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A method 18 given for evaluating rates of formation of the humus hori-
zon and humus accumulation in the main zonal types of solls of the
Russian Plain. Calculations are made for maximum rates of reproduc-
tion of resources for soils with different degrees of washout, pro-
posed as standardizing indices in soil conservation planning.

The zonal system of farming 1s a system of which all units are called upon
to realize fully the potential soil and climatic resources [2]. 1In the approach
to planning and evaluation of the efficlency of soil conserving and soll restoring
systems of farming from such positions, it 1s necessary to evaluate the degree
of maximum activatilon of the process of reproduction of soll resources. It 1s
advisable to examine some standardizing indlces of reproduction of soll resources
in combination (rate of formation of humus horizon of solls, rate of humus accu-
mulation). The variation in soil resources as a result of the natural soil=-
forming process over a period of time t can be described as follows [U]:

d(H b dh = dH,
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where Hh is the thickness of the humus horizon (mm); h 1s its mean humus content
(%). '

After replacing integration with summation and changing over to At = 1 year,
the following equation is obtailned:
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" At present there exists the possibility [5] of generalizing already accu-
mulated data and evaluating the rate of formatlon of the humus horizon of soils
(Hh(s)) and the process of humus accumulation (ahs) at some stages of soll forma-

tlon. Patterns of formation of the humus horizon for the main zonal types of
soils of the Russian Plain on rocks of loamy composition were established by the
author by generallizing the data in the literature and regional research carried
out on the Lower Trayanov swell (output n = 158). Here, allowance was made for
the total age of soils [3], which includes all lengths of time of influence of
soil formation factors. Using data from 170 meteorologlical stations, from 36
soll provinces there were averaged out the quantities of radiation balance and
total precipitation, and calculations [1] were made of the annual expenditure

© 1987 by Allerton Press, Inc.



§ o energy on soil formation - Q (MJ/m*®). The main moment which characterizes the
¥ imax condition of the profile 1is attainment by the soll of a certain maximum

M. ickness of humus horizon which is known for zones and provinces. The estab-
¥ished dependence of the maximum thickness of humus horizon on quantity Q made

it possible to represent the formation of the humus horizon of soils Hy (mm)

Euring the Holocene (t, years) by a model revealing the main determinate trend
f,f the time serles:

H,=Q*'[0,00051—F exp(—Ai)], (3)

%here A= 95‘10'5 for podgzolic solls and 3“-10'5 for certain subtypes in the
‘class of "typical chernozems and light chestnut soils", k = 3'5-1!2!'5 (for podzolic
‘soils), 39-10'5 for typical and ordinary chernozems), 44,107 (for southern cher-

nozems and dark chestnut soils), and 40.107° (for 1light chestnut and sward steppe
golls). It should be noted that the constancy of parameter ) connects the de-
gseription of the process of formation of the humus horizon of solls for optimum
and inadequate molsture conditions, with models which reflect organic growth
processes.

The concept of development shown by Eq. (3) makes it possible for evaluatlons
of the rate of formation of Hh to be approached with more substantiation than was

done until now. In traditional calculations of "permissible rates of washout”,
the thickness of the humus horizon and the time of soil formation are directly

or indirectly connected with a linear function, which 1s not confirmed by exlsting
data. In addition, the use of evaluations obtained from full-profile solls for
washed-out (deflated) soils which are already deprived of part of the humus hori-
zon and are again at the stage of formation, does not take into consideratlion the
pattern of formatlon of the humus horizon. The quantity of error of analytical
methods of determining the rate of water erosion (deflation) of soils does not
make it possible to study directly the rates of formation of the humus horizon
for washed-out (deflated) soils. However, with a certain degree of arbitrariness,
such evaluations may be obtained by comparing the corresponding thickness of the
humus horizon of washed-out (deflated) soils and solls of different ages. Using
function (3), the rate of formation of Hh can be determined from the known thick-

ness of the humus horizon of soills (Hh) with different degrees of washout. The

hveraged values of the rate, reduced to commonly used unlits for expressing quan-
tities of washout, are ghown in the table. '

Mean Rate of Formation of Humus Horizon
of Soils (t/ha) with Bulk
Density of 1.2 t/m’

Degroes of soll washout
Tyee of 30l
low [mlulum! high

Sward podzolic 0,
Typlcal chernozems 0.
Ordinary chernozems _ 0,

0,

Southern chernozems
and dark chestnut

Light chestnut and sward
steppe 0,2 06
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Allowling for peculiarities of the origlnal data, 1t must be pointed out
that the evaluations reflected in the table characterize conditions of a soil
intake of an optimum quantity of organic matter. 1In thls case and with corre-
spondling restoration of water conditions of slopes, washed-out soils may have
a high rate of reproduction of potential resources. Probably, in reglons with
inadequate moisture 1t 1s possible to increase the rate of formation of the
humus horizon by organizing irrigation of sloping land. The variation in the
quantity of the parameter of "precipitation" determines the increase in expendi-
ture of energy on soll formation and, allowing for function (3), the acceleration
of the process of formation Hh on the basls of a trend towards a greater maximum
thickness.

On the whole, processes of humus accumulation and formation of the zonal
thickness of the humus horizon of solls are synchronous, and the main stage of
formation of the humus profile 1s completed after 500 years. This has been
shown by systematic generalization of published works reflecting radliocarbon,
historial and archeological age dating of soils, the results of studying young
soils in technogenlec landscapes, and results of long-term statlonary trials
with organic fertilizers (n = 350). Calculations were made on a BESM-6 high-
speed electronic calculator. The variation in time of the mean rate of humus
accumulation (V, %) in the accumulative horizon of soils can be approximated by
an equation of the following kind:

V0,14 (141) 00, (u)

Mean annual rates of humus accumulation (AHs, % per year) which characterize

the highest possible evaluations of the process for solls of certain categories
of washout were determined from the formula

o, = Y (5)

-t
Values of time (t) were calculated, using Eq. (3):

H
tn k—In (0,00081— -@q- (6)
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=

In the class of "typical chernozems and light chestnut soils," slightly eroded
soils may be characterized by a mean rate of humus accumulation of 0.0002% p.a.,
medium eroded soils 0.0005-0.0004%, and badly eroded soils 0.001-0.0008%. Using
the biloenergy approach, annual rates of humus accumulation 1n some types of
soll, expressed in terms of energy characteristics, may be related to total an-
nual expenditure of energy on soll formation (Q) and be used as the basls of the
criterion for assessment of regional conditions of humus formation.

" Thus the techniques developed make it possible to evaluate from Eg. (2) the
variation in -soil resources in the natural soll-formlng process.

However, under conditions of cultivated soll formation, the humus formation
process has conslderable differences. Taking into account areas occupied by the
main groups of crops (winter and spring cereals, row crops, annual and perennial
grasses), areas of uneroded, slightly, medium and badly eroded soils and corre-
sponding quantities of intake of plant remains (from the results of finding in
1981-1985), and coefficients of humification (for surface and root remains of
erops), the authors determined intake of humus for administrative regions of the
Black Sea coast (Odessa, Kirovograd, Nikolaevka and Kherson Oblasts of the Uk-
raine). The intake of humus for subtypes of chernozems was calculated as the
average for administrative regions in which these subtypes are the predominant
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fi1. For conditions of a cultivated soll-forming process, the rate of humus
Fimation from plant remains is 36% in typical chernozems, 27% in ordinary cher-
ms, and 30% in southern chernozems, of the quantity which characterized con-
jons of natural soll formation (virgin soil). Without applying organic fer-
'izers, the rate of humus accumulation (anB), as a rule, does not compensate

processes of humus mineralization. It is obvious that under these conditions
re will accordingly also be a change in the rate of formation of the humus
W . zon of soils. It may be calculated from the experimentally established rate
5 numus accumulation in the cultivated soll-forming process (bhcs), allowing

‘r Eq. (5) and the data in the table:

AF .
QHH(“}- ﬁ AHN‘]' { 7 )

4 Thus an evaluation of maximum rates of reproduction of the quantity of soil
b esources (thickness of humus horizon) indicates the arbitrariness of referring
¥ lowed soll to renewable natural resources., Strictness in limiting the rate of
Eaccelerated anthropogenic erosion, emerging as an inevitable condition of agri-
Pcultural use of soils with the optimum thickness of humus horlzon or less, poses
fthe problem of reproduction of quality of soill resources, and particularly the

B maintenance of humus condition. The effectiveness of soll-restoring measures

% must be correlated with maximum rates of humus accumulation.
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