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Nutrition of trees with limited root systems or those planted in small spaces where soils are alkaline has perplexed
scientists for years. Calcium or other bases that raise the soil pH and reduce the availability of micronutrients may be
inherent in the soil or the result of residues from construction or the slow accumulation of minerals in the irrigation
water or a combination of factors. The end result is poor plant growth.

Years of work in Florida where micronutrient deficiencies are rampant led me to conduct a huge and complex
experiment in 1980 that resulted in Micromax® micronutrient fertilizer. The product is a unique combination of the
correct sulfate forms of iron, manganese, copper and zinc plus sodium borate and sodium molybdate. It has been
very effective in eliminating micronutrient deficiencies and accelerating growth of plants grown in containers. Since
about 1990 Micromax® has been the #1 selling micronutrient fertilizer in the world. The product was designed to be
used in containers, but it seemed that it should aid plants in the field as well. I did a number of studies where
Micromax was placed in holes in the soil around chlorotic trees. The treatment was not effective and excavation later
revealed the micronutrients had reacted with the calcium in the soil and had become insoluble.

My focus then shifted to sulfur treatments of the soil surface. An assortment of experiments in Oklahoma showed
that if enough sulfur was applied, the surface of the soil could be affected, thus lowering the pH and increasing
micronutrient availability. The quantity of sulfur required varies with the soil type and level of calcium and other
bases in the soil. In some cases, several applications were necessary over a period of two years or more in order to
make a change in soil pH without damaging the grass or groundcover growing on the soil surface. The desirable
thing about the sulfur treatment was the general increase in availability of all the micronutrients and not just iron,
plus the long lasting effects that address the cause of chlorosis, not just the symptom.

The research that led to Micromax micronutrient fertilizer showed that the balance or proportion among the six
micronutrient elements is very specific. If one element is out of balance with the others, chlorosis occurs even though
all others may be near the correct level. Numerous experiences with what appeared to be iron chlorosis were not
“cured” by applying iron. In fact, on some occasions the “chlorosis” became more severe after applying iron because
it was really manganese deficiency. The additional iron made the ratio of iron to manganese wider and, in effect,
increased the severity of the manganese deficiency. =~ Work in Michigan has shown that at least some of the chlorosis
of trees is manganese deficiency. In areas of the southwest, zinc deficiency may cause chlorosis.

One spring day in 1986, and with another review of the many factors involved in the chlorosis problem, a possible
solution came to mind. Adding all of the micronutrients in the correct proportions to the soil seemed the “best”
answer, but how? A combination of sulfur effects and Micromax micronutrients in the same hole might be the
answer.

On May 4, 1986, eight chlorotic pin oaks were located. They ranged from mild chlorosis to severe chlorosis with
some twig death. The trees ranged in size from five to eight inches DBH. The technique chosen was to auger holes
two inches in diameter and about 10 inches deep in the soil with eight holes per tree. The first four holes were drilled
about three feet out from the stem at the four points of the compass. The other four holes were drilled about five feet
out from the stem and centered between the first holes. The objective was to contact most of the roots extending
radially from the main stem.

In the bottom of the holes was placed 2 pound of Micromax® micronutrients, then 2 pound of granular elemental
sulfur (92%), then the hole was filled with approximately one pound Osmocote 24-4-10 (Micromax® and Osmocote
are products of the Scotts Co).

When the holes were drilled around the most chlorotic tree, a layer of lime rock sand and mortar remnants was
encountered about five to six inches below the surface. This debris had been covered with sandy loam topsoil.
Beneath the debris was a heavy clay. The other seven trees were all growing in heavy clay soils with pH ranging
from 7.2 to 7.8. Only an occasional root was found when drilling the holes.

A check of the trees on May 25, 1986 showed an improvement in foliage color. Leaf color continued to improve
during the growing season. The spring flush of growth in 1987 was a dark green for all trees except the specimen
with the most severe chlorosis and growing conditions. A check of the trees in September 1987 revealed all to have a
good green color and a strong bud set for the following spring. The next time the trees were evaluated in detail was
June of 1990. All of the trees were dark green and attractive, even the one on the terrible site. A check with the
homeowners confirmed that only broadcast N, P, K fertilizer had been applied to the turf. Further investigation was
done with the tree on the most severe site. Soil samples from just outside the fertilizer hole contained many fine
roots. Analysis of this soil showed a pH of 5.1 and 88 ppm iron and 120 ppm manganese, whereas originally the pH



was 7.8 and iron and manganese availability were 4.0 and 8.1, respectively. Ten years after the initial treatment and
with no further treatments other than normal N, P, K fertilization all of the trees remained a rich dark green and
were growing well.

This technique provides a long term slow-release system of micronutrients and sulfur in a zone in and around
each hole (see drawing). The sequence of events is probably as follows: 1) the holes are drilled and the
micronutrients, sulfur, and fertilizer are placed around the tree. 2) With the first wetting, the Micromax
micronutrients form a hard mass and small amounts of sulfur and N, P, K are released from the Osmocote into the
soil immediately surrounding the hole. 3) With each successive rain or watering, a small amount of N, P, K and
sulfur is released. The sulfur dissolved by the water forms a very dilute sulfuric acid, which dissolves a small portion
of the micronutrients. The micronutrients and sulfur slowly lower the pH of the soil surrounding each hole. 4) New
root growth in and around each hole aids in the absorptive capacity of the tree. This is encouraged by the N, P, K as
well as the sulfur and micronutrients and the improved aeration. 5) Over a period of time, a zone of soil around each
hole is modified to be lower in pH and rich in micronutrients in approximately the correct proportions. Note:
substitutes for Micromax have worked poorly or not at all and Osmocote 18-6-12 has been the best performer in
supplying the slow release N,P K.

A plant does not require all roots to be in soil with optimum nutrient conditions for good growth. An array of
studies have been done where one or more roots of a plant are in a soil or medium with favorable conditions of
nutrient availability, plant growth is enhanced and the problem of the deficient nutrient is reduced or eliminated. In
Methods of Studying Root Systems W. Bohm lists an array of techniques and over 1000 references on the subject.

The number of holes per tree should be approximately one per inch of stem diameter. A series of rings of holes
starting about three feet out from the stem appears better than only a single ring further out (see drawing).
Longevity of the treatment was more than 10 years on my study sites, but would be expected to vary with the
severity of the conditions. This technique is an effective treatment for chlorotic trees on alkaline soils or trees where
the root system has been damaged or reduced, with no risk to the health of the tree and with a cordless drill and two
inch bulb planter type auger, is relatively easy to install.

2 “ wide

Osmocote or other
slow release
fertilizer (N,P,K)

T

(

T Placement.

More for larger trees
or where extreme
conditions exist.

|
1
1
]
]
|
1
1
1
1
|
10 “deep | /\
U
1
1
]
]
|
1
1
1
1
1

| Granular Sulfur Tree 6-8” diameter
+—
| | %lb.
Lo
v 1 1 1
1 1
<«— Micromax
' micronutrient
v ! fertilizer % 1b. Fertilizer Hole
1
1
1

[mmmm e e ———

oo

--| Over time, acidification F--

and micronutrient
availability increases in
the soil.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


