime applied within the should be broadcast. You
last two years from the soil should be retested ever:Field

Number Sample Fertilizer Plant Nutrients Needed (lbs./A) Plant Nutrients Needed (lbs./A) above recommendation. three years to determine i

or Number Analysis Crop Row or Broadcast Crop Row or Broadcast additional fertilizer is needed

Letter N t P205 K20
PK

P205 K20
PK

N t P205 K20
P K

P205 - K20
P K Crop Remarks

oxide

elemental

oxide

elemental

.

oxide

elemental

oxide

elemental

oxide

elemental ,

oxide

elemental

.

, 1 -



A. General Information

Name 

Address  Township 

  Does Federal Cost-sharing (ACP) apply? yes  no 

Date  Fee Payment Enclosed: $  Charge Fee to Account 

B. Required Information for Recommendations

I gat 1 SOIL TESTING LABORATORY
UNIVERSITY OF MINNESOTA

(PLEASE PRINT ALL INFORMATION)

Read instructions on back

Location: County 

Leave This Space Blank

Firm submitting samples:

Name 

Address 

Laboratory
number
(Do not

write below)

Field
number

or
letter

Sample

number

(V) Check

if irrigated

Crop
to be
grown

Yield
goal

bu. or T/A

Crop
following

year

Yield
goal

bu. or T/A

Field history (V) Check tests requested (see below)

Last
year's
crop

Yield
bu. or T/A

Last limed Year manure
applied or

to be applied
Regular
series Zinc Sulfur Soluble

salts
pH and

lime onlyYear T/A
1
I
I

1
I
1
I
I

1
I
I
I_

I
I
I
1
I

I
I
I
1
I

1
1
1
1

1
1
1
1
I

.

I
I
I
I
I

1
I
I
I
I

1
I
I
I
1

I
I
I
I
I

.

I
I
I
I
I

I
I
I
1
I

I
I
I
I
I

I
:
I
I
I

I
1

1
1 11

1
I

a
1
I

1
I. 1

I .
11

C. Desired Information

Field
number

Or

letter

Acres
in

field

Fertilizer applied
last year

(V) Check if

Soil type RemarksSmall
grain
lodges

Alfalfa
hard to
establish

N
lb/A

P203
lb/A

1(20
lb/A

I I
I I
I I

I
: 1

,
1
I
I
I

I I 
: I
I I
I 1
1 I

I
I
I
I
I

I I
I 1
I I
I I
1 I

I
I
I
I
III I1

I I
I 1

I
I
I
I

I I
I I
1 1 •I I
I I

I
I
I
I
I ,

I II 11 II !I

1
I
I
I

Testing fees for each sample:

$2.00 Regular Series (pH, lime,
P, K, 0.M., Texture)
used for standard fertilizer
and lime recommendations

$2.00 Zinc Test

$2.00 Sulfur Test

$1.00 Soluble Salt Test

$1.00 pH and lime test only



Procedures Used in
University of Minnesota
Soil Testing Laboratory*

The following analyses are offered:
1. Texturet
2. Organic mattert
3. Soil pHt
4. Lime requirement testt (SMP buffer index)
5. Extractable phosphorust (Bray's No. 1 extractant)
6. Exchangeable potassiumt (ammonium acetate extractant)
7. Soluble salts $ (electrical conductance, saturation extract)
8. Extractable sulfur f (calcium phosphate extractant)
9. Extractable zinc t (ammonium carbonate-EDTA extractant)

*Adapted from "Soil Analysis Methods as Used in the University of Min-
nesota Soil Testing Laboratory." J. Grava, Institute of Agriculture, Uni-
versity of Minnesota, October 1968.

t Tested routinely.

# Tested only upon request.

SAMPLE PREPARATION

At the laboratory, each sample is assigned a number,
transferred to a paper bag, and then placed in a metal tray.
Every 24th sample is a check sample of known chemical
properties.

Samples are dried (this usually takes 1 or 2 days) in a
metal cabinet equipped with a heating element and an ex-
haust fan to remove moisture-laden air. The temperature in
the cabinet should not exceed 98° F. to approximate air-
drying conditions.

Samples are crushed with a mechanical mortar and
auger grinder, and passed through a 10-mesh sieve.
Samples, submitted for the zinc test, are crushed with a
wooden roller and passed through a 10-mesh stainless steel
sieve to avoid contamination.

TEXTURE AND ORGANIC MATTER

The relative amounts of sand, silt, and clay are estimated
by the feel of the soil in a plastic condition.

Organic matter is estimated visually by comparing the
color of a dry soil sample with a set of standard soils. The
classifications used are: "Low" for light-colored soils (0.M.
less than 3.1%), "Medium" for soils of intermediate color
(0.M. approximately 3.1-4.5%), and "High" for dark-colored
mineral soils (0.M. more than 4.5%). The "Very High" cate-
gory is used for peats and mucks.

SOIL pH AND LIME REQUIREMENT

The pH is determined with a glass electrode pH meter
on a 1:1, soil to water, suspension. Samples of mineral soils
with pH values of less than 6.0 are saved for the lime re-
quirement test.

Ten milliliters of SMP buffer solution are added to the
samples (5 grams soil: 5 milliliters water). The Buffer Index
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of the suspension is determined with a pH meter, after the
sample has been stirred intermittently for 20 minutes.

EXTRACTABLE PHOSPHORUS

The soil phosphorus measured is that which is extracted
by a solution consisting of 0.025 normal HC1 and 0.03 nor-
mal NFU., commonly referred to as Bray's No. 1 extractant.
One gram of soil and 10 milliliters of extractant are shaken
for 1 minute. The amount of phosphorus extracted is de-
termined by measuring the intensity of the blue color de-
veloped in the extract when treated successively with
ammonium molybdate-hydrochloric acid and amino-naphthol-
sulfonic acid solutions. An absorption spectrophotometer is
used to measure this color which is converted to pounds per
acre of phosphorus on the basis of 2 million pounds of soil
in the surface 6 inches of an acre. The phosphorus measured
does not represent all of the phosphorus that may be avail-
able for plant growth; for example, organic phosphorus may
become available upon mineralization.

EXCHANGEABLE POTASSIUM

Potassium is extracted from the soil samples with 10
milliliters of normal neutral ammonium acetate mixed with
2 grams of soil. The_amount of potassium removed by this
reagent in 1 minute is designated as exchangeable potassium
and is measured by passing the filtered extract through a
flame emission spectrophotometer. This instrument is cali-
brated with standard solutions so that a direct reading of
potassium in pounds per acre can be made.

SOLUBLE SALTS

A saturation extract is prepared by adding a specific
amount of deionized water to the soil sample. After an equi-
libration time of 2 hours, about 5 milliliters of the saturation
extract-filtrate are removed by suction and collected in a
plastic tube. The electrical conductance is determined with
a Solu Bridge and reported as millimhos per centimeter at
25° C.

EXTRACTABLE SULFUR

The readily soluble and the adsorbed sulfates are ex-
tracted with a monocalcium phosphate solution containing
500 parts per million of phosphorus. Twelve grams of soil
are treated with 30 milliliters of extracting solution and
shaken for 30 minutes. The sulfate content in the filtrate is
determined turbidimetrically. The results are reported as
parts per million of extractable sulfur.

EXTRACTABLE ZINC

Zinc is determined by treating 15 grams of sample with
30 milliliters of 0.01 molar EDTA and 1.0 molar ammonium
carbonate. After shaking for 30 minutes, the soil is filtered
off and the extract analyzed on the atomic absorption spec-
trophotometer. The results are reported as parts per million
of zinc.




