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ABSTRACT

CHANGES IN MAJOR SOLUTE CHEMISTRY AS WATER INFILTRATES
SOILS: COMPARISONS BETWEEN MANAGED AGROECOSYSTEMS AND
UNMANAGED VEGETATION

By

Amanda Lord Kurzman

This study examined chemical changes in water residing in sandy loam
soils on glacial drift. Soil solutions were collected over several years from
tension samplers beneath 10 treatments at the Kellogg Biological Station’s
Long Term Ecological Research site, including deciduous forest, conifer
plantations, successional ecosystems, and row crops under varying intensity of
agronomic management.

Soil solutions were enriched in solutes relative to precipitation. Nitrate,
calcium, magnesium, and alkalinity differed most markedly among treatments.
Early and late successional communities as well as a rapidly growing perennial
poplar plantation had ionically dilute solutions with low nitrate concentrations.
Agricultural treatments were significantly enriched in major solutes relative to
precipitation.

Soil solution concentrations of nitrate indicated that the zero input
(organic) row-crop treatment had lower potential nitrate leaching than the other
row crop treatments. The no-till treatment had the next lowest nitrate
concentrations, but had high variance in concentrations, perhaps due to its high

inputs of nitrogen.
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Losses of calcium and magnesium were significantly and positively
correlated with nitrate (r = 0.9 and 0.8, respectively) across treatments, pointing
to the importance of nitrification as a source of protons that release divalent
cations from the soil exchange complex. This in turn causes both the potential
pollution of ground and surface waters and the concomitant degradation of the
soil through the loss of important macronutrients.

Native carbonate minerals are absent from the upper 1-1.5 m of these
soils but are abundant at depth. Liming is necessary to counteract acidification
by agriculture. Carbonate minerals, whether native or as lime amendments,
can either release or sequester carbon dioxide as they dissolve, depending on
pH. Soil solution chemistry suggests that dissolution of lime in the agricultural
row-crop treatments results in the net release of carbon in the form of carbon
dioxide. This release was strongly and positively correlated with nitrate (r =
0.63), suggesting that biological nitrification is an important control on lime
dissolution and thus carbon sequestration or release. However the overall C
balance of liming could not be determined from this study because the samplers

collected matric water as well as water infiltrating by gravity flow.
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Chapter 1: Major Solute Chemistry

Introduction

In humid, temperate, glaciated regions like southern Michigan, most of
the precipitation that falls infiltrates soils. Most of this water is eventually
returned to the atmosphere via evapotranspiration, but some remains to move
downward and form groundwater. Precipitation gains solutes in the atmosphere
through scavenging of aerosols and dissolution of gases, and these gains tend
to reflect regional industrial and other human activity. Precipitation in
southwestern Michigan is acidic with a mean pH of 4.45 and a mean specific
conductance of 26 uS/cm (25°C)(National Atmospheric Deposition Program
(NRSP-3)/National Trends Network means of annual volume-weighted means
for 1979-96 from the KBS station (MI26), printed 2 Dec 1997. NADP/NTN
Coordination Office, lllinois State Water Survey, 2204 Griffith Dr., Champaign,
IL 61820.) Rheaume (1990) observed an inverse relation between pH and
conductance at a nearby precipitation collection station, which is due to the
predominance of strong acid anions (NO3 and SO4) in precipitation.

Precipitation that is not lost through evapotranspiration is transformed
into groundwater, which is of markedly different ionic composition. Solutes are
gained or lost from precipitation as the water migrates through the soil primarily
as a function of microbial activity, plant nutrient uptake, chemical weathering,
and adsorption of ions to charged soil particles. Agricultural activities can also

influence the evolution of precipitation to groundwater through the addition of
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fertilizers and other amendments, the disposal of manure, the planting and
removal of vegetation, and physical soil preparation. Because the chemical
evolution of precipitation to groundwater is, for the most part, biologically
mediated, the transformation is completed primarily in the upper portion of the
soil profile, above the C-horizon.

Hydrochemical information on local ground waters is available mainly
from analyses of domestic wells and is presented by Allen et al. (1972),
Rheaume (1990), and Kehew and Brewer (1992). The major solute chemistry
of ground waters in this area differs considerably from that of precipitation due
to the influence of mineral weathering and dissolution, and in particular to the
abundance of readily soluble carbonate minerals in the glacial till and outwash.
Local ground waters can generally be classified as waters of the calcium-
magnesium-bicarbonate type with high hardness and alkalinity.

Previous studies have found that agriculture can have profound effects
on the composition of groundwater. Agriculturally induced changes in major ion
chemistry of groundwater, particularly nitrate, have resulted in degradation of
drinking water quality (Fan and Steinberg, 1996) and the discharge of
agriculturally impacted groundwater to surface water bodies has resulted in
observable ecological effects (Howarth et al., 2000; Béhlke 2002). A review by
Tilman et al. (2001) notes that in many areas of the world, the major-element
chemical loads of water recharging unconfined aquifers in the last several
decades have been dominated by constituents derived directly or indirectly from

agricultural management practices and amendments.
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In this dissertation, | took advantage of the Kellogg Biological Station’s
Long-Term Ecological Research (LTER) site that includes unmanaged forested
sites and managed agroecosystems. Soil solution samples were collected
beneath the study sites for four years. Samples were analyzed for major solute
chemistry, which could then be related to land cover and management. My
overarching hypothesis was that the major solute composition of soil pore water
would be determined by surface land cover and management regimes and that
this difference in regimes would be reflected in the soil pore waters collected

from the study sites.

Study Sites

The study sites are part of the Michigan State University, Kellogg
Biological Station (KBS) holdings and are located in southwest Michigan, which
is within the eastern portion of the U.S. cornbelt. Soils in this area developed
from a mature glacial outwash plain and moraine complex, and are typically
high in carbonates and of moderate fertility. The dominant soils of the study
sites are Kalamazoo and Oshtemo series, both loamy, mixed, mesic Typic
Hapludalfs that tend to be moderately permeable in the upper part and rapidly
permeable in the lower part. Detailed maps and descriptions of KBS and its
holdings, including soil and vegetation characteristics, are available on the KBS

LTER website (http://iter.kbs.msu.edu). Note: From this point forward, when

the reader is referred to the KBS LTER website for additional information, it can

be assumed that this is the web address unless otherwise noted.
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Of the ten treatments included in this study, six are managed
agroecosystems and four are unmanaged successional and forested
ecosystems. The 42-ha KBS main experimental site for the Long Term
Ecological Research (LTER) program is subdivided into 1-ha plots, in a
randomized complete block design of six blocks and seven treatments. The
seven treatments include four managed annual cropping systems; two
managed perennial cropping systems; and one unmanaged successional old-
field community. The KBS LTER main experimental site layout is depicted in
Figure 1. Treatment details are summarized in Table 1.

Located within 5 km of the main experimental site on the same soil
series are three additional unmanaged forested treatments that range in age
from 40 to >60 years old, each replicated three times. The deciduous forest
stands include two old-growth and one 40-60 year post-cutting stand; the
coniferous forest treatments include three conifer plantations rangin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>