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GENERAL INFORMATION

Plant nutrients in fertilizers are classified as prim-
ary, secondary and micronutrients. The primary or
major nutrients are nitrogen [(N), phosphorus (P and
potassium (K). These elements are required in rela-
tively large amounts and are most likely to be deficient
for plant growth. Secondary nutrients are also required

in relatively large amounts, but are less likely to be
deficient. They include calcium (Ca), magne [Mg)
and sulfur (8], Micronutr are essential rela-

tively small amounts for plants. They include manga-
nese (Mn], iran (Fe), boron (B), zine (Zn), copper (Cu),
malybdenum (Mo) and chlorine [Cl). These elements
may also be referred 1o as minor or trace elements,
however “micronutrients” is preferred.

The information presented here is primarily a result
of research conducted in Michigan and may not be
applicable to other areas of the United States.

Needs for S i

The extent of both secondary and micronutrient
deficiencies in Michigan is not widespread, but a defi-
ciency of any of these elements can cause plant
abnormalities, reduced growth or crop The
utrients in crop production has drawn
tention for the following reasons:

vy and Mi ients

® More information regarding crop r and

® Higher phosphorus levels in the soil can induce
zinc deficiency.

® Reduced sulfur emissions from industry, as a
result of air pollution abatement practices, have
decreased the amount of sulfur falling to the soil in
rain water.

* More attention is being given to crop quality and
nulritional value of today's crops.

® Increased atlention is being given to elements
which might reduce disease and damage from air
pollutants,

Identifying Problem Areas

The criteria used to help identify secondary and
micronutrient problems are: (1) soil tests (2) plant anal-
vses (3] soil type (4) crop planted (5) plant symptoms
and (6] yield goals. A good way to confirm a suspected
nutrient deficiency is to obtain plant and soil samples
from areas of adjacent normal and abnormal plant
growth and have them tested.

The MSU Soil Testing Laboratory will test soil
samples for pH, available phosphorus, exchangeable
(available] potass caleium, magnesium and
tractable (available) manganese, and copper.
ilable for organic soils only. Other
laboratories may offer soil tests for sulfur, boron and
iron.

Plant tissue ¢ trographic
procedures are d\'mLib]l' Ihrrru,,]\ the MSU Saoil Test-
Table 1 shows the acceptable or suffi-
ciency nulrien! ranges |r-mJ|u e for high production of
several important Mic crops. The values reported
Fnr vegetables are general and should be used only as

he

copper lest is

availability of the nutrients in different soil types has
been accumulated.

* Today's higher crop vields require larger amounts
of these nutrients,

* Long-time cropping has removed measurable
amounts of these nulrients,

* Today there is less widespread use of animal
manures and greater use of high-analysis fertilizers
low in impurities (secondary and micronutrients).

* Higher potassium levels in the soil and greater use
of nitrogen fertilizer can cause a magnesium imbalane
in some plants, ing a potential for hypomagne
[grass tetany) problems in liveste

lelines. Nutrient levels below those suggested
indicate a deficiency. Values above these ranges may
; toxic

inalysis 1o dis agnose nulrient

ies, it is important 1o know the S c lissue
sample, the age, position on the plant, and whether or
not defi ymptoms existed on the plant or tissue
sampled.

Secondary and Micronutrient Fertilizers

The addition of secondary and micronutrients to ni-
trogen, phosphorus and potassium [N-P-K) fertilizers
can be accomplished in several ways. They may be
incorporated into granulated fertilizers during the
granulation process so that each granule of
contains an equal amount of all nutrients, The

may




TABLEL.

Nutrient sufficiency ranges for corn, mrbnns alfalfa, wheat, sugar beets, potatoes and vegetables.

CORN SOYBEANS ALFALFA VI'HEAY SUGAR BEETS \'EG_ET!BLES POTATOES
Ear leal Upper fully- Top 6 inches  Upper leaves Center fully- Top fully- Petioles from
samplecl  developed leal sampled prior sampled prior  developed leaf developed  most recently
Enitial silk sampled priar to initial to initial sampled in leaves matured leal
to initial flowering bicom mid-season sampled in
ELEMENT i mid-season
Nitrogen 276350 426550 3.76-550 259-3.00 3.01- 4 50 250400 250-4.00
Phosphorus  0.25.050 0.26.050 026070 021050 026050 025080 0.18.0.22
Potassium 1.71-250 171-250 201-350 151-3.00 2.01-6.00 2.00-9.00 6.00-9.00
Calcium 0.21-1.00 0.36-2.00 1.76-3.00 0.21-1.00 0.36-1.20 0.35200 0.36-0.50
Magnesium  0.16-0.60 0.26-1.00 0.31-1.00 016-1.00 036100 025100 017022
Sulfur 0.16.050 0.21.040 031.050 020040 021050 016050 021050
... Parts permillion (ppm) . ....oooiiiiiiii e
Manganese 20-150 21-100 31-100 16-200 21-150 30-200 30-200
Iron 21-250 51-350 31-250 11-300 51-200 50-250 30-300
Boron 4-25 21-55 31-80 6-40 26-80 30-60 15-40
Copper 6-20 10-30 11-30 6-50 11-40 8-20 7-30
Zinc 20-70 21-50 21-70 21-70 19-60 30-100 30-100
0.1-.20 1.0-5.0 1.0-5.0 0.03-5.0 .15-5.0 0.5-5.0 0.5-4.0

Molybdenum

be blended with N-P-K fertilizers at a bulk blending
plant. If the particle size of secondary and micronu-
s is greally different from the primary nutrients,

ration which leads to segregation of particle sizes and
non-uniform distribution when applied.

Secondary and micronutrients may also be added to
liquid or suspension fertilizers, Chelated secondary
and micronutrient formulations are generally preferred
for mixing with liquid fertilizer since a larger amount
of the nutrient can be added before precipitation
ocours.

“I'he amounl of secondary or micronutrients required
in mixed fertilizers depends on the application rate.
Table 2 can be used to determine the appropriate per-
centage of elements needed in mixed fertilizers based
on the amount of fertilizer to be applied and amount of
element required per acre. In this bulletin all second-
ary and micronutrient recommendations are given in
pounds of element per acre.

Michigan Fertilizer Law
The Michigan Fertili

Law requires each fertilizer

manufacturer who claims secondary and micronutri-
ents in fertilizer to guarantee the minimum composi-
tion of these nutrients in the fertilizer. The guaranteed
minimum levels of secondary and/or micronutrients

which can be claimed in agricultural fertilizers in
Michigan are given in Table 3, Many es have set
minimums for claims at levels recommended by the
Association of American Plant Food Control Officials
[AAPFCO). These levels are lower than those pel
ted by Michigan regulations. We believe that these low
levels often do not carry sufficient quantities to correct
a deficiency. For example, one application of 300
pounds of fertilizer containing 0.05% manganese (min-
imum sel by AAPFCO) per acre will supply 0.15
pounds of manganese, In del nt soils, field trials
have shown a need for at least 5 pounds per ac
32-fold difference.

Claims may be made by the manufacturer that these
elements in premium fertilizers are needed as a main-
tenance fertility program. Such a claim has merit for
some micronulrient elements in very sandy soils. But
for most agricullural soils in Michigan, the problem is
not the maintenance level, but the maintenance of the
nultrients in an available form.

Most soils have ample total iron and manganese, but
it is largely in an unavailable form. The availability of
copper and zin is also governed by their adsorption lo
soil particles. Boron is a highly mobile element which
does not accumulale, o a great extent, in sandy soils
and therefore cannol be maintained at sufficiently high
levels. In other soils, boron may also be adsorbed and
unavailable for crop use.




CALCIUM

Calcium, an essential part of plant cell wall struc-
ture, provides for normal transport and retention of
other elements as well as strength in the plant. It is
thought te counteract the effect of alkali salts and
organic acids within a plant. Calcium is absorbed as
the ion Ca** and exists in a delicate balance with mag-
nesium and potassium in the plant. Too much of any
one of these three elements may cause insufficiencies
of the other twa.

Calcium Deficiency Symptoms

Calcium deficiency is usually observed as a failure
of terminal buds and apical root tips to develop. In
corn, new leaves fail to emerge from the whorl due
to a sticky gelatinous on the edges of the
leaves, The tips of these leaves are also very chlorotic
(vellowish).

The young leaves of new plants are the first to be
alfected. They are often distorted and small, the leaf
margins are often irregular and the leaves may show
spolted or necrotic areas.

Disorders such as blossom end rot in peppers and
tomatoes, black heart in celery, internal tip burn in
cabbage and cavily spot in carrots are atiributed to
caleium deficiency. These disorders are usually related
to the inability of the plant to translo adequate

i plant part rather than due to

. caleium deficiency oecurs only on very
essive quanti-
ties of potassium or magnesium have been used. Soils
which are adequately limed are high in calcium, Even
id [between pH 5.0 and
6.0] generally contain sufficient calcium for plants.
Poor plant growth on these soils is usually due to
soluble aluminum, manganese, and. n and
fum, In M igan, calcium defi-
ometimes ocour where the root sy
1 by nematodes, insects or dis
eases such that the plant is unable o take up calcium

Caleium in plants is a relatively non-mobile element.
exist and foliar sprays are used to
correct the deficiency, it is very important to cover the
young terminal growth with calcium. Applications on
plant. The suggested
cium is 1-2 pounds of
calcium in 30 gallons of water, using either i
chloride or calcium nitrate, Lime should be us
correct calcium deficiency when il oceurs on acid soils,

will not benefit th

¢ detrimental 1o

um carbonate

TABLE 2. Per of the el ded in Ietum 1o the aff
mixed fertilizer based on the amount of insufficient soil calcium le
fertilizer applied. In Michigs
— — acid soils (less than pH 5.0) or whe
Lbs. of Pounds of the elemant desired par acre
fortilizer — —
0.5 1 2 4 L] 10 20

sl — — soils which are moderatel
ceaaan .. Percent in the fertilizer. ....... .

100 Y 5 5 o e

200 Y 3 5 - B

330 :‘4 2 3 oy nol inadequate

Gng “ f g g ciency symploms

800 _ 1 1 > tem has been dam.

1000 - Y

1500 - 1% |‘ll ? fast enough.

2000 - Y ¥ 1

C ting Calcium Defici
TABLE3. "W e ¢ of 7 an_d Where deficienci
micronutrients which must be present in
fertilizer to be claimed under Michigan
Fertilizer Laws.

.Ei!lllﬂl-l_ Minimum pel;:anl required r application of

Secondary =
Calcium (Ca) 1.0%

Magnesium (Mg) 1.0%
Sulfur (5) 1.0%

Micronutrients Caleium Toxicity
Manganese (Mn) 1.0% s of calcium
Iron (Fe) 0.10%

Boron (B) 0.125%

0.5% inorganic,
0.10% chelate
0.5% inorganic,
0.125% chelate
0.04%

Copper (Cu)
Zine (Zn)

Molybdenum (Ma)

in the soil may resull in other nutritional problems
associated with high pH. Band applications of acid
forming fertilizers may lower the pH in the band and
increase the availability of other nutrients.

Excessive soluble sources of calcium, such as cal-
m chloride or calcium sulfate, have been known ta

cause problems in certain instances but the problem is




generally associated with the anions [C17 or 50.7)
rather than caleium per se

MAGNESIUM

Magnesium is a part of the chlorophyll in all green
plants and is tial for photosynthesis. It also helps
y plant e mes needed for growth,
atively mobile element in the plants,
is absorbed as I]w ion Mg** and can be readily trans-
located from older to younger plant parts in the event
of a deficiency.

M . Defici

& Y aymp

In corn, magnesium defici A
appear as interveinal chlorosis in the older leaves
[Figure 1). Symptoms often appear early
isappear as the soil warms
ncy may cause stunting,
starts on the tips of the older
and progresses around the leal margins (edges)
and inward between the veins. The oldest leaves are
also the first to show symptoms of chlorosis in green-

es, The veins remain green while the
interveinal tissues becom llow, then brown, caus-
ing the leaves to become very brittle

In oats and wheat, the older leaves show a distinc-
tive “chainlike” vellow streaking. In potatoes, the loss
of green color begins at the tips and margins of the
older leaves and progresses between the veins toward
the center of the leaflets. The lea become brown
and very brittle during the advanced stages of the
deficien

Oth ponsive crops in Michigan are cauliflower,
muskmelons, peas and rye. General defic
toms for these crops show that the rnklzu.l I
mattled or lighter green than normal or new

o PR " el

Present soil test criteria for recommending magne-
m in Michigan are: (1) the exch bl

show interveinal chlorosis. Symptoms usually
appear early but may later disappear. Severe defi-
ciency causes stunting.

applied. ium sulfate, po um magnesium
sulfate, or finely ground magnesium oxide are all satis-
factory sources of magnesium,

Magnesium can be applied as a foliar spra
gested rales per acre
sulfate [epsom salts) in 30 gallons of water.

Magnesium deficiency may be induced by high rates
of potassium. Inadequate liming and ex
sium appl
s0me

Vi poliass-
ions will depress ma um uptake. In
tales, agronomists strive for al least 10 percent
magnesium of the total exchangeable b [equiva-
lent basis), The ates are aimed al preventing "grass
tetany” disorders in livest which feed on lush
I Anyone concerned with “grass tetany” should
avoid excessive rates of potassium lertilizer and feed
legume hay, which is generally h
Some mag in be
sall ratior animal feed specialist for

ium carrier
conlacl you
amounts and sources.
Magnesium uptake by celery irs Lo be related
to its genetic makeup. Some celery ties are unable
to take up enough magnesium from the soil, resulting

for mineral soils
uiv-

exceed ium [on a weight
about 3 parts of polassium to 1 part mag-
nesium) or (3] the soil magnesium (as a percent of total
bases) is less than 3 percent.

On acid soils where magnesium need is indicated, at
least 1,000 pounds of dolomitic limestone should be
applied. On non-acid soils, a magnesium deficiency
may be corrected with 50 to 100 pounds of soluble Mg
per acre broadcast, or 10 to 20 pounds Mg per acre row

level is less than 75 pounds per ac

(150 puunds per acre for organic soils) or (2] the eq
alents of | i

in mag deficiency, while other vi grow
normally. For those varieties whic nefficient
users of soil-applied magnesium, foliar application of 5
to 10 pounds of magnesium sulfate per acre sprayed at
10-day intervals may be necessary.

are

Magnesium Toxicity

Excess magnesium has not been a problem in Mich-
igan. Even the continued use of dolomitic limestone

has nol caused magnesium toxi

ty.




SULFUR

Sulfur is taken up by plants primarily in the form of
sulfate (SO4=) ions and reduced and assembled into
organic compounds. Sulfur is a constituent of certain
amino acids [cystine teine, glutathione, and methi-
onine) and hence it is in proteins that contain these
amino acids. [t is found in vitamins, enzymes and
CO-ENZYIMes.

Sulfur is also present in glycosides which give the
characteristic odors and [avors to mustard, onion and
garlic plants. It is required for nodulation and nitrogen
fixation of legumes. As the sulfate ion, it may be
responsible for activating some enzymes,

Sulfur in Michigan Soils

In soil, sulfur is present primarily in the organic
form which becomes available upon decomposition of
organic matter. The a able sulfate [S04=] ion
remains in soil solution, much like the nitrate (NOy™)
fon, until it is taken up by the plant, In this form it is
subject to leaching as well as microbial immobiliza-
tion. In water-logged soils it may be reduced to ele-
mental sulfur (S] or other unavailable forms. Fertilizer
impuri also contribute to the overall supply of
available sulfur in soils.

Rainwalter supplies a considerable amount of sulfur
from the atmosphere. In rural areas of Michigan this
amount will generally vary from 8 to 15 pounds per
e annually, depending on proximity to an emission
source of atmospheric sulfur, Precipitation within sev-
eral miles of certain industrial sites may contain 10 to
20 times as much sulfur as rural areas. Sulfur dioxide
in the atmosphere can also be absorbed through the
leaves of plants. Once absorbed it is rapidly converted
to the sulfate ion.

Because of the many light-colored sandy soils in
Michigan, the more intensive cropping and the in-
creased use of fertilizers low in sulfur, one might
expect sulfur de to be widespread. Field trials,
however, have indicated little need for additional sul-
fur fertilizer. Soil mineral sources and sulfur fallout
from the atmosphere are believed to exceed the plant
requirements

&

sil

Sulfur Deficiency Symploms

Sulfur deficient plants generally have a light green
color which resembles nitrogen defic The most
like rops to show a sulfur deficiency are those
gm\v\n in the sandy, low arganic matter soils in north-
ern Michigan. Legumes, especially those like alfalf:
with a high sulfur requirement, will normally be !Iw

first crops to respond to sulfur fertilization. Field
heans not adequately fertilized with nitrogen have
been shown to respond to sulfur fertilizer [Figure 2).
Corn, small grains and other gra are less likely to
show sulfur deficiency.

Correcting Sulfur Deficiency

Sulfur research in other states has led to the devel-
opment of several methods for extracting available
sulfur from soils, The interpretation of these tests,
however, conti to be a problem. Consideration of
available sulfur from subsoil and atmospheric cont
y to accurately predict re-
sponse to added sulfur fertilizer.

Appli of 20 to 40 pounds of sulfur per
acre will ulfur deficiency. Soluble sources of
sulfur—such ium sulfate, potassium magne-
sium sulfate, epsom salts, ammonium sulfate or
gypsum—are usually preferred to elemental sulfur. For
maost soils, one application is sufficient for 2 or 3 years.
Very sandy soils, where leaching is a problem, may
require larger or more frequent applications,

Sulfur Toxicity

Sulfate-sulfur toxicily symptoms appear as an inter-
veinal chlorosis and scorching of the leaf margin
which_gradually proceeds inward, Irrigation water
high in sulfate and/or soluble salts is a potential prob-
lem source normally occurring in arid and semi-arid
regions. This problem is often remedied by thorough
leaching. Excess sulfur in some organic soils and so
called “Kent” clay soi n cause extreme acidity when
sulfur is oxidized as a result of drainage.

Sulfur dioxide in the atmosphere is an air pollutant
:ause plant injury. Plants which are relatively
to sulfur dioxide injury are soybeans, field
alfalfa, small grains and many vege
The symptoms of sulfur dioxide injur
damage from frost, other air pnllutnnl . chemieal
sprays, or herbicide resi This often makes
it very difficult to identify the cause of injury. Posi
identification can only be made after all foliar symp-
toms and related evidence has been considered,

In general, existing symploms are either chronic or
cecumulation in
Chronic injury is ¢ clerized by a
;umulation causing a general chlorotic app
ance. Some plants may exhibit an ivory or white type
of chronic symptom while others show a strong red
:oloration. Later symptoms resemble

brown or |
normal 3

marginal areas of dead
full grayish-green, water-

Acute injury app
tissue which at first have

soaked appearance. Later these areas take on a




Figure 2. Sulfur-deficient dark rad kidney beans. Figure 5. M defici in bb
Light-green color and reduced growth, left. Resem- Interveinal chlorosis of the leaves generally over the
bles gen defici . Plants early. Nor- entire plant, center. Healthy plant in front.
mal plant, right.

. - . Figure G Manganese de iciency in sugar beeﬁ
Figure 3. Manganese-deficient dark red kidney

beans. Yellowing between the leaf veins. Veins Mottling between the veins, right. Chlorosis usually

remain Groeh. begins on the younger leaves. Severe deficiency

causes gray and black specks along the veins.

Figure 4. Manganene deficient celery. Chorosis Figure 7. Manganese deficiency in field beans.
of the leaves between the dark veins. Yellow mottling between the veins, right. Symptoms .
occur 3 to 4 weeks after emergence. Normal leaf,

left.




bleached ivory color in most plants. In small grains, tip
dieback is a common symptom of the injury.

MANGANESE

Manganese deficiency in crops is the most common
micronutrient problem in Michigan. The element
should not be confused with “magnesium,” nd-
ary element.

Manganese is mainly absorbed by plants in the
Mn** jonic form. Manganese may substitute for mag-
nesium by activating certain phosphate-transferring
enzymes, which in turn affect many metabolic proc-
esses. High manganese concentration induce iron
deficiency in plants.

Manganese availability is closely related 1o the
degree of soil acidity. Deficient plants are usually
found on slightly acid or alkaline soils, e.g., lake beds,

glacial outwashes, peats and mucks. Acid soils which
ha\-e been limed are more likely to be manganese-
sient than naturally neutral or alkaline soils,

Manganese-deficient organic soils and dark-colored
sandy loams usually have a pH greater than 5.8. The
pH of deficient mineral soils is usually above 6.5, The
soils are usually dark at the surface and have
subsoil color. The deficiency in crops is seldom
found on glacial 1ill or moraine soils.

Crops show differences in respons
The degree of response of crops to fer
is given in Table 4

s

1o mangane;
P Mangal

Must crops deficient in manganese are yellowish to
olive-green in color. Potatoes show reduced leaf size.
Grain crops have a soft limber growth which often
appears diseased, In oats, this may be described as
“gray specks.” Wheat and barley often show colorless
spots. Corn plants do not show a marked symptom
but, when compared with a normal leaf, the deficient
leaf is lighter green-colored and has parallel, yellowish
stripes [Figure 19).

Manganese deficient plants, such as soybeans,
beans, sugar beels, celery, cucumbers and cabbage.
show marked yellowing between the leaf veins; the
veins themselves remain dark green [Figures 3-7). This
pattern is similar to iron deficiency but is more general
over the plant. Iron def ty is most pronounced on
new growth, In sugar beets and potatoes, chlorosis
ins in the younger leaves. Later, gray and black
freckling elop along the veins,

Mangs is sometimes confused with
nitrogen deficiency. te the two, make a nitro-

0 sEp

gen tissue test, Manganese deficient plants usually test
higher than normal in nitrate-nitrogen.

Correcting Manganese Deficiency

Manganese deficiency in crops can be prevented by
applying manganese fertilizer to the soil, spraying it on
the foliage, or making the soil more lic. Steam or
chemical fumigation will also give temporary correc-
tion. G lly, when is defici manga-
ness hnlialz! or manganous oxide is mixed with the
fertilizer and applied in a band near the seed. Commer-
| manganese sulfate is 26 to 28 percenl manganese
[Mn), and manganous oxide is usually 41 to 68 percent
manganese,

Studies have shown that manganous oxide should
be finely ground to be effective. Granular manganous
oxide ({8 mesh] was largely ineffective. Manganous
oxide powders (200 and 325 mesh) were less effective
than manganese sulfate but were acceptable materials.
These materials, however, do not blend well with
other fertilizers because of segregation problems due
to differences in particle sizes.

M. id sulfate « bi ions

rser sulfate
Aiveness un-

oxide and
and are considered intermediate in effe
less finely ground.

Manganic oxide [MnO,), which is marketed in Mich-
igan, is luble and ineffective as a manganese fertil-
izer regardless of mesh size. Chelated manganese
materials in general have nol been salisfactory on
organic soils and have been less effective on mineral
soils than manganese sulfate.

contain both m

Broadcast application of manganese is not recom-
nded because of high fixation in the soil. Residual
carryover of available manganese fertilizer is usually
low, For this reason, rnﬁngdnpqr muﬂ be applied every
year on a defi il. Suggested rates of

based on soil tests are given in Table 5.

Foliar applications of 2 are r
where: (1) regular fungicide and insecticide sprays are
applied or (2) fertilizer is not applied in a band near the
seed or (3) deficiency symploms appear on the foliage.
The recommended rate is 1 to 2 pounds of manganese
per acre in 30 gallons of water using the 1-pound rate if
plants are small and the 2-pound rate if plants are
medium to large. Spray grades of the manganese carri-
ers are r fed 1o prevent plugging of the noz-
zles. Some fungicides, su maneb, contain manga-
nese but the amount of manganese applied is generally
not sufficient to correct a deficiency.

Manganes:
ing the soil with 1

an be corrected by acidify-
Is such as sulfur and alumi-
num sulfate, These treatments are more costly than
manganese fertilizers. Acid-forming nitrogen and phos-
phorus fertilizers promote the release of fixed soil
manganese, especially if banded near the plant. Soil
around the fertilizer band may be one pH unit more
acid than the soil farther from the fertilizer band. Some




TABLE 4. of sel i crops to i }
Crop —— Response to Micronutrient
Mn B Cu In Mo Fe
Alfalfa medium high high low medium medium
Asparagus low low low low low medium
Barley medium low medium medium low high
Beans high low low high medium high
Blueberries low low medium
Broccoli medium medium medium high high
Cabbage medium medium medium medium medium
Carrots medium medium medium low low
Cauliflower medium high medium high high
Celery medium high medium low
Clover medium medium medium low medium
Cucumbers high low medium
Corn medium low medium high low medium
Grass medium low low low low high
Lettuce high medium high medium high
Oats high low high low low medium
Onions high low high high high
Parsnips medium medium medium
Peas high low low ow medium
Peppermint medium low low low low low
Potatoes high low low medium low
Radishes high medium medium medium
Rye low low low low low
Sorghum high low medium high low high
Spearmint medium low low low low
Soybeans high low low medium medium high
Spinach high medium high high high
Sudan grass high low high medium low high
Sugar beets medium high medium medium medium high
Sweet corn high medium medium high low medium
Table beets high high high medium high high
Tomatoes medium medium medium medium medium high
Turnips medium high medium medium
‘Wheat high low high low low low
The crops listed will respond as indicated to applhications of the respective micronutrnient when that micronutrient concentration in
the soil is low.
TABLE 5. M. dations for band li of responsive crops grown on mineral and
organic soils.
Manganese (0.1 N HCI Extraction)
MINERAL S0ILS ORGANIC SOILS
Soil test Above pH 6.5 pH 6.0-6.5 Above pH 6.4 PH 5864
ppm Mn Response Mnibi!i Response Mn-lbs/A Response Mn-lbs/A Response Mn-lbs/A
Below 5 Probable 8 Probable [ Certain 16 Certain 12
5-10 Probable 6 Possible 4 Certain 12 Probable 8
11-20 Possible 4 None 0 Probable 8 Possible 4
21-40 MNone 4] None 0 Possible 4 None ]
Above 40 None (¢] None 0 0 None 0

None
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of the benefit accredited to band placement of fertilizer
is due to the release of fixed soil manganese,

Manganese Toxicity

s manganese is @ problem in extremely acid
oil is steamed or fumigated. A
toxic manganese situation may also develop in plants
if excess soil and/or foliar applications are used. Lim-
soils to the desired pH range for the crop will usu-
ally prevent any manganese toxicity.

In the early stages, toxicity sy
may be ilar to deficiency symptoms. The intervein-
al chlorosis caused by toxicity in soybeans is more
distinctive than that caused by deficiency. The typical
spotting is followed by scorching on leal margins and
leal cupping [Figure 8). In potatoes, the symploms are
chlorosis and black specks on the stems and underside
of the leaves, followed by death of the lower leaves,

The following crops are sensitive to excess manga-
alfalfa, cabbage, iflower, small grain, clover,
potato, field bean, sugar beet and tomato.

Plant tissue analysis is helpful in diagnosing man-
ganese status. Values less than 20 ppm [parts per mil-
lion) are usually idered deficient. Readi of 30
to 200 ppm are normal and those over 300 ppm are
considered excessive or tox

Some growers have expe
certai ination pe: g ullate sprays.
Soybeans and other crops have been damaged when 8
pounds of manganese sulfate per acre pplied by
an air-blast sprayer. To prevent extensive da
growers should always try oul the spray program or
limited acreage. Injury can he detected within 48 hours
aflter application.

nese:

mnced plant damage from

BORON

Boron primarily regulates the metabolism of car-
bohydrates in plants. It is essential for protein synthe-
sis, seed and cell wall formation, germination of pollen
grains and growth of pollen tubes. Boron is also asso-
ciated with sugar translocation,

Boron requirements vary greatly with different
crops. Rates required for responsive crops such as
alfalfa, beets and celery can cause serious damage 1o
small grains, beans, peas and cucumbers. Boron defi-
occur on both alkaline and acid soils but is
alent on the calcareous, alkaline soils, Soil
types de nt in boron are us: sandy loams,
dark-colore 1wy loams, organic nd some fine
textured lake-bed soils. Boron deficiency develops
more frequently during dry periods when soil moisture
levels are low.

cien
more pr

Boron Deficiency Symptoms

Boron deficiency in crops causes a breakdown of the
growing lip lissue or a shorlening of the terminal
growth. This may appear as a rosetling of the plant.
Internal tissues of beets, lurnips and rutabagas show
breakdown and corky, dark discoloration.

Boron deficiency and leafhopper damage in alfalfa
are often confused, Boron deficiency shows up as a
yell h to reddish-yellow dise of the upper
leaves, short nodes and few flowers [Figure 9). Grow-
ing lips of alfalfa may die, with regrowth coming after
a new shool is initiated al a lower axil. Leafhopper
damage shows up as a V-shaped yellowing of the
affected leaves and may appear on any or all parts of
the plant; the growing tip is usually normal and the
plant may support abundant flowers. Often. when the

soil is dry and plant growth is retarded, both boron
deficiency and leafhopper injury occur in the same
field

Deficiency in cauliflower shows up as a darkening
of the head and is associated with hollow and dark-
ened stems. Hollow stem can also be caused by
adverse weather conditions. Boron deficiency usually
appears in small spots and may spread until the entire
head is discolored.

In sugar beets, the first symptoms are white, netted
chapping of upper blade surface or wilting of tops.
Later, if the deficiency becomes severe, transverse
[crosswise] cracking of petioles, death of the growing
point, and heart rot of the root develop.

In celery, the first symptoms are brownish mottling
along the margins of the bud leaves and brittle stems
with brown sirips along the ribs. Later, crosswise
cracks appear on the stems (Figure 10).

Acute defi ¥ in corn appears on the newly-
formed leaves as elongated, walery or Iransparent
siripes; later, the leaves become white and die. C
ing points also die and, in severe cases, sterility is
commaon, If ears develop, they may show corky brown
hands at the base of the kernels,

oW=

Correcting Boron Deficiency

Crops show a wide range of response (o boron fertil-
i [see Table 4). The boron recommendations for
soil applications are 1.5 to 3 pounds for highly respon-
sive crops and 0.5 to 1 pound per acre for medium
responsive crops, Occasionally, certain deficient soils
ay require up to 5 pounds of boron per acre for cauli-
flower and red beets. The suggested rate for foliage
ion is 0.3 pound of boron per acre in 30 gallons
of water for high responsive crops and 0.1 pound for
low to medium responsive crops.

The horon er most used in fertilizers is sodium

borate, which ranges from 10 to 20 percenl boron,
“Solubor” is a trade name for a sodium borate that




contains 20.5 percent boron. This compound is com-
monly used as a foliage spray or as a liquid fertilizer.
Since boron is fairly mobile in soils, the application
method flexible. Boron may be mixed with
regular N-P-K fertilizer. applied separately on the soil,
sprayed on the plant, topdressed for alfalfa, or side-
dressed for row crops. Be sure to mix completely when
boron is combined with other fertilizers. Segregation
due to particle size differences is often a problem.
Boron should never be used in combination seedings
containing legumes and grass or small grain because of
injury to the grass or small grain. Boron for the legume
as a lopdressing after the grass has
become well-established or the grain companion crop
has been harvested. Care should also be taken when
rs containing boron are banded near the seed

Boron Toxicity

Boron toxicity on Michigan crops is usually limited
to situations where boron-containing fertilizers pre-
pared for sugar beets are used as planting time fertiliz-
ers for highly sensitive crops such as field beans. Tox-
icity to crops has also occurred where sensitive crops
were planted in the same row where fertilizers con-
taining boron had been used earlier in the season, Sim-
ilar problems may occur where certain vegetable crops
are planted with excessive applications of boron.

Unlike copper, zinc and sometimes manganese,
boron is rapidly leached out of the soil or fixed in the
soil so there is little potential for toxic carryover from
year to year. Except for some wastewaters which are
used for irrigation, high boron levels in irrigation
walers are not a problem in Michigan.

Boron toxicity is characterized by yellowing of the
leaf tip, interveinal chlorosis, and progressive scorch-
ing of the leal margin (Figure 11). In soybeans, the
leaves may have a rusi-like appearance. High levels of
im may inc the boron tolerance of plants.
e boron concentrations in mature leaf tissues

an be used to estimate plant boron status as follows:
deficient—less than 15 ppm, sufficient—20 to 100 ppm
and excessive or toxic—over 200 ppm.

d ||n.'||u'ii|:|\'
s0 aclive ¥
enzymatic reactions r|r|1| is ne ary for (hlulr:ph_\,ll
synthesis and carbohydrate formation. Be e zine is

not readily translocated within the plant, symptoms

first appear on younger leaves. Research shows a need
for zinc in many areas where field beans are grown.
Corn, onions, soybeans, and barley have shown bene-
fits in some locations. Other states report that Sudan
grass, sorghum, tomatoes and potatoes have been
responsive,

Soil types associated with zine deficiency are usu-
ally neutral to alkaline in re . The more rliknl:nr'
the soil the greater is the need for zinc, Defic
particularly noticeable on crops growing wh
careous subsoils have been exposed by land lev
erosion, or where subsoil is mixed with topsoil such as
after tilling and spoil-bank leveling. Lake bed soils in
the Saginaw Valley and peats show the greatest zinc
5 in Michigan. Soil series wh
are mos! likely to ocour are listed in Table 6

Observations and field tests show that field beans
following sugar beets often need zinc. The large quan-
tities of phosphorus fertilizer used for sugar b
the high zinc uptake are believed to cause the problem.

Zinc deficiency varies from year to year. Wel, cool,
cloudy weathe (Inrlru., the early growth se
increases the de Considerable trouble in corn
is occasionally noted in June, but the deficiency disap-
pears after the soils dry out and warm up. Crops on
poorly-drained organic soils show a deficiency proba-
bly because of restricted root growth.

High soil phosphorus levels can induce zinc defi-
ciency, especially in responsive crops (see Figure 12).
For years, the cause of this interaction was suspected
to be the formation of an insoluble zinc phosphate,
which reduced the concentration of zinc in the soil
solution to deficiency | ne: phosphate has since
been shown to be soluble in soil and an acceptable

TABLE 6. Soil series which often have an alkaline
reaction and are likely to need zinc
fertilizer for responsive crops.
Managemant Management

Series Group Series Group
Alpena Ga Hessel Gbc
Aubarque 25b-cd Houghton'  Mc
Aurelius  M/mc Lupton Mc
Bach 25c-cs Markey M/dc
Carlisle!  Mc Martisco M/mc
Charity le-c Sanilac 25b-cs
Chippeny M/Rc 5t. Ignace Ra
Colonville L-2c-c Tappan 25¢c-c
Edwards M/mc Thomas 25¢c-¢
Essexville 4/2c-c Tobico Sc-c
Filion Ge - cd Warners M/mc

Gagetown 2.5a-cs Wisner 25¢c-¢

'These solls are not alkaling in reaction but have shown a need for
zinc fertilizer.
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Figure B. Manganese toxicity in field beans. Figure 11. Boron toxicity in navy beans. Yellow-
Scorching of the leaf margins and leaf cupping. ing of the leaf tip followed by interveinal chlorosis

Figure 9. Boron-deficient alfalfa. Yel-
low to reddish-yellow discoloration of
the upper leaves, short nodes and few
flowers. Often confused with leafhopper
damage.

and scorching of the leaf margins.

NO ZINC

180 P 360 P 720P

Figure 12. Phosphorus-Zinc interaction in field
beans. Brownish leaf discoloration, stunted plants
and pods fail to develop. Beans above received
increasing rates of phophorus fertilizer without zinc.

Figure 13. Zinc deficiency in field beans. Pale-
green leaves, yellow near the tips and outer edges at

Figure 10. Boron-deficient celery. Also known as or soon after emergence. Leaves later become
“crack stem" because brown cracks develop along dwarfed or deformed and die. Plants are slow to

the stem rib and later across the stem.

mature. Normal leaf, upper left.




source of zine when finely ground. High levels of
phosphorus in plants have been shown to restrict zinc
movement within the plant, resulting in accumulation
in the roots and deficiency in the tops. Hence, large
applications of phosphorus fertilizer may contribute to
zine deficiency in vegetable and field crops.

Zinc Deficiency Symptoms

Bean plants deficient in zinc first become light green.
When the def 5 severe, the area between the
veins of the leaves becomes pale green and then yellow
near the tips and outer edges. In early stages of defi-
ciency, the leaves are deformed, dwarfed and crumpled.
In later stages, they look like they have been killed by
sun scald (Figure 13). On zinc deficient plants, the
terminal blossoms sel pods which drop off, delaying
maturity.

Zine deficiency in corn appears as a yellow striping
of the leaves. Areas of the leal near the stalk may
develop a general white-to-yellow discoloration. In
severe deficiency g

one-third of the way from the leaf margin (Figur
Plants growing in dark sandy or organic soils usually
show brown or purple nodal tissues when the stalk is
split. This is particularly noticeable in the lower node:
-iency in onions shows up as a stunling, w th
marked twisting and bending of yellow striped tops
(Figure 15), In potatoes, early symploms are similar o

er than normal leaves and shorter upper internodes.

Zinc Fertilizer Carriers

A number of zinc compounds can be used to correct
Zinc sulfate, zine oxide, zinc chloride

comy such a : chel (2
and zinc NTA] are about five times more effec
equivalent amounts of zinc found in inorganic

Organic carriers, however, h lower zinc content
ranging from 8 to 14 percent. The content of zinc
sulfate ranges from 25 to 36 percent and that of zinc
oxide from 70 to 80 percent, In field tests, granular zinc
oxide was not as effective as was the powdered formu-
lation, The lest also showed that mixing the zine car-
rier with the fertilizer was more effective than incor-
porating the carrier in the granule.

Rates and Methods of Applying Zinc Fertilizer

To be effective, zinc must be applied early, in moist
suil and near the seed. Mixing zine with a phosphate
ferli such as 6-24-24, is acceptable.
| application rates based on soil lests are
le 7. Seed treatment with zinc oxide is not
Tests have shown that one pound of
zine pe from zinc oxide applied on bean seed,
reduced emergence und yields in most locations.

Applications of
when sidedressed ¢

ine have not been very effective
fter the crop has emerged. If a zinc
deficiency problem is diagnosed after emergence of the
crop, spray the foliage with 0.5 to 1.0 pound of zine per
acre. This amount can be found in 1.5 to 3.0 pounds of
zine sulfate. The solution should not exceed 5 pounds
of the salt per hundred gallons of water. This is about
1/2 percent solution. Response to spray applications is
sally obvious within 10 days. It may be apparent in
if the treatment is applied when the plants
2 in a vigorous state of growth. Plants with waxy
leaves, such as onions, may need a welting agent in the
water to obtain good foliage cover.

Conflicting results have been obtained from spray-
ing crops such as corn, onions, and potatoes, The
son for inadequate resulls may be poor transfer of

into the roots which also need the element to perform
their functions. If foliage sprays are used, they should
be applied early to obtain best results. :

Zineb, Dithane M-45, tank-mix nabam and zinc sul-
fate are fungicides which contain zinc. Used as
treatment, these fungicides may help correc

TABLE7. Zinc d for band apr on mi | and organic soils.!
Zine for Mineral and Organic Soils (0.1 N HCI Extraction)
Soil Test
ppm In Above pH 7.5 pHET 10 7.4 Below pH 6.7
Indbs/A Respo Zn-lbs/A In-lbs/A
Below 2 Certain 5 Probable 3 Possible 2
35 Probable 3 Possible 3 None 0
5-10 Probable 3 Possible 2 None 0
11-15 Possible 2 None o None 0
Above 15 None 0 None 0 None 0 o

‘Recommended rates are for inorganic salts such as zinc sulfate, Use one-fourth this rate for chelated materials.
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Figure 14. Zinc-deficient corn. White- to yellow-
striping of the leaves near the stalk. Shortened
i les with reddish di ion of the nodal

tissues.

Figure 15. Zinc-deficient onions. Yellow striping,
twisting and bending of the tops.

Figure 16. Molybdenum deficiency in cauliflower.
Yellow mottling between the leaf veins, rolling or
curling upward and crinkling of the leaves. Symp-

toms g

Figure 17. Cop- Figure 18. Copper deficiency

per-deficientonion. in Sudan grass. Wilting and
Tip dieback of the eventual death of the leaf tips.
tops. Poor pi 5 may r ble frost

tation of the bulb. damage.

Figure 19. Manganese deficient corn grown on
organic soil. Leaves are light green with yellowish
stripes.




ciency; however, they should not be relied on entirely
if a deficiency exists because the amount of zinc ap-
plied in fungicides is very sma

Zinc Carryover

Residual carryover of av varies from
5 I;,hl 1o moderate amounts, increasing as soils becor
:areous [alkaline). On highly responsive s
zine broadca: rates above pounds per acre
showed good carrvover for seven years after applica-
tion. When zinc is banded al the rate of 3 to 4 pounds
per a arly applications are needed, After adding
tatal of 25 pounds of zinc per acre by banding annu-
ally, the rate of zinc application can often be reduced
or eliminated.

le zinc

Soil and Plant Tissue Tesis for Zinc

Plant tests can help dmgnose a critical or near cri
cal level of zine 5 than 20 ppm of
zinc are often deficient, values of JU to 100 ppm are
normal and values over 200 ppm are considered exces-
sive or loxic. Zinc response and suggested rates of
banded zine for soil lest levels are presented in Table
7. Recommendations are based on soil pH as well as
available zine level,

Zinc Toxicity

Exce

ve soil zinc levels may occur on extremely
acid soils (less than pH 5.0) or in areas where zinc
enriched municipal sewage sludge or industrial waste
has been added to cropland as a soil

While instances of plant zine toxicity are rare in Mich-
igan, the crop and variety being grown

High levels of available soil zinc that re
400 ppm #inc in corn leafl tissue seldom resull in zinc
toxicily in corn, which is a very zine-lolerant crop. But,
if the soil levels result in 40 to 50 ppm or more of zinc
in Sanilac white levoix red kidney bean
leaf tissue, toxicity may occur because these are 2
sensitive
more tolerant lo zinc
small grains fall somewh
ances of corn and field | etable crops gener-
ally tend to be sensitive to high zinc, while gra e
usually tolerant of high levels of available soil zinc.

A general guide for zinc concentration in mature leaf
tissue is as follows: deficienti—less than 20 ppm,
sufficient—25 to 150 ppm, excessive or loxic—300
ppm or more. Since plant lolerance to xine loxicily
varies greally, specific soil extractable levels whic
indicate loxicily have not been established.

R or

s and most
zinc toler-
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MOLYBDENUM

Molybdenum functions largely in the A
tems of nitrogen fixation and nitrate reduction. Plants
which can neither fix nitrogen nor incorporate nitrate
into their metabolic system because of inadequate
molybdenum become nitrogen deficient. The usual
riers of molybdenum are sodium or ammonium
molybdate. These salts contain about 40 percent of the
k.

Mul
Normal tissues usually contain between 0.8 and 5.0

wdenum is required in very minute amounts.

some plants may contain as high as 15 ppm,
ent plants usually contain less than 0.5 ppm.
:rops such as grass and corn

onions, spinach and
table beets. Very few soils in Michigan show a need
for molybdenum fertilizers. Those that do are fibrous
peats, acid sandy soils and organic soils that contain
large amounts of bog iron.

Molybdenum deficiency in clo shows up as a
general yellow to greenish-yellow fuliage color, stunt-
ing and lack of vigor. The symptoms are similar to
those caused by nitrogen starvation, Early stages of
the deficiency in cauliflower and broccoli appear as a
marginal scorching, rolling or curling upward and
withering and crinkling of the leaves [Figure 16). In
later growth stages, the deficiency shows up as “whip-
tail" especially in the younger leaves. Older leaves
show marked yellow mottling between the veins and a
crinkling of the leaves. In onions, molybdenum defi-
s shows up as a dying of the leaf tips. Below the
dead tip, the leaf shows an inch or two of wilting and
flabby formation. As the deficiency progresses, the
wilting and dying advances down the leaves, In severe
cases the plant dies,

Correcting Molybdenum Deficiency

Molybdenum deficiency can best be corrected by
seed treatment, Dissolve 1/2 ounce of the molybdenum
compound in 3 lablespoons of water and mix with
sufficient seed to plant 1 acre. Using excess waler can
cause the chemical to penetrate and injure the seed
1bryo. Mix the seed thoroughly and let dry. It is
advisable to use a suitable fungicide dust to help dry
the seed. Suppliers of the molybdate compound often
sell the product in 2-ounce packages which will t
enough seed for 4 agres.




Foliar sprays may be used by applying 2 to 3 ounces
of the compound per acre. Use wetling agents in the
spray when applying the solution to cauliflower or
anions.

Soil acidity has a marked influence on the need for
molybdenum; the greater the acidity, the greater the
need for molybdenum. Research plots on a Montealm
sandy soil showed that melybdenum content of cauli-
flower was increased 5-fold by liming from pH 4.9 to
pH 6.7. In & Houghton muck, the content of molybde-
num increased over 3-fold when the pH was raised
from 5.4 to 7.2. Liming severely deficient soils, how-
ever, will not completely correct the def

Molybdenum Toxicity

Plants sar quite tolerant of high soil molybde-
num levels. There is no record of molybdenum toxicity
under field conditions. In greenhouse studies, tomato
leaves turned golden-yellow and cauliflower seedlings
turned purple. Animals fed foliage high in molybde-
num may need supplemental copper to counteract the
muolybdenum.

COPPER

Copper is qwnlml for plant s:rrmlh .|n|! it 1:\.|||nn

gen compounds,
Normal plants contain 8 to 20 ppm copper while

zient plants usually contain less than 6 ppm. In
each ton of dry hay there is about 0.002 pounds of
copper.

Without copper all crops fail to grow. Fortunately,
most Mi n soils have sufficient copper. Pealy soils
low in ash are about the only ones with a deficiency. If
| soils, it will most
likely be on Jud sandy soil which has been cropped
heavily and liberally supplied with N-P-K fertilizers.
Copper applied to soil is not easily leached, nor is it
extensively used by the crop. For this reason, no
further copper fertilization is needed on organic soils if
a total of 20 pounds per acre has been applied for
low-responsive crops and 40 pounds per acre for high-
responsive crops.

Copper Deficiency Symptoms

Copper deficiency in many plants shows up as wilt-
ing or lack of turgor and development of a bluish-green
shade before leafl tips become chlorotic and die [Fig-
ures 17 and 18). In grain, the leaves are yellowish in
al lips show a disorder similar to frost

color and the

TABLE 8. Copper recommendations for band
application of crops grown on organic
soils as indicated by soil tests 1.0 N HCI
extractable).

Soil Crop Response
Test Low Medium High
ppm pounds cu/acre
Below 9 3 4 6
10-20 15 2 3
21+ 0 0 0

damage. Carrot roots, wheat grain and onion bulbs
show poor pigmentation. Table 4 shows the variations
in crop response to copper fertilizer. Alfalfa, lettuce,
oats, onion, spinach, Sudan grass, table beets, and
wheat are the most responsive crops on organic soils.

Correcting Copper Deficiency

Application rates for organic soils based on soil tests
are given in Table 8, Rates of copper commonly used in
highly responsive crops are 3 to 6 pounds per acre,
depending of the soil test level. These rates should be
doubled on fields that have never received copper.

Common carriers of copper are the sulfate and the
oxide. Copper sulfate is blue and easily identified in
most fertilizers., It has a copper content of 22.5 percent,
Copper oxide, a brown male opper content
of 60 to 80 percent. In field tests, this material has been
as effective as copper sulfate.

Copper Toxicity

Excessive soil copper levels have not been a problem
in crop production. However, the potential for copper
toxicily does exist since copper is applied annually for
some vegetables, either as a soil amendment or a com-
ponent of some fungicides, Copper toxicity often results
in a stunting of plant growth, a bluish tint to leaf color,
Hn:l a cupping of leaves before chlorosis or necrosis
When copper concentration exceeds 20 ppm in
. loxicity due to exe opper
content may be a problem. Accumulative copper
applications of 100 pounds per acre have reduced
cucumber and snapbean yields on sandy soils.

Copper is tightly absorbed by most soils and will
not leach out, Therefore, once a copper toxicity prob-
lem develops, it is virtually impossible to alleviate.




IRON

Iron is a consliluent of many organic compounds in
p]:llﬂk It is essential for the synthesis of chlorophyll,
s the green pigmentation of plants, Iron
can be induced by high levels of

Iron Toxicily

Injury due to high soil iron concentrations has not
been common under natural soil conditions. Toxic
situations occur primarily when excess soluble iron
salts have been applied as foliar spr or soil
amendments, First symptoms or iron toxicity appear
as necrotic spots on the leaves.

High iron can also cause manganese deficiency.

Iron Deficiency Symptoms

A lack or iron in plant tissue cannol be predicted on
ncentration. Deficiency symptoms, how-
Iud uml shlm up first in terminal leaves

of nmngnnrse defic
and vegetable crops is nol common in mllla with pH
below 7.0,

Iron deficiency is a common problem in the western
rs where the soils contain considerable sodium and

and certain ornamentals as well as acid-
demanding plants such as blueberries, azale
rhododendrons may need iron. Lawns, partic 1
putting greens on golf courses, sometimes show a lack
of iron because of high pH and high levels of
phosphorus.

Iron del; any woody plants appears when
they are grown in soils low in organic matter and high
in pH. Mixing in organic materials such as manure or
peat will help increase the availability of the iron
Sphagnum peat mos
or vermiculite inlens:
the production of petunias, snapdragons, tomatoes and
other bedding plants,

naks, roses,

Correcting Iron Deficiency

Soil treatments ¢ require applications of iron
chelates at a rate equivalent to 1/2 to 1 pound of iron
per acre. Often, it is difficult to correct iron defici
with soil applications when
applications are elfec
reaction. Under alkaline soil conditions, foliage sprays
are recommended. Use iron sulfate, iron chelates or
iron citrate according to the supplier's r
tions, Wet foliage thoroughly. Iron chelates,
more expensive than iron sulfate, persist for longer
periods of time. For bedding plant production, use 1 to
2 ounces of elemental iron per cubic yard of soil mix.

To help prevent an iron problem do not u 5=
sive amounts of lime or phosphate. Apply chemicals or
fertilizers to increase the soil acidity and add organic
maller.

i soils
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A y form of iron toxicity has been observed
in Michigan on organic soils and high organic sands.
Some iron-rich, low pH, low manganese soils creale an
environment that allows exe iron to reduce
manganese uptake by plants due to an interaction
between the iron and manganese in the s he
toms observed on the pls are of mangan
uplake of manganese
iron in the sail. Th i
iron chelates or manganese chelates, which
*t to the iron form under these soil condition
vates the situation, It results in more iron a

problem.

TABLE 9. Suggested rates and sources of
dary and mi i for
foliar application.!

Lbs. elemant
Elemant per acre Suggested Source
Calcium (Ca) 1.2 Calcium chloride or

calcium nitrate

Magnesium (Mg) 1-2 Magnesium sulfate
(epsom salts)

Manganese (Mn) 1.2 Soluble manganese
sulfate or finely
ground manganese
oxide

Copper (Cu) 0.5-1.0 Basic copper sulfate
or copper oxide

Zinc (Zn) 0.3-0.7 Zinc sulfate

Boron (B) 0.1-0.3 Soluble borate

Molybdenum

(Mo) 006 Sodium molybdate

(2 ounces)

Iron (Fe) 1.2 Ferrous sulfate

'Use a minimum of 30 gallons of water per acre




FOLIAR APPLICATION OF
SECONDARY AND
MICRONUTRIENTS

Nutrients can be absorbed through plant leaves
from foliar applications. In some situations foli
applied micronutrients are more readily available to
the plant than soil-applied micronutrients, but foliar
applications do not provide continuous nultrition as do
soil applications. Foliar spray programs may be used
to supplement soil applications of fertilizer or 1o cor-
an.

. ondary and
micronutrient needs of plants may be met with a good
spray program. Suggested secondary and micronutri-

5 wre are given in Table
for young plants and higher rates
‘elop dense foliage.

Micronutrient chelates are y no more effec
tive than water soluble inorge s when foliar
applied. However, chelales are more compatible when
mixed with other spray materials,

For a prevenlive spray program, spray the crop
about four weeks after emergence or transplanting.
Since many micronutrients are nol readily translo-
cated within the plant, a second spray will be needed
two weeks laler to cover the new foliage. When a
known nutrient deficiency develops, spray the crop
with the appropriate nutrient at the recommended rate
on a 10-day schedule until the ¢ is corrected,
Complete coverage of the folia important, espe-
cially for iron. Adding a wetting agent to the spray
solution will improve the coverage of the foliage and
may increase absorption, especially for crops with
waxy surfaces, such as cauliflower and onions.

Micronutrients may be mixed with most fungicides
and insecticides, However, some combinations are
incompatible and may cause injury. When in doubt,
spray only a limited acreage until compatibility is
established. Any injury will usually appear witk
hours. Table 10 may be used as a guide for obt
condary and m

nutrient carriers,

In developing a spray program, remember that some
fungicides and insecticides contain copper, manganese
or zinc, The quantities present in these materials may
or may not be sufficient.

Additional information e
may be found in the respecti

ning specific nutrients
:Hions,

TABLE10. Pounds of secondary or micronutrient
carrier needed to obtain the desired
amount of the element per acre.!

Pounds of slement desired per acre
1 2 3 4 5 10 15 20

® :
£ 1 100 20.0 30.0 40.0 50.0 100.0 150.0 200.0
2 2 50100150200250 500 750 100.0
£ 4 25 50 75100125 250 375 500
E_ 6 17 34 50 60 83 167 250 340
5 8 12 25 38 50 62 125 187 250
£5 10 10 20 30 40 50 100 150 200
8 12 & 17 25 34 42 B4 126 17.0
35 14 7 14 21 29 36 72 108 140
£ 16 6 13 19 25 32 63 95 130
= 18 5 11 17 23 28 56 84 110
£ 20 5 10 15 20 25 50 75 100
2 25 4 B 12 16 20 40 60 80
< 30 3 710 14 17 34 51 70

33 2 6 9 12 15 29 44 60

“To convert from dry to liquid: 1 pint equals about 1 pound.
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