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Environmental change is monitored in North America through 
repeated measurements of weather, stream and river � ow, air and 
water quality, and most recently, soil properties. Some skepticism 
remains, however, about whether repeated soil sampling can 
e� ectively distinguish between temporal and spatial variability, 
and e� orts to document soil change in forest ecosystems through 
repeated measurements are largely nascent and uncoordinated. 
In eastern North America, repeated soil sampling has begun to 
provide valuable information on environmental problems such as air 
pollution. � is review synthesizes the current state of the science to 
further the development and use of soil resampling as an integral 
method for recording and understanding environmental change in 
forested settings. � e origins of soil resampling reach back to the 19th 
century in England and Russia. � e concepts and methodologies 
involved in forest soil resampling are reviewed and evaluated 
through a discussion of how temporal and spatial variability can be 
addressed with a variety of sampling approaches. Key resampling 
studies demonstrate the type of results that can be obtained through 
di� ering approaches. Ongoing, large-scale issues such as recovery 
from acidi� cation, long-term N deposition, C sequestration, e� ects 
of climate change, impacts from invasive species, and the increasing 
intensi� cation of soil management all warrant the use of soil 
resampling as an essential tool for environmental monitoring and 
assessment. Furthermore, with better awareness of the value of soil 
resampling, studies can be designed with a long-term perspective so 
that information can be e�  ciently obtained well into the future to 
address problems that have not yet surfaced.
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Environmental change is monitored in North 
America through organized networks that make repeated 
measurements of the environment that include weather, 

stream and river � ow, air and water quality, and forest growth. 
� e time-series data generated by these networks represent the 
core of our predictive understanding of how human activities 
a� ect our air, water, and trees (Likens, 1989; Magnuson, 1990). 
Missing from these invaluable records, however, are data from 
soil remeasurement networks, particularly in forested settings. 
Despite the importance of soils as a controlling component of 
terrestrial and aquatic ecosystems, e� orts to document changes 
in forest soils through repeated measurements are largely nascent 
and uncoordinated.

Traditionally, soil development has been viewed as a set 
of processes that takes place across centennial to millennial 
time scales (Walker and Syers, 1976). Important physical and 
chemical characteristics of soils, however, have been shown to 
change across time scales of less than a decade (Varallyay et  and 



624 Journal of Environmental Quality 

being measured. Errors inherent in these methods also limit 
certainty in inferring soil change. For example, the need to 
estimate mineral weathering � uxes in the watershed mass balance 
approach adds large uncertainty to estimated rates of soil change. 
Computer modeling is also used (Sullivan et al., 2011), but 
soils are complex systems controlled by high-order interactions 
of climate, geomorphology, parent materials, vegetation, and 
humans, which have not been well quanti� ed. � e accuracy of 
the information gained from inferential approaches requires 
veri� cation by direct measurements of soil change, which is best 
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1964 to 2001, thereby demonstrating a shi�  from cation exchange 
to weathering of Al-bearing minerals as the primary mechanism 
of acid neutralization. � ese results were noteworthy because 
they provided direct support for the long-standing theory of soil 
acidi� cation by acidic deposition postulated by Ulrich (1988) 
through his research on German soils.

Concepts and Methodologies 

of Soil Resampling
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Di� erences in how pro� les are interpreted by investigators 
can introduce a sampling bias that suggests artifactual changes in 
soils (Lawrence et al., 2012). � erefore, in addition to thorough 
documentation of how samples are collected, a full description of 
the pro� le using methods such as those followed by the NRCS 
(Schoeneberger et al., 2002) should be included to help maintain 
consistency between repeated samplings.

Samples can be collected and analyzed from selected horizons 
or depth intervals or a combination of both as prescribed 
by clearly de� ned protocols. � e volume of soil collected is 
determined by that required for the intended physical, chemical, 
or biological analyses, plus additional sample to be archived for 
analysis in the future. Variability that occurs three dimensionally 
within horizons or de� ned depth intervals results in sample 
variability that can be reduced by increasing the volume of soil 
collected and by homogenizing the sample before subsampling 
for analysis. Soil should be collected from the full vertical 
thickness of the horizon or depth interval if possible. If the 
horizon thickness is >20 cm, equal volumes of soil may need to 
be collected at multiple depth intervals within the horizon for 
an overall horizon characterization. Some horizons may be too 
thin to sample without including material from horizons above 
or below. � is is of particular concern when sampling thin E, Bh, 
or Bt horizons where adjacent abrupt boundaries can represent 
transitions to dramatically di� erent soil materials. Sampling can 
be further complicated if di� use horizon boundaries reduce the 
thickness of the layer that can be sampled.

Combining samples from di� erent depth intervals or horizons 
(by equal volume when possible) reduces the number of samples 
to be analyzed but also reduces information on pro� le variability 
and reduces sensitivity to change detection. Nevertheless, in 
vertical sections of the pro� le with highly variable horizonation, 
collection of a depth increment that includes multiple horizons 
is more readily duplicated in a repeated sampling and is therefore 
more likely to detect possible changes with time than a detailed 
sampling approach that is heavily dependent on how the pro� le is 
interpreted by the collector. � is approach was used, for example, 
in resampling of the upper 10 cm of B horizons in northeastern 
red spruce (Picea rubens Sarg.) stands that included varying 
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explain why increases in the acid-neutralizing capacity of surface 
waters were less than expected in response to the substantial 
declines in acidic deposition that occurred during the 1980s and 
1990s. � e results of Warby et al. (2009) also provided strong 
evidence to support the early identi� cation by Lawrence et al. 

(1995) of a mechanism for Oa-horizon Ca depletion by acidic 
deposition, and the Adirondack results of Johnson et al. (1994, 
2008a) and Bedison et al. (2010) thereby played a signi� cant 
role in establishing the signi�







638 Journal of Environmental Quality 



www.agronomy.org • www.crops.org • www.soils.org 639

Lee, J.J., D.A. Lammers, D.L. Stevens, K.W. � ornton, and K.A. Wheeler. 
1989. Classifying soils for acidic deposition aquatic e� ects: A scheme for 
the Northeast USA. Soil Sci. Soc. Am. J. 53:1153–1162. doi:10.2136/
sssaj1989.03615995005300040027x

Levine, C.R., R.D. Yanai, M.A. Vadeboncoeur, S.P. Hamburg, A.M. Melvin, C.L. 
Goodale, et al. 2012. Assessing the suitability of rotary coring for sampling in 
rocky soils. Soil Sci. Soc. Am. J. 76:1707–1718. doi:10.2136/sssaj2011.0425

Li, J., D.deB. Richter, A. Mendoza, and P.R. Heine. 2010. E� ects of land-use 
history on soil spatial heterogeneity of macro- and trace elements in 
the Southern Piedmont USA. Geoderma 156:60–73. doi:10.1016/j.
geoderma.2010.01.008

Likens, G.E. 1989. Long-term studies in ecology: Approaches and alternatives. 
Springer, New York.

Likens, G.E., C.T. Driscoll, and D.C. Buso. 1996. Long-term e� ects of acid 
rain: Response and recovery of a forest ecosystem. Science 272:244–246. 
doi:10.1126/science.272.5259.244

Lin, H.S., J. Bouma, L. Wilding, J. Richardson, M. Kutilek, and D. Nielsen. 
2004. Advances in hydropedology. Adv. Agron. 85:1–89. doi:10.1016/
S0065-2113(04)85001-6

Lin, H.S., D. Wheeler, J. Bell, and L.P. Wilding. 2005. Assessment of soil spatial 
variability at multiple scales. Ecol. Modell. 182:271–290. doi:10.1016/j.
ecolmodel.2004.04.006

Magnuson, J.J. 1990. � e invisible present. BioScience 40:495–501. 
doicie


