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DIVISION S-7—FOREST & RANGE SOILS

Influence of Edaphic Factors on Sugar Maple Nutrition and Health
on the Allegheny Plateau

S.W. B, 1*.*S. B.
ABSTRACT

Sugar maple (Acer saccharum Marsh.) decline has been a problem
on the Allegheny Plateau for the last two decades. Previous work
found that sugar maple is predisposed to decline by poor nutrition
and incited to decline by severe insect defoliation. Nutritional diagno-
ses have been based on foliar chemistry; there is little information on
soil attributes that influence susceptibility. We evaluated relationships
among soil characteristics, foliar chemistry, and sugar maple decline
for 43 stands on the Allegheny Plateau in New York and Pennsylvania
using correlation and stepwise regression techniques. Foliar Ca and
Mg concentrations correlated with soil exchangeable cations ex-
pressed on a concentration or site capital basis. Expression of base
cation availability as a saturation value, or in ratio with Al, slightly
improved the relationships, suggesting that antagonistic cations are
important to sugar maple nutrition. The best predictions of foliar
chemistry were made by regressions that considered soil chemistry
across the depth of the B horizon, suggesting the importance of looking
at more than one depth to assess nutrition. Landscape position and
glacial history determined whether weathering products were effec-
tively delivered to the rooting zone, resulting in the observed land-
scape gradients. All declining stands were on unglaciated upper land-
scape positions where soils had lower Ca and Mg levels compared
with other landscape positions. Declining stands had <2% Ca satura-
tion and <0.5% Mg saturation in the upper B and <4% Ca saturation
and <0.6% Mg saturation in the lower B. These thresholds may be
useful in predicting susceptibility to sugar maple decline.
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Fig. 1. Location of study sites in northwestern Pennsylvania and southwestern New York. The broken line represents the southern extent of
Pleistocene glaciation. Study sites: AK, Akeley; BH, Baldwin Hollow; BO, Boutwell Hill; BT, Brooks Trail; CL, Clymer; CO; Costello; CP,
Colton Point; DH, Dodge Hollow; HH, Hemlock Hollow; HR, Hardwood Ridge Trail; ID, Indian Doctor; KA, Kane Experimental Forest;
LV, Little Valley; MC, Mill Creek; ON, Onoville; RB, Red Bridge; RC, Russell City; SR, Sugar Run; TB, Tanbark Trail.
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Table 1. Site characteristics of study stands.

Site Stand Physiography Parent material Bedrock formation Particle-size class Pedon classification
AK 1 shoulder residuum Venango loamy skeletal Lithic Dystrochrept
AK 3 bench colluvium Chadakoin fine-loamy Aeric Fragiaquept
BH 1 upper backslope glacial till Huntley Mountain loamy skeletal Typic Haplorthod
BH 3 footslope glacial till Huntley Mountain fine-loamy Aeric Epiaquept
BO 1 bench glacial till Venango fine-loamy Aquic Fragiboralf
BO 3 bench glacial till Venango coarse loamy Aquic Fragiorthod
BT 1 summit colluvium Catskill fine-loamy Ultic Fragiorthod
BT 3 middle backslope colluvium Catskill fine-loamy Ultic Hapludalf

CL 1 upper backslope glacial till Chadakoin coarse-loamy Aeric Epiaquept
CL 2 bench glacial till Chadakoin coarse-loamy Aquic Dystrochrept
CL 3 footslope glacial till Chadakoin coarse-loamy Aeric Epiaquept
CcO 1 shoulder colluvium Huntley Mountain fine-loamy Ultic Haplorthod
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Table 2. Correlation of foliar chemistry with soil horizon parameters. VValues shown are Pearson correlation coefficients with uncorrected

probabilities in parentheses.

Relationship Oa/A

Upper B Lower B

Foliar Ca vs.
exchangeable Ca, cmol, kgt
Ca saturation, %t
Ca/Al molar ratiot
base saturation, %t
cation exchange capacity, cmol. kg*
organic matter, %

0.404 (0.007)
0.425 (0.004)
0.446 (0.003)
0.375 (0.013)
0.090 (0.565)
—0.295 (0.055)

p
rock fragments, % by vol.
Foliar Mg vs.
exchangeable Mg, cmol, kgt
Mg saturation, %t
Mg/Al molar ratiot
base saturation, %t
cation exchange capacity, cmol. kg—*
organic matter, %

0.387 (0.010)
0.466 (0.002)
0.408 (0.007)
0.273 (0.076)
0.027 (0.865)
—0.307 (0.046)

pH 0.684 (<0.001)

rock fragments, % by vol. 0.346 (0.023)

0.794 (<0.001)
0.627 (<0.001)

0.651 (<0.001)
0.660 (<0.001)
0.616 (<0.001)
0.586 (<0.001)
0.128 (0.414)
—0.035 (0.822)
0.454 (0.002)
0.474 (0.001)

0.676 (<0.001)
0.755 (<0.001)
0.738 (<0.001)
0.691 (<0.001)
—0.160 (0.307)
—0.235 (0.129)
0.532 (<0.001)
0.584 (<0.001)

0.667 (<0.001)
0.672 (<0.001)
0.612 (<0.001)
0.615 (<0.001)
0.139 (0.375)
0.005 (0.972)
0.443 (0.003)
0.305 (0.047)

0.757 (<0.001)
0.748 (<0.001)
0.748 (<0.001)
0.653 (<0.001)
—0.059 (0.707)
—0.212 (0.173)
0.521 (<0.001)
0.304 (0.048)
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Table 4. Regression models predicting foliar nutrient levels from soil variables. Coefficients are in parentheses.

Dependent

variable Parameter 1 Parameter 2 Parameter 3 Multiple r? Cp
Foliar Ca rock fragments Oa/A (104) Ca/Al upper B (1954) Ca/Al lower B (980) 0.757 2.3
Foliar Ca rock fragments Oa/A (94) Ca saturation upper B (2441) Ca saturation lower B (1391) 0.755 55
Foliar Ca rock fragments Oa/A (77) pH Oa/A (2974) exchangeable Ca lower B (1271) 0.748 5.1
Foliar Mg depth to restriction (—3.2) pH Oa/A (240) exchangeable Mg lower B (331) 0.686 -0.2
Foliar Mg depth to restriction (—3.2) Mg saturation upper B (361) Mg saturation lower B (123) 0.676 0.0
Foliar Mg depth to restriction (—4.2) Mg/Al upper B (386) 0.625 0.5
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Fig. 2. Exchangeable Ca and Mg (expressed as a percentage of saturation value) in the Oa/A, upper B and lower B horizons vs. sugar maple
mortality (percentage of standing dead basal area). Open circles represent stands where defsev10 was less than four; filled circles are stands
where defsev10 was four or higher. Note the x-axes are on a log scale.
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