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Micronutrients or minor elements are required by plants in very small quantities, usually less
than a pound per acre per year.  This does not diminish their importance.  Although micronutrient
deficiencies or toxicities are not widespread in Wisconsin, they can occur and reduced growth or
crop failure can result.  Toxicities can also occur since several of these elements have rather
narrow ranges between deficiency and toxicity levels.

In the past several years, increased interest has been shown toward the micronutrients due
to:   (1) accumulation of more information regarding needs and plant responses; (2) induced
deficiencies from higher crop yields; (3) greater removal from long-time cropping; (4) greater
concern over crop quality and nutritional value; and (5) a better understanding of disease and other
nutrient interactions.

Basic Micronutrient Chemistry

In some cases, the micronutrient anions (boron, molybdenum, and chlorine) and cations
(copper, zinc, manganese, nickel, and iron), have rather complex chemical relationships controlling
their availability in soils.  Overall, however, the relative availabilities are controlled by the equilibria
that exist between the soil solution, the soil organic matter, and the cation exchange sites, and
insoluble compounds as illustrated below.
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Although these nutrients do not all behave similarly, there are several common factors that
affect their availability.

Organic Matter

The soil organic matter acts as a “storehouse” for many of these elements, especially the
anions such as boron (B), which are subject to losses.  As the organic matter decomposes, the
nutrients are released and thus tends to act as a continuous nutrient supply.  Soils that receive
regular additions of organic residues such as manures rarely, if ever, show micronutrient
deficiencies.

Soil organic matter also influences micronutrient availability through chelation.  Chelation is
the combination of a metallic ion with an organic molecule with varying degrees of bonding.  This
combination of the two in a claw-like manner can either increase or decrease the availability of the
micronutrient.  Although the solubility of chelated metals is generally increased over the inorganic
form, the process usually decreases the activity of the ion in solution.  Copper is particularly
affected by the formation of chelates.  As the organic matter content of soils increases, the
availability of copper decreases.  Manganese and zinc are similarly affected at very high organic
matter levels (>20%), consequently peats and mucks are more likely to show these deficiencies.

Soil pH

The availability of almost all the micronutrients is affected by soil pH for several reasons.  As
soils are made more neutral, a better environment is created for microbial activity.  This tends to
stimulate the release of micronutrients from organic mater.  The major influence, however, is the
effect of pH on compound solubility.  For all of the cations (Cu, Zn, Mn, Ni, and Fe), solubility is
greatest under acid conditions.  Boron availability also declines with increasing pH.  The reverse,
however, is true for Mo, perhaps due to the release of Mo from anion exchange sites or the
conversion of molybdenum oxide to molybdate salts, which is favored in alkaline soils.

Because of the influence of soil acidity on availability, several of the micronturients tend to
be deficient on neutral or alkaline soils and toxic under very acid conditions (pH < 5.0).

Soil Moisture Content

Most of the micronturients can exist in several oxidation states and, in most instances, these
nutrients tend to be more available in the reduced form.  Waterlogged soils create reducing
conditions so in some cases micronutrient toxicities occur in wet areas.  In other situations,
waterlogging may eventually result in deficiencies because of first increased solubility and then
subsequent leaching losses Boron deficiency is accentuated under dry soil conditions.  This may
be related to the rate of organic matter decomposition or rate of root proliferation.



Presence of Other Ions

Some studies have indicated that the absolute levels of some micronutrients in soils may not
be the most important factor in relation to plant growth.  The relative amounts of these elements
in relation to one another may be more critical.  Copper uptake, for example, is affected by levels
of iron, manganese, and aluminum in the soil and copper levels in turn can affect zinc, iron, and
phosphorus uptake.  Other examples include reduced iron uptake by high levels of phosphorus,
calcium, bicarbonate, or magnesium and ferrous iron can interfere with manganese uptake and high
levels of sulfate with molybdenum uptake perhaps due to ion competition at the root surface.

Weather

Weather conditions may influence micronutrient supply primarily through the influence on
nutrient absorption.  Cool, wet spring weather may retard the uptake of zinc and manganese.
Usually when the temperature increases and the soil dries out, plants will grow out of the
deficiency.  As mentioned previously, dry weather tends to increase boron problems.

Occurrence of Micronutrient Problems

Considering the basic chemistry of the micronutrients, it is possible to predict the types of
conditions and soils where micronutrient problems are more likely to occur (Table 1).

As can be seen, the anionic micronutrients tend to be in short supply in those areas where
they are readily leached and not being replenished by organic matter decomposition..  Chlorine
deficiency has only been observed in the field in western states where high potassium soils
predominate.  The cationic micronutrients are most likely deficient on calcareous soils or soils high
in organic matter where strong chelation decreases availability.

Under certain conditions such as acid soils, or in some cases sandy soils, micronutrient
toxicities may develop.  Boron toxicity, for example, has been observed when boron has been row
applied.  Excessive use of copper fungicides can potentially create toxic conditions.  Walsh et al.
showed significant yield depressions for snap beans when soil copper levels exceeded 15 ppm of
EDTA-extractable  copper.  They were not able to induce zinc toxicity on snap beans, however,
even at rates of 325 lbs/acre of applied zinc.  Under acid conditions, manganese toxicity can
develop.



Table 1. Conditions conducive to micronutrient problems.
Nutrient Conditions for deficiencies Conditions for toxicities

Boron (B) Sands; low organic matter; Seed placement
dry weather

Chlorine (Cl) Far from oceans; no potash Arid, no leaching
applied

Molybdenum (Mo) Acid sands; high free iron Unlikely

Manganese (Mn) High pH; wet areas; burned Acid soils; waterlogged
peats; cool weather  soils

Iron (Fe) High pH Unlikely

Zinc (Zn) Sands; high pH; eroded; cool Excessive application
weather

Copper (Cu) Acid organic soils; high soil Excessive application;
zinc sandy soils

Nickel (Ni) High pH Acid serpentine soils

2001 Experiments

In 2001, micronutrient experiments were conducted at Hancock and Spooner Agricultural
Research Stations to (1) evaluate the relative effectiveness of blended versus manufactured versus
liquid fertilizers with and without micronutrients and (2) determine which micronutrients are most
efficacious for improving potato yield and quality on Wisconsin’s sandy soils.  Two experiments
were established at each location.  The first compared 500 lb/acre of a blended 9-20-19 fertilizer
with a manufactured material of the same grade with approximately the nutrient equivalent provided
by a liquid 5-10-10.  Each was made up with and without micronutrients that provided 0.25 lb B,
0.25 lb Cu, 0.25 lb Zn, 0.25 lb Mn, 2.5 lb Mg, 1.5 lb Fe, 5.0 lb Ca, and 35 lb S per acre.  The
dry materials were applied as a starter band split on each side of the seed piece.  The liquid
micronutrients were applied foliarly at one-fourth the rate split into three applications.

The second experiment at each site compared the inclusion of various micronutrient
components into the manufactured fertilizer material.  Specifically, the treatments were (1) no
starter; (2) manufactured 9-20-19 starter at 500 lb/acre without micronutrients; (3) starter with
0.05% B and 0.3% Fe; (4) starter with 1% Ca, 0.3% Fe, and 7% S; (5) treatment 4 + 0.5% Mg;
(6) treatment 5 + 0.05% Zn; (7) treatment 6 + 0.05% B; (8) treatment 7 + 0.05% Cu; and (9)
treatment 8 + 0.05% Mn.  All micronutrient carriers were manufactured into a 9-20-19 base and



all starters were applied at 500 in a split band on each side of the seed piece.

Plots 12 by 20 feet were established at each site in randomized complete blocks with Russet
Burbank the potato variety used with six replications.  Other components of the fertilization
program used on all plots included broadcast potash (0-0-60 at 300 lb/acre) applied preplant, and
600 lb 2-2-10 starter fertilizer banded on each side of the seed piece at 600 lb/acre as a carrier
for the insecticide Admire impregnated on it.  Supplemental N was split with 75 lb N/acre as
(NH4)2SO4 banded at emergence and 125 lb N/acre banded as NH4NO3 at early tuberization
Soil samples were taken (12 cores/sample and one sample per replication) on the same day as
planting.  Average soil test results for the two sites were: Hancock – pH 5.7, organic matter 0.7%,
P 117 ppm, K 87 ppm, Ca 230 ppm, Mg 55 ppm, B 0.1 ppm, Mn 20 ppm, Zn 3.2 ppm, and
SO4-S 4.4 ppm; Spooner – pH 7.0, organic matter 1.4%, P 52 ppm, K 72 ppm, Ca 790 ppm,
Mg 162 ppm, B 0.4 ppm, Mn 21 ppm, Zn 1.7 ppm, and SO4-S 3.0 ppm.

Leaflet and petiole samples (25 per plot) were taken from the fourth leaf at early flowering.
At harvest the two center rows were mechanically dug by a single-row plot harvester.  Cull tubers
were hand separated.  Undersize tuber (B grade) are those that dropped through a 1.875-inch
screen.  Grade A tubers were scanned electronically and graded into <4, 4-6, 6-10, 10-13, 13-
16, and >16 oz categories at Hancock and a 35- to 40- lb subsample was hand-separated into
<6, 6-10, and >10 oz categories at Spooner.

Statistical analyses were conducted using the SAS statistical package for a two factor
analysis of variance with starter type as one factor and +/– micronutrients as the second factor.
The second experiment at each site was analyzed by a single factor ANOVA.

Results

Assessment of early-season plant growth was made using plant height and this showed a
statistically significant increase in crop growth where starter was used at both sites, but few
differences could be detected due to the addition of micronutrient or the components of the
micronutrient combinations (data not shown).

Table 2 shows that while starter increased size and quality of the harvested tubers at
Hancock and total yield at Spooner, it is difficult to pick out a distinct trend that one or more
components of the micronutrient package was a benefit.  In general, there appeared to be
somewhat depressed responses with the more complete programs.  Table 3 shows essentially the
same result (marginal response to starter but not to micronutrient addition).  Apparently at these
sites, in spite of the relatively low soil test levels of B (both sites), Zn (Spooner), and Ca
(Hancock), there was an adequate amount of these nutrients provided to the crop.



It is possible that the 0.25 lb/acre of Zn that was added with fertilizer was inadequate to meet
the crop need.  The standard UW recommendation is 2 to 4 lb Zn/acre where it is needed and is
band applied.  Similarly, the 5 lb Ca/acre was likely inadequate to solve a Ca need.  However,
0.25 lb B/acre is what we recommend for a low testing soil when a high B demand crop is being
raised.

Table 4 shows the results of the leaflet petiole plant tissue analysis for both sites of the
micronutrient component experiment.  In no case, did the addition of the micronutrient fertilizer
increase the level of that nutrient in the tissue at either site; however, the tissue Zn level at Hancock
would be interpreted as low for this stage of growth.  All other nutrients are in the sufficient range
at both sites.  This again raises the question about the actual quantity of nutrient being applied.

Summary

Although micronutrient deficiencies (and toxicities) can exist in Wisconsin, this recent work
continues to show that they should be added only when the need is clearly indicated by soil test,
plant analysis, or confirmed deficiency symptoms and the plan is to raise a highly demanding crop.
Know your needs and then apply the elements that are limiting.  Be careful to avoid toxicities from
over application.  One developed, they are difficult to change.  Apply recommended amounts with
good application techniques to achieve uniform applications.



Table 2. Effect of micronutrient mixture on potato tuber yield and quality, 2001.
 Total              Size grade (oz)      Yield US#1

Starter† Micronutrients  yield    Grade A <6      6-10 >10     6-10 oz Dry matter
cwt/acre ------------------------ %  ------------------------------     cwt/acre        %

Hancock
None None   465 44 57       35    8         70      17.2
Manuf. None   477 51 51       40    9         98      17.7
Manuf. B, Fe   472 46 54       34  13         74      17.5
Manuf. Ca, Fe, S   492 50 51       38  10         93      17.9
Manuf. Ca, Fe, S, Mg   458 49 49       42    9         94      17.0
Manuf. Ca, Fe, S, Mg, Zn   503 50 55       38    7         96      17.3
Manuf. Ca, Fe, S, Mg, Zn, B   478 46 50       40  10         87      17.7
Manuf. Ca, Fe, S, Mg, Zn, B, Cu   468 46 46       43  11         92      17.4
Manuf. Ca, Fe, S, Mg, Zn, B, Cu, Mn   472 47 53       39    9         87      17.6
Statistical significance: Pr > F       0.84   0.49   0.22         0.14    0.49           0.05        0.14

LSD0.05    NS‡  NS NS         6.7  NS         18.7        0.6

Spooner
None None   462 53 32       40  20       117      20.6
Manuf. None   506 50 36       49  14       125      20.1
Manuf. B, Fe   507 53 40       43  17       119      20.2
Manuf. Ca, Fe, S   502 55 29       45  27       123      20.1
Manuf. Ca, Fe, S, Mg   487 53 39       45  15       118      19.8
Manuf. Ca, Fe, S, Mg, Zn   494 54 32       50  18       133      20.4
Manuf. Ca, Fe, S, Mg, Zn, B   533 57 32       49  19       148      19.9
Manuf. Ca, Fe, S, Mg, Zn, B, Cu   489 54 38       45  17       118      20.0
Manuf. Ca, Fe, S, Mg, Zn, B, Cu, Mn   460 51 36       46  18       108      20.2
Statistical significance Pr > F       0.05    0.34   0.58         0.72    0.48           0.40        0.41

LSD0.05     44.7 NS  NS        NS  NS          NS       NS
† Starter was 500 lb/acre of 9-20-19.
‡ NS, not significant.



Table 3. Effect of starter fertilizer type with and without micronutrients on potato tuber yield and quality, 2001. †
  Total              Size grade (oz)      Yield US#1

Starter Micronutrients   yield Grade A <6    6-10 >10     6-10 oz   Dry matter
cwt/acre --------------------- %  -----------------------    cwt/acre         %

Hancock

None ‡   465      44 57     35   8   70 17.1

Blended –   487      44 54     34 12   75 17.5
Liquid –   495      46 51     38 10   87 19.7
Manuf. –   477      51 51     40   9   98 17.7

Blended +   457      46 56     36   8   74 17.2
Liquid +   439      49 53     38   9   83 17.1
Manuf. +   472      47 53     39   9   87 17.6

Spooner

None ‡   462     53 32     48 20 117 20.7

Blended –   507     53 36     48 16 132 20.7
Liquid –   495     56 31     44 25 123 20.6
Manuf. –   507     50 36     49 14 125 20.1

Blended +   482     58 29     46 25 129 20.0
Liquid +   488     51 33     49 18 122 20.1
Manuf. +   460     51 36     46 18 108 20.1

† No differences between type of material or the addition of micronutrient were statistically significant at Pr # 0.05.

‡ Not included in the statistical analysis.



Table 4. Effect of micronutrient mixture on potato leaflet and petiole tissue analysis, 2001.

Starter † Micronutrient P K Ca Mg S Zn      B     Mn    Fe Cu
---------------------- %  --------------------- ----------------- ppm ------------------

Hancock
None None 0.26 2.84 1.22 0.77 0.45 12     23    483    199 17.8
Manuf. None 0.29 3.03 1.12 0.72 0.45 11     21    494    188 17.2
Manuf. B, Fe 0.29 3.08 1.12 0.72 0.45 12     24    585    229 18.2
Manuf. Ca, Fe, S 0.30 3.26 1.14 0.75 0.46 12     23    557    199 17.7
Manuf. Ca, Fe, S, Mg 0.27 3.01 1.06 0.69 0.43 11     22    533    219 17.0
Manuf. Ca, Fe, S, Mg, Zn 0.29 3.04 1.08 0.72 0.45 11     21    546    207 17.5
Manuf. Ca, Fe, S, Mg, Zn, B 0.29 3.08 1.07 0.72 0.44 11     25    498    185 17.7
Manuf. Ca, Fe, S, Mg, Zn, B, Cu 0.27 3.07 1.12 0.71 0.43 11     25    517    195 16.3
Manuf. Ca, Fe, S, Mg, Zn, B, Cu, Mn 0.30 2.96 1.05 0.72 0.45 11     22    519    198 18.5
Statistical significance: Pr > F 0.05 0.21 0.66 0.95 0.30 0.48    0.35    0.51    0.88 0.78

LSD0.05 0.3 NS ‡ NS NS NS NS     NS    NS    NS  NS

Spooner
None None 0.27 3.20 0.95 0.68 0.41 19     26      96    103 10.5
Manuf. None 0.29 3.11 0.98 0.68 0.43 24     26    163    110   9.8
Manuf. B, Fe 0.29 3.15 0.93 0.63 0.41 24     26    225      97 10.0
Manuf. Ca, Fe, S 0.30 3.26 1.04 0.74 0.44 24     28    168      98 10.5
Manuf. Ca, Fe, S, Mg 0.28 3.31 0.98 0.69 0.43 22     28    159      94   8.7
Manuf. Ca, Fe, S, Mg, Zn 0.30 3.27 1.04 0.69 0.43 23     28    256      97 10.0
Manuf. Ca, Fe, S, Mg, Zn, B 0.30 3.09 0.94 0.65 0.42 28     28    195    109   9.7
Manuf. Ca, Fe, S, Mg, Zn, B, Cu 0.26 3.18 0.91 0.60 0.38 20     27    187      94   9.7
Manuf. Ca, Fe, S, Mg, Zn, B, Cu, Mn 0.27 2.97 0.96 0.66 0.40 26     26    203      97   9.7
Statistical significance Pr > F 0.41 0.73 0.12 0.01 0.07 0.61    0.54    0.49    0.90 0.66

LSD0.05  NS  NS 0.09 0.07 0.04  NS     NS     NS   
NS  NS

† Starter was 500 lb/acre 9-20-19. ‡ NS, not significant.


