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BACKGROUND
In previous articles we described

the nutrition of sugar maple (Wilmot
2000) and an experiment to examine
the physiological effects of fertiliza-
tion (Perkins et al. 2004).  In this seg-
ment, we describe the effects of fertil-
ization and liming on sugar produc-
tion in maple stands.

While several studies have shown
that nutrient deficiencies can impact
stand growth and health, few studies
have examined the results of fertiliza-
tion (see review in previous article).
Little research has been published on
the effects of fertilization on maple
sap production (although see Barry
and Robichaud 1996).

It is important to keep in mind that
not all sites are suitable for fertiliza-
tion. Sugar maples may respond
when a soil amendment corrects a
deficiency, but are not likely to
respond when soil nutrition is already
adequate. Fertilization should not
take the place of proper stand man-
agement, and should not be consid-
ered a remedy when the site is suf-
fering from overtapping, logging
damage, or improper growing condi-
tions such as wet soil. Crowded

stands will probably benefit more
from thinning than fertilization.
Adding the wrong type of fertilizer
may only exacerbate already existing
nutrient deficiencies. Nevertheless, a
proper fertilization regime applied
correctly may improve stand perform-
ance (Wilmot and Perkins 2004). 

STUDY AREA AND FERTILIZA-
TION TREATMENT

As in our previous report, the pri-
mary study site (Clark) was located
adjacent to the Proctor Maple
Research Center in Underhill Center,
Vermont with a western exposure on
the slope of Mount Mansfield in the
Green Mountains at approximately
1350 ft elevation. The site was a for-
mer sugarbush that had been aban-
doned several decades ago. While
the majority of the stand was com-
posed of sugar maple, some yellow
birch, beech, and hemlock also occu-
pied the site. The majority of trees
were > 100 years old and visibly
healthy, with > 75% intact crowns.

Ten irregular plots consisting of 10-
14 taps each were delineated within
the study area and randomly
assigned to one of five treatment
groups, with two replicate plots per
treatment. A buffer strip of varying
width encircled each plot. Treatments
consisted of: 1) control plots (no fer-
tilization), 2) a commercial 10:10:10
NPK (nitrogen, phosphorus, potassi-
um) at a rate of 270 lbs/acre, 3) a
cation mix, consisting of potassium
sulfate, calcitic lime, and Epsom salt
(designed to supply the soil with
potassium, calcium and magnesium)
at combined rate of 400 lbs/acre, 4)
the cation mix plus 10:10:10 at the
rates given above, and 5) cations
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plus supplemental lime at 3000
lbs/acre. All treatments were applied
in May 1999 by hand as a single dose
spread evenly throughout the plots.

METHODS
In late 1997, rigid polyethylene tub-

ing was run between the dominant
trees in all plots, which were tapped
with one or two spouts (7/16")
depending on tree diameter. At the
base of each plot, the tubing extend-
ed to the bottom of the slope, where
a small shed was located which
served as a collection point. Trees
were tapped at the start of each sug-
aring season (usually late-February)
from 1998 to 2003. For the first sea-
son, sap flowed into 30 gallon con-
tainers within the shed. Depth was
measured periodically and converted
to sap volume. Sap sweetness was
monitored at the same time with a
handheld refractometer. Starting in
the second season (1998), a flow-
through sap volume and sweetness
monitoring system was installed
(Figure 1). This system consisted of
ten 6" diameter PVC vessels, one for
each of the separate plots. A ball
valve allowed sap to flow directly into
the vessel, where a pressure sensor
connected to a datalogger monitored
sap depth. When a preset sap level
was reached in any vessel, the data-
logger recorded the sap volume and
triggered the ball valve to rotate and
empty all the vessels, after which the
valves rotated into the normal posi-
tion so that the vessels could refill.
Periodically, another small valve
would open on each individual vessel
and allow a small amount of sap to
run through an automatic refractome-
ter where sugar content was meas-

ured and recorded. Sap depth and
sugar content was checked on occa-
sion using a ruler and handheld
refractometer to ensure that the sys-
tem was functioning correctly. The
system was fully automated, and typ-
ically would run the entire sap season
without problems. The data were
downloaded from the datalogger
every few days throughout a season
onto a portable computer. 

Sugar production from each plot
was calculated by multiplying sap vol-
ume and sugar content and totaling
for the season. Prior to any fertiliza-
tion we measured sugar production
for two seasons to allow the cross-
calibration of individual plots, so that
we could separate changes in sap
production resulting from fertilization
with those due to seasonal influ-
ences. Sugar production was then
measured for four years following fer-

Figure 1. The inside of the Clark site shed
showing the sap volume and sugar con-
tent monitoring system. Sap from each
plot flowed into the shed on the upper
right side, through the ball valves and into
one of the PVC vessels. When full, depth
was measured by a pressure sensor near
the bottom of each vessel, and the ball
valve turned to allow sap to drain through
the pipes into the storage tank at the bot-
tom of this photo. The entire system was
operated via a datalogger and relays. A
portable computer was used to periodical-
ly retrieve the data.
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tilization. Sugar production for each
treatment was averaged for the two
replicate plots and compared to
unfertilized control plots.

RESULTS
Over the entire time period and all

plots, trees averaged 2.8 Brix sugar
content produced an average of  8.2
gallons of sap per tap per year.

All fertilization and liming treat-
ments resulted in increased sugar
production at this site. Sugar produc-
tion in general resulted from increas-
es in sap volume, with a small portion
of the increase being attributable to
changes in sap sugar content. Sugar
production in the first season post-
fertilization showed a very modest
increase; however, by the second
and third years after fertilization, sap
production was typically 15% above
that of control plots (Figure 2). By the
fourth year, sugar production had
started to decrease. We project,
based upon previous studies of fertil-
ization on maple stands (Wilmot et
al., 1996, Wilmot and Perkins, 2004),

that the effects of fertilization will
gradually taper off, with the increases
in sugar production from a single
application lasting about seven
years.

Although all fertilization and liming
produced positive results, there were
slight differences in total sugar pro-
duction depending upon the treat-
ment. Whereas most treatments
showed about a 9-10% increase in
sugar production, the combination of
cations plus liming yielded an
increase of 5.6%, mainly because of
a small decrease in sap sugar con-
tent which was partially offset by
increased volume.

An economic analysis based upon
the cost of the fertilizer, but not
including labor, shows that the known
increase in sugar production over
four years (not including the project-
ed increase) yields approximately
8.6% in additional profits per year
(Figure 3).

DISCUSSION
While fertilization and liming are not

cure-alls for low production, soil
amendments can improve the nutri-
tion of trees on marginal to moder-
ately fertile sites. In this study we pre-
sent evidence that improved nutrition

Figure 2. Time course of cation fertiliza-
tion effects on sugar production (sap pro-
duction multiplies by sugar content). All
results are standardized to unfertilized
control plots (diamonds at 100%). Actual
measured production from 2000-2003
appears as squares with a solid line,
Circles with the dashed line are projected
results.

Figure 3. Average effects of fertilization
on sugar production (sap volume x sap
sugar content) in the Clark study site.
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can lead to improved sugar produc-
tion. Proper sugarbush management,
including regular thinning, control of
defoliating insects, and minimizing
human impacts on the stand remain
necessary tools to improve sugar
production in maple stands.
However, in sites where soils may
lack adequate levels or the proper
balance of nutrients, or stands where
soil pH is low enough to impede prop-
er nutrient uptake, a fertilization pro-
gram using appropriate methods may
improve sugar production.

LITERATURE CITED
Barry, R. and Robichaud, E 1996.

Effects of maple fertilization on sugar pro-
duction. Report to the North American
Maple Syrup Research Council and the
New Brunswick Maple Producers Coop.
27p.

Perkins, T.D, T.R. Wilmot, and M.
Zando. 2004. Fertilization of sugarbushes
- Part 1. physiological effects.  Maple
Syrup Dig. 16A:23-27.

Wilmot, T.R., Ellsworth, D.S. and Tyree,
M.T. 1995. Relationships among crown

condition, growth, and stand nutrition in
seven northern Vermont sugarbushes.
Can. J. For. Res. 25:386-397.

Wilmot, T.R., Ellsworth, D.S. and Tyree,
M.T. 1996. Base cation fertilization and
liming effects on nutrition and growth of
Vermont sugar maple stands. For. Ecol.
Manage. 84:123-134.

Wilmot, T.R. 2000. A survey of sugar
maple nutrition in Vermont and its impli-
cations for the fertilization of sugar maple
stands. Maple Syrup Digest 12A:18-21.

Wilmot and Perkins. 2004. Fertilizing a
sugarbush. University of Vermont,
Agricultural Experiment Station
Miscellaneous Publication, Burlington,
VT.

ACKNOWLEDGEMENTS
This research was funded by: The

Freeman Foundation, the North American
Maple Syrup Council, and the U.S.
Environmental Protection Agency.
Thanks to Sumner Williams, Brian Stowe,
Mark Isselhardt and Abby van den Berg
for their able assistance in conducting this
work. We gratefully acknowledge the gen-
erosity of the Clark family for allowing us
to use their land and trees for this work.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 100
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [72 72]
  /PageSize [612.000 792.000]
>> setpagedevice




