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Abstract—The integrated study of the carbonate state of soils, which involves all the forms of soil carbonates
at different levels of the soil organization, allows exactly assessing the degree and the rate of the soil transfor-
mation due to agricultural development. The evolution of the carbonate state in agrogenically transformed
soils was assessed on a site with a known land-use history and with remaining natural soils . The direction,
rate, and stages of the carbonate state transformation upon the agrogenic use of dark gray forest soils were
determined on the basis of the morphogenetic analysis. Agricultural development entails a significant reorga-
nization of the carbonate profile: a dark gray forest soil evolves into a medium-thick slightly podzolic cher-
nozem with a greater pool of carbonates. The calcareous pedofeatures and horizons evolve stepwise: in the
soil of a 100-year-old plowland, the transition to another organization of the carbonate state is observed: car-
bonates migrate more actively, and the dissolution—precipitation conditions are most dynamic. In the upper
calcareous horizons, the structure of the calcitic pedofeatures becomes more collomorphic, and this mass fills
almost all the voids; in the lower calcareous horizons, calcite is predominantly segregated into calcareous

pedofeatures.

INTRODUCTION

The carbonate state, which implies the totality of
all the forms of soil carbonates at different levels of
their organization in the soil [3], can be used, in com-
bination with other types of soil diagnostics, as an
indicator of the soil evolution under anthropogenic
(including agrogenic) use. The integrated study of the
carbonate state contributes to the exact and diverse
assessment of the degree and rate of the soil transfor-
mation due to agricultural development, which is one
of the most rapid and powerful factors affecting the
properties of pedons at all the levels of their organiza-
tion.

There are insufficient data on the temporal varia-
tion of the carbonate profile of forest-steppe soils due
to plowing. The carbonate state of arable chernozems
is relatively well studied (suppositions were made
about the transformation of the carbonate profiles
involving changes in their thickness and occurrence
depth, the appearance of special forms of recent car-
bonates, the character of the migration processes [2, 6,
7], and the changes in the mobility and content of
active carbonates [1]); however, only limited data are
available about the carbonate-state variation in
anthropogenically transformed gray forest soils of the
forest steppe. The mechanisms and temporal scales of

the carbonate variation in both forest-steppe cher-
nozems and gray forest-steppe soils also remain
unstudied.

In our opinion, the carbonate-state variation in the
agrogenically transformed soils can be assessed only
on the fields with a known land-use history. In addi-
tion, such chronosequences should include natural
soil analogues. The carbonate state in soil (agro)chro-
nosequences during short time intervals (tens to a few
hundred years) can be used for assessing the evolution
of the dissolution—precipitation—recrystallization of
carbonates. The morphological variation of the cal-
careous pedofeatures is the most telling illustration of
the carbonate state dynamics and the evolution of the
temporal changes in arable gray forest-steppe soils.

The main aim of this work was to reveal the direc-
tion, rate, and stages of the carbonate-state transfor-
mation upon the agrogenic use of soils on the basis of
the +morphogenetic analysis.

OBJECTS AND METHODS

The Polyana site under study is in the Shebekino
region of Belgorod oblast (Fig. 1). This area belongs to
the southern part of the central forest-steppe zone
(south of the Central Russian Plain). The site under
study is an interfluve slightly inclined to the southwest
























