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Preface

Eurasian steppe - it sounds so exotic, romantic, wild, and extensive and is calling me to visit. I have dreamed many times
of wondering around in the steppe with patches of farms and birch forests since I started learning soil science in the university.
Whatever textbook of soil science you pick up, you can find the name of V.V. Dokuchaev, The Father of Modern Soil Science,
together with the name of Chernozem, one of the most productive soils in the world.” As you know, he studied soils in the

Southern Russian Plain under steppe and forest-steppe vegetati()n and published his classic work “Russian Chernozems” in
1883, since then it became the bible of soil science. We learned soil-forming factors and processes, soil classification, etc.
‘a(:cording»to his ideas and their modification done by his successors in various countries: Yes; 1didin Japan as well, but
mostly in‘a textbook only. -Unfortunately, our climate is too humid to learn his ideas under field condition of Japan. We never
observe carbonate accumulated B horizon in a soil profile. One of the motivations with which we started this research project

_ isto learn what steppe' soils are-and what processes are going on there in the classroom of Eurasian Steppe.

As I'mentioned above, Chernozem soils are one of the most productive soils and thus they have been used for agricultural

production, mainly of upland crops such as wheat, barley, sugar beet, corn, sunflower; etc. We should, however, remind us of k

their'vulnerability as well which has been shown as “dustbow]” in 1930s of the United States. Chernozem soils have been
converted from virgin steppe vegetation into mechanized farm for upland crop cultivation since the beginning of the 20th
century and now land degradation such as soil organic matter decline can be observed in many of Chernozem soils. Particularly

 inthe end of the last century, the former Soviet Union collapsed and most of theuplahd farms converted from Eurasian Steppe

were exposed to privatization and swallowed in the world trading system. Not a small numbers of farms are now poorly
k ~ maintained and/or exploited without proper soil and land management. Soil degradation i in Eurasian Steppe is one of the
. urgent issues to cope with for world food security and consequently for stability of the countries independent from the former
 Soviet Union in terms of their political as well as economical situation. We, the Japanese, are responsible for assisting the re-
establishment of appropr1ate land use systems protectmg against land degradatlon because Japan was the member of the
allied forces to promote the reformation of Russia and eastern countries. This is the second motivation for this project.
The third motivation was to discuss with local scientists, shared the ideas with them, and make them open to the world
 for further discussion. The soil scientists in the former Soviet Union and eastern European countries were thought to be well
trained and accumulated a lot of research outcomes, but unfortunately most of them were published in Russian and/or local
languages only and thus they were quite difficult for us to access. We took an opportunity of the collapse of the former Soviet
Union to start collaborative research firstly with Kazakhstan, next with Ukraine and finally with Hungary. In the course of the
~ joint research, we were very lucky to be introduced a few very knowledgeable soil scientists with high potential. They were
very well trained in Russian School of soil science and did a lot of valuable work in their places. They were not only reliable
collaborators but also superb teachers and/or supervisors for us in this research topics. Frankly speaking, we still can find
‘ ~ some gaps in understanding the concepts about the processes of land degradation and recognizing parameters to evaluate and
‘predict them. I would say, however, that it is one of the best outcomes to find those gaps in our project.
This is just the beginning of collaborative research with our colleagues in Kazakhstan, Ukraine and Hungary, and
- hopefully shall be expanding into Russia and other countries in Central Asia, Baltic and Eastern Europe.  We do hope the
articles published here shall provide the readers with a variety of ideas and concepts which are from classical ones developed
by Dokuchaev through newly and uniquely modified and/or developed ones by his successors in Kazakhstan, Ukraine, Hungary,
and Japan. We would very much appreciate any comments and criticism from all of you. I am sure all of them should
contribute to our research and I would be pleased if you could join us together in the next phase. You may hear what Eurasian

Steppe whispers to you;

“Hey, come and step on me like Prof. Dokuchaev did! It’s a fun!”

March, 2005
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Chapter 1

Introductlon

Shmya Funakawa and Elmira Karbozova-SalJmkov

. Significance of soil organic matter in Chernozem soils
Accumulation of soil organic matter (SOM) is a quite
significant process in terrestrial ecosystems. It is widely
_ accepted that the SOM is indispensable for increasing soil
 fertility. In addition to such a traditional aspect, SOM has
recently drawn considerable attention in terms of both the
large source and sink of carbon dioxide in relation to the
_ problem of “global warming”. It is said that approximately
15% of atmospheric CO, cycles between terrestrial
~ ecosystems including soils and atmosphere ykannually

~ (Stevenson, 1986) and, hence, it is very important to

understand quantitatively such SOM/CO, dynamics in
individual ecosystems. In this sense, Chernozem soils, or
Mollisels, which can store a huge amount of SOM, are one
_ of the most important resources from both the agr1cultural
and environmental viewpoints (Paustian et al.; 1997); The
k area of Chernozem soils in the territory of former Soviet
Union amounts 189x10° hectares that is 48% of that kind of
 soils in the word (Kaurichev and Gromyko, 1974).

Flgure 1.1. So1l-ecolog1cal zones of former Soviet Umon
The area encircled is the Chernozem belt that Was formed in
: forest-steppe and steppe zones. -

Table 1.1. Amount of organic C in natural and agro-
ecosystems (from Titlyanova, et al., 1982).

Natural -ecosystem . Agro ecosystem ;

' Organic carbon resource -
(gm?)

“Detritus 340 e
Microorganisms 166
Humus .- 5359

1.2. General characteristics of Chernozem soils

- Chernozem soils were mainly formed in forest steppe
and steppe zones (Fig. 1.1), under virgin steppe vegetation
with non-percolative water regime (Prasolov, 1939) that is
characterized with dry period in summer—autumn and water
saturated period in winter-spring. .

The main grass vegetation in forest steppe zone is
presented with Salvia pratensis, Carex humilus, Artemisia
armeniaca, and A. latifilia. Tn steppe zone Stipa and Festuca
associations dominate as natural vegetation: S. ucrainica, S.
lussingiana, S. capillaia, S. rubens, S. kirghisorum, and F.
sulcata. Rich steppe vegetation annually leaves in the soil
large amount of organic substrate (0.6-1.4 Mg ha!) (Gromyko -
et al., 1974). Subsequently, steppe vegetation annually
retrieves from the soil large amount of nutrients that are
involved in plant biomass and thus are not leached out from
the soil. ‘Subsequently, the large amounts of nutrients are

involved into biological cycle annually that continuously

accumulated in the surface layer of the soil. ~
“Chernozem soil is characterized with high activity of
microbiological processes. Most intensively these processes
take place in spring and early in summer, when the soil has
optimal temperature regime and enough water reservoir that
favor humus formation processes. Drying of soil in summer
and freezing in winter causes attenuation of biochemical
processes that leads to denaturation of SOM, compaction

‘and transformation of molecules of humic acids into less

labile forms. ,, i

- The largest part of the chernozem belt is formed on plain
to undulating landscape. Parent materials of the chernozem
zone vary widely. Most of them are rich with calcium and
magnesium carbonates (carbonaceous rocks such as
limestone, dolomite, marl, and different clays). Most spread

" ‘parent materials are loess (Ukrainian chernozems) and light

to heavy loess loam ‘and clay (northern Kazakhstan'
chernozems). -

1.3. Factors determining organic C levels
Steppe ecosystems provide soil with 30 to 40 Mg ha'! of

‘plant biomass, where 70 to 90% is concentrated belowground

(Titlyanova and Nurmedov, 1982). Tillage of virgin lands
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with subsequent cultivation of agricultural crops causes -
extensive reorganization of annual cycles of plant input and
SOM dynamics. According to Titlyanova and Nurmédov -
(1982), the total amount of plant b1omass in arable lands of
northern Kazakhstan decreased 3 to 4 folds, accounting for

approximately 10 Mg ha'! (Table 1.1).

- The amount of organic carbon (organic C) contained in
a particular soil is a function of the balance between the rate
of deposition of plant residues in or on soil and the rate of

mineralization of the residue carbon by soil biota (Baldock
and Nelson, 2000). The mechanisms through which soil
organic C can be biologically stabilized depend on properties
of the soil mineral phase and the chemical structure of the
organic residues added to the soil.
~Climate: Climate impacts on so1l organic carbon (SOC)
content primarily through the effects of temperature,
moisture, and solar radiation on the array and growth rate of
plant species, and on the rate of SOC mineralization. Post et
al. (1982) found that amounts of SOC were positively
correlated with precipitation and, at a given level of
precipitation, negatively correlated with temperature.
 Soil ‘mineral parent material: The structural condition
of a soil can exert significant control over processes of
biological decomposition by limiting the accessibility of SOC
‘to decomposer microorganisms and of microorganisms to
their faunal predators. This limitation results from the ability
of clays to encapsulate organic materials (Tisdall and Oades,
1982); the burial of organic carbon within aggregates
(Golchin et al,, 1997; Golchin et al., 1994) and the entrapment
of organic carbon w1th1n small pores (Elliott and Coleman,
1988). o 5 sEan
Vegetatzon and sozl organisms: All organic: carbon in
soils can serve as a substrate. Vegetation can influence SOC
leVels as a result of the amount; placement and
‘biodegradability of plant residues returned to the soil. The
fate of surface deposited residues depends on the activity of
soil microorganisms and fauna and their ability to mix these
residues into surface mineral horizons. Microorganisms are
the major contributors to soil respiration and are responsible
.for 80-95% of the mineralization of carbon. P
Mechanical disturbance: Mechanical disturbancé, of soil
is one of the most significant factors that determine
deterioration of soil humus under intensive agricultural use.
Number of authors :concludedf’that losses of humus under
‘agricultural use are determined by biological (domination
of mineralization processes over humification) and by
mechanical (reduction of thickness of humus layer caused

14, DécbrilpOSiﬁbh of organic matter

- by erosion procésses) factors (Chesnyak, 1981; Nosko et al.,
1987; Buyanovsky et al., 1986; Anderson et al., 1986).

Decomposition of plant and animal remains in soil

constitutes a basic biological process in that carbon is
- recirculated to the atmosphere as carbon dioxide; nitrogen

is made available as ammonium (NH,") and nitrate (NO;)
(Stevenson; 1986). During decomposition by
microorganisms, some of the carbon is released to the

~atmosphere as CO, and the remainder becomes part of the

SOM. Part of the native humus is mineralized concurremly.
- SOM is highly heterogeneous, consisting of fractions
varying in turnover time from hours to many centuries.

- Gregorich et al. (1994) reported that more than 75% of SOM

exists as compounds that are only slowly decomposable and
the remainder is readily decomposable or “mineralizable”
compounds. The amount of mineralizable organic matter in
a soil is an indicator of organic matter quality, because it
affects nutrient dynamics within single growing seasons;
organic matter content in soils under contrasting management
regimes; and carbon sequestration over extended periods of
time. L
Fresh plant litter de’éomposesa quickly; consequently,
though it represents only a small fraction of carbon in soil,
about half of the carbon dioxide (CO,) output from soil,
globally, comes from decomposition of the annual litter fall
(Couteaux et al., 1995). Thus, transformatlons of SOM are
generally“' foncentrated w1thm labile pool. And the end
uc rganic 1 atter mmerahzatmn (e g., COZ, NO;,
NH4) can give ‘us valuabl" ,f \ ‘kormat" n about abﬂ;ty of a given
soilto supply plants Wlth nutnents or abiht té;éitgbiliyzé SOM.

1.5. Human 1mpact on decom"osxtlon

In agricultural systems, Whe e 01l'and plant remdues
are often intensively mampulated ‘human impact on
decomposition is especially pronounced (Campbell, 1978).
Management practlces llke tlllage selection of crops and
cropping sequences, and fertlhzatlon can alter decomposmon k
rates by their effects on soil moisture, soil temperature,
aeration, composition and placement of residues.

- Organic carbon and fniktrogen retention in soil is
influenced by crop rotation (Biederbeck et al., 1984), tillage
(Campbell and Souster, 1982), residue management
(Rasmussen etal., 1980) and fertility (Biederbeck et al., 1984;
Rasmussen et al., 1980).
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_ 1.6. Objectives of the study

Factors that can influence SOM/CO2 dynamlcs in natural
r and/or agrlcultural ecosystems in the terrltory of former k

Soviet Union is thus considered to be quite variable. In the

“ present study, we will analyze the earbon dynamics in the
area in order to: reveal factors that can affect SOM dynamics
in steppe/agricultural ecosystems in Eurasian steppes,
ropose possible frameworks of ecologxcal models that
describe SOM dynamics after influence of agrlcultural

_ practices, and discuss land use strategy that can satisfy both
_the requ1rernents from the viewpoints of agrrcultural
, productlon and envrronmental soundness in post—Sov1et

period. '

In the following chapters studies relatmg SOM

dynarrucs in each region of Ukraine and Kazakhstan will be
fpresented in Chapters 2 to 6 and Chapters 7 to 12,
espectively. Then the quality of different steppes will be

~ compared in Chapters 13 to 17 and necessary factors that
should be taken into consrderatlon in SOM dynarmcs model ‘

. w1ll be clarlﬁed
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o Ch’apter’ 2

haracterlstlcs of s01ls 1n Ukrame and thelr class1ficat1on Wlth speclal reference to dynamlcs of

sml orgamc matter actual pr

pem of fundamental and : 'pplled s01l sc1ences

rkolar\Ivanovmh Polupan

uras1an steppe zone in central Europe is distributed
nlarly and occupres the river valleys of Morava, Vltava
aba, as well as the vast plalns of Mld-German low hﬂls

he outheastern part itlaysasa large contmuous massive

in Lower-Danube lowland and in the west - within the
ystem of Middle Danube lowlands Eurasian steppes
nuously spread from the western border of Ukralne,

luding Moldova, through Northern Caucasus Lower :

ga' southern Ural, Kazakhstan, Mongoha and southern
1ber1a to northern China. Total surface area of Eurasran
ppe is about 700x10° ha. e

ds with predommated steppe commumtles which ,

: predommantly of perennial m1crotherrmc xerophytic
frost and drought-res1stant) grassy plants (mostly caespztose
mmeous) (Kononova, 1968) fall into the. zone In addition
e"steppe zone itself, a part of forest-steppe is included

ince in the latter the steppes occupled up to 40 50% :

f total area in the past (Lavrenko 1956). ,
- Formation of steppe landscapes is conditioned mainly
climate and first of all by water insufficiency, whereas in

e foreSt-steppeﬁ' physico-geographical zone, which receives
ore water, it is conditioned by a geomorphologic factor,
amely by the poor dralna’ge of the territory. In the sufﬁciently
10istened central Europe steppe complexes correspond tof‘:k
1e location of loess insular where steppe relicts such as Stzpa ‘
capillata is present (Shlshov etal,, 1985). Aside ﬁom nature o
of soil formatlon in some places, formation of steppe :

andscapes is related to a local climate dev1at10n So,

i’Magdeburg low hllls are located in a ramy shadow west of

~the Garts mountam range.

A unique characterlsnc of steppe ecosystems unhke :

forest ecosystems is that they are[' ‘an. unstable state of

balance and are very

deﬁmency of water and inf

and fire. Unhke forests where accumulatlon of blomass
prevails falls, in steppes about 80% of biomass annually dies
offand is qulckly mmerahzed whlch spec1ﬁes the elemental .

cyclmg and formatron of or1g1nal soﬂs o
Accordmg to the contemporary concepts, steppes are a

k particular type of environment within the sub-boreal physico-

amic. They are formed under
ence of penodlc anlmal grazing -

‘geographrcal belt (Kononova 1968; Ponomareva and

Nikolaeva, 1965; Chesnyak et al, 1983)? 'Steppe landscapes
are characterized with sub-humid or semk arid climate (Berg,
1952 Budyko 1965), predomma ‘ of gr‘ 1ssy vegetation,

 absence of forests mwatersheds and presence of Chernozems
and Chestnut soils. R o ;

* Sub-boreal steppe regrons are nghteously called the mam
granary of the mankind. Proportio ed |

of] plough ands reaches
30% i in average, 70% for Cherno, anc

0% for Chestnut
soils. It follows that soil formmg process on most of the
temtory, which is the most nnportant vart of the zone, takes

‘place not under natural vegetat1on bu
‘ecosystems that is absolutely n 'ade ate to the orlgmal
'v1rg1n steppes : . S

‘ Orgamc matter isa mam, the most act1ve and powerful
factor in so1l formation and soil fertlhty This is because the

: dlﬁerent l1fe forms serv -
~ same time. The “last” means that they ontam the main

~ nitrogen stock, nearly half of phos‘horus srgmﬁcant parts
- of sulphur and other macro- and mlcronutrlents ‘During

. nnnerahzatl on of hum1c materlals the nutrrtlonal elements
: are gradually released into. plant ava11ab1e forms. In addition,

quality and quantlty of so1l organic ‘matter (SOM) influences
a number of 1mportant agronom1c properties of soils, e.g.
water-phy51cal physico-chemical, etc. Also, SOM directly

’k mﬂuences growth and development of plants.

Quantity of humus in steppe soils is determined by
hydrothermal conditions of vegetatiy d, represented
; (HTC), partlcle size

:d1st1'1butlon amount and assnmla on of pre01p1tat10n during
cold period (Table 2D . .
Due toan enormous extens1on ﬁ'om west to east and

' from north to south, Eura51an steppe: are characterized with

a great variety of morsture condmons as well as of soil
particle-size dlStl‘Ibutlon,,Wthh: are naturally reflected in the
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geography of dynamics of SOM content. It is necessaryto
- is no umque oplmon about the
spatlal regularlty of the stepp k The most spread statement 1s, '
that quantlty of humus in soils of Chernozems area increases :

pomt out that today the

from west to east due to the increase of climate contmentahty .

in this direction. This statement is based on the study of V.V.
Dokuchaev and is presented on the map of European part of
,Rnssia in the monograph;“Russiaanhernozem’f’ (Dolcuchaeyf;
shown in Fig. 2.1) as the isohumus stripes. This is the first
‘and the laSt generalizing work that covers a huge region
Many researchers consider Dokluchaev s data on humus
content as a benchmark that can serve as a source When
studymg evolut1on of humus i in agro- ecosystems However
discussion about the mﬂuence of clnnate contlnentahty upon
humus accumulatlon and on the validity of humus content
;data in chernozems is arguable According to our analysrs
soil samples that are taken for determmatlon of humus
contents are often not comparable due to dlfferent thlckness
~of humus horlzon ther" fore the results are also not
kcomparable in many points. And the main pomt is that

‘kpart1c1e.-r,s1ze distributic aken into account because

lss' cat1on and no methods

ze d1str1but1on
the steppe shows

that in its western region there is a predominance of light-
~ middle loam types, 1n the central heavy loam -and in Ural
reg1on middle clay types Chernozems thh similar particle-

size distribution within the whole zone are charactenzed with

lms"rgmﬁcant deviation in the humus content (Table 2.2).

There is no published information concerning the
regularity;,of spatial distrpibution in the humus content in soils
of Asian partofthe steppe that occupies more than 2/3 of
European zone. This is due to the absence of summarizing
works on soil characteristics in this region though there are

enough numbers kof pub‘hshed‘ monographs on some of its

In order to reveal more clearly the most nnportant genetrc
propert1es and regularities of ,dtstnbutlon of these soils on

: the basrs of natural dlver k ty, systemat1zat10n of soil

characteristics of European steppe i relation to physico-

: geographlc regions is in urgent necessrty ThlS requn:es

development of soil-ecological zonation using quant1tat1ve

criteria of allocation of terrltonal units. Herewrth a special

attentlon should be given to reveahng the regular1t1es of

spatial distribution of SOM as well as to determining factors
of that regulation. It is getting more important to solve the
problem of evolutlony of orgamc ‘matter m agro-ecosystems,

because large areas ofsteppesoils are beking‘;used as ploughed

field.

 Table 2.1. Humus content in. Ap horizon of Chernozems depending on hydrothermal coefficients
~ of warm period, amount of rainfall and its assimilation during cold periods and partlcle size
dlstr1but1on (Polupan etal., 2001)

Hidro-thermal

:kkT‘ype of  coefficient (HTC)

' Rainfall

Particle size . -

 Depthof distribution :

Chernozems XI-III

VIIHIX
(mm)

V=VIL

Assimilation . (cm)
(%) : (%)

soil profile =———— Humus
<001 mm <0001 content (%)
mm (%) i

 120-140

1"

Typicalk 1 ‘ 3 k:O,.77k
140-160
- 160-180
120-140

~ 140-160
120-140
© 140-160
- 120-140

L

160-180

11120-140
140-160

120-140.

. Southern' =~

120-130 6343 4342
125-135 5582 36xl
130-140 333 2243
115-125  54%2 3442
115-125 654 4043
150-160 304 1943
HEIRLCEUTY B gy
130-140  37£2 21%4 5.
130-140  43%2 2244

80-90 57+5 3743
- 85-95 S4x4 0 3243
105-115 . - 632~ 3243
110-120 57%2 3743
100-110 .~ 555 364
- 95-105 65+3 40£3
120-130  64+1 - 38+3

65-75 5341 313

- 70-80  56%1 3652
6575 6242 413
80-90 5742 363
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- Since the early period of genetic soil science, discussion
about our attitude to humus has been continuing. It had started
from the time of Dokuchaev-Kostychev. Dokuchaev
_considered that humus must be preserved in soils, while

stychev was a supporter of the idea that humus must be
included into general cycles in order to receive as much

“active capital” as possible that allows to apply “more capital

goods not only. for supporting soil fertility but also for
increasing it” (Kostychev, 1951). =

- Today soil science possesses enough data to prove that
almost everywhere loss of soil humus is observed due to
plowing of sdils under extensive agricultural practices. The
rate of humus loss in soils in first years after reclamation is
more significant, following decrease of loss until humus

‘Table 2.2. Humus content in 0-30 cm layer in Typical chernozems under relatively =
similar particle-size dlstnbutlon in the regions w1th different climate contmentahty

Sltes

~ : , Frunzovka
- Inde;; : L o (Odessa:
‘region)

Kharkov. -~ Kursk" LipetSk T Sarans

' (Afanasieva; © (Akhtyrtsev: (Kolos, 1978) = =
1966) and Sushko,
: ‘ 1983

 Averagrmonthly  January  -4.0
temperature °C)  July = 20.4
Clay content (%) = - 632
HTCyx 00911
Humus content (%) 6.3+0.3

75 -8.8 -10,3
203 199 198
632 530 0 60x2
0911 1112  L112
6.2+0.3 5.8 6.4£0.3

ﬂ

Flgure 2.1. Isohumus map of Russmn chernozems (Dokuchaev 1883).
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content is nearly stabilized but on a low level.

- As mentioned above, data on humus content of V.V.
Dokuchaev of chernozems of European part of former Soviet
“Union has been considered as a benchmark by many scientists
and, therefore, there was an attempt to calculate the amount
of losses of humus stock from the plow layer during 100
years (Fig. 2.2; Table 2:3).~*Ihelo’sses‘ are huge and amounted
20-69% of the initial contents. The isohumus stripes of
Dokuchaev were significantly transformed.

It is not reasonable to cnt1c1ze the data of Dokuchaev
because it was the ﬁrst attempt ever. However data onhumus

in Fig. 2.2 need some comments. First of all they do not
reflect the type of soil formation; hydrothermal regime and
particle size distribution that all together regulate parameters

of humus accumulation. As far as discussing for Ukraine,
there is no clear point why in northern part soils have 0.5- :
2% humus in plow layer, then 2-3% and in most of the parts =

4-7%:. Generally, data pre‘senting on Ukraine do not show

spatial distribution pattern of humus content that is actually
observed. This is the same for the rest of the territory.
According to some authors humus losses for long period in
Chernozems reach 4-41% of the initial stock (Afanasieva,
1966; Aderikhin, 1964; Gusev and Kolesnichenko, 1958;
Kononova, 1968; Polupan et al., 2001), in Dark chestnut
soils = 0-40% (Lavrenko and Prozorski, 1935; Sochaeva,
1970; Kolos, 1978). Such large ranges of changes in humus
contents when using soils for agriculture should be drawn

 attention. This is partlally caused by methodlcal errors when
: measurmg the humus losses. Parameters for correction on
~ the changes of humus contents under different land use and

soil meliorations can be obtained under the condition of
preciseideterminatio‘n of genetic properties of the.compared *
pairs of soils, adequacy of the content of fine particle-size
fractions of the soils and param € s‘ of profile thickness; as
well as water supplying properties mamly due to topographlc

‘ factors (Polupan etal., 2001)

Figure 2.2. Schematic: map of the humus content in surface soils of chernozem region in 1960-1980.
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~Today it is well known that determination of genetic

status of soil only based on. morphology; of soil profile does

not ensure its identification. This is why in soil science there
has been a search for quantitative criteria of determination

of genetic attribute of soil. Humus as an index of ecological/

genetic status of soil is one of the perspective approaches in
this direction (Laktionov et al., 1982). - : ,
Every type of soil formation together with the
combination of genetic horizons is characterized with
k distribution pattern and contents of humus in the profile (Fig.
2.3). It is necessary to point out the presence of subjectivism
_ in field observation such as determination of genetic horizons
_or qualitative morphological properties due to influence of
many factors that cannot always be controlled. On the
contrary, the quantity of humus in a profile can be measured
and practically fixed constant. Every fype of soil is
characterized with certain parameters of humus

accumulationf. Its reflection is represented by the following
factors: the coefficient of proﬁlehumus accumulation
(CPHA) and the coefficient of profile humus content (CPHC).
The first is the ratio between the quantities of humus in soil
profile and the: quantity of physical clay (<.0.01 mm); the
second is the humus content at a certain profile thickness
and equals to CPHA times profile thickness in cm.

- These factors are in itself practically the same, but they
complement each other; CPHC more elsearkly and
quantitatively reflects the genetic propertiesaof, SOM-profile

‘and whole typology of soil attribute (Table 2.4).

Soil is.a function of ecolo gical condltlons in its
formation: This is the main paradigm of genetlc soil science
that is recognized worldwide. Therefore, soil, as a natural-
historical body and a product of human activity as well as
the main field of agricultufal production, cannot be separated
from the geographical conditions of its formation. This

,able 2 3. Changes of humus content and 1ts losses in plow layer (0- SOcm) of Chemozems of European part of former Soviet

mon for 100 years.

V'Content and ywhole stock of humus

Humus loss for . Percentage of humus

Sub-types of" :

i 1881
chernozems - Reglon~ e - 881

1981 100 years (Mg *-ual humus loss

" loss against initial
Mgty o 20 B

- — — - - SR : 0,
)  Mghah) ) (Mghah ) stack ()"

300-390 . - 7-10
221-315 4.7
231-330 4.7
221-315 4T
126-221. .. 24
390-480 8-10
270-330 6-8
390-480 417

Tambov and Voronezh .. 10-13
Kursk and Kharkov 7-10
Staviopol - S7A10
Voronezh S T-10

Moldova : 4-7

Kuibushev 13-16
Orenburg : 9-11
Ul’yanovsk 13-16

210-300 90
142248
150263
150-263

0.9-0.9 . 2330
0.7-0.8 21-36
0.7-0.8 20-34

0507 1732

75-150 0.5-0.7 3240

240-300 1.5-18 3839
180-240 0.9 27:33
120-210 2.7 56-69

"Leached

Ordinary
 Ordinary

Typical

Ordinary

_ Leached

. Fodrolized |
zolizedsoil cherno: .

0 1234%1 u«ss:.'

- L‘ight-g?wif Gy Darkegray pod-

forest soil

0!23%

forest soil

g 12%

: Figure~2.3.~Humus contents in different typesofChernOzems.~
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functional dependence of genesis and soil properties on
factors of soil formation is the main law of soil formation,

which lays in unity of soils and environment. This law came

in soil science as a teaching framework of soil zones. Hence
in soil classification zonal principles must be fully used.

The reflection of genetic attributes of soil as a function
of ecological conditions is the soil profile. Genetic status of
soil is determined depending on its construction of genetic
horizons. Today, diagnosis based on qualitative combination
of genetic horizons in profile is given to priority, irreplaceable

and recognizable worldwide. This is the fundamental basis :

on which soil classification is constructed. The classification
where the above-mentioned points of genetic soil science
are not reflected is artificial but not of natural construction.

In field conditions at zonal aspect every type of soil
formation is diagnosed‘based on genetic horizons and is

quantified using the parameters of mtensny of humus

accumulation.
The structure of soil cover in zones is dlfferentlated mto
regional sub-zones‘ where either certain types of soil

- formation predominate or they are characterized by different

appearanceskof humus accumulatmn In Ukrame in the
T teppe zone there are allocated 6 sub-zones, in the

Typlcal steppe zone - 4 and in the Dry steppe zone -2

' (Polupan etal, 2002).
Therefore as a basis ;or subtype d1fferent1at10n of soils
using field diagnostic morphologwal/genetlc propert1es

mten51ty of humus accumulatlon in upperk 0 30 cm layer, that

is, the coefficient of relative accumulation of humus (CRAH)
is taken. It is a ratio between humus content in 0-30 cm and
quantity of physical clay. A close relationship between the
values of CRAH and HTCy,x is determinéd; i.e. R=0.91-
0.92 for Chestnut, Dark chestnut, Dark-grey podzolized and
Grey forest soils, R=0.94 for Podzolized chernozem, R=0.97-
0.98 for Southern, Ordinary and Typical chernozems, and
R=0.71 for Light-grey forest soil (Fig. 2.4). ,
For each type of soil formation corresponding sub-
typical gradations of CRAH are developed (Table 2.5). It is
necessary to point out that gradation of CRAH within each
sub-zone does not coincide among:dlfferent types of soil
formation. For example, among sub-zones in the Forest-
steppe zone with HTCy. of 1.40-1.48, the intensity of humus
accumulation is very high (1.40-1.45) in Typical chernozems,
high (1.03-1.07) in Podzolized chernozems, moderately high
(0.88-0.92) in Dark-grey podzolized soils, medium (0.71-
0.74) in Grey forest soils , and poorly moderate (0.64-0. 67)
in Light-grey forest soils. This is the reflection of dlfferent
characters of carbon cycling in these ecosystems ‘ '
An unportant characteristic of soil is its humus content
Tts absolute parameter is determined by the intensity of humus
accumulation under a given partlcle-51ze composition. For
example, at the same Forest-steppe zone upon 26-30% of -
‘physical clay, Typical chernozems contain 3.6-4.4% of
humus, POdzolized chernozems - 2.7 -3;2%, Dark-gray
podzolized soils - 2.3-2.8%, Grey forest soils - 1.82:2%
 and Light-grey forest soils - 1.7-2“,0%.‘Hence, particle size

Table 2 4. D1agnost1c factors of zonal types of soil formatlon

‘Profile thickness
~ (em)

Soil types

Diagnostic factors

CPHA CPHC

Sod-podzolic soil
Sod-podzolized soil
_ Sod-gleyed soil -
. Brown-earth ~
Brown-earth forest (podzohzed) soil
Brown-earth podzohc surface—gleyed soil

o410
-80-100

10.02-0.04 24
0.04-0.07 47
0.08-0.11 8-11
0.21-0.34 1527
0.05-0.26 425
0.02:0.04 2.4

90-110

60-90
70-110
80-100

110-140
110-140

-~ 110-140
110-140

120-150
70-130
55-75
60-70
55-65
50-60°

- Light-grey forest
. Greyforestsoil
Dark-grey podzolized soil
Podzolized chernozem
~ Typical chernozem
‘Ordinary chernozem
- Southern chernozem
Dark chestnut soil
Chestnut soil
Solonetzic chestnut soil

0.015-002 153
0.02:0.03 24
0.03-0.045 46
0.05-0.065 7-8
0066-0075 810
0.055-0.065 48
0.045-0.055 34
0.035:0.045 2530
0.03-0.035 1525
0.02-0.03 12
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composition, or soil texture, is laid in the basis of
differentiation of each subtype of soﬂs into typologlcal sortmg
level (Table 2.6). ; i ; char

‘Hydrothermal properties of warm period fully
? characterlze parameters of relative humus accumulation of
soils on type- and sub-type-levels; while sorts are reflected
by the texture in its absolute values. However, for energy of
soil formation and agronomic potential of lands, water
accumulation during cold period has an important value. It
is determined by absolute quantity of prec1p1tat10n and its

assimilation by soils:

‘The functional: dependence between length of ﬁosty
. perlodt and'assimilation: of precipitation by soils is
established. It is reflected in the thickness of the soil profile,

which usually kvaries,k between 25—200 cm. Analysis of
functional dependence between the profile thickness and the
soil formation within each sort by texture allowed to-develop
natural differentiation of soils based‘ on the parameters of
proﬁle classes (Table 2.7). .

- Every subtype of soil formatlon has ecologlcally-

; determmed ,dlfferentlatlonmproﬁle class based on thickness

of the profile. Within Ukraine, 2 profile classes are
differentiated in the Dry steppe zone and the Southern steppe
sub-zone (belonging to the Typical steppe zone), and 3 profile
classesare in the other sub-zones in the Typlcal steppe zone
and the Forest-steppe zone. -

/Above given parameters of soil dlﬁerentlatlon into the
profile classes in the hierarchical system are typical for plakor

Table 2.5. Differentiation of soil types into subtypes upon humus accumulatlon through CRAH parameters

Soil types

Chemozemhs N ’ : Dark .

" Gradation of humus
accumulation.:

“Dark grey =
podzohzed
soil

Light 'grey Grey forest
“forestsoil  soil

Podzolized Typical

Chestnut
Cosoil

. k chestnut
"Ordinary” Southern ~ ‘soil

Veryhigh e e A

1.07-1.25
1.03-1.07
0.92-1.01 .
0.87-091 <
0.80-0.90

Very good b R Soien
Good. - B 0.92-1.00
. 0.74:090 0.88-0.92
071074 0.77:0.87
0.60-0.69 1 0.71:0.82

Moderately good -
Medium ~ 0.67-0.82
“‘Moderately weak = 0.64-0.67

140-145 o
S 1214137 E

112120 . -

0.98-1.10 -

0.90-097

0.80-080 L
068078 s

Weak. . 0.53-061 055066 063-074 - — - 055066 L oy
Low 0.49-0.52  0.43-0.57 - - - - 045054 -

 Verylow 042051 - o . Bt sl mn

Table 2. 6 Typologlcal sorts of soﬂs usmg
partlcle size dlstrlbutlon ‘

Sorts based on: partlcle- Content of physwal clay

No size composition (< 0:01 mm) (%)

Sandy 0-5
consolidated:sandy 6-10
Lightloamisandy =~ = 10-15
Heavy loamsandy = - 1620 .
Sandy-light loam sandy S 2125
Light loam sandy = 26-30
- Light medium loamy - 31-35
Medium loamy 36-40
Heavy medium loamy 41-45
Light heavy loamy 46-50
Heavy loamy 51-55
Light clayey 56-60
Light medium clayey 61-65
Medium clayey. 66-70
Heavy clayey 71-75
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igure 2.4. Relat10nsh1ps between hydrothermal coefﬁc1ent
HTC) and coefficient of relative accumulation of humus
(CRAH) for different types of soils.
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automorphic conditions. Deviations are derived from
variations in hydromorphic and xeromorphic conditions.

~ Within soil-ecological sub-zones of the Forest-steppe,
Typical steppe and Dry steppe zones of Ukraine, with an
increase in humidity, the values of CRAH are increased by

108-125% relative to background soils, thickness of profile

by 110-130%, and humus content in plow layer up to 105-
'125%. Under lowered humidity all these parameters are
decreased relative to background values; weakly-
‘xeromorphic types have parameters of CRAH 75-90%,
thickness of profile 75-90% and humus 88-92%, respectively;
moderately-xeromorphics of 65-75%, 75-50%, and 65-88%,
respectively; and strongly—xeromorphlcs of 55 65%, 30- 50%,
and 50-65%, respectively.: ‘

On the type level descrlbed above, soils are further
divided depending on the degree of alkalinity, salinity,
‘macadam and stoniness according to quantitative indicators.

Variants reflect change of soil propertles asa result of‘;

their exploitation in agnculture Virgin and cultrvated soils
are divided separately as modal, tamed, eroded, secondary
alkalinized, over-deep plowed, reclaimed, secondary
hydromorphic etc., according to correspending parameters.

Parent rocks are taken into consideration for the litho-

particle-size series.

Approach to soil classmcatlon on the basis ofk

parameterization of their properties and forming conditions
together with indication of their genetic nature can fully
characterize the quahtles of the soils from agro-industrial
viewpoints and allow its utilization in different ways.

Now there should be somethmg said to comment about o
~ selection of criteria for soil classification. Accordlng to

general rules of cIa351ﬁcat10n the selectron of criteria is more
valid when considering collection of numerous characteristics

of the objects: This rule worked in soil science as well

Table 2.7. Differentiatieri df sdils"inte proﬁle class based
on thickness of profile. - : ;

No - Profile thtckness, cm Proﬁle class

<25 e Shallow
HOSHAS - Short
4565 Non-deep:
65-85 Medium-deep
85-105 Moderately deep
105-125 “Deep
125-145  Highly deep
>145 0 Extremely deep

00 3 Oy Ui & W R

(Khvorov and Onokhova, 1969; Fridland, 1982). However,
soil is a specific natural body where properties depend on
causal relationships; and herewith it is desirable to have a
set of independent properties. In 60-80’s so-called
quantitative classification was being developed. Attempt to

find parametric criteria of similarity and difference between

types of soil formation on the basis of formalization of
numerous (30-64) digital values of soil properties was
undertaken: However, this attempt did not work because the
principal of ‘unity of difference’ was unsatisfied. It is
impossible to compare types of soils with different particle-
size composition that determine parameters relating to many
- There is no room for argument about the existence of
close relationships between soil properties,: soil processes,
and factors. This axiom is for genetic soil science. : However,

- nobody succeeded in formalization with general criteria of
_these relatlonshrps using fullfspectrum of data of the triad

(soil propemes-sorl processes—factors) Therefore we started

~ searching prlonty of selected factor parameters in formation
~of zonal types of soﬂs and intensity of its manifestation.

Causal relatronshlps between hydrothermal conditions of
May-September, humus accumulation and type of soil

“formation under a certain part1c1e-s1ze composmon were
; estabhshed i

Therefore humus is cons1dered to be an index of

typological and ecological memory. Its reflection is

manifested in peculiarities of organo-profile and humus
content together with the system of genetie horizons.
Under precise determiﬂation of gerletic status, soil is
characterized by relatively compact parameters indicating
other properties as well to gether with humus content.
Significance of the forthcoming monograph both in
research and agriculttn‘al‘predu‘ction' will increase if
classification of Eurasian steppe soils is developed on the
basis of parameters in hierarchical system of units and is
determined by ecological conditions of formatlon and if

anthropogemc mﬂuence is reflected there.

Thus, creatron of research work “Dynamics of organic
matter in Eurasian Steppe soils” is a claimed task of
contemporary soil science and soil geography. The work must
be based upon generalization of the newest achievements in .
soil genesis, agronomic properties, classification and rational
usage. It must solve the following important problems of
fundamental and applied significance:

- Sorl ecologrcal plottmg based on adequacy of

' parameters of soil propertres and conditions for their
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formation, which in turn are the most important from the
ag nomic point of view. This is fundamental basis that
ences genetrc d1vers1ty of soil cover and its rat10na1

- Soil classification as a determined functional/
ogical construction where every type of soil formation
characterized with certain parametric properties in a system
of hierarchical units, while their deviation depends on
itlons of formation and anthropogenic influences. :
- Characterization of steppe types based on vegetatlon
ver correspondmgly plotted sorl—ecologlcal termtonal units.
Dynamics of organic matter in soils wrth systematic
list of investrgated regions under natural ecosystems and
ntrolling factors.
- Evolutron of organic matter in agro ecosystems of
1 as1an steppes

Emission of carbon dloxrde in natural and agrlcultural

ystems and dynamrcs of organic matter
= Ways for controlhng organlc matter content in zonal
aspect in Eurasian steppes.
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ecologleal zonatlon of Eurasran ste] ppes and SOll elassnficatlon accordlng to quantltatlve

rprmclples selentlfic base for solvmg the problem of sonl orgame matter dynamlcs r

Nikolai Ivanovrch;Polupan

1. Typology of steppes of European part based on
: floristic composition
uring the last century a s1gmﬁcant transformatlon of
re and steppe landscapes took place. Vlrgm steppes are
y reserved only in natural reserves: “M1ha1lovskaya
pe” “Homutovskaya steppe”,
Derkulskaya steppe”, “Streltsovskaya steppe”
aniskaya steppe” and others (Ukrame) Chernozem
erve (Kursk), “Talovskaya steppe Burzhinskaya steppe
Altuarskaya steppe” and others (Russra) They represent
egetatmn associations of the steppe reglons Available vrrgm
astures and hayfields are very much altered by human

“Stone graves”

Vi ies and drffer from the or1gmal vegetation associations.
eserved natural reserves glve mformauon about early
"steppe ecosystems At present their geography was
‘structed with high accuracy based on soil materrals since

an 'vegetatlon have direct correlatlon ‘
Large extension of European steppe zone from west to

t and from north to south conditions var1ab111ty of

lnnatlc characteristics, which has influenced the

haracterlstlcs of dlstrlbutlon of Vegetatlon cover ‘

eadow steppes and steppened meadow as the most

va ’er-res1stant type of steppe landscapes (HTCV_IX of 0.90
48) are spread over the territory of the Forest-steppe -

This type of steppes is combmed with deciduous forests
s attached to low weakly-d1v1ded watersheds (Krasnov
881 Dokuchaev 1891) ' ‘
Composrtlon of | grassy vegetatlon of meadow steppes
and steppened meadows was predommated by turf-cereals
eather'grass (Stzpa capillata and Stzpa stenophylla), tlpchak
Festuca sulcata), tonkonog (Koelerla), myathk (Poa sp.)
others, as well abundant colorful motley grass:
pendula steposa Salvia pratenszs Trzfolzum montanum
many others. In total herbage, motley grass occupy up
0%, with population of more than 200 species of steppe
iations (Keller, 1931). Typical grass for them is sedge
Carex humilis). The surface free from cereals was covered
ith moss (Thuidium abietnum). Vegetation cover was quite
ense, evolution during whole vegetation period Wa‘s uniform,

d therefore,‘ ephemerals were insignificantly present.

Inthe herbage of steppened meadows motley grass andk
rhrzome cereals were predommant while meadow turf cereals
were less, and xerophyte steppe cereals (F. estuca, Stzpa etc.)
occur as admixture. Main place in meadow steppes was
occup1ed by turf cereals (Festuca, Sz‘zpa Koelerza etc ) with
m51grnﬁcant quantity of rhlzome cereals. ‘

Inthe vegetatlon compos1t10n of steppened meadows
and meadow steppes of eastern regions many plants d1sappear
or become rare (Bromus sp., Carex, etc. ), and eastern specres
(Artemzsza armeniaca, A. Latzfolza, etc. ) appear = ‘

In the meadow steppes of humid chmate of Central
Europe many spec1es that was observed in East—European
steppes were lacking (Plantago urvzlleana valiria rossica,
Salvia nutaus, etc. ), but alplne elements such as Sesleria
coerulea Saxzﬁ*aga aizoon, Daphne cneorum etc. could be
found, as well as sub-mediterranean spec1es such as orchlds
etc. (Valter 197 5) ‘

 Inthe Typ1ca1 steppe zone that occupies vast territories
of Eastern Europe and also in lowlands of middle and lower
Danube in southeastern Europe vegetatron cover was more
represented by xerophytes due to dry climate, which led to

increase of quantity of turf cereals and decrease of water

resistance rhizome cereals and sedges The period of “half-

‘hibernation” that falls i 1n mlddle summer appears in the

evolution of typlcal steppes when the herbage was more
rarefied; therefore the quantlty of ephemerals mcreased in
the vegetatlon composrtlon ' ‘ ‘
Unequal moisture conditions due to vast extension of
steppe from north to south conditioned formatlon of
Vegetatron cover where motley-tlpchak-feathergrass, t1pchak-

‘feathergrass ‘and wormwood—tlpchek-feathergrass steppes

were predominant.

Motley-ﬁpchak—feathergr_’ass jcmrcal stepp is extended k

in northern part of the Typlcal steppe zone with HTCVIX of

0.61-0.89. It extends contmuously from Bud apest through

Danube valley across southern part of oldova t1ll Ural,
and occuples southern part of Crimea and Pj re -Caucasus
because here reverse latltudlnal zonahty 1s‘ observed. In the
last region they occupy almost whole Kuban-Azov plam

Vegetat1on cover of thls steppe was dommated w1th
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narrow leaved turf cereals: Stipa capillata, S. stenophylla,

S. rubens, S. Iessmgzana S. ucrainica, Festuca sulcata,

Koeliria graczlzs, Avena desertorum etc wrth rmxture of
motley grass: - Adonis wolgenszs ‘Grambe tatarica, Staz‘zcek*
latifolia, Salvia nutans, etc. Following species are also found:
steppe brushwoods of blackthorn (Prunus spinosa), steppe

cherry (Prunus chamaecerasus), almond (Amygqlus)? etc.,
on the slopes of gullies - bairak oak forests

In eastern part many of plant specres drsappear
: ephemerals become few, whrle new species characteristics
for Kazakhstan and Siberian steppes appear. Based on this
Lavrenko (1956) distinguishes,mot}ey-tipchak—feathergrass

steppes of eastern bank Volga into independent Volga-‘

Kazakhstan province.
In western part of motley—t1pchak—feathergrass steppes
herbage contains large ‘weight of Medrterranean and

Pannonian species. They penetrated into southeastern Europe

from Balkan peninsula, and include: Quercus pubescens,
Coronilla emerus, Amelanchier ovalzs and many others.
According to Shabanova (1972), among cereals palearctic
cerealsyoccupy 26.9%, Mediterranean 26.2%, Pontic 16.7%,
,golarc‘tic 14 3%, European,S.S,%, su‘b‘arcti_c‘4~.7% and
cosmopohtan 2.4%.

, Trpchak feathergrass steppe extends only in Eastern
Europe over three regions: Black Sea coast, Caucasus-Lower
Don and eastern bank of Volga. It was characteriZed With
domination of xerophile dense-turf cereals (Stipq, F éstuca,
Koeleria, etc.). Motley grass is represented by more
xerophyle species: Linosyris villosa, Statice, Galium, etc.

Characteristic features of this steppe was the presehce,of
ephemerals that occupy free spots among main components:

Tulipa, Gagea pusilla, Veronica;verna,Allyssum minimum,
Erophila verna, etc. Aboveground litter contained many

: lichens:and blue-greenalgae. Inl92’3, tbtal‘ly‘36k'5; species of
- plants were found in Askania ysteppeks(Pachoski, 1923), while
atpresent there are 47 8 plant species (Vedenkov_an‘d

Drogobych, 1998). Stipa ucrqinicas‘disappears from Volga
steppes, but Stipa rubens, S. sareptana and S. korshinski
appear.

Wormwood-trpchak—feathergrass stepp is typlcal for
s the Dry steppe zone and is extended along the coast of Sivash
in Ukraine, on eastern Caucasus-Low Don sections and Volga
coast. Major difference between the trpchak feathergrass and
this steppes is the presence of srgmﬁcant quantity of xerophile

semi brushes in the latter: Artemisia taurica, A.
boschnzckmna Agropyron pectmzforme Poa angustzfolza
Artemzsza incana and, east from Don, Kochia prostrata,

- Camforos ma monspeliacum, etc. This steppe is abundant in
ephemerals and there are many lichens and blue- -green algae.

In southern part of tlpchak-feathergrass and especially

i worrnwood—trpchak—feathergrass steppe, steppened—desert
~and desert vegetation cover, which was conditioned by

solonetz and solonchak spots, could be found (Lavrenko and
Prozorovski, 1939). e .

On solonetz sorls together wrth turf cereals there isa
significant amount of subshrub wormwood (4rtemisia
maritima) and subshrub prutnyak (Kochia prostrata), or they
dominate 1n yegetative cover. On solonchak soils there are

: halophyte subshrubs: Obiona verrucifera, 'Halocne!mum

sz‘robzlaceum etc. s s S
Beside zonal (chrnatrc) d1strrbut1on of vegetatron cover

: kof steppes_descrrbedaboye, hthofchemrcal composition of

soils,:different forms of macro- ,and,mesos-reliefy, and/or
hydrological conditions also exerted an inﬂuence‘on its
specific diversity. On stony and macadam soils on eluvium
of hard rocks, petrophyte (stony) steppes Wlth rarefied
herbage were formed. Besrde turf cereals, petrophrle species ‘
such as Oposma stellatum Teucrium, Achillea nobilis,
Sadum, helranthemum, etc. Weretyprcal for the stony steppes.
~ OnDonetsk kryazh that isfsfrtuatedinthe typical motley-
ti’pchak-s’feathergrass steppe _zone due to speciﬁc kmoﬂisture
conditions,flarge quantityrcf :plant species,of the ‘m‘eadow
steppes were observed; this is the; reason why many botanists
consider it belonging to the Forestesteppe zone although in
fact this is Typrcal steppe zone. Therefore, ﬂora of higher
plants here counted 422 specres (Beregovor et al., 1972)
In zone of trpchak-feathergrass and wormwood-trpchak—

s‘feathergrass steppes on plains of non-drained or weakly-

drained territories, “pods’s’ (‘‘estuaries’ ) can be found which
are vast (till 16 km in diameter) shallow (O 5-20 m) locked
depressions that serve as an accumulator of surface flow
water; therefore, usually i 1n spring, they are sporadlcally
ﬂooded with water: Therefore, therr vegetation cover is very
dynamrc | ’s : g

In pods wrth deep ground waters in dry years, when

they were not flooded for many years, steppe and meadow
_vegetatron grows: Festuca sulcata Falcria rivini, Statzce

tatarzca Galium pedemontanum Agropyron pseudocaeszum

‘Alopecurus pratensis, Carex praecox, Inula britannica, Vicia

‘vzllosa V. hzrsute, etc
During flood, steppe elements of Vegetatron drsappear

'and typical rneadow and marshy plants cover the pods:

Botomus umbellatus Carex gracilis, Eleocharis mamzllata
Phalacrachena znulozdes Prumex crispuc, Phlomis
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uberosa, etc. (Korotkov, 1957; Lavrenko and Prozorovski,
1939; Pachoski, 1923; Shalyt, 1930).
- For ‘pods’ with shallow strongly mineralized ground

water and strongly salinized soils solonchak, following k
vegetation is typical: Salicorniah“eyrbaceya, Statice caspia,
S. meyerri, Holocemum strobilaceum, Artemisia salsoloids, .

etc. (Bilik, 1963; Shalyt, 1949).
Steppe regions are also characterrzed by the existence

f meadows attached to river flood-lands. Duranon of high

rater, level of moistening and salinity of soil determine their
getatlon composrtlon

In the driest parts of ﬂood—lands that predommantly

onsist of sandy soils, rarefied grass vegetatlon that consists

of Agrostzs Phleum phleozdes Festuca ovma etc is
common. On the most part of ﬂood-lands with short-ﬂood;

regime (sprmg tide is less than 20 days) of small rivers and
in central part of flood-lands with middle-flood regime (tide
s 25-30 days) of middle and large rivers, the typical (moist)
meadows are common that predominantly contain cereals:
Alopecurus, Poa‘prafehsis, P. palustris, and also legumes:
k ifolium pratense, Vicia cracca, etc. y

_ Differences due to salinity of the typical steppes are

observed in southern part of flood-lands of the steppe. In the

composmon of vegetatron cover halophyte cereals are
predommant Atropzs marztzme A. convoluta and Agropyron

orientale, as well solonchak sedge and motley—grass Aster
tripolium, Statice trzpolzum etc.

- Wet (marshy) meadows are located at near—terrace parts
of flood-lands. Typlcal,plant species for these meadows are :
Agrosis sto‘lon‘;']"éra; Beckmannia, Glyceriq," Cdrex,' Runux r
crispus, Phragmites communis, Scirpus, etc. The latter plants
are also typical for lower flows of large rivers (Danube,

Dnieper, Dniestr, Kuban, etc.) with long flood-land regime
(50-60 days). There, three types of vegetation could be found.

- marztzmus and Juncus maritimus are predommate

The main regularity of vegetation drstrrbutron is closely ‘

related to geography of soil cover of the steppe region.
ccordmg to reference sources Leached chernozems are

edommanﬂy formed under the steppened meadows, Typlcal

chernozems are under the meadow steppes, Ordinary

lernozems are under the motley—tlpchak feathergrass .
Southern chernozems are under the trpchak-feathergrass and

Chestnut soils are under the tlpchak -feathergrass- chestnut

steppes respect1ve1y On ﬂood-lands of riverbeds Alluv1a1~

turf soils were formed, under the true meadows Alluv1a1
. meadow soils, in southern part of the steppe their salty types

 Productivity of aboveground biomass i

steppes are also worth attention. In

and on waterlogged meadows ~ Alluvial meadow-marshy and
Marshy soils.

3.2. Productrvrty, relatronshlp between aboveground and
belowground blomass, and humus accumulatlon in
‘the steppes soils :

Individual steppe ecosystems are character1zed ‘with
different ratio of root to aboveground bromass it increases
from north to south. It is equal to 2-3, 4- 5, -and 6-10 in the
steppened meadows and the meadow steppes the typical
motely—tlpchak feathergrass steppes, and the tipchak-
feathergrass and the worrnwood—tlpchak-feathergrass steppes,

- respectively (Rodln and Bazilevich, 1965) In the same

drrectlon quantrty of aboveground blomass decreases
8.3, 1.0-3.2, 0.8-
2.4, and 0.3-2.5 Mg ha’! for the meadow steppes (Afanasieva,
1966; Bolotina and Korovikna, 1960; Keller, 1931; Lavrenko
etal., 1955; Rodin and Bazilevich, 1965), the motley-tipchak- -
feathergrass steppes (Kulakov, 1960; Lavrenko et al., 1955;

~ Novopokrovski, 1925 Shalyt, 1950) the tipchak-
feathergrass and the dry wormwood—tlpchak-feathergrass

steppes (Lavrenko et al., 1955; Larin, 1936; Pershina and
Yakovleva, 1960; Shalyt, 1950), respectively.
Large ﬂuctuatlons in product1v1ty within one steppe are

, mamly caused by study condrtmns in meteorologlcally

different years. Accordmg to Korotkov (1957) for example

k‘on the trpchak feathergrass steppes, the product1v1ty of

aboveground biomass was 0.7-2.7 Mg ha'! in droughty years,

kwhereas it reached 4.5-6.2 Mg ha'! in moist years.
,Nevertheless accordmg to the quoted data there i is a clear
- regularity in decrease of aboveground bromass from the
meadow steppes to the dry steppes. However by summarlzmg

numerous data on actual biomass 'of different bwppce, Rodin

 and Bazﬂevwh (1965) pointed out that there was a little
In halophyte types of Waterlogged‘ rrieaddws Scirpus  change ii 1n bromass upon smgle type of steppes since the
: - portion of 1 roots in total stock of blomass increased from north

- tosouth.

The dlstrlbutlon patterns of omass in soils of the

umid meadow
per soil layers,

ot concentration

les are observed.

Annually, in steppened meadows an |

dow steppes 50-

55% of total biomass entered the sorl asa fal] in temperate
droughty and droughty steppes about. 45%, and in dry
~ steppes - about 40% (Rodin and Bazilevich, 1965). In the
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Figure 3.1. Quantity of above- and below-ground blomasses and their distribution along profile-in virgin
_soils; 1: Typical chernozem (Central-chernozem National Reserve), 2: Ordinary chernozem (Khomutovskaya
steppe), 3: Dark chestnut soil (Askania steppe), 4: Solonetzic chestnut soil (Askama steppe), 5: Chestnut
- soil, 6: Light chestnut soil and 7: Solonetmc hght chestnut soil (Afanas1eva, 1966 Totowa 1972 Shalyt, .
-~ .1949; Shalyt, 1950) e s : =

; Orel . Saransk . Ufa . Krasnodar
Altltude 203 m Altitude: 70m Altutude: 197m Altitude: 29 m
CNAAT o L MAT: 3.7°C MAT: 2.8°C . MAT:10.8°C
 MAP:620mm MAP:~789'1nm MAP: 71l mm .

Flgure 3 2 Chmatograms of steppened meadow zones (A) and propert1es of Leached chemozems (B) ;

The values in the upper ﬁgures (A) are: e.g. at Beldy, 27.4 - average temperature of the warmest month; 39.0 - absolute
maximum temperature; -7.9 - average temperature of the coldest month -35 0-- absolute mmlmum temperature, 163 - mean
duration (days) of frost-free period. .

In the upper figures (A), 1 (solid 1; is monthly pre01p1tat1on (1 pomt of scale is 20 mm), ) (dotted hne) is monthly
temperature (1 pomt of scale is 10°C), 3 (area in the ﬁgures) means moistened period in a year; 4 is period of droughts in a
year (but not seen in this region); 5 is the perlod w1th mean dally minimum temperatures of below O°C and 6 is the period with
absolute minimum temperature of below. 0°C. . sk -

~ Inthe lower ﬁgures B), 1 (sohd line) represents humus content in the agncultural soﬂs (w pper scale) 2 shows humus
‘content in virgin land (with upper scale); 3 is pH (H,0) also with upper scale; 4 is CaCOs in % with lower scale; 5 is the
content of particles of < 0.001 mm (with lower scale) 6 is the content of R203, 7 is the content of Si0,; and 8 is sum of
exchangeable Ca?' + Mg2+ : ~ L
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se, green parts of plants predominantly fall, while in
atter cases root biomass is predominantly added to soils

ecomposition rate of plant residues in all the types of
ppe ags after input, but rate of mineralization increases
rds south and as a result amount of residue iriput
eased in this direction. It was 8.0-10.0, 6.0, and 3.0 Mg
k the steppened meadows and the meadow steppes, the
tley-tipchak-feathergrass steppes, and the tipchak-
thergrass steppes, respectively (Afanasieva, 1966; Rodin
d Bazilevich, 1965; Semenova-Tian-Shanskaia, 1960).

' The water-resistant steppesWere characterized with most
¢ biological cycle; 50-60% of mineral elements and
genk;:in biomass annually returned into s0ils;s‘whi1e in

et steppes the ratio fell to 40-45% (Rodmand Bazilevich,

Different product1v1ty of the steppes and espe01a11y

tribution of root biomass in s011 proﬁle was reﬂected in
us accumulatlon and its. d1str1but10n in the proﬁle

Every type of soil is tied up with a certain ecosystem ;
luctivity, which depends on moisture conditions and -

environments of substrates. In steppe ecosystems with

| kk ing similar partlele-sme distribution, the product1v1ty s

Kursk .

Altitude: 225 m
- MAT: 5.4°C

MAP: 761 mm:

- Lyubashovka
Altltude 181 m

decreases as follows: the ameadow,,the motely-tipchak-
feathergrass, the tipchak-feathergrass and the dry wormwood-
tipchak-feathergrass associations. According to references;

- annual productivity of natural vegetation of Typical

chernozems with physical clay of 50-55% and humus content
0f 7.3-7.7% in 0-30 cm layer or 600-650 Mg 4ha71, in humified
layer is 8.4 Mg ha'! in average. Based on our research on
Ordinary chernozems of northern steppe (physical clay 56-

~60%, humus content of 5.7-5.9% in 0-30 cm layer or of 480-

530 Mg ha'! in humified layer), the annual productivity was

6.9 Mg ha''. It was 3.1 Mg ha! in Southern chernozems
 (correspondingly, 56-60%, 3.6-3.8% and 220-240 Mg ha'!),

2.8 Mg ha'! in Dark chestnut soils (56-60%, 3.3-3.5% and
180-220 Mg ha'), and 2.0 Mg ha'! in Chestnut soils (56-

 60%,2.3-2.5% and 140-160 Mg ha") (Polupan and Solovei,

2001). Correlatlons between product, /ity and humus content
in any pair of ecosystems are relatlvely high; indicating a
close relat10nsh1p between soil humus and product1v1ty of

_natural ecosystems. In relatlon to this fact based on soil

humus content, it ~1sfposs1ble topredlct average indexes of
productivity of steppes of dlfferent geographlc regions with
hlgh probablhty

Kazan EE—
Altitude: 113 m
"MAT: 2.8°C = .
MAP: 587 mm

Uluyanosk
Altitude: 170 m
MAT: 3.2°C -
MAP: 548 m

2 46810

EXIZ:RE

Flgure 3 3. Clnnatograms of the meadow steppe zones (A) and propertles of Typlcal chernozems (B)

Legends are same as for Fig. 3.2.
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3.3. Hydrothermal coefflclent, amount of prec:lpxtatlon
* during cold period and its assimilation by soil -
priority criteria of resources of water supply and
‘energy of soil formation '
Today practically nobody disputes that soﬂ science refers

as fundamental science among natural sciences. Its founder

V.V. Dokuchaev as well foresaw it. He noted that on the
beginning stage of its evolution soil science has qualitative

-~ N. L. Polupan

level due to lack of information, but as time passes soil
science becomes exact science. It conditions limit numbers
of quantitative indexes when characterizing different soil
phenomenon and regularity of their development. Such terms
as ‘humid’, ‘more humid’, ‘less humid’ etc. can’t reflect the
precise essence of the subject without parameterlzatlon of

_certain indexes.

~Climate is the most important fa“c‘tb‘r for soil formation

Table 3.1. Dependence of humus accmnﬁlation on hydrothermal' coefficient in steppe soils of Ukrain&

‘ e Riveipitation byl ‘Profile* ‘Physical 7 Humust 70w L
Chernozems . including e e thickness ' clay (<0.01 content.(0- CRAH CPAH stock (Mg ha)
YR TN ovmx ! essimilaed PP (em) mm) 9. 0em) ) ~ .
126136 140140 120-130 140-160 58 TN 140-150 3035 4046 132 0074 468
C 0 1.06-1.16  1.10-1.20 1.00-1.10  120-140 52 I 135145 3035 3541 116 0075 433
Typical 096-1.06 1.00-1.10 091-1.00 140-160 47 I 135-140 3035 3135 101 0071 405
£ 090-0.98 1.00-1.10 0.74-0.80 120-140 65 IV 130-140 5660 5963 105 0067 610
_0.90-0.98  1.00-1.10  0.74-0.80  160-180 47 1 120-130  56-60 5862 103  0.066 580
0.80-0.89 091-1.00 064-0.73 120-140 65 IV 100-110  56-60  54-57 094 0061 490
. 080-089 091-1.00 0.64-0.73 180210 47 I 110-120  56-60 5258 095 = 0.061 500
Ordinary  074.083 081090 0.64-0.73 120-140 65 IV 8595 5660 4851 085 0058 410
0.74-0.83 0.81-0.90 0.64-0.73  120-140 52 I 7585 5660  47-5.1 084  0.058 380
0.74-083 0.81-090 0.64-0.72 140-160 47 I 7585 5660 4851 084 0.058 390
Southern  0.60-0.68 0.74-0.80 0.40-0.49 120-140 80 VI 6575 5660 3133 055 0045 230
_0.64-0.70  0.74-0.80 120-140 65 v 5660 3336 0.053 250

0.50-0.57

Balashov

Voznesensk .
: ~~‘fAlt1tude 157m ;

. Altitude: 32 m
. MAT:85C
MAP 436 mm‘

Buzuluk -
Altitude: 76 m

56-65 06

Gulyai Pole ' ‘
. Altxtude 117 m

: I~Kréénograd
~~,A1t1tude 160m

N
A
™|

bt

i
05060 70%
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nd soil fertility. Analysis of literature sources showed that
yrametric indexes upon characteristics of individual

ories are usually presented in the form of: average annual

ipitation and its monthly dynamics, average air

nperature and its monthly dynamics, average temperature -

e warrnest and coldest months, length of non-frost period,
The maln climate indexes used today are presented as

atogram for some chemozern subtypes from west to cast k
og ther with therr parametrlc characteristics i in Frgs 32,0

In the previous sections we ‘pointed' out that‘existence
the steppes as a natural phenomenon and its typologrcal

i erentiation based on vegetatron composrtlon is
1t10ned by the level of hurnldrty Generally, accordmg

e ﬁgures, we can quahtatwely confirm that the zone of

hed chernozems (Fig. 3.2) is more hurnld than the zone : :
f Typical chernozems (Fig. 3.3); such pattern is also true

Typlcal chernozems when comparmg with Ordlnary '
-hernozems (Frg 3, 4) At the same time, however large -
difference in humidity within each subtype is observed, that -

not expected at first sight. In addition, similar humidity
arameters can be found in all the regrons of the chernozem

ubtypes listed above, which is theoretrcally not acceptable. ‘

ttempt to correlate the climatic indexes with energy of soil

ormation, as in the case of humus accumulation, was not

uccessful. Therefore, it is impossible to correctly' reveal the
eason of organic matter dynamics in soils of steppe zone
ependlng solely on hurn1d1ty conditions. If soil science in

act is a fundamental science, then today based upon the : A :
lrmat1c indexes it is lmp0551ble to precrsely determine =~
~ zones with HTCy,x 1.48-1.84, there are no steppe soils but

arameters of humidity under which one or another soil
ormatlon process develops mcludmg the mtensrty of humus

ccumulat1on The problem can e solved on a quantrtatrve :

We determined that HTCV e amount of precrp1tatron

urmg cold perlod and its assrmrlatron by soﬂ fully reflect
esources of humidity of territories. Consequently, they have
,ery hlgh correlation both with type of soil formation and
umus accumulation as well (R 0.94-0. 98 Table 3.1
olupan et al, 1999).
HTC=X P,/ 2 Tx 10
ere HTC is the hydrothermal coefﬁclent ) Plo is sum of
cipitation for the period when air temperature is above

0°C, and X T is sum of temperature for that period:
 These indexes can be applied when differentiating soil
over into uniformly humid terrltorres (Polupan and Solovel, ‘
xlk997 Polupan, et al.; 2001).

. proportlonal dependence was estabhs'

3.4. Soil-ecological zonation of steppe part of Ukraine

~and pattern of spatlal dynamic of orgamc matter in
the soils

- Main prmc1ple of soil-ecological zonation is: spatial

differentiation of territory into homogeneous natural habitants

of soil cover, components of which have certain

~ morphogenetic parameters because of commonness of

ecologrcal conditions of therr format1on that at the same time
are agronomically important parameters This is a prmc1ple

~of adequacy of soil bodies to the conditions of environment.

- The indexes of climatic conditions for soil formation

are HTCy.1x, amount of precipitation during cold period, and
:  its assimilation by soil, whereas that of sorl character1st1cs is
mamly humus content ‘ ;

The concept of HTC for Ma;
divided into two parts those for May-July and August-

‘September. This was done for pre ,;_se characterization of
, ecologlcal advantages of the terr‘ ories assigned for
r agrrcultural crops with short ve getat1ve perlod and in whole
p for long vegetating crops.

‘Steppe zone of Ukrame is clearly d1v1ded mto 4 soil-

‘ecolog1cal zones; each of them is characterized by inherent
parametersuof hydrothermal COnditions, type of soil
~ formation, and quantitative indices of humu's’ accumulation
_ (Fig. 3.5; Table 3.2).

- Structure of soil cover in the individual zones is
differentiated into regronal sub-zones with predominance of
certain type of soil format1on or with intensity of humus
accumulation due to difference in hydrothermal conditions.
In the moderately humid and humid forest-steppe sub-

- predominantly surface-gleyed Gray forest soils with inclusion
of Dark-grey podzolized soils and Podzolized chernozems.

‘Soil-ecological zones and sub-zones are differentiated

- into phases based on peculiarities of soil formation that were

cond1troned by dlfference in thermal reglme of the cold
perrod In the phase level soils are discriminated by
morphologrcal parameters as a result of different water
regime that is conditioned by thermal regime of cold period.

For example heavy loamy TypiCal chernozems at average
air temperature in Ja anuary -7.0to 8.0°C have thickness of
profile 115- 125 cm, while at -5.6 to -
140 cm under the same soil forming c

°C they have 130-
ndition. An inversely
d between thickness
of soil profile and length of frosty period. There is an almost
linear functional dependence between the frosty period (x)

~and an average temperature of J annary o):
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y=-0.0112x +7.025

This dependence is valid only for plain part of Ukrame
It is divided into 6 phases (see Table 3.1). Correlation
‘between given phases and the assimilation of winter
precipitation is established, and :is expressed for whole
profile. This allowed the development of standards for
absolute absorption of precipitation by soil on the territory
of the phase. s : o ;

Basic umt of so1l cover dlstrlbutlon on rela’uvely
homogeneous territory is province. It is d1stmgulshed within
individual sub-zones and is characterized with the same

indices of both humidity and soil properties. ;

This gives a possibility to establish patteifn of humus
accumulation in soils depending on ecological conditions of
soil formation and to develop their typology based on humus
.content. ,We;d‘eveloped empirical model for determining
humus content steppe soil profiles: ‘ ‘

Y= 9.07X.X; + 0.05X,X;- 4.9X; e
where ¥ is total humus content in soil profile (Mg ha“) X, is

- HTCy.x; X is thickness of humified profile (cm), and X is -

the content of physical clay (%).

Coefﬁmen’c of the multiple regression (R) is 0.96,

Table 3.2. Soﬂ-ecologlcal zones and subzones of steppe soﬂs in Ukrame parameters of thelr hyd;rothermal

condmons, and 1ntens1ty of humus accumulatlon

. Period Tntensity of humus
Y ol ins , _May‘-Jul ' S ANESE I NovMaE: Temperature : é:;?;l]on - acoumulafion .
i e PreeipitatiOri‘ o Precipitation HTC * Precipitation in Jan o (mm) o AH : CRAH
(om) oo e (mm) 0T (mm) ey Foxr
ac ' FOREST-STEPPE ZONE OF TYPICAL CHERNOZEM L
: 165-280 1.00-1.90  75:160 © 0.72-1.70 © 130-220 © -7.9--3.8  450-760 0.066-0.075  0.98-1.45
i : _ FOREST-STEPPE ZONE; SUB-ZONES
SRIDICH e e e i  Forest-steppe; extremely humid Ty Y
235280 1.60-1.90  120-160  140-1.75 140210  -55--38  590-760 . - T TR
HHC-Z L ‘ L e ~ Forest-steppe; very humid k’ , i i
200240 150-160 110120  1.10-130  140-160  -5.5--4.5  560-610  0.066-0.075 140-145
mic3 a8 " ‘Forest-steppe; well- and sufficiently-humid =+~ = o0 ot
S 185:2200 1.20-1.50 . 105-120 - 1.00-1.30° . 120-210 . -7.9--4.5 - :500-590 - 0.066-0.075 =+ 1.21-1.37
- TIIC-4 i el i - Forest-steppe; highly humid T ; e
oo 180-190 - 1.10-1.20 -~ 100-110 - 1.00-1.10 - 120-180 ~7.9--5.6 490-560 0.066-0.075 - 1.12-1.20
IC-5 . . S S : Forest-steppe; humid e ' o ,
180-200 110120  80-100  0.81-1.00 140-180  -79--45 470560  0.066-0.075 105-1.15
EIUTCRe e Sl Forest-steppe; moderately humid : A 0
Megi 165-175 - 1.00-1.10 7590 . - 0.74-1.00 . 120-180 - -7.9--4.5 . .. 450-520 - 0.066-0.075 - 0.98-1.10
e 1 TYPICAL STEPPE ZONE OF ORDINARY CHERNOZEMs:f S S
g 125-175.  0.67-1.00 - 60-90 . 0.42-0.80  120-210 -7.9--0.7 . 370-520 0.055-0.065 . . 0.69-0.97
i S _ STEPPE ZONE; SUB-ZONES
TICC-1 ER S T e i North steppe; msufﬁcwntlyhumd : ; ‘ 5
160175 091-1.00 7090  0.64-0.80 120210  -79-33  440-520  0055-0.065 090-0.97
Iccre2 o ; " 'North-central steppe; moderately droughty : S :
: : 150-165 - . 0.81-0.90 = 65-75 0.64-0.73 ‘1120-210 - -7.9--2.0 400-500 0.055-0.065  0.80-0.89
MCIOI:3 o ~ South-central steppe; droughty el e, o
5 . 140-155 - 0.74-0.81 160-70 - 0.50-0.64 ‘120-‘210 -5.5--0.7  400-460. - 0.055-0.065 - 0.68-0.79
clo ; i e L South steppe moderately dry, typlcal for Southern chernozem i ,
 125-140 067074  55-60 042-0 57 120—160 -4.4--0.7 370-430° - 0.045-0.055  0.55-0.66
cc ... . DRY SEPEPPE ZONE OF CHESTNUT SOIL AND SOLONETZ ; i
. 90-125  0.47-0.70  50-60  0.40-0.50  120-140 -4.4--2 '310- 390 0 035-0.045  0.35-0.53
_ DRY STEPPE ZONE; SUB-ZONES :
HNCCT-1- o Dry steppe; dry, typical for Dark chestnut soil -~ ~ ‘ :
B 103-125 - 0.57-0.70 . 50-60 - 0.40-049.  120-140 = -4.4--2.0 - 340-390. - 0.035-0.045 ..0.45-0.53
TICCK-2 criihaedees Dry steppe very dry, typical for Chestnut soil and Solonetz .. .. o ;
-90-105 . 0.47-0.57 040 049 120-140 :310-345 0.035-0.045 ~ 0.35-0.44

50-60

32--2.0




‘,Charctenstlcs of provmces The combination of
~ numbers in the map represents HT vau’ HTCV“ o
;'Precnpltatmnx,

Degree c',)kf, "oistncss -

aUIBIY() Ul UONEIIISSEID [10S ¢ 1a3dey)

~ ..~ subzone
*eea,.0et . phase
province

. Figure 3.5. Soil-ecological zones of Ukraine divided by hydrothermal conditions, type of soil forméifion, and quantitative kyi:ndi‘ces of humus agcu’mulatioh.
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determination (R?) is 0.92, and standard dev1at10n is+21 parameters increase as winter temperature increases from

Mghatl, = ‘ ~ o very cold to warm due to increase of a581m11at1on of
Verification of the model upon the ac ual data in pre01p1tat10n from se11 surface .

geographical aspect both in Ukraine and in Europe r On :

Russia showed good conformlty to natur g‘realitie‘S' :

d1fference between calculated and actual values of humus k

along with the ir increase in  fine partlcl S ar : Tt k, mount; S m"80 140 Mg ;
humldlty The Iatter besides HTC determmes the veg - heavy xtured estnut medmm-loamy Chestnut llght-
iod ?fyloamy Chestnut and loamy Southern chernozem soﬂs

- well medium my O‘ dmary chernozems in mo1sture-

Preclplt on,
Nov-Mar (mm) =
- a—120—140
. 6—140—160
- B— 16018
- r—180—200

Physical clay (%)

: hlghly - well-and
humid sufficiently- humld
34 28 1as

8686666 Precipxtatmn, Nov-Mar
[T I‘l [ 2 lll il Phase

Fxgure 3.6. Dynamxc of total humus stock in soils of the steppe zones in Ukrame
CH, Solonetzic chestnut soils; K, Chestnut soils; TK ‘Dark chestnut so1ls, Yo, Southern chemozems 1{ o Ordmary
chernozems; and Y T, Typical chernozems :
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cient North steppe sub-zone of the Typical steppe zone,  1.00) is characterized with predominance of loess layer of
ight-loamy Typical chernozems of well-and-sufficiently ~ heavy texture that resulted in ‘a peak’ in humus stock. Well-
id Forest-steppe sub-zone. Humus amounts within the ~ and-sufficiently humid part of the Forest-steppe is

¢ 0f 340-400 and 400-480 Mg ha! are typical for heavy-  characterized with predominance of parent materials of light-
amy and light-clayey Ordinary chernozems of moderately-  and medium-loamy textures; therefore, absolute values of
ghty North-central steppe sub-zone of the Typical steppe humus contents decrease a little. However, in Typical
ne and also upper limit of humus content in heavier-  chernozems of very humid part of the Forest-steppe, humus
«d soils, respectively. Humus amounts of480-540 and ~accumulation reaches its maximum values, i.e. 650 Mg ha.

Mg ha! are the limits for Ordinary chernozems of North ~ Cited patterns of humus accumulation and its standard
pe sub-zone of the Typical steppe zone and for Typical ~ indices are typical for soils of a plateau. However, it is well
rmozems of the Forest-steppe zone, respectively. known that both on slopes and on plateau water supply is
should be emphasized that peculiarities of natural ~ not the same due to different meso- and micro-relief. On

ial of Typical chernozems are correlated both withwide ~ plain watersheds water is redistributed through the system
umidity (HTCy.rx: 0.90-1.45), and with specificity  of negative shallow depressions, while on slopes - through

] flow-forming system of micro-relief; resulting in an

difference in temperature regime, parameters of which

Ie 3.3. Differentiation of soils upon parameters of humus accumulation and thickness of the profile at the same texture

_ Climatic parameters e Humus content Profile ﬂﬁckneSS Humus stock
Temperature o e : : D . stock
— Physical - - Soil - =
précipitation . Of January clay (%) regime**
HTC - duringthe cold ~ (°C) ;
period (mm) k

0.74+0.02 120-140 -6.8...-5.6 - 56-60
~ ‘ 56-60
56-60.

56-60-
56-60 -

51-55

51-55

51-55

-51-55

i o 51:55
19 0.81+0.02 120-140 .. -6.8...-5.6 . 56-60
s ; 56-60
56-60

56-60

56-60

51-55

51-55

51-55

+51-55

: . : . 51-55
0.87+0.02 160-180 -8.0...-6.9  56-60.
56-60

56-60 .

56-60

56-60
51-55.

51-55.
51-55

51-55

51-55

. Amount
of soil*
profiles %)

% of : C%of : % of
background (om) background (Mg ha ) ‘background
45403 100 65%6 100 320 100
52402 .. 115 7743 118 370 115
40£02 - 89 5744 38 250 78
34403 76 5064 - 77 . 173 54
2.7+0.3 60 3543 54 120 38
3.9+0.3 70+5 300
46202 8045 350
3.3£0.3 L 60£5 - 230
2.9+03 5245 150
. 5.0£03 8545 390
5.8+£03 - 1005 460
42+0.4 67+5 280
3.7£02 55+5 200
29403 405 140
44403 9045 375
50 106 430
3.8+0.2 L7044 260
3.4£02 ¢ 50+8 185
28402 4245 130
53303 1055 500
- 5.5%0.2 125+5 580
45403 85410 -~ 370
3.840.2 60+10 250
3404 4555 150
5003 11045 ( 480
54402 13045 ~ 530
42403 85 9010 82 360
3.540.3 70 65£10 59 240
31402 62 48x10 0 44 200

—
W

Bl N WO N kN

—
w

N W N oo N W

o 2

oW N B R e BN e B W e B W = R W N e
ot
~

BN W W 0o W \O

* 1, background; 2, increased 'humidity; 3, weakly-xéromorphic; 4, fnoderately—kerdmoﬁphic; and 5 , strongly-ieromofbhl;c;
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depends on exposition and forms of slopes (Polupan 1998
Polupan et al., 2000). ;

- Five regimes of soxls were: dlscrlmmated relatwe to
background on humus content and thickness of humified
horizon on plateau (Table 3.3; Polupan et al,, 1999).

“The first regime consists of soils analogical to
background soils and they are spread on different locations
of relief, Soils of the second kre‘gime ka1je:s‘kp11e;ad,ind different

depressions of plateau and also in lower parts of slopes that -

receive additional moisture. As a result, they have higher
content of humus in plow layer, i..105-125 % referring to
backg‘round;soils,' and increased thickness of the profile for
10-30%. Therefore, they are attributed to so,ikls,‘,with increased
humidity. The remaining three regimes of soils aré

characterized with decrease of water supply due to location

on slopes of straight and convex forms. They are separated

into weakly-, moderately- and strongly-xeromorphic regimes
by the level of dryness. Weakly-xeromorphics (3rd regime)

are characterized by lowered content of humus in plow layer
by 8-12% relative to background soil and by less thickness
of humified profile by 10-25%, moderately-xeromorphics,
correspondingly, by ;22—35 % and 25-3 0%, strongly-
xeromorphics, 35-50% and 50-70%, respectively.

~ Hence, even Mthinaprovinge humus content is quite
variable. For example, in steppe part of Kharkov region
(province 26, Fig. 3.6), humus stock in plakor Chernozems
of light clay texture is in average ,500:!:5 0 Mg ha'!, which is
within a typological gradation of 480-540 Mg ha™'. Soils of
increased humidity are :charaotorized, by the stock of organic
matter of 580420 Mg ha'!, which is within the gradation of
540-650 Mg ha’l, Weakly-xermorphic Chernozems are in
average 37070 Mg ha'!, which is within the 340-400 Mg
ha’! gradations. Similarly humus g;ontents in moderately-and
strongly-xeromorphic Chernozems are 250+50 and 150+50
Mg ha'!, which are fallen into the 230-280 Mg ha'! and more
minimal gradations, respeotively. Therefore, within one

Table 3 3. Contmued

Chmatlc parametcrs i ‘Temperkature

~Humus content -~ Profile thickness Humus stock

Physical ~ Soil - of soil
o (3 pagiimatk e
clay (%) reg1mek ~ profiles (%)

codé“of'
e - precipitation  of January

0,
during the cold  (°C) % of Yoof

A;of
background (cm) background (Mg ha

) background

 HIC
- period (mm)

56-60
56-60
56-60
56-60
56-60
51-55
51-55
51-55 .
5155
51-55

 140-160  8.0..-69

2 095:002

2650503 100

19 - 5.5£0.3 :100
4 6.3+0.3 115
8 4803 87
4 3.9+04 71
2 32403 58

125¢5 100 565 100
14087 112 650 115
10010 80 430 76
70£10 56 300 53
5048 40 210 37
130%5 100 530

145+5 111 600

105+5 81 420

78+10 60 250

5545 12 200

5 58:03 116
43£03 86
S 36503 72

3.2+0.3 64

ot
W

36 1.02£0.02  160-180  -8.0...-69  56-60
56-60
56-60
56-60
51-55
51:55
51-55
51-55
5155
46-50
46-50
46-50
46-50
46:50
36-40
36:40
36-40
36-40
36-40

- 6.2+0.2
- 7.0£0.4
52+0.4
4.5+03
4.0+0.2
57403
64403
49403
4.3+03
3.7+0.3
151403
5.6£02
41£02 " 80
3.740.2 73
32403 63
4.0£0.2 100
47403 118
32402 80
28402 70
24402 60

12545 100 - 620
14555 ‘ 700
100410 S 480
85+10 320
65+10 250
13045 570
150+10 ‘ 630
1105 400
85£10 300
70£10 230
13545 . 530
1505 11 580
125410 93 380
80410 67 270
75+10 56 200
14010 100 430
150+10 107 - 480
11010 79 300
75+10 54 200
50+10 36 140

[ SIS EEVERE S FRV. N § S 3. 8

ot
8]

By B Oy R W R B W0

* See Fig. 3.6.

**1, background 2, mcreased humldlty, 3 weakly—xeromorphw 4 moderately—xeromonphxc andS strongly—zeromorphlc
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vince on the same-textured parent materials we have
e tiation from typological gradation, which ranges from

50 Mg ha'!, being peculiar for Typical chernozems, to
‘Mg ha’!, that is, parameters for soils on the Dry

Meadowchemozems in the_chernozems (Typical or
inary) zones. Due to additional water supply they are -
erized with increased capacity of biological cycle,
ually 30-50% higher relative to background soils. This was
flected in humus stock. For example, in Southern
nozems with heavy-loamy texture, average humus stock
80-230 Mg ha'!, while in Meadow chernozems it amounts
00 Mg ha'!. In Typical chernozems of medium-loamy
45% of physical clay) under very humid areas, humus
ck reaches 650 Mg ha'!, while in Meadow chernozems
bl
Within each soil- ecologrcal province, ﬂuctuatlons of
tal humus. content in soils, depending on water supply
tive to background soil, are: 130£10% in Meadow
rnozems (or in Meadow chestnut soils), 115+5% under
cased humidity, 100+10% in background soils;: 75+15%
der weakly-xeromorphlc 50£10% under moderately-
0 morphlc and 30+10% under strongly-xeromorphrc
ditions, respectively.

Thus, spatial variation of total content of organic matter

in soils of Ukrainian steppe areas is determined by
comfortability of ecological environment and proportionally
depends on the complex of the factors: content of physical
clay, hydrothermal condition during the warm period, amount
of precipitation doring the cold period (N ovember-March),
and surface properties of soils or water assimilation.
Deviation in thé humus accumulation in soils within a
province is a result of difference in water accumulation due
to additional water supply by Surface; flow or vice versa,
increase of drought due to water loss and exposure effect of
slopes. Gradations of natural potential of humus content
relative to the background, based onxeromorphic levels and
increased hum1d1ty, are developed. Background soils are
divided into 11 classes based on humus stock in the profile.
However, even in the territories of these classes of soils,

differentiation on humus content toward increase and
decrease take a place that is caused by addltlonal moistening

‘and drying.

3.5. Quantitative diagnostics of soil formation type - it is
; promising‘ precise determination of ecological/geneﬁc
~status of soils and their humus stocks

In early stages of soil science; determination of genetic

- properties of soils - was realized only on a basis of

morphological diagnosis. There was no alternative. A detailed
diagnostics of genetic status of soils on morphological
properties were developed (F'ield soil determinant, 1981;

Table 3.4. Ecological/genetic status of Chernozerns of southwestern pan of the Steppe
zone (Moldova) on morphologlcal dragnostrcs and quantrtatrvely corrected criteria.

- Chernozems (12)

Depth

(cm) Leoched

Typical

¥ 2k 2%E px

2%k :

Xerophyte-
forest

’ 1* Qéx

Podzolized

1* i

P
61
61
68
59
59
58

0-30-
130-40
50-60
70-80
90-100
~100-110
110-120

68
64
64
63
65
61

48
39
33
2.5
1.9

65
63
64
58

5.6
44
24
1.2
1.1
L1

68

42
28
1.6
0.9

- 07

62
63
64
64
65
63

e

50 -
32
1.4
1.0
0.8

56
4.1
3.3
24
2.1

11

53
4.6
3.0
1.8
1.0

07

46
i
43
43
46 -

46

- Diagnostic indexes

CPAH
CRAH

0.055
0.71

0.052

0.86 0.71

0.037

0.067
1.15

0056
- 0.87

0.040
0.80

i Ordmary,
medium
weakly-

“accumulative

Ordinary;
““moderately-
accumulative

Genetic
status

Dark gray, medium weakly-
accumulative )

Podzolized;"
moderately-
accumulative

Typical;
highly-
accumulative

_* Physical clay (<0.01 mm) in %.
- ** Humus content (%)




'N. L. Polupan

Classification and diagnosis of USSR soils, 1977;
Classification of USSR soils, 2000). It is'necessary to note
that to correctly determine diagnostic properties in field
condition is very difficult because their status depends on
many factors that cannot be taken into account. Therefore,
in practice it results in errors in determination of genetic
properties of soils. This is represented in discrepancy of
parametric characterization of given genetic types’,VWhen
originally different soils have the same quantitative properties
or vice versa, in spite of sumlarlty in gene51s soﬂs have
different properties. : :

In Ukraine, two tours of large-scale soﬂ ‘survey were
conducted. Its analysis based on quantitative criteria of
dlagnostlcs showed that actual consistency of soil cover
structure on large- scale (1 10,000 and 1:25,000) maps is 30-

50% (Polupan and Solovei, 1998). This is typical not only
for Ukraine. Let us show discrepancy between genetic
properties of soils based on morphological determination and
those based on detailed quantitative parameters of dlagnostlc
- properties in regional aspect. '

‘We shall discuss southwestern part of* steppe zone using
the data of I.A. Krupennikov “Chernozems of Moldova”
'(Krupennikov,, 1974). Table 3.4 shows significant divergence
in ecological/genetic prOpérties of soils on two methods of
‘determination. Typical and Leached chernozems as the

Forest-steppe individuals (classified in the upper) in fact are
the North-steppe types of the Ordinary chernozems according
to quantitative parameters (lower). This is confirmed not only
by quantitative characteristics but also by the presence of
“white ejres” in parent materials and by forms of carbonates
typical for the soils in the Typical steppe zone (Field soil
determinant, 1981). The same type of parametric humus
profile both in the average and maximum/minimum deviation
after statistical calculation of data 310 and 318 presented in
the monograph indicates that; the Typical and Leached
chernozems actually belongs to one category of Ordmary
chernozems. « - ; il
Leachedvchernozems'aS“representatives of the Forest-
steppe refuge correspond to their group or to the Ordinary
chernozems. And xerophyte-forest chemozems in fact are
Typical chernozems. ‘ ‘ ‘

- Very large discrepancy between typological
classifications by different methods of determination is
‘observed among chernozems of sub-Caucasian region (Table
3.5; Chernozems of USSR (sub-Caucasus and Caucasus),
1985). Ordinary, Typical and Leached chernozems of west
part of sub-Caucasus in fact are Southern chernozems. There
 is no similarity in soils of central and eastern sub-Caucasus.

Only 15-25% of soils in the monograph agreed with our
classification based on the quantitative parameterization.

Table 3.5. Ecological/gehetic status of soils of central European part‘of Forest-sfeppe based onmorphological

dlagnostlcs and corrected based on quantltatlve criteria:

Chernozems (32)

Depth West Caucasus

Central and east Caucasus

(cm) Typical Leached

Ordinary
e

2** : 1*

Podzolized
kk ‘1 *

Leached Leached
2**‘ 1*

- Typical Ordihary

k% g 1% Fu i 1%

2x%

0-30 70 42 . 61 4.0 63 42 63

. 30-40 68 39 6l 3563 3462
50-60 - 68 34 61 31 63 29 67
70-80 68 32 59 23 63 .25 67
90-100 65 29 - 59 . 20 62 23 68

100-110 - 66 - 2.7 59 1.8 63 .22 640

110-120 63 23 58 .16 65 21 . -
120-130° 62 22 59 1.5 65 1.7 65

42 58 70 66 43 54 44 50 49

3658 536735 51 42 49 43

19 59 46 71 20 50 .29 - 48 . 31
15 5838 73 °13. 49 .23 51 28
10 58 26 747 12 50 .20 50 19
0.8 . 58 .20, 65° 10 > 53 =13 50 15
070 59 15 .- 09 .53 08 48.. 12
06 60 1.1 60 08 .53 06 51 . 08

Diagnostic indexes:
0.045
0.66

0.049
0.60

CPAH
CRAH

0.046
0.65

0.032
0.66

0.053
0.81

0.031
0.65

0.068
1.20 -

0.063
0.98

Genetic -

Southern; weakly-accumulative
status . 4 ! §

Dark gray;
. weakly-
accumulative accumulative  accumulative accumulative

Ordinary;
moderately
well-
‘accumulative

Ordihary;
moderately-

~ Typical;
highly-

Dark gray;
weakly-

* Physical clay (<0.01 mm) in %.
%% Humus content (%)
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Big difference between genetic natures of soils
agnosed on morphological properties and on the basis of
1antitative criteria is typically found for central European

f the Forest-steppe zone (Table 3.6; Akhtyruev and

ov, 1983). Here, soil cover is very complex and is
resented by Light-gray forest soil, Gray forest soil, Dark-

: y podzolized soil and Podzolized, Leached and Typical
hernozems. Every soil occupies certain ecological niche that

is well shown by the quantitative diagnostic indices of humus
accumulation. The analysis of data from the monograph

 showed that Gray forest soils are diagnosed by morphological
properties for 70-80%, Dark-gray podzolized soils for 50-
60%, kaknd'Podzolized chernozems for 50%. Under such
genetic status of soils, it is impossible to correctly solve the
problem of content of organic matter in the soils and to clarify
the factor that controlsit. .- ¢ ' '

able 3.6. Ecologlcal/genetlc status of soils of cent:ral European part of Forest-steppe based on morphologlcal dlagnostlcs

nd corrected based on quantitative criteria.

Soils (2)

~Dark gray. -

epth - Gray forest ' Dark gray

. Chernozems™~

podzolized
“soil
bl L

forest soil - Podzolized

gkx

(cm) -soil

L T R

Typical
Dk

- Typical

Podzolized ~ Leached = Leached

1% %k R R 1k %% 1% 0 o%x (%o

36 64 58
D336 42
23 64 29
08 61 21
01 64 13

53 29 57 42 57
5§21 59 330 60
63 LR 62 9 g3
63 08 64 11 64
63 06 60 07 69

67 63

59 5T 51 59
59 63 Vs

49 58 39 59
64 25 59 36 61 28 60 46 64 34
64 16 61 25 65 22 62 29 65 24
63 10 6 18 65 14 6 18 64 12

56 39 56
63135 g

51 05 61 05 5501 69 11

10.051
- 0.90

10:032
0.63

0.026
0.55

-0.038
0.73

61" 09" 62 15 65 11 6 13 65 06

Diagnostic indexes

0.072"
1.13

0,050
0.89 .

0.056
- 0.95

0,065
1.05

0.039
0.69

 Dark gray;
moderately
/weakly-
accumulative

éenetic kle'ayk; weamy; Dx;ir;_y; - Podzolized,

accumulative

- moderately-
accumulative - accumulative - accumulative

‘Podzolized; “Typical,  Podzolized;
moderately- - highly- . moderately- .
accumulative accumulative = accumulative

Dark gray; =

weakly.: Typical; well

accumulative

* Physwal clay (<0.01'mm) in %.
*x Humus content (%)

Table 3 7 Ecologlcal/genetlc status of soils of Forest-steppe, sub-Volga and sub-Ural based on morpholog1cal ,

* diagnostics and corrected dlagnostlcs based on quantitative criteria.
: Chernozems (33)

‘ Volga basin
- Leached
AL : i*

'kVDepth' ' ’
(em) ' Podzolized -

1 g%k 1% e 1w

’ trans-Volga and sub-Ufal :
Typical Podzolized Leached

; Typical
kK ;1* k- k Dx% k 1* 2k 1* okk

78 64
73 64
42 63
20 .63
12 61
05 62

70 60
47 8

030 51 57 55
3040 51 32 54
5060 550 21 52 340 60
70-80 49 . 13 . 5L 12 58
90-100 51 08 51 11 57

100-110 48 05 51 09 56

8.6
61
3.6
2.2

16

73 5271 52 80 66

62 51 48 61 36 63
30 58 40 58 13 60 14 61
12 59 20 58 10 56 08 62
10 54 13 58 06 54 04 61

96 56
56 57

Diagnostic indexes
0.075
1.50

0.077
1130

0.059
LIt

0.073
125

CPAH
 CRAH

07 S 06 56 0B - 835 03 63

0059 0077

"0.060 : 0077
1:55 136

136

0072
1.30

‘Typical;
Highlyz:

Podzolized;  Typical;
highly- highly-:
. accumulative _accumulative

Genetic
status.

" Typical;
highly-
accumulative accumulative. - accumulative . accumulative

Podzolized; Typical:
extremely - ypieal,
- highly-
hlghly- .
accumulative
accumulative EEEate

Podzolized:
highly:

Typical;
highly-

-*Physical clay (<0.01 mm) in %.
** Humus content (%)
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Analogous picture is typical also for soils of the Forest-
steppe zone of Volga and sub-Ural re gions (Table 3.7;
Chernozems of USSR (sub-Volga and sub-Ural), 1978).
Precision of determination of genetic properties based on
morphological properties is within the above-mentioned
limits of parameters for central part. Morphological
diagnostic in general is characterized with substantial
shortcomings that practically cannot be eliminated. This has
nothing to do with level of proficiency of the researchers

because big team of authors took a part in preparing the

references. All the errors are due to methodology of
determination of morphological criteria, which cannot be

pre01se1y standardized. As a proof we cite results of forest- k

steppe soils of Orenburg regmn of Russia (Table 3. 8;
Lavrenko, 1956)

- Accordmg to the cited both morphologlcal and
quantltatlve soil properties, Chernozems belong to one
category. The reasons why the presented Chernozems are
diagnosed into three categories are unclear.

 There are many similar examples In informative world
dlscrepancy between genetlc status of soil and its quantltatwe :

properties is more a rule than exceptlon. Therefore, in order
to solve the problem of dynamics of organic matter in soils

of Eurasian steppes, it is necessary to research and develop -

quantltatlve criteria for dlagnoms types of soil formation.

On the ba51s of these dlagnostlc cnterla available information
about soils of studied region will be corrected in order to

Table 3.8. Genetic-diagnostic properties of Chemozem in

Orenburg region (Lavrenko, 1956)

Morphological properties * Podzolized Leached “Typicalp

Depth of chernozem (cm)
Ao:
AotA
 Ao+A+AB
Parent rock C

Humus content (%)
Ao

A
AB,
B

Humus stock in 0-100 ¢m (Mg ha™))

Effervescence from HCI (cm)

Depth of carbonates (¢m)

CEC (emolckg™)
CA

pH (H,0)-in A horizon -~

N (%) in A horizon

precisely determine their genetic status and will be correctly
determined their parametric properties. : ;
- Soil-ecological mapping and classification of s01ls on

V quantitative principles is scientific basis to solve the problem

of geography of humus accumulation in steppe soﬂs of
Eurasian reglon There isno alternatwe ‘

3.6. Conclusions . &
1) Based on availablé information, structure of soil cover
~of Eurasian steppes meets the real situation for 35-50%.
- Thisis conditioned not by correctness of determination
of genetic status of soils based on morphologlcal
properties, but also by dlscrepancy among ecological
conditions for their formation. As a result, significant
‘inconsistency between soil properties and their genetic
‘natnre is observed. Therefore, huge information on soil ‘
: characteristics cannot be used for solving the problem of
soil organic matter dynamics'in the area studied. It needs
‘a correctlon towards estabhshmg the real pre01se genetlc
 nature of soils and differentiation of steppe terntory onto

‘homogeneous reglons from ecological pomt of view:

Existence of the steppe as a natural phenomenon is
determined by water condition. However, its separation
and mtemal typological differentiation both on floral

, comp051t10n and soil cover have quahtatlve level today.
This is because the moisture indices used do not
completely reflect resource water. The moisture indices
do not make possible precise determination of the steppe
parameters at which certain floral type of vegetatlon is

 formed, and beneath it type of soil formation and mtensny
of humus accumulation is formed. '

The most complete reflectors of water supply and
energy for soil formation are hydrothernial coefficient
(HTCy.x) for the period with air temperature above 10°C,
amount of precipitation durmg the cold period and its
assimilation by soil. Therefere, they can be used for
mapping of Eurasian steppes into moisture—hdmogeneous
territories. Results of the researches done in Ukraine
indicate that there is a close correlatlon between these

' indices and humus contents in soils (R>0.9).

) Based on HTCq.x, amount of precipitation during
November to next March and its assimilation by soil,
steppe zone of Ukraine is clearly differentiated into 4
soil—ecological zones where each of them is characterized
by inherent hydrothermal parameters type of soil
formation and quantltatlve 1nd1ces of humus
accumulation.
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Soil ecological zones are divided into sub-zones on

'qu‘antitative demonstration of humus-accumulating
ntens1ty that is condrtroned by drfferentlatron of
hydrothermal conditions.

 Soil-ecological zones and sub-zones are further\

'differentlated‘ into 6 phases, which are characterized by
certain parameters of assimilation of winter precipitations
int soils that is reﬂected in depth of humified horizon.
Basrc unit for dlstnbutlon of soil cover onto relatively
'homogeneous territories is a province. Province is situated
Wltl:nn sub-zones and i is characterized by the same indices
of both water supply and soil properties.
is necessary to research quantitative criteria of diagnosis
‘ofk soil formation type within study area. On the base of
that, available information about the soil for research will
be corrected in order to precisely establish genetic status
of 'sorls and correct determination of parameters.
Spatial dynamics of organic. matter in soils of steppe
te itories in Ukraine is determined by comfortability of
ecological environment and‘proportionally depends on
the complex of factors ‘content of physical clay (particle
<0.01 mm), parameters of hydrothermal index for May
September (HTCVIX), amount of pre<:1p1tatron for the
cold penod (November to March), and its assimilation
by soil. The humusstock in background soils increases
with the increase in fine particles in"the, textural
COmpOSition and the increase of humidity, and it also

reflects winter temperature from very cold to moderately ‘
;cold due to increase of assimilation of winter

recrp1tat1on. In total 11 classes are detected: i.e. <80,
80-140, 140-180, 180-230, 230-280, 280-340, 340-400,
400-480, 480-540, 540-650 Mg ha™' and higher. However,

within these provincial standards, certain deviations is

observed in the humus content, which are caused by the

difference in supply of water resources due to additional

water feed by surface flow or contrary increase of drought

by water loss due to expositional effect of slopes. It is
established that deviations of total humus content against

background soils within each soil-ecological province are,
depending on water supply: 130+£10% for Meadow
: chernozems (or Meadow chestnut soils) kwith‘ semi-
‘hydromorphic,r 115+5% for soils with increased humidity,
100+10% for the background, 74£15% for weakly-
: xeromorphics; 50+£10% for moderately-xeromorphics,
~ and 30+10% for strongly-xeromorphics.

Soil-ecological mapping, which is based on HTC
coefficient, amount of precipitation during the cold period

and its assimilation ability by soil as priority criteria for
- resource water supply and energy for soil formation as
‘well as soil classification on quantitative principles using
humus as index of ecological/genetic status of soil
‘ forniation, is scientific base to solve the problem of
-geography of humus accumulation in soil cover of
- Eurasian steppes, productwny of soils of natural and agro-
‘ecosystems. Today there are no other alternatives.

References L
Afanasreva EA, 1966 Chernozems of M1d Russran hlghland

-M. Nauka (in Russian). - G e

Akhtyruev BP, Serikov DD, 1983. Sorl cover of Lrpetsk

- region.- Voronezh. Publ. of Voronezh;Unrversrty (in
Russian). - e , e L

Beregovoi PI, Lipa AL, Potulmtskr PM, 1972 Vegetatlon

- In Ukrame and Moldova. M. Nauka (1n Russian).

Bll].k GI, 1963. Kiev: Vid. Academy of Science of Ukralne
(in Russ1an)

BolotmaNI Korov1kna TP, 1960. Seasonal dynarmc of labile
_nitrogen compounds m:thlckchernozems of Kursk
region Publ. of Central Chernozem Natural Reserve, 6
(in Russian).

Chernozems of USSR (sub -Caucasus and Caucasus), 1985.
- M.: Agropromizdat (in Russian)

Chernozems of USSR (sub-Volga and sub-Ural), 197 8 - M.
‘Kolos’ (m Russian).

Classification and dragnosrs of USSR so1ls 1977
- ‘Kolos’ (in Russian).

Classification of USSR soils, 2000.-M., (in Russran)

Dokuchaev VV, 1891. To the question about ratio between
age and height of locality from one side, and character
and distribution of chernozems, forestlands and solonetz

- from other side. Vestnik estestvoznania 1-3 (in Russian).

Field soil determinant; 1981. -Kiev: Urozhai (in Russian).

Keller BA, 1931. Steppes of Central-Chernozem region. In
‘publ: Steppes of Central—Chernozem regron ‘M -L (m
Russian). ' o

Korotkov EI, 1957 Dynamic: of development of fescue-
- feather grass natural reserve steppe in connection with
weather conditions. Bofanical journal 6,

Krasnov AN, 1881. Materials for descrrp kon of flora in

- Poltava province. Publ. of Society of nature investigators

.+ at Kharkov UniverSity, V.24, (in Russian). L

Krupennikov IA, 1974. Chernozems of Moldova.
‘Chernozems of USSR. L.-M (in Russian). :

Kulakov EV, 1960. Pattern of distribution of organic residues

in Russian).

T I R TR R RO R R R R R R R R R R R RRERRRRRRDRRRR



; cience of USSR (in Russ1an) e
_ Lavrenko EM, Andreev VN, Léontiev VP,;1955: Profile of
- productivity of aboveground part of vegetation cover
of USSR from tundra to desert. Botanical journal 40,3
(in Russmn)

Lavrenko EM, 1956. ‘Vegetation cover of USSR. 2 Academy
- of science of USSR (in Russian). .
Larin IV, 1936. Materials ondynamlcaof vegetation mass

‘and chemical matters of grass stand during vegetation
- period in different zones of USSR. Publ.of Institute of
Geography of Academy of Science of USSR 21 (m
_ - Russian). AR
Novopokrovskl NV, 1925. Vegetatlon of north—Caucas1an
area. Natural conditions of north-Caucasian area,
Rostov-na-Donu, (in Russian).
Pachoski YuK, 1923. List of plants inhabiting on the territory
. -of Natural Reserve Askania Nova. Proceedings of
- Natural Reserve Askania Nova, V.2, Kherson (in
Russ1an) : : SRl :
Pershina MN, Yakovleva ME, 1960: B1010g10a1 cycle ofash
elements in dry steppe zone of USSR. Publ. of soviet
 soil scientists in VII International congress in USA. -M
-(in Russian). i
Polupan NI, Solovei VB; 2001. To the question about
theoretical and practlcal basis for soil qualitative
estimation. - Vestnik agrarnoi nauki, Kiev, 6 (in Russian).
Polupan NI, Solovei VB, 1998. Quantitative functional-
ecolOgical diagnosis of soil genetic‘status.- Vestnik
- agrarnoi nauki; Kiev, 3 (in Russian).
Polupan NI, 1998. Influence of micro-relief of slope lands
on erosion processes. Pochvovedenie 6 (m Russ1an)
'Polupan N.L; Solovei, VB Velichko, V.A., 2000. Intensity
of soil erosion depending from type of snow melting
- Ve stnik of
- Dnepropetrovsk Agrarian University, 1-2 (in Russian).
Polupan NI, Solovei VB, 1997. Pnorlty of soﬂ-ecologlcal
mapplng of soil resources. vesmlk agrarnoi nauki; Kiev,
4 (m Russ1an)
Polupan NI, Solovei VB, Velichko VA, 2001. Methodical
- approaches to form genetic- substantional classification

and organization of land use.

of Ukraine soils on parametric base - Vestnik agramm
nauki, Klev 11 (in Russian);
Polupan NI, Solove1 VB, Kovalev VG, 1999. Deterrmnatlon

~ of natural potential of accumulative type of soils. -

- Vestnik agrarnoi nauki, Kiev, 11 (in Russian).
Rodin LE, Bazilevich NI, 1965. Dynamic of organic matter
- -and biological cycle of ash elements and nitrogen in the
~main vegetation types of Earth M.-L. Nauka (in

Russian). Pl ~ S

Semenova-Tian-Shanskaia AM, 1960. Relationship between
' live green mass and dead plant residues in meadow-

's'teppev and meadow coenoses. Journal of general

- biology2 (in Russian). . L :

Titova NA, 1972. Nature of humus and forms of its bonds
with mineral part of virgin and cultivated soils'in dry-
steppes of southeast part ofEuro’pea‘n’USSR Organic
matter of virgin and cultlvated soﬂs ‘M. Nauka (in
" Russian). - e '

Shabanova GA, 1972. Cereals of Moldova and their role in
forming of fluffy-oaken forest-steppe Autoreferat
. “Kishinev (in Russian).. G Sl

Shalyt MS,; 1930. Geobotamcal outlme of natural steppe

“reserve ‘Chaph (ex-Askania Nova) bulletin of phyto-
technical station Askania Nova, 1 (in Russian).

Shalyt MS, 1949. Belowground part of vegetation part of
steppe and desert zone and its significance for erosion

“processes. Publ. of jubilee session devoted to:100’s
‘birthday of Dokuchaev VV Academy of Sciences of
USSR (in'Russian). :

' Shalyt MS, 1950. Belowground part of some meadow, steppe

and bush plants and phytocoenoses. Part 1. Grass and
semi-bush plants and phytocoenoses of forest, meadow
and steppe zones. Publ. of institute of botany of Academy
of Sciences -of USSR, series III, Geobotany, 6 (m
Russian). - S
Valter G, 1975. Vegetatlon of the Earth. TIL.-M.: Progress (in
~Russian). -
Vedenkov EP, Drogobych NE, 1998. Main results of re-
“inventory of flora in natural core of biosphere reserve
“Askania Nova”
~rehabilitation of steppe ecosystems:. Askania Nova (in

~Actual questions of preservation and

, Ru351an)




Chapter 4

ocesses and reglmes in soﬂs under Festtca-Stlpa steppe and reclaimed agrlcultural land in

Askanla, southern Ukralne, Wl h speclal reference to dynamlcs of soil organlc matter

leolal Ivanov1ch Polupan

neral information about Askania steppe
Steppe blosphere, natural reserve of Askama Nova, is
ed within north part of the Dr
d omposmon of the steppe, zonal turf-cereal ve getation

Steppe zone. In grass

inant in placor cond1t1ons Th1s vegetatlon occuples‘

7 0% of the area, mcludmg fescue, stlpa and sedge
'aecox) assoma’uons followed by Artemisia

Jca etc. The fescue assomatmns occupy 45- 55%,
stlpa assoc1at1ons which 1 clude Carex praecox,
gustzfolzcs Festuca valesiaca etc , distribute 25-35%

he area of zonal turf-cereal vegetation. The third group

sts of rhizome-cereal and sedge assocxat1ons and their -

ortion is 10-30%.

In horizontal structure of vegetation cover, the relation

1 relief and soil cover is well observed.
_ Askania steppe is characterized by large diversity of

hey mcreased later t0 357 in 1954, 436 in 1975 and 478

90. They are combined into 15 leading families. In bio-

orphological spectrum of flora, perennial grasses
ommate (51%). The basis of this group is long-vegetatmg
nmals - (47%0). Annuals constitute 38 b; ; followed by two-

vegetating plants (9%) and semi-shrubs (1%). Rod-root s

es dominate among the steppe grasses (63%).
In ecological structure of flora, larger areas are occupied
, esoéxerophytes (37.8%), mesophytes (20.3%), and
rophytes (18.9%). Dominant speciesk are representatives
(spring-summer and summer) phyto-rhythm plants

%). Based on ecological analysis eight coenomorphs
allocated. The most spread group is steppants (one of ‘

steppe plants) const1tutmg 65.2%. The volume of steppe
ecies (36%) exceeds all others.

There is a large proportion of meadow-steppe speCIes

2%) because of the presence of numerous depressions in

eppe (Vedenkov and Drogobych, 1998; Vedenkov and -

edenkova, 1998).
The fescue, stipa and meadovv4steppe associations, the
minant groups of natural steppe Vegetatlon, are
compassed by a research station for studying soil regimes

and processes in Askania nova. It was situated in strictly

o can be cons1dered asa

In 1923, 310 naturally growing species were registered,

Hed- 0-8(10)cm

i ‘contryolledreserv ‘,k,‘yyherehuman‘ activity has been prohihited
from about 100 years ago. Therefore, thls,research statlon

of Ulo:alne.,Followmgresearches were eonducted 1n 1967-
1974. ' iy

4.2, Charaeterlstics of soils at the station

Soils under fescue-stipa associations are represented by
Dark chestnut soils, which have depth of humus horizon 55-
65 cm with 56-60% content of physical clay. Effervescence

-after treating by 10% HCl is from 45-56 cm depth, ‘white
- eye’ carbonates present from 65- 70 cm t111 95 105 cm, and
_gypsum is from 180-220 cm. :

‘Under the meadow-steppe asso<>1at10ns in negatlve .
shallow depressrons (‘saucer’), soils have mcreased depth
of humus layer to 70-80 cm, lower depth of effervescence,
usually, under humified layer, ‘white eye’ carbonates from
90-100 cm, and gypsum at 220-250 cm or oft ‘there isno
gypsum in the profile at all. j L

On cultivated Dark chestnut so1ls plot wrth s1m11ar
profile thickness and partlcle-s1ze composition ¢ to the soils
in the v1rg1n lands was selected for the present study

 Profile description:

Humus-turf, dark-gray when moist and gray.

when dry; structure is crumby-granular-

powdery; eluviated; structural separates have
glassy powdering of Si0;; hght-clay, gradual
transition to

8 (10) '25(@28) cm  Humified, dark-chestnut crumby-
granular- -nutty, compacted clay, gradual,
transition to :

25 (28) -38 (42) cm -~ Upper transitional, dark-chestnut w1th
brown tone, crumby-granular, compacted, clay,
structural separates have weak colloidal
lacquering, many crotovinas, gradual transition
- to S adaian :

38 (42)- 55 (65) cm . Lower transitional, dark-brown, dark-
gray bands, i 1
: compacted carb‘
crotovinas, clay,

Pk(h) - 55 (65) 65 (70) cm  Loess, W akly humlﬁed, straw-brown

with gray tones;

Pk-65 (70) 160 cm and deeper Loess, straw- brown

-crumby,
compacted porous clay i
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 The characteristics of soils from the virgin and the
; cultlvated lands are presented in Table 4. 1 and Flgs 4.1 and
4 There Were no SIgmﬁcan dxfferences in physwal

7s propertles and particle-size compos1t1on of both the soils
~ (Table 4.2; Fig. 4.1).
Thus, properties of the studied soils are practlcally the

same. Therefore, it is possible to assume their similarity at

1mt1al stage

4 3 Cllmatlc condltlons dunng tylke expernnent

k Many researchers (Buchlu ii, 1963; Predtechensku
1957 Schwartsbach 1955; Shmtmkov 69 Shulgm 1972
and others) md1cate the presence of c ,ntunes-cychc changes
of climate by periods from 1800 till 3000 years. On the

Flgure 41 D1str1but1on of partlcle size (0;25 0. 05, 0.05-

0.01, 0.01-0.001 and < 0.001 mm) of soils from virgin (A) background of those changes centuries and mter-centunes ‘
and cult1vated (B) lands o changesoccur w1th d1fferent dura ,on of cycles Durmg these

Table 4 1. Character1st1c of Dark chestnut soﬂs at the study plots
i Bulk i Exchangeable cations - ; S pH s - u Gavy et e
epth. umus dens1ty G Me Nk smooh N0 TEch 7 0o o

(cm) content (%) . ! g i : :
e ngB):_. Lo (cmolc kg"l)' m VVmekr‘solution B o (mg kgﬁl)

Background

: : Proﬁle depth 55—65 cm, physwal clay - 56~ 60% : :
030 34202 122 22 7 04 12 306 67 58 30037 60 16 56
30-40 2 137 23 8 05 09 324 ,,6.9;, 60 62 16 50
40-50 42 2. 508 07 365 13 64 k 1656
G s s il R R
60470 20 LS00 T B0 e e : o
D T R I R R Y i s Shan
©90-100 0 - 1. Lany G306 1T 758
cultivated 0-30 920, . S 02 0 20609 B 38 60 .58
30-40 2,00, . 7 .03 0 200 Bl e s
40-50 1802 143 05 74 37 35 61 18 63
50-60  13%02 150 : 0.8 g O e el L e
6070 0.8+02 50 0 09 80 s .3 1658
< 70:80 i e B53 b 12 S8 - : -
28090 1 e ST 1.3 S8l i AL
190-100 : 152 15 82 0 0270260 - 00160054

cn AN Sl Proﬁle depth 70- 80 cm, physxcal clay 56- 60%

0-30 4102 124 8 03 14 357 65
©30-40. 0 2:5402 L. 9 04 10 374 67
£ 40-50° 23202 141 100 05 08 373 69
50-60  1.9+02 150 06 9.0
6070 16£02 151 07 12
70-80  1.120. 1. k 0.8 - 73
90-100 - 155 0 1o .18
cultivated  0-30 28 2 02 : . 6.4
. 30-40 140 24 9 03 1 3 66
~40-50 142 0.4 68

5060 1.8£0.2 145 04 69
60-70 1502 1. n G058 7.0
70-80 220 ) 0.5 76

80-90 0802 153 06 T8
- 90-100 152 s 80
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Figure 4.2. Composition éfwateffsolublé ions
ﬁ -~ ofthe loess-derived soils from virgin land (1)
(2)‘ - andpod (2), and contents of CaCO; and CaSO,.

* Table 4.2. Physical properties of the study soils.

E : -+ Moisture content at

Field water-holding the capillary-braking
capacity (%) point (temporary
wilting point) (%)

. Sy b e o Moisture content at
pth (cm) Bulk density (g ¢cm®)  Particle density (g cm®) ~ Total porosity (%) the permanent wilting
: point (%)
1* 2% 1* 2% 1* 2R 2%
115 125 272 o : L0322 e L 180
120 128 - S 303 N 181 -
1.25 130 s 532 534 215 : 180
131 137 o ' o 253 181
140 142 o e 239 ‘ 18.0
144 - 144 o : L2200 ; 171
1.45 1.46 217 o173
148 1.48 218 168
148 148 : e ' 217 — 163
1.50 1.50 210 162 165
152 1.50 ’~ 215 i 165
149 1.50 5 21.3 , 16
; 1.50 B8 : : i e 1630 6L
160-170 1.57 150 219 : el
190200 1.47 1.61 21250002100 o163
220-230 1.48 1.52 ; , 206 - 158 160
250-260 1.55 1.55 20.3 153
280200 152 154 ; 19300200000 150
147 1.50 : : ; ~ 18.8 . 1500
340:350 AR 1’51 a8 : . v 193 : 150
370-380  1.50 151 ; . 19.6 ‘ C 153
1400-410 145 149 ‘ 203 199 154
430-440 © 145 149 , 206 . 153
460-470 147 1.52 208 15.2
490-500  1.48 1.50 ! . 210 G 156
* 1: virgin land; 2: cultivated land : : : :
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~ precipitation (mm)

precipitation (mm)

‘ (1963) thinks that i

Flgure 4.3. Analy51s of long-term fluctuation of annual

precipitation at meteorolo glcal statlons of Askama Nova A)

and Kherson (B).

time intervals fluctuations of climate both toward humid-

: cold and toward dry-warm have taken place.

Elagoveshehenskii (1946) inotes‘that the climatic changes on
the territory of European part of USSR were not umform in
southem part the ﬂuctuk 'on changes weakened. Buchinski
; ppe part of Ukraine climate
fluctuations were smooth T eand during the last 10, 000 years

today Kostm 65) no‘ es that durmg the last 4000 years
only rotation of dry and warm with humid and cold cycles
took place. ; ‘
~ The period of ou kobservatlon (1967 1982) is
characterized by the cycle with high amount of prec1p1tat10n
(Fig. 4.3). The validity of the data depends on the degree the
climatic conditions of thels*"tudyingfpeﬁodf, which reflect upon
a long-term cycle S
During our researches in Askania Nova (1967- 1974),

:three years (38%) were moderately humid (+10% ﬁ'om the
,, ~average) (Table 4.3). Frequency of occurrence of such years
is 34% in long-term cycle. Other three years were droughty;

amount of precipitation was 10-30% less than the long-term

- average. Probability of such years on the studying territory

is 32%“i’1,1,1on rm cycle. Two years (24%) were extremely

‘humid; amount of precipitation was 30-40% higher than the
‘ average. Such years constitute up to 15% in long-term cycles.

Table 4 3 Frequency of occurrence of annual or perlodlcal prec1p1tat10n in long-term ba31s (1925 1981) and for years of
our research (1967 1974); at meteorolog1ca1 station of Askania Nova (without 1941-1943).

Relative amounts of preclpltatlon in md1v1dua1 years against long-term average (%)

<60 60-70 = 70-80 . 80-90 10010 110-120 120-130 130-140 >140  Sum

Throughout one year; 380 mm in average

, No of observation
Long—term basis (1925 1981) . :
: percentage (%)

: i o No. of observation k
Research years (1967-1974)
: percentage (%)

Cold half of ayear; 171 mm in average

. “No. of observation
Long-term ba51s (1925-1981) ) i
: S percentage (%)

i ! " No. of obsérvation
* Research years (1967-1974)
Crit ! percentage (%)

Warm half of a year; 209 mm in average i
i No. of observati

. Long-term basis (1925-1981)  Corvenon
i o - percentage (%)

- No. of observation

ears (1967-1974)

- percentage (%) -
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nsity of precipitation of the studying period on 84%

A ects humidity of the given region in long-term cycle. In

seasonal distribution of preclprtatlon high probabrhty of the
rs (74-84%) was also observed (Table 4 .

Jnally varied
ars Table 4. 4)

4.4. Temperature regime of the soils during the period of
research on water balance , G
Dynam1cs of soil m01sture depends on its temperature

regime to some degree It was measured under natural

vegetatmn w1th extensrble 1hermometers For plotting
thermorsoplets scll temperatures of decades were used on

In a yearly cycle of soﬂ Kem Se

chestnut soils there are two perm s: warmmg and cooling
(F1g 4 4). Duratlon of these pertods had been changing
dependug on mcome and consumpn
surface from soil mmsture and other factors.

tlme of heat on soil

Negatlve temperature in soil started from III decade of
December (1970) and ﬂ:)m J anuary (from I decade in 1971-
1973 Iin 1969 and II[ m i‘967i, ;nd;1974), and ended in
February (inI decade in 1970 and 197 |, I1in 1971 and 1974,
and III in 1967) and in March (m II decade in 1969 and
1972) Depth of frostmg ﬂuctuated nificantly; it’s up to
10 cm (1971), 20 cm (1970) 30 cm (1968), 40 cm (1967
and 1974), 50 cm (1973), 70 cm (1969) or 120 cm (1972).
Coohng of soﬂ up to 5°C reached 130-240 cm and to 8°C

£ 260-320 om depth.

~ Soil warmmg started in dlfferent decades of March: in1
1970 and 1973) mII (1967 1968 and 1971), in I1I (1969,
1972 and 1974) Heat from surface tlll 40-50 cm depth was

Table 4. 4. Mean annual alr temperature and relatlve humldlty on studled plots in long-term average

and in the studled year ‘

Month

e ‘Average‘

Year

VI VII  IX

onoomoowv Vi
Long-term k Sy
average -
1967 -
1968
1969
1970
1971
1972
1973
1974

208

18.9
20.5
19.8
18.5
20.0
231
18.5
19.2

221

Air temperature (° C)

235 25 166

,232;“117;1*
201 175

221 157 8.
201 157

230 172 ¢

235 164 98
191,'142*>{
217 176

23.0
220
20.5
242
232
233

21:2

Longterm ; ~
average - %/ . . s .82
197 8 8 8 63 65 66
1968 8 90 76 56 55 54
1969 82 87 8 r 62

1970 8 78 70 69

1971 o 58

1972 82 : 6352

1973 ; L2067 T0
1974 k 63

Relative hunndlty %)

58 5s;rk 65 g

5 53 56

s4 61 67 81 9
& 56 6 65
57 63 60 7

59 50 65

54 56 63 8

64 61 66

63 49 62
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k‘ad quickly, because thermo1soplets were set up a]most o
1cally Warming above 5°C on'20 cm depth in mostof _
cases, happened in III decade of March or I decade of

il Slow temperature mcrease was observed only ‘k'

Increase of temperature in this depth happenedwl -

0 20 days, except 1974, when this period ‘lasted"abuu

ays. The increase sometimes falls in I-IT decade of Ap:

le extreme cases that coincide with humrd sprmgs fall :

' decade of April orl decade of May. At the end of Apl‘ll to j‘ =
ecade of May and sometimes II decade of ay,
peratures of upper soil horizons reach 15°C Gru‘

mperature from 10 to 15°C proceeds fast, which is well'i r
wn on the presented figures where mtervals between'

ermoisoplets are narrow.

:‘Up to 20°C the soil is warmed relatlvely slow Thls
mperature level in the surface soil takes place at the end of - i
. 4. 5;~fM0isture regime under natural condition

ay to beginning of June. Spreading of heat mto deep layers

-pends on the moisture content in the soil and the amount:
' precipitation in summer. period. In hunnd years (1969 "
73 and 1974) soil temperature of 20°C was recorded at' r
-120 cm depth at the end of’ July and I-1I decades ofAugust -

ther years at 160 cm soil depth.

In July-August, when s01ls under virgin vegetatron are .
ied up to the wilting morsture, the layer of 40 50 cm IS =

armed up above 25°C.

Decline of soil temperature begins from September it

is declmed till 15°C in I decade of October in less cases inII

decade; till 10°C between II-III decades of October and 1 .
cade of November; and till 5°C in II- I decades of .

November - I decade of December

~ Duration of the period with temperatures above 10°C at : k
20 cm depth constitute 202 (193-214) days above 15°C =

0 (142-173) days.

Many authors established that vegetatron cover shadmg .
soil serves as a thermo-insulator. The more a soﬂ is shaded -
. period in the virgin land was 82% with fluctuation from 47
. to 125% (the last value is due to inflation of snow from

“neighb‘oring plots). Absolute value is 67-234 mm. This
. moistlne penetrated into 40-230 cm depth. ‘

by vegetation the lower is the temperature of surface layers
Cultivation results in an increase of summer temperature of

ploughed field from 2 to 15 degrees higher than that of vngm k’

Iand (Ikotnikova, 1965 Kolosov, 1924; Shulgm 1972)

Therefore, temperature regune of the studled cultlvated lands, o
which may varies depending on cultivated crops can be
characterized also by large values especrally after harvest - o

when the whole surface remains open.

In yearly cycle of soil temperature reglme ﬂuctuatrons o

take place. In the cold period temperature grad1ent between

20 and 160 cm soil depths is 6.7°C (5-11°C), 20 and 320 cm
- 13.2°C (10: ‘16°C)“ Positive inter-soil gradient directs heat

ﬂux upward from deeper layers to surface (Dimo, 1970). In

warm perrod the grad1ent is negative; in the warmest month

“etween the above-mentioned layers the gradient is 8.2°C

- (7-1 0‘°OC)‘ and 12.7°C (11-15°C), respectively, and heat flux
: ;1s dlrected from soil surface to deeper layers.

Therrnal grad1ents move moisture along soil profile at

'kﬂ‘_thesame tnne (Abramova, 1968; Globus, 1962; Panfilov and
Yuuev 1968; Chizhikov, 1967; and others). Flux of moisture

in autumn-wmter period is directed from warm to cold layers.

In warm perlod moisture mainly moves toward moisture
- gradlent to drying surface. Heat and moisture conductivities
- have reverse directions, but it doesn’t srgnlﬁcantly influence
3 morsture balance Quantltatlve changes of moisture under
. ‘mﬂuence of thermal gradients on stud1ed treatments will be

‘_grven further in corresponding sections.

- Soil morsture was studied by the following method: till

5 m soil morsture was determined in 4 terms: April, June,

'August and October till 3 m - in every decade during warm
. perlod Samples were taken every 10 cm till 110 cm, and
: k:every 20 cm in deeper layers. Soil moisture was determined

by thermostat—we1ghmg method in 4 replications.
Coefﬁcrent of variation of moisture did not exceed 10%,

' ‘except in the upper 10 cm and the horizons located on lower
5 "border of the zone of maximum soil moistening where it was
~ 15%. Accuracy of determination of the replications was

Within 5%.
Yearly regime of morsture in the Dark chestnut soil under

- v1rg1n _vegetation has two periods: accumulation (water
,'?absorptlon) and consumption (drying). The first period falls

in autumn-winter-spring and lasts from November till March;

and the second period falls in spring-summer. The water

budget in the individual periods is summarized in Table 4.5.
_Average assimilation of precipitation durmg the cold

- ngh percentage of assimilation of precipitation by soils
during cold periods is mainly caused by their dry condition
at the end of vegetation period. Correlation between depth

of freezing and assimilation of precipitation was not
“observed. However, there is a correlation between moisture

accumulation and length of period with soil temperatures of
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- below zero ‘When length of negative sorl temperatures lasts
"120-40 days assimilation of precipitation is 80%, when 50-70
V'days, - 50-70%. A minimal proportion of moisture

_ accumulation against precipitation was observed during

] “'mterk-spring periods of 1968-1969 (67 mm / 132
d 19691970 (117 mm / 248 mm). Strong winds and
1 968 -1969 prevented preservation of snow cover

0-500
cm

400-

cm 400 cm 500 cm

Yearly water balance by the end
of October (mm)

k : m 1969 970 large losses of moisture occurred due to
frequent and sharp temperature ﬂuctuatrons (-21 and +8°C

cm

0-500. - 0-200 - 200-

400-

, For 7 years insignificant decrease of moisture content
in spring. (5-‘15 mm) comparing with autumn has been
observed in layer deeper than 200 cm. At this depth moisture

of loess materrals is kept below the temporary wilting point

~ (or caplllary-breakmg point); that is the reason why the
‘ morsture can move only as a vapor (Globus, 1962; Chizhikov,
= k‘f 1967) Vapor moisture increased humidity of more than 2 m
. 'loess layer from 11-12% to 13-14%, since precipitation didn’t

Moisture consumption from
April-October (mm)

different layers of soil during

.cm. 400 cm 500 cm

0-200  200-

Precrprtatron
" during April- -
October (mm)

- ‘_reach'thrs depth. Movement of vapor moisture is controlled

0-500
cm

by temperature gradients. Other researchers also observed
' enomenon (Abramova, 1968; Panfilov and Yuriev,

400-

cm. 400.cm 500 cm

k;andkothers) S
. ;A;S positive temperatures are settled, especially when
5 vegetation begins, negative moisture balance is established

 April-August(mm)

Moisture consumption from
different layers of soil during

0-200 200-

"1.1 In some years moisture penetratron into the sorl

Precipitation
during April-
August (mm)

0-500
cm

400-

cm . -400 cm 500 cm

sture assrmrlatron is qurckly growing from spring;

‘ ‘1Iated morsture durmg autumn-winter-spring period
ly consumed by the end of May or beginning of June.
- Precipr ations that happened during vegetation period didn’t

significantly influence the moisture balance of the soil (Figs

‘ 5:and 4.6). Physrcal evaporation from soil apparently does

=
S
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Moisture accumulation at
different layers of soil during
November-March (mm)

0-200 - 200~

_ not significantly influence moisture balance of the virgin

Precipitation
during
November-
March

. lands t ecause the soils are covered by steppe felt.

The soil of virgin land‘is dried up to the permanent

; wrltmg pornt or lower (11- 13%) till 130-150 cm depth.
k ‘Deeper (290 -300 cm) loess has hrgher moisture, 14-15%,
f'karl‘d‘kas lenses 16% (between permanent (pF 4.2) and
temporary (pF 3.0) wilting points). On the depth of 300-350

cm ensterlt low moisture 12-13% (permanent wilting point)
was preserved, deeper than 350 cm soil moisture was constant

Precipitation
throughout
380

~ Water balanceforS years of the study “

Year
Long-term
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4-15% and few spots -16% (between permanent and
porary wilting points) during the studied years.

_In the warm period: moisture movement is ‘mainly
ted upward due to the influence of drying gradients.
wever, in small amounts, as vapor, it moves into lower
rs in direction of heat flux. Due to this moisture, relativély
stant moisture is preseryed,below the moisture percolation

e in spite of its losses during the cold months.
~By the end of vegetative period the moisture content in
 depth on virgin land practically was constant for all the
ied years (Table 4.6), variation was not greater than +
-5:3% that is within the limits of error for determination.
_Based on comparison of inputs and outputs, water
alance on the virgin land is suggested to be closekto;zero,
hllé deeper than 200 cm it is negative, which is an evidence
of accumulation but of consumption of water. But the

last values don’t exceed accuracy of determination (Table
4.5). ' ‘ :

Thus, on the Vlrgm land Wlth natu;ral vegetatmn cover,
moisture distribution in soil follows classical hydrologic
proﬁle established by Vysotski for soils with non-percolation
water regime. ACtiye ‘moisture circulation covered whole the
zone of spring percolation, which did not exceed 200-250
cm depth. Deeper soil moisture is relatively constant, close
to moisture at the permanent wilting point. This horizon fully
corresponds to “dead” or impermacide according to Vysotski
(1962) and Rode (1965). The authors related its origin to
vital activity of plants. Rode (l965~)¢pointed out that the
‘activity of plant with deep roots thatfpenétrfate till the “dead”
horizon completely closes moistureq circulation from the
below, except for water vapor.

- Validity of our conclus1ons on hydrology of the soﬂs

Table 4.6. Total stock of moisture (1n mm) at the end of October n 0 500 cm Iayer of

the Dark chestnut: smls of different ecosystems.

~19f67‘ 1968 - 1969

1970

Years

1971 1972 1973 1974 Average

Virginland® 1048 1070 © 1030

Non-i:rrikg'ated% - Sl k
cultivated land L 133 1360,

1005

1370

984 1016 985 1043 1022

1119 1183 1325 1238 1265 |

%)

Table 4.7. Moisture content in soils under natural and cultivated vegetation (Apnl-May,

. Southern chernozem ;
Crimea steppe ..
1977 ‘

Ascania steppe:
1973
: cultlvated

- virgin cultivated virgin for 15 years

R R e e

cultivated
~forlong
period

Dark chestnut soil
.. Ascania steppe .
1981 1973 -

- Solonetzic chestnut soil
... Novotroitsk steppe:
19713
° Ccultivated
for long .
. E : ... perod

1973 1981
cultlvated for long i

virgin 0 virgin
rgm: -  period Vg

21.013.0-.204 103 28.0- 161 231 '15.0
23.0 162 219 13.1 186 153 21.2 146
192 165 194 120 174 144 203 141
185 147 190 114 169 140 194 138
©18:0 151192 121 154 137 189 136
151 155 200 130 123 133 186 135
134 150 193 124 129 132 182 138
148 148 183 123 141 135 178 132
147146 183 - 148 136 178 130
143 142 172 115 145 137 170 135
13.0 108 158 118 146 135 169 132
138 11,0 162 110 151 7135 168 13.0°
13.8 115 160 107 148 130 167 126
136 120 160 113 147 131 169 124
134 121 167 111 155 129 168 127
13.0 12,0168 121 146 131169 13.0
131 124 165 - 153 136 169 13.1
13'4 127 16.8 11.5 155 138 170 14.2

256
20.6
19.8
210
21.8
20.8
20.0
20.0
19.2
19.8
195

188
185
18.5
19.0
19.8
20.0

- 340-350.
370-380
400-410

264,

- 136

154 228 264 283 19.689°:.20.7: 10:8
149 255 258 6 274 150 204 163 225 164
132 201 243 231 188 125 19.1 142
134 193 213 224 170 148 166 135
13:1°13.9 200 213 168 168 164 136
134 138 164 210 156 169 164 139
136 142 149 200 159 162
13.8 145 140 4.200 160 164 160
<138 127 198 - 157 - 165 -
13.8 14.0 136 19.6 1 ‘ 161
135 136 134 189 ‘
13.6 140 136 3 189 ;
139 5 190 130
14.0 8 193

142 194 o

150 184 14

150 86 - 15
14.9 8;9‘

138
- 144
136 147
- 144
14.8 14.7

13.4
15.8

‘15.9‘i 1

Moisture retention at the w1ltmg point, wh:ch was determined by maximum hygroscopl(:lty with coefficient of 1. 34
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studied is confirmed by data of water distribution in 5-m
depth at different plots, which was determined only once in
April-May from 5 points on relatively virgin plot of Askania
steppe on Southern chernozem, from 1 point on absolutely
virgin plot of Southern chernozem in Krasnogvardeisk district
'of‘Crimeafre‘gion; from 10 points of the whole perimeter of
ab'solutel‘i'yj virgin part of Askania Nova on Dark-chestnut
soils, from 6 points of virgin pastures of Solonetzic chestnut
soil of Novotroitsk district of Kherson region. Averaged data
on water distribution are presented in Table 4.7. In all the
virgin plots water contents below 150-200 em is close to
those at the wilting point or a little higher. o

~ The outlined analysis yields the conclusion: South and
Dry Steppe zones were dommated by non-percolatrve water
regime before their cultivation by human. i

4;6 Moisture regime of cultivated non-irrigated soils
Data on the mo1sture balance in the cultlvated land is

summarized in Table 4 8. Assimilation of precrpltatlon by .
soil in the cold perlod on the non—rrngated studied plot was

in average 72 (18-140) %; in the absolute value it is 113
(24-208) mm. The least proportion of water against
precipitation was accumulated under non-favorable climate

condltrons in 1968-1969 (67 mm/ 132 mm) and 1969- 1970‘ ‘

(100 mm / 248 mm), as already explamed in the prevrous
section for the virgin land. The water accumulation was also
low in 1970-1971 (24 mm / 132 mm) and 1972-1973 (79

layers of soil i 1n the precedmg autumn perlod On the contrary,

hlgher amounts of water was assimilated in 1966-1967 (170 .
mm/ 180 mm), 1967-1968 (208 mm / 181 mm) and 1971-

1972 (144 mm / 103 mm) under the conditions of the low

initial soil moisture content that was close to the wilting point,
or in 1973 1974 (115 mm / 125 mm) due to warm weather

condmon in autumn-wmter period.

Initial content of water in soils mﬂuences assnmlatron
of preclprtatlon in the cold perlod because when mo1sture is
at near the permanent wilting point, the soil i is the most porous
and is very cracked. Therefore, water penetrates to lower

‘ hor1zons relatrvely easily. On the conﬂ‘ary, when m01sture is
at near the temporary w11t1ng point, water penetration is
hlghly obstructed (Rode, 1959) Such a drop in assrmﬂatron
of precipitation under high soil moisture conditions was also
obtained by Protserov (1948a, b). '

 The depth of water penetratlon on the cultivated land at

k of the \ warm perlod widely fluctuated - 40- 500

5 cmorp m‘ore. It should be noted that downward movement of

‘mm of m01sture was lost from

water is continuing after appearance of positive temperatures.
The period of percolation is determined by type of crops,

~ but anyway it is longer than on the virgin land. Under

cropping of winter and early spring cereals this period
continues till the middle or end of May, while under corn
and fallow - even till August - depending on climate
conditions (1969 and 1973; see Figs. 4.7 and 4.8). Therefore,
the depth of water percolation fluctuated in wide range of
30-200 cm comparing with early-spring term. =

- Water movement in the cold period under the influence
of thermo-gradients on the cultivated land was found only in

1972, when soil freezing reached 120 cm and water
percolation -'40 cm. Apparently, it took-place in the other
years as well, but was leveled by deep percolatlon of

precipitation water. S r
Moisture consumption on the cultivated land depends
on the type of crops and climatic conditions during vegetation

: perlod The highest amount of moisture is consumed by
; wmter cereals and sudan grass, less by spring cereals'and

corn (Table 4.8). Yet, cultivated crops consume less water

~ than natural plants. In some years part of water accumulated
- during the cold period was left non-used, especially in deep

layers that leads to positive water balance on the cultivated
lands in many years. So yearly water balance in 0-500 cm

"by the end of October was in 1968 - 100 mm, 1970 - 26 mm,

1972 - 58 mm, 1973 - 157 mm. High positive balance in

1968 is due to the fact that in spring much water was
mm / 140 mm) because of high water contents in the surface

accumulated along the whole profile, while consumption of
water by spring barley was not much due to its biological
properties; in 1973 the field was under bare fallow and the

- year was humid with 523 mm prec1p1tatron where 383 mm
- fell for vegetation period.

~Under cultivation upper zone of drying till 12-13 % level
was limited to 30-40 cm depth and only in droughty years it

 reached 110-140 cm. At the depth 100-200 cm moisture
- changes during the crop vegetatlon varied mainly within 2-4
- %, and deeper -1-2%. It is necessary to underline that in

droughty years (1971 and 1972) moisture that was

‘accumulated deeper than maximum moisture circulation 1ayer
r (100 150 cm) was consumed by « crops. In 197 124 mm of
© ~moisture was accumulated, but winter wheat used 241 mm.

Sudan grass planted. after wmter wheat further out dried the
loess depth G

After the harvest at July (August) untrl October 20-7 8
e soil due to physical

evaporatron. Especlallylarge ere observed in years

- when the soil had much residual moisture. Therefore, agro-




Table 4.8. Moisture balance in soils under cultivated crops in non-irrigated conditions.

Year

~ Precipitation
throughout
one year {(mm)

Precipitation  different layers of soil during - Precipitation - different layers of soil at the day
‘ of harvest (mm)

© during
November-
March (mum)

Moisture accumulation at

- November-March (mm)

0-200+ 200- - - 400-

cm - 400 cm 500 cm - cm

for crop
vegetation -
0-500 - period (mm)

Moisture consumption from

0-200 - 200-

cm’ 400 cm 500 cm

400-

cm

Pfecipitation
during April-

0-500 Ostobermm) 4 545 9go-

Moisture consumption from
different layers of soil during
April-October (mm)

400~ 0-500  0-200 - 200-

cm 400 cm 500 cm - cm

Yearly water balance by the end
of October (mm)

cm- - 400 cm 500 cm

400- 0-500

cm

1967

1968
196:9:’1‘, '

1970

1971

1972

1913

1974

Average

i385

30

.
328
523

336

397

e

.

. 248 .
1,,3; .
103
140

125

156

Water balance for 8 yea’ré of the study

Winter barléy
150 20

0

 Plowed in autumn
- 18 8

 Winter wheat

4420

_ Plowed ih'adtumh
145 a3

0

Plowed in autumn

105 25

VPl:oWed in autu,mn'

71 8

Winter wheat
44 48

93 14

14

0

23

g o
 Plowed in autumn
0

208

24
144
7
115

113

0w

Ascaiia study site. Solonetzic dark chestnut soil

158 o :
~ Spring barley*
. ;

103 -
. o ’ Sudali'grass"?*’,"'
125

389
150

179

144 18
120 0
62 17
94 15
2100 21
102 - 33

Bare fallow
33 53

Winter wheat**
156 21

107 - 1

o ‘Willfer,:bé;r:ley*f .
=0

0

 Winter wheat®*
W

23

18

162

o
-
241

158

104

177

108

: 10 L35
 Comn for green forage®** it
o Corn’fér'green,fofagé***:" '

389

211

241

198

286
135

225

1;150
*, ;‘oo"; -
: 103
17‘7 : 

13

27

142

95

30

37

40

12

.
27

53

0 10

0 18

g _2121_
20 86

1478

0 187

1108

2

133

9

98

-2
-16

5

A7

-6
14

23

39

58

157
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~ Figure 4.7. Dynamic of moisture content in the Dark chestnut soil on cultivated land.

1 234%: 2. 32-33%; 3, 30-31%, 4, 28-29%; 5, 26-27%; 6, 24-25%; 7, 22-23%; 8, 20-21%; 9, 18-19%; 10, 16-17%; 11, 14-15%; 12, 12-13%; 13, 10-11%;
14, <9%. .- | 1 | o




Chapter 4 = Dynamics of SOM in Askania steppe, southern Ukraine

R g% = q > e
< 25 4
RN
AR R XX
3 .....mv..‘...........u...u 3

2 g2l

.

ing

- Tiled -
water-hold

ted land.

1va

iopeRBRnACE:

i T=F
T T
BODOBDEDE.Y
EELTEIETED,

——

y

orar
mg
t

.

Wi

B
San

s

Tem

Figure 4.8. Chronoisoplets of moisture content in the Dark chestnut soil on cult

(TUTHILER *o%,
u‘._ummm.mummﬂ/é SR
L AN IR

R LY WS

.. -/-,---—:-'-, el 2 Permatent

LU L
RN
B e S Ryl

_ (o]} samyexoduoy, ‘
(wrw) wopeydorg




48 e NG T Polupan

technical measures must be directed toward preservation and and Vysotskl Rode’s “dead™ horizon is absent. The last
accumulation of soil moisture in the post-harv ' - phenomenon is assumed to be typical for whole the Southern:
A unique feature of moisture regime on the uItlvated; ~and Dry Steppe reglons H1gh moisture of loess makes'
land is deep penetration of mmstur;e;frompre ,pltatlo,n.f pr ‘
As a consequence, moisture at the'dept of 1o 8! "
materials in the cultivated land is between the level of fie ‘
moisture-holding capacny and the temporary Wlltm " pom

Asaltsin%
o W, amoon 0030tz
al v

LLE
60

' Depth (cm)

w2 oo {07k

Figure 4. 9 Changes ()i in the contents of alts ( /o) and
soil under natural vegetatlon upon seasons of the year‘
condmonal zero) :

Table 4.9. Changes of the Cl and Na contents in cultivated lands relative to virgin lands (in %;
_ upper, average; lower, range). e .
‘ Southern chernozem ~ Darkchestnutsoil ~Solonetzic dark chestnut soil
0-100 do. il o om 2122 454
‘ 130-500 130-250{ 110400 110170 140-8800 130-1450
100200 Tes. i Ty ess e 210 27
‘ 50020000 150220 280-920 140210 250-4230 170350
200300 3% 124 24 M40 180 165
160-600  110-150 120360 110-180 170240 150-170

Depth (cm)

300-400 250 103 207 139 notdetermined not determined
130300 100106 180220 130-150 ~
e
120170 140- 170;: 160-200  100-110

400-500 2. g qse s
250300 110200  150-160  140-160
LT R 1030
110200 240-260 100-110
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Ited in the change of water regime,ﬁ'om‘non-per,colative
po adically percolative.

ivolution of salt regime in agro-ecosystem
Salt regime was studied by determining. composition of
xtract in 4 terms, 4 replications. In this report, data
terms are: presented: spring and autumn, which
présentatively‘giVe,description on salt migration.
der the virgin vegetation salt migration occurs in.
ly small soil volume that is determined by depth of
sture circulation. For 8 years of the study. The dynamics
alts covered 40-230 cm layers of the soil (Fig: 4.9). For
eriod, salts from upper part of soil profile leach out,
e in lower horizons of spring moistening they accumulate:
spfljihg-summ‘erperiod salts are drawn up with water flow
e surface that is well shown in the figures. Average yearly

Asalts in %
) l"ﬂ:’

losses of salts, i.e. 0.0062%, for the studied period from 0-
50 cm layer in fact were equal to the income in vegetation
period (0.0068 %). - ' ‘

- In Fig. 4.9 the dynamics of partlcular ions: by seasons
on the virgin land reflect the pattern of mlgratlon of whole
salts. v E

. On the cultlvated Iand under non-urlgated conditions
geochemical cycle of salts covers the whole studied (5 m)
depth of soil (Fig. 4:10). But, comparing with the virgin land,
on upper parts of cultivated land leaching of salts is
predominant. So, average yearly losses of salts from one-
meter depth of the Dark chestnut soil in Askania site during
the 8 years’ experiment were 0.0076 %, while income during
spring-summer period was only 0.0033 %.

- Thus, under virgin vegetation seasonal reversible cycle
of water-soluble salts is established that occurs within small

s o o s o s W 0

— 3
g
g
&
A/

w0 Cwzeae 0

e e

ure 4.10. Changes ( &) of salt contents (in %) in the pfoﬁle 'of Dark chestnut soil under cultivation in non-irrigated
itions upon seasons of the year of 1967-1972 (previous term of determinationgwas accepted as a conditional zero).:. -

Table 4.10. Changes of the Cl and Na contents in the cultivated lands after 17-27 years (m %,

_ upper, average; lower, range).

Southern chernozem
 Depth (cm) aania -

Dar}( chestnut soil

Solonetzic dark chestnut soil

Na Cl Na

0-100 190 330

130-400 200-410

856 1276
450-1040 *260-300
606 132
470-940 120-160

166 112
150-170 110-120

161 107
150-165 105-115

100-200
200-300
300-400

400-500

138
110-210

193
140-300

230
120-330

245
110-370

612
110-1014

122
110-130

142
120-280

175
120-270

170"
110215

L2220
120-312

160
110-210

110 .
106-120

110 408
105-170 270-810
504 430
170-1310  290-620
538 230
140-1610 . 180-390

301 184
120-600 140-170
130 106
110-240 100-140
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soil volumes, which is determined by the moisture regime
there. On the cultivated land whole the five-meter Vdepth'of
soil is involved into the cycling of salts (deeper was not
studied) with predominance of their leaching. This
determined decrease of water-soluble salts on the cultivated
land in the 0-300 (500) cm layer. ‘
For confirmation of the last conclusion; an associated
research on the contents of water-soluble salts was done in
paired virgin and cultivated soils. Research was conducted

on 3 points of Southern chernozems, 6 points of Dark chestnut

soils and 3 points of Chestnut soils, all of which involved
both virgin and cultivated lands. In every pomt three auger
holes were set for soil collection. The soils from all the holes
were analyzed for the contents of water-soluble salts.
D1fferences in the contents of Na and Cl in the soils deeper
than 50 (70) cm between the studied variants are valid at
confidence level of 0.99 in most cases, and rarely at 0.95.

There is a clear difference in the contents of Na and Cl -

in five-meter depth between the virgin and cultivated soils
(Table 4.9). On the cultivated land in 0-300 cm soil layer
decrease of Na and Cl was observed; where in 0-100 cm

layer Cl was decreased in:;averageby 2.1-25.0, and Naby

1.4-6.6 times; 100-200 cm - by 1.7-14.6 and by 1.2 - 2.6

times; and in 200-300 cm - by 1.2-3.4 and by 1.2-1.4 times, -
respectively. Deeper, content of these ions decreased in some
places and increased in the other. In the last case, mo1sture

did not always penetrate. mto deeper of the studled layer.

N. L Polupan

4.8. Productivity of plant biomass of v1rgm and cropped

ecosystems . ~

- Plant biomass was measured accordmg to the method
of Remezov (1960) and Remezov et al (1963).Aboveground
biomass was determined on 1 m x 1 m plots in 5-7
replications. Biomass of cultivated crops was differentiated
into stubble residues and harvested part, where harvested
part was separated into main and side products.

Belowground biomass was measured by sampling
monoliths of 0.25 and 0.36 m? in three replicates. They were
sampled from every 20 cm till one-meter depth. The roots

~ collected were washed on 0.2 mm Capron meshes for

eliminating mineral soils. Possibility of losses of fine plant
materials was carefully avoided. Then the roots were
differentiated into live and dead parts. Only:living plant

‘biomass was counted after drying at 105°C and then absolute

dry matter was calculated ~ , ;
Accordmg to the research of Remezov (1960),
estimation of biomass product1v1ty of soils under different

_usage s avaﬂable  only on the ba51s of repeated measurements
o for many years. In the presentstudy, therefore, determination

of this parameter was done for 8 years (1967-1974) on the

virgin and the cultwated non-irrigated lands.

Accordmg to literature for the last 25 years of research

‘;' in Askania steppe, total above—ground blcmass of plakor

_ecosystem is well correlated with V’the dynamics of

__prec1p1tat10n T he correlation is hnear and strong (R=0.75-

Contents of Na and Cl on the cultivated Iand decreased :

after 17-27 years of repeated cultivation (Table 4.10).

. Presented data about changes of water-soluble salts in -

the cultivated land relative to the virgin land confirms the

data on evolution of water regime during the cultivation..
Consequence of the changes of salt content in the

cultivated lands, especially‘Na, is a decrease of amount of

absorbed Na (Table 4.11).

0.86) witha htgh probability (P—O 999). However, correlation

in dense-turf cereals is a little less (R=0.61-0.76), in Festuca
. valesiaca Gand is even less (R=0.41-0.67). At the same time

biomass of feather grass does not correlate with precipitation
(R=0.10-0.17). Productivity of Koeliria cristata significantly
depends on precipitation (R=O.68-0.84), motley-grass is
satisfactory at high probability ‘(R¢0;48-0.:7 4). Dependence
of productivity of sedge-wheatgrass association “saucers” is
medium (R=0.52) (Vedenkov and Vedenkova, 1998).

Table 4.11. Seasonal change in the contents of exchangeable cations. (average for 1967-
1974). ;

~ Depth

(em) ~iCa

v X v

X

Conteris of exchangeable cations in different month (cmol, kg™)
Mg

‘Na K

IV X v

virgin
0-30
- 30-40
 cultivated
0-30
0-40 23

6.8
82

63
LT3

7.4

8.9

6.8

15

0.3
04

0.4
0.5

13
09

0.2
0.2

0.2
03

10 ,
09 09
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etermination of productivity of the aboveground - term evolution. Today, there is no established methodology
mass was done on associations of fescue and. stipa in two for counting yearly cycles of biological circulation of the -
ications, and of couch grass - sedge association “saucer” belowground biomass. Yearly roots dying-off are assumed
ne replication. Such approach represented the surface to be the amount of root-fall in total root biomass. According
rresponding to individual vegetation associations and to literature, in the motley-fescue-stipa steppes yearly roots
otal productivity. S i dying-off is 32-35% (Bystritskaya and Osychnyuk 1975;
roductivity-of the aboveground blomass was 2. 81 Mg Rodin and Bazilevich 1965).
n average where significant yearly variation was
ided (1.90-3.60 Mg ha'') (Table 4.12), which was a result
ctuation of moisture accumulation during the cold
in the soils and the amount of precipitation for April-
ig. 4.11). Correlation between the index and plant
omass stock is 0.80. Other authors also obtained similar
ults of total amount of biomass: forAskania steppe
3azilevich, 1962; Shalyt, 1950). The ratio between the
vground and the aboveground biomasses varied within

‘Most of the root blomass is concentrated in the upper
-of the profile. In 0-20 cm there is 57.2 (48.1-66.2) % of

‘Produegivity of abovegiound biomaSs (Mgha!) -

In steppe formations not all the biomass produced during et e 1000 0 2000 0300 o 400

. . . . .  Moisture accumulanon in the scul durmg cold pemod ] '
etation period is annually incorporated into the energy/ .. plus precipitation in April-Tune (mm) :

ments-exchange cycles in soils. All the aboveground  Figure 4.11. Correlation between productivity of
omass, except for semi-shrubs, practically dies off. Root aboveground biomass of virgin vegetation and moisture
accumulation in the soil durmg cold penod plus prec1p1tat1on
in Aprll-J une.

|
é
%
i
|
|
|
%
é;
.
|

omass; however, partially enters the cycle due to its long-

 Table 4.12. Plant b1omass of the Dark chestnut solls under dlfferent land use (absolute dry mass Mg ha'l)
5 : Year

; ; g
Typeo bwmasss 197 1968 1969 1970 1971 1972 1973 17

Average

vn-gmland b ) i RS = . i G
Aboveground © 288 201 320 343 2.04 190 3.60 340 281

Belowground 2401 1824 2303 1834 1661 1540 2500 2230
0-10 720 671 904 752 6.33 6.24 960 850
©1020 4060 207 0 620 364 354 358 440 3.00
120-40 652 551 456 363 390 249 636 600
40-60 300 245 202 2.64 200 206 270 243
60-80 290 116 082 053 060 035 130 140
80-100 133 063 041 034 024 068 074 . 070
Non-lmgated cultlvated land ; ; \ ;
" Winter ~ Spring ~ Comforgreen Winter  Sudan = Bare Winter
barley '+~ barley =~ ‘forage © ' wheat iss- - fallow ' wheat

Abovegrond 688 443 360 304 761 156 - 844 451 :
Harvested 609 405 300 250 6. 083 BEE A 30
Stubble residue  0.79 088 060 054 100 073 - 110 071

Crops - Average

_Belowground ~ 3.15 868 273 . 210 456 2 G380 343

0-20 1.80. 669 198 114 2 55 0 - 165 212
20-40 067 110 039 044 106 048 - 102 0.65
4060 038 055 014 034 06 020 - 058 036
60-80 020 022 016 015 040 0. 0.36 0.20
80-100 010 012 006 002 025 . - 019 010
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Amount of the root biomass for the studied years varied
in a wide range - 15.4-25.0 Mg ha’!, implying that the root-
fall in average makes about 20% (((25.0-15.4)/2) /
(15.4+25.0)/2)). The later value would be, at the same time,
a mean value of yearly roots production In a humid year
after droughty years; it reached sometimes even 39.4% of
 the root biomass. Wna Ll e e

At the present time most researchers consider the stock

of total plant biomass as a value of biomass productivity of
the natural ecosystem: As a consequence, the Opini‘orrabout
high productivity of natural ecosystem is accepted,~ and we
get higher values in the virgin land than in the cultivated
land. However, it is-well known that belowgreund and
partially aboveground parts of biomass in natural ecosystems
have a perennial character. We can get the true value based
on the annual growth. Accordiﬁgﬁto‘ our research, annual
growth of root biomass is 20%, while‘according to references
it is 30% of total stock. Based on these data average
product1v1ty of belowground biomass of natural ecosystem

equals t0 5.08 (4.07-6.10) Mg ha'l. Summed together with

the abcveground productrvrty of the fescue -stipa steppe
association is 7.89 (. 88-8. 91) Mg hal.

As mentroned above, active: decomposmon of plant

dues start with a cert 'm tune lag ‘fter their input and that

se cf the residues. It is very mportant to know

‘which part of biomass is incorporated annually into the

energy-mass-exchange in soils. Energy of decompositionon

virgin land was in average 34.6% (This value was obtained

from the decomposition experiment of cellulose sheet,
described later in the sectlon 4. 10) Hence, in the natural

ecosystem about 3 Mg ha is mvolved in the annual energy-
mass- exchange : ‘
Cultivated crops are drfferent ﬁom natural plants inthe

ratio of aboveground and belowground parts. In most of the
cultivated crops abovegrduhd biomass predominates (Egorov
and Dyuryagina, 1973; Levin, 1972; Stankov; 1972). This is -

a normal phenomena because root systems of annual cereals

and leguminous is weakly developed, while high productivity

of aboveground biomass is well developed by breading. Ratio

of aboveground to belowground parts in cultivated crops
depends on the yield; the higher yield the higher is the ratio.
During the studied years ratio of aboveground to
belowground biomass in :spikecereal crops was 1:0.4-0.6,

in corn - 1:0.3 NO 8. Only for perennial graSses the rafio was

" higher than one; in sudan grass 1:1.5 and in alfalfa - 1:1.5-

19

Our results on the productmty of blomass of some crops -

comply well with results of other researchers (Danilevskii,
1967; Levin, 1972; Samtsevich, 1968 Tukalova and Zapsha,

- 1976; Shalyt, 1950; and others).

- On non-irrigated cultrvated fleld the amount of
aboveground biomass is in’ average 1.6 times hlgher than
that on the virgin land. . e

However, total amount of roots in agro-ecosystem is
significantly lower: non-irrigated lands have 5.9 times, and
irrigated -3.2 times less than in the virgin lands. But
comparison should be done upon net growth that in natural
ecosystem makes 20-30% of the total root biomass.
Considering the latter, biomass productivity of the non-
irrigated cultivated land will be less only by'l/'2 1.8 times
comparing with virgin land and on 1rr1gated land it is even
h1gherby1116t1mes . St

- On the cultivated land, same as on the virgin land, main
root biomass is concentrated in upper part of soil profile. In
0-20 c¢m layer it is 59.4 (43.4-77.0) %. This is well in
agreement with data of other researchers.

Mean productivity of the non-irrigated field was 7.94

Mgha; onthe virgin land - 7.89 Mg ha! as mentioned before

(Table 4.12). r St Bl
~ Important characteristics of the b1010g1ca1 cycle in the
agro-ecosystem are that a part of biomass is removed with
harvest. On non-irrigated land in average 3.80 Mg ha'!
(47.8%) of biomass is taken away with harvest.

- On the cultivated land organic matter is incorporated

into soils as stubble and roots. It amounted 4.14 Mg ha! yr
1 for 8 years of our research in average

Income of organic resrdues into soﬂ depends on the type
of crops. Perennial grasses. leave the hlghest amount of

residues and then cereals follows; among them winter crops

leave more, and spring crops leave less; row crops leave the
least re31dues However, average amount of organic residues

~for crop rotations of d1fferent purpose under non-irrigated

conditions of Chemozem zone is the same-4.97 - 5.47 Mgk
ha'! (Bisovetskii, 1966; Byaluu etal., 1953 Sidorov, 1958)
that evidences weakly developed zonahty of orgamc residue
mput in agro-ecosystems

In our research, based on the data on the productivity of

plant biomass mentioned above and the biological activity

analyzed in section 4.10, in average 2.91 Mg ha! of plant

* biomass (4.14 Mg ha™ times 70.3%) participates in the annual
~ energy-mass-exchange of the non-irrigated field.

At present numerous researchers established that the

 characteristics of exchange of nitrogen and mineral elements

on cultivated land was 51gn1ﬁcanﬂy changed relatrve to virgin
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Biological cycle of elements under the fescue-
1ergrass association in Askania Nova is characterized
followingorder: SiO, >N > Ca>K >Mg>Al> Cl >
Fe > Na (Bazilevich, 1962). Biogeochemical cycle of
ments in other types of steppes is close to the given series
gorov and Dyuryagina 1973; Rodin and Bazilevich, 1965).
' rop properties for involving of nitrogen and mineral
ments into blologlcal cycle are the following (Egorov and
Dyuryagina, 1973; Levin, 1972; Tukalova and Zapsha 1976;
others):
er wheat, SiOZ>N>K> Ca>P> Mg>Na>fFe >Al
,lng barley, N>8i0;>K>Ca>P>Mg>Na>Al>Fe
) N>K>Ca>S§i0,>Mg>P>Na>Fe>Al
N>Ca>K>8i0, >P>Mg> Al >Fe
- N>K>Ca>Mg>P>Si0,>Na>Fe>Al
N> Ca>K>Mg> P> Na> SiO,> Fe > Al
sing the data onthe contents of nitrogen and mineral
ments (Bazilevich, 1962; Tukalova and Zapsha, 1976;
mme,:1968) their quantity in biomass was calculated on
tudied fields (Table 4.13).
The characteristics of nitrogen and mineral elements
on the virgin land are analogous to the above-
mentioned. Capacity of biological cycle on the virgin
osystem is by 1.4 times lower than that on non-n'ngated

According to data by Tyurin (1956) Kononova (1963),
vin (,197 2), etc., discriminative property of mineral
change on cultivated land is the significant excess of
trogen output and deﬁciehoy of macro- and microelements

ipon their return. In our research on the non-irrigated land

nutrients!” -

- in average 56% of nitrogén~and 30% of mineral elements

are taken out. However, their amounts in the annual cycle of

- the cultivated field is not less than of the virgin land. .

- In virgin condition all the synthesized biomass of plant

_organic matter is incorporated into soils after dying and

enriches upper soil horizons with humus, nitrogen and
mineral elements. Cultivated land loses large parts of humus,
nitrogen-and mmeral elements with harvest. By the opinion
of many researchers; from the moment when virgin land is
brought into cultivation annual irrevocable loss of large
amounts of nitrogen and mineral elements with harvest results
in discontinuing of theirbiologicalfaccumulation;:an;l‘soil
in the condition of no fertilizer addition is impoverished with
elements that were accumulated during the virgin soil
formation: “Impossible, is :‘e,ternally to take out from the

‘pocket and never return anything into it! Impossible, is really,

to think that our chernozems possess inexhaustible stock of
V.V. Dokuchaev.

Need of plants for mtrogen is satlsfled by the
decomposition of nitrogen-containing organic matters in soil
(plant residues and humus) and by atmospheric nitrogen that
is fixed by microorganisms. According to Tyurin’s opinion
(1956) after cultivation of virgin soil, balance of bound
nitrogen is significantly changed: instead of accumulation
decrease of nitrogen together with decrease of humus happens
because nitrogen output is larger than the input. According
to Tyurin’s calculation every kilogram of nitrogen lost by
soil turn:in decrease of 0.02 Mg ha'! of humus: In our study
of non-irrigated cultivated land annual output of nitrogen

: averaged 69 kg: Difference in humus content between virgin

Table 4.13. Biological cycle of nitrogen and mineral elements in different
ecosystems on Dark chestnut soils (average for 1967-1974 at Askania site;

_ inkgha').

Index of
cycle*

N Sio, Ca

Mg

“Fei

Al K Na S Sum

Virgin land

18151
| o o
43 14

178
69 32 e
5500146000 6

27
11
16
11

15

35

11
4

Non-irrigated cultivated land -
19 21 7
11

8

2 14

128

23 31
6 10
2 4

49
17

9 15 24 529
48 4 9 192
W M e s
36 8 11 240

11
206
4

41 . .102

~*1, total plant biomass; 2, net primary production of plants; 3, amounts that are taken away -
as crop yield; 4, amounts that are mcorporated into soxls 5, amounts that contrlbute annual o

exchange in the soﬂ-ecosystems
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and cultivated land is 16.26 Mg hafl. This amount of humus,

based on Tyurin’s calculation, can compensate harvested

nitrogen only for 12 years. But the soil is actually used in
agriculture for more than 100 years. Therefore, it is difficult
to agree with Tyurin that nitrogen used by cultivated crops
mainly derived from humus. The fact that nitrogen output is
occurring with harvest does not mean inevitable large losses
‘of nitrogen and humus after cultivation of virgin land (Levin,

1972). This is confirmed by results on dynamics of humus
~and nitrogen in. long-termexperiments;r Under the 50-100-

years cereal monoculture without fertilization;:‘ contents of -

~humus and nitrogen in soils were not decreased, in some
cases even increased (Egorov, 1962; Lyubarskaya 1960
‘Montulyak 1960; and others). -

‘There are another soutces thatt also compensate the
nitrogen output by agricultural crops: it is first of all plant
‘residues that are decomposed more easily and quickly than
humus. Therefore, when large amount of crop residues are
left, following crops will consume first of all nitrogen from
crop residues of the preceding crops but not from humus.

_Apart from the fact that crop residues contain a lot of
nitrogen and mineral elements; they contribute to evolution
~ of microbiological processes as well as mobilization of
nutrients into plant available forms, including fixation of
-atmospheric nitrogen. The latter phenomeneon in the
cultivated soil is observed more intensively than in virgin
land (Karnaukhov, 1957; Mishustin and Teplyakova, 1957;
Mishustin et al., 1968; Sidorenko; 1966; and others).

- At present there are about 200 species of non-
leguminous crops that are able to assimilate atmospheric
nitrogen in symbiosis with the microorganisms (Mishustin
et al., 1968). Therefore, accumulation of nitrogen in soils

through fixation of atmospheric nitrogen by microorganisms. -

has important value in balance of biological cycle. -
~ Plants get mineral nutrients not only from soils. Their
biological cycle on virgin land has closed cyclic nature. On

cultivated land balance of mineral nutrients is negati‘v“e e

because part of them is taken out with harvest. Herew1th
capacity of biological cycle of mmeral elements does not
decrease (Table 4.13).

Thus, from the aspect of b1o-product1v1ty, the cultivated

soils under non-irrigated cond1tlons are close to their virgin
analogues. Practically the same amount of biomass takes part

in the annual energy-mass-exchange in the virgin and the

cult1vated non-1rr1gated land C

gin land However due to output with harvest; a

acity of cycles of mtrogen- .
- “and mmeral-elements on the cult1vated land is h1gher than

large part of biomass and stock of energy and elements that k'
have been accumulated in organic and mineral components
of soils during virgin soil formation period will be decreasing
on cultivated land without add1t1on of orgamc and mlneral
fertilizers. =

4.9. Peculiarities of mlcroblologlcal processes in the study

zone = s

- From: north to south together w1th the increase of
intensive sunshine and heat, energy of summary expression
(Williams, 1939).
Therefore, soils of south and dry-steppe zones are
characterized by high biosynthesis and high activity of
microbiological processes (Egorova, 1966; Mikhnovskaya,
1981; Mishustin, 1954; Petrenko and Glushenko, 1965;
Torzhevsku 1968; and others). t L

- Samtsevich (1955; 1966) noted that the activity of
microorganisms in southern soils continues round the year;
in winter months at the condition of enough moisture and
temperature higher than 0°C their activity does not decrease

of biological processes increas

completely. Maximum evolution of microbiological
processes is observed at the first half of vegetation period,
with a subsequent decrease in summer when soilis dry. In

ssouthern Ukraine, amount of microorganisms in the second

half of summer is 2 to 3 times less than in spring and early
summer period (Torzhevskii, 1972) In spite of decrease of
microbial population in summer, biochemical processes in

“soils do not weaken. Different kinds of enzymes that are
released during cell act1v1ty continues to run the processes “

(Mishustin; 1949). , k
Soils of the Southern and Dry steppe zones are
characterized by high energy'of trénsforming processes:
ammonification, nitrification, nitrogen fixation, ‘
decomposition of cellulose etc (Mamchenko, 1970a;

- Mishustin and Teplyakova 1957 Petrenko and Glushenko 'f

1965; Sidorenko, 1966; and_others). :
- It was determined that cultivated soils are characterized
by greater amount of mlcroorgamsm spores and by different :‘

- ratio of spe01fied groups of microorganisms (Mamchenko,

* 1970b; Mishustin and Teplyakova, 1957; Petrenko and
~ Glushenko 1965; Torzhevskii, 1968; and others). In the soil
 processes role of bactetia and bacillus is increased, while

role of actinomycetesland: fungi is decreased. :
Specific weight of fungi population in the studied soils

“is not significant; on the virgin lands is 0.3-1.2%, on the
cultivated - 0.3-0.4%. But their role in elemental cycle in

soil is large," especially in decomposition of cellulose and
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residues (Vaksman, 1934). Teplyakova (1952) notes
ellulose-forming activity of fungi in chestnut soils of
akhstan is much greater than ,cellulose-destroying activity
a : eria. Considering the small sizes of bacterial cell
paring with fungi spore or vegetating fungi; the total
ght of fungi often outnumbers. Welght of bacteria
otski, 1962). ‘
Many researchers consider ratios of the different
roorganisms that use organic and mineral nitrogen as an
dex of intensity of mineralization processes. In the

er the V1rg1n vegetation (Mamchenko, 1970b;
ikhnovskaya, 1981; Torzhevskii, 1968):

‘Amount of microorganisms in the soils of the southern
steppe zone is decreasing down the profile (Egorova,
66; Torzhevskii, 1968; Chulakov, 1961). Herewith relative
ount of bacteria and mildew fungi is decreasing with depth,
le the relative amount of actinomycetes is increasing. Such
tribution is typical both for the virgin and the cultivated
nds. Many scientists explain decrease of microbial

hestnut so1l along months for the studled years (1967- 1974):
1, 2) and for the whole warm perrod of the years (3, 4) on

he virgin land (1, 3) and the cultivated non-irrigated land

2,4).

populatron with depth in a soil proﬁle by decrease of organic
matter as an energetic source. : ;

- In conclusion of the brief literature revrew itis necessary
to point out, that in soils:of south Ukraine of different
‘ecolo gicaleonclitions microflora is identical, that evidences
the unitypicity of biological processes in them. Increase of

the total amount of microorganisms and separate
physiological groups is an indicator of the change of their
‘ activity and intensity.

4.10. Blologlcal actrvrty L r
Brologrcal activity was studied durrng the warm perrod
of year under the virgin and the cultivated vegetation with
no irrigation, by the method of Vostrov and Petrova (1961).
On every plot a trench was dug; walls were carefully leveled
and 21 stripes of cellulose textile of 10 x 80 ¢cm were placed
on them. The textile was liberated from starch and every

“stripe had ‘an exact weight; Textile stripes were covered by a
film to prevent contact with backfilling soil. At the end of

every month (£ 3-5 days) three stripes of textile were taken

“out from soil, dried and weighed by an analytical balance.

Decrease of weight indicated the energy of cellulose
decomposition. Every following year walls of trench were

fﬁ'eshened» and the experiment was repeated.

Averaged data of biological actlvrty for the individual

‘months or whole the period of warm months in a year are

shown in Fig. 4.12 for 1967-1974.: :
The smaller activity of decomposrtion was observed in

the Dark chestnut virgin soil than in the cultivated soil. In

the virgin soil, amount of decomposed cellulose during whole

_the warm perrod in a year was 34.6% in ‘average, with

of the cellulose was undertaken mamly ephemerally, when
z ‘precrprtauon occurred and their moisture penetrated into 10-

20 ¢m layer or deeper of soils. From August to October textile
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was practically not decomposed. In this period soil moisture
content in the virgin land was close to the wilting point level.

" Thus, biological activity on the Dark chestnut soils on
the virgin land is mainly determined by their water regime.
This is because water regime is a main factor in evolution of
‘microbial systems under Vifgin ‘vegetation '(Torz’hevskii,
1968; Torzhevskii, 1972).

In the Dark chestnut soils of non-irrigated cultivated land
the biological activity is significantly higher than in the virgin
land (Fig.y 4.13). Average amount of annually-decomposed
cellulose is 70.3%, with fluctuations -14.3-130.2%: The least
activity was observed in dry and the highest in humid years.

‘Herewith, in a humid year (1973) the experimental field was

under bare fallow. Due to favorable water and temperature
‘regimes on fallow the textile was practically completely
‘decomposed till 50 cm by the end of July Therefore new
textile was set in'the trench.

‘Today the fact of such intensive decomposition of
‘organic 'resi,dues in cultivated soil is well established.
‘Depending on hydrothermal conditions of soil and quality
of plant biomass; their decompesition varies within 50-87%
(Egorov and Dyuryagina, 1972; Kononova 1951 Kulakov,
“‘1960 Sultanov; 1972; and others) o e

 Cultivated crops did not exert a direct influence on
biological activity. Their effect was exerted through water
‘regime. Under favorable conditions; energy of cellulose
decomposition was the same both under cereals and row

- virgin soil

Based on these results we can conclude that the
biological activity in the soils of studied region is'determined
by the water regime. Under virgin vegetation due to fast water
consumption by evapotranspiration, cellulose decomposition

1is short-termed, and occurs in spring and early summer time;
the total activity of decomposition is not so high. In the soils

of non-irrigated cultivated lands, the biological activity and

‘decomposition rate mcreased by 2 times due to the improved

water regime: @

4.11. Carbon-dioxide reglme in soil gas phase and its
emission k
Concentration of CO,in the soil air was detenmned by

the method of Makarov (1959). On the experimental plot

copper tubes of 3-5 mm in diameter with open ends were set
in 4 replications at depths of 10-20, 25-35, 40-50, 70-80 and

150-160 cm. Samples of soil air were taken monthly from

‘early April till late October in three teplieates from every
point between 8 a:m. and 1 p.m. Convergence of parallel
determinations both from one tube and between tubes was

high, deviation did not exceed 0.5-6.5%. Carbon dioxide was
then absorbed by 0.01 N Ba(OH),, followed by the titration
with 0.01N HCI solution with the presence of
phenolphthalein.
- The CO, emission, or soil resplratlon was measured by
enrichment and absorption method. Brass box 50 x 50 x 30
cm without bottom with attached copper tube for sampling
of air was inserted into the soil surface clean fromjVegetation.

eﬁltivated soil
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round the box were compacted to prevent from gas
hange with external air. Exposition time was set for 30
Then, through the copper tube air probe was sucked
sing Makarov equipment where 0.01N Ba(OH), solution

ylaced; then the solution was titrated with 0.01N HCl ‘

ion. Before determination of soil respiration initial
centration of CO, in the box was measured. ;
ntensity of CO, emission (mg m= h') from soil was
culated according to following equation:
= ((a-b)-0.22-V;:60) / (V,:S-t)
ere a is the volume of 0.01N HCl solution consumed for

determination of CO; (L); S is the area of soil surface:under
the box (m?); and t is exposition time (min).

< 4Soil air, together with soil solution, forms integral and
composite part of soil that participates and even determines
the whole life of soil” (Doyarenko, 1926). Presently it is
established that soil air composition is characterized by the
intensity and direction of biochemical processes in the soil.
It is determined by genetic nature of soils and their status

depending on season of the year and other factors. According

to niumerous- literature sources, carbon dioxide in soil is
formed due to the activity of microorganisms, soil fauna,

tration of BaCO); after absorption of CO, at the beginning
determination (mL); b is also the volume of 0.01N HC1
ution spent for the titration of BaCO; after absorption of
at the end of determination (mL); V; is the volume of

n the box (L); 0.22 is the volume of CO,equivalent to 1
f 0.01N HCI (mL); V, is the volume of air taken for

root respiration and biochemical processes. ;

. The soils:studied in our research are scarcely known in
terms of carbon dioxide regime of the soil air. This gap was
filled by specially undertaken soil investigations. The task
was to study dynamics of CO, in the soil air seasonally and
its variation under different land usage.

Table 4.14. Concentration of CO, (%) in the soil air and its emission rate from the soil
surface (mg m? h') in the Dark chestnut soils of Askania experimental site (upper - mean
 for 1967-1974, lower fluctuations). ' B

Month
‘April - 0 May 0 June o JJulys  August  September . October
IV v VI .. VI .. . VI IX X
virgin land ‘ )
80 200 330 180 70 60 30
20-200 60-360 ** 50-680 - 50-650 ~20-200 - 20-160 " 10-60

' CO, emmision rate
from the soil surface
(mgm™h™)

'CO, concentration in soil air (%) RO G e
- 10-20cm - 0.2 04 06 03 .. .01 0.1 006
, 00504 0108 012 0113  003-03 003-02 0.03-0.1
2535em 02 05 07 0402 02 009
it 0.05:06 - 0.2-1.0 - 0.1-1.3  0.1-1.3. 0.03-0.6 = 0.03-0.3 - 0.03-0.2
40-50.cm 0.3 06 0.7 05 0.3 0.3 0.13
00506  02-11  01-1.5  0.1-13 00508 00505 00304
70-80cm 02 05 06 - 0.7 0.5 0.4 0.18
: 00504 " . 0.1:08 . 0209  01-L1 02:1.0 . .0.1-11 . 007-04
150-160 cm 0.2 0.4 0.5 0.6 0.7 0.6 027
S 0.1:06 ~ 02:07 0308 0409 03-12  02:08 .0.1-0.5
: “ivosnoccultivated land e = g

CO, emmision rate .
from the soil surface
(mg m” b

80 260 280 300 160 if100 e 40
20-120  80-540  50-680  50-590  80-360 40200  10-100

CO2 concentration in soil air (%) . - S
10-20cm™ 02 : 06 0.06
e 00503 5 0110 10.02-0.1
02 : 6 0.6 4. 03 011
, 00703 0112 : 00304
40-50 cm 03 0. 6 06 018
: 0.1-04 : 0.1-1.3 00304
70-80 cm 02 6 0. 0.8 8 6 038
‘ 0.1:03 ' 02-13" : 0108
“150-160cm 02 05 6008 8 .09 061
0.1-0.5 0.5-13 02-1.0

2535 cm
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‘Average data is presented in Table 4.14 and Fig. 4.14.
In all the treatments, concentration of CO, in the soil air
increases from spring towards summer and decreases towards
autumn. D1fferences in the quant1ty of C02 between the sites
were observed. o :

On the virgin land in spring, in April, the CO,
concentration in the soil air along profile was even with
insignificant predominance in lower parts in some years. In
May and June increase of CO, concentration by 2 to 3 times
or more was observed, that was a result of increased activity
of biological processes. In this period soils are characterized
with the highest activity of organic residue decomposition.
Besides, natural vegetation in this period intensively grows
with exuding carbonic acid into soil that decomposes into
COyand HZO ‘Combined effect of these two processes
promotes a sharp increase of part1al pressure of carbon
dioxide in the soil air. - .

In the second half of summer CO, concentrations
gradually decreased due to cease of biological activity both

of microorganisms and of plants. In the upper part of soil

profile losses of CO, occur faster than the lower layers due
to gas diffusion into the air, while in the lower part t the CO,
concentration is increased due to downward flux of CO2 asa
heavier gas (Nikolaeva, 1964). ‘

In autumn, the virgin land contains minimum amount of

CO, in the soil air because ofvery weaktb1olog1cal processes. )

The concentration of CO, in the upper part of the soil profile
is drawn near concentrations of CO, in atmosphere.

On the cultivated land, dynamic of CO, concentration
in the soil air under different crops follows general rules,

co,

concentration - emission rate
in soilair. : from soil surface
[0} (mgm™ 1Y)

07p 3507
o6b 300}
05F 250
04F 200}
03 150}
02t 100

0.1

0

“Flgure 4 14 Dynamics of CO, concentrauon in 0-40 cm
layer of Dark chestnut soil on the virgin and the cultivated
‘ O, emission into the atmosphere

namely - the concentration of COZ“as' well as CO; emission
from the soil surface increases from sprmg to summer and
decreases by autumn. ; L a

- In Aprllfdlfferencesm the CO, concentration between
the studying sites are not significant. On the non-irrigated
cultivated land it is practically the same as on the virgin land.
The CO; concentration increased in May, and then reached
maximum values in June and July. In this period the

concentration of CO, in the soil air on the non-irrigated
cultivated land was by 1. 3 1.5 times hlgher than on the v1rg1n
land in average. ' S -

~ From August, the concentration of COZ«in"the cultivated

land gradually decreased but was still high enough. In the
profile of the non-irrigated soils, the CO, corcentration in
August-September is 2.2-1.3 times larger than that of the

wvirgin land. In October, the concentration of CO, in the uppe

part of the soil profile on the non-irrigated land is similar as
that on the virgin land, while deeper than 50 cm the soils in
the non-irrigated land contains 2 times higher CO, than the

~others.

The accumulatlon of CO, in the soil air is related to

“both the m1crob1olog1cal act1v1ty and its production by
- cultivated crops. On the bare fallow, increase of CO,

concentration occurs due only to activation of microflora.
Dynamics of cellulose decomposition activity is well

_ correlated with the concentration of CO, in the soil air. In

1973, cellulose decomposition‘activity under the bare fallow
in April was 6.8%, and the concentration of CO, in the soil

~ air in the 0.5-m layer was 0.36%, respectively: in May -

11.4% and 0.86%, in June - 43.3% and 1.50%, in July - 33.7%

~ and 1.53%, in August - 13.4% and 0.86%, in September -
- 10. 8% and 0. 60% and in October - 9.8% and 0.45%,
'k"::respectwely Under corn in the first half of vegetatlve period

~ due to its slow development formation of CO, depends
. mamly upon the nncroblologxcal act1v1ty In May-June, CO,
f"concentratlon under corn on the non—lmgated land was 0.4-
0.6%, the activity of cellulo e decomposmon reached 10.4-

* ;'18 2%. In July, the actmty of the cellulose decompos1t1on ‘
'kwas 16.8-19.0%, while the concentratlon of CO, increased

0.5 times, whlch is related to CO2 producnon by corn as
result of mtenswe growth 0 vegetatwn '
 There is a close relations hip ketween the harvest weight,
CO2 accumulatlon in the so11 an | the water supply to the
crops. This can efobserved on the example of the same Crops
grown under non—1rr1gated and 1rr1gated conditions. '
For example under non-irrigated winter barley at the

ﬂowermg phase in 10-80 c¢m there was 0.66% of CO,,
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as under irrigated ‘winter barley that has 1.5-2.0 times
- plant biomass there was 1.14% CO,. At flowering
oof non-irrigated corn, the CO, concentration of the

vas 0.79% with green mass harvest 15-20 Mg ha’!,
irrlgated com - 2.00% with green mass harvest 55-60

n the plots of the long-term bare fallow, the CO,
ntration was approximately by: 1.5 times higher‘than
the f‘above‘-mentioned ,treetments; which indicate a
iological activity of the soil under proper water supply
_and Polupan, 1975). However, the concentration of
the fallow decreased with years. In the first year of
vation, the concentration of CO, was 2.8%, in the
2:3%, and in the third year - it was 1.4%. In spite of
jgrﬁﬁcant reserves of productive moisture under fallow
the favorable temperature regime, decrease of the activity
1lulose decomposition is observed. Most probably it is
by the decrease of available substrates in the soil,
ssary for life activities of microorganisms. Thus, the
Its of our research convincingly indicate about the
ence of characteristics of soil usage on the regime of

oil air CO,. On the non-lrrlgated cultivated land, the k

ount of CO, in the soil air is larger than that on the v1rg1n
throughout the whole warm period.
The process of CO, emission from soﬂ surface mto the
sphere was named “soil resplratlon by Lundergardh
4, 1927). Soil resplratlon characterizes the intensity of
xchange between soil and the atmosphere and is one of
indicators of biological activity in the soil. :
Many researchers determined changes of intensity of
xchange between soil and the atmosphere during a year
direct correlation coefficient between CO,
ncentration in the soil air and its emission into the

nosphere (Matskevich, 1950; Makarov, 1952; Bondarev,

62; Shkurinov, 1975; and others). : ;
Average CO, emission from the soil surface on the virgin
d the cultivated lands is practically the same for the studied
ars from April till June. Second half of ;Vegeta‘t_ionperkiod
however, characterized with the higher CO, emission on

1e cultivated land. This is a natural phenomenon because

n the virgin land biological processes and growth of natural
egetation cease due to the lack of available moisture, while

the cultivated land more favorable water regime promotes
velopment of microbiological processes and growth of

gricultural crops with a long vegetative period. There is a
irect correlation between the CO, concentration in the soil
- of upper layers and its emission rate into the atmosphere,

which is graphically presented in Fig. 4.14. In autumn, both
the CO2 emission rates into the' atmosphefe and its
concentration in the soil air are practxcally the same for both -
the soils studied. : b ;

Thus, CO, regime in the 5011 air and mtens1ty of gas
exchange changed during the vegetative period depending
on hydrothermal conditions for the plant evolution. The
highest CO, concentration and its emissi’on rate are observed

“in the first half of the warm period as a result of intensive.

plant growth and high biological activity of the soils. In the
second half of vegetative period, CO, concentration in the
soil air and the intensity of soil respiration significantly
decreased due to decrease of plant grewtheopabsence of it
and decline of the biological activity in the soil as a result of
deterioration of soil water regime. According to literature
sources and ourkresults‘, the amount of CO, in the soil air and
the intensity of its emission into the atmosphere from the
soil depends upon plant composition. On cultivated lands,
these parameters are higher under perennial grasses and corn
planting comparing with cereals; and also higher under all
the mentioned crops than under bare fallow. In average for 8

k years of our study, quantltatlve indices of CO, concentration

in the soil air and the soil respiration rates for the first half of
vegetation period on the virgin and the non-irrigated
cultivated land are practically the same; in the second half
of vegetation period, the cultivated land has higher indices
due to better water regime and favorable microbiological
act1v1ty and plant growth with long vegetative period.

The patterns of seasonal ﬂuctuatlon in the CO,

‘concentration in the soil air and the intensity of soil respiration
~ comply with fluctuation of biological activity and plant

growth that is determined by dynamic of changes of water
reglme

From the beginning of warm period, CO, concentration
in the soil air increased in the upper layers of soil, reaching

~its meximum in June, then in deeper layers to the end of
“vegetation CO, concentration in the soil air decreased in the

same sequence. According to Remezov (1952), Mina (1957),
Kachinskii (1975) and others, increase in the CO,
concentratio‘n in lowei‘\layers of soil is explained by
“downward flux’
gas. Makarov (1988) does not agree with this opinion. He

” of CO, into deeper soil horizons as heavier

) explams this process with different degree of gas exchange

ih upper and lower parts of soil profile. Accordmg to
Makarov, CO, cannot flow down because it disagrees with
rules of gas dynamics, because gas diffusion occurs towards
low gas concentrations.
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- Indicators of the CO, regime in the autumn period are
 the same for the virgin and the cultivated non-irrigated lands.

4.12. Spatial heterogeneity of humus content in soils of
- Askania steppe and factors determining it
' In Askania steppe, spatial heterogeneity of plant cover
is well observed, that is determined by well-developed meso-
and micro-relief, which in turn determines the redistribution
of the surface-flow and the differences in water regime of
‘soils. We have studied morphological/genetic properties of
soil profile, considering microrelief of placor steppe and
content of humus in the soils. About 50 profiles were surveyed
in all around the Askania steppe; soil samples were taken
and analyzed for humus content, particle size distribution
~and other properties. Such work was done for cultivated land

as well around the virgin steppe on different distances from
the steppe. Forty soil profiles were surveyed and analyzed.
* Upon the thickness of humified layer of soils, both the

virgin and the cultivated land were separated into two groups:
those with 55-65 cm and 70-80 cm; and within the groups
the soils were further divided into 5 and 6 groups according
to particle size distribution of the soils (Table 4.15).
‘Natural heterogeneity of the soils on humus contents
within the two groups of the profile depth is 27%,‘ and total

- for the steppe is 48%. On cultivated land there is an analogous

picture. ‘

Therefore, when studymg evolution of organic matter
in soils of the cultivated land relative to the virgin, it is very
important to consider the depth of humified layers and

similarity of particle size distribution of the soils. Analysis

of huge numbers of literature sources, where data of humus
content changes during cultivation of virgin land is presente

revealed the absence of these important characteristics when

comparing with studying pairs. Thérefo‘r’e, there is a hug
parametric bias of humus changes in the cultivated soils. For
example, accidental comparison of Dark chestnut virgin soil

Tabl‘e‘ 4.15. Spa‘tial‘var‘ia‘tiokn of humus contents in Askania steppe
~ depending on depth of hum1ﬁed layers and partlcle size d1str1but10n

- of the soils.

_Depth

66-70 6165

" Physical clay (%)
56-60

5155 46-50 ‘41-45

(cm)

Humus contents in smls w1th depth of humlﬁed layers 55 65 cm (%)
: : virginland =

0-30
30-40
40-50"
C50:60
6070
70-80

4.1io.2;:
22
it
08
0.6

38402
23
2.1
14
L0
0.7

0-30
30-40
40-50
'50-60
6070

. 70-80

34402
24
2.1

s
07
06

32402
24
2.0
1.4
0.8
0.6

34402

2.1
1.9
12

09

cultivated land
2.9+0.2

2.0
1.8

1.3

0.8

32402
1.9
18
12

L0
0.7

- 3.010.2
1.8
16
12
10
0.7

27302
1.9
L7
130w
L1
06

25402
L7
1.4
1.2
1.0
0. 8

: Humus contents in soils with depth of humlﬁed !ayers T 0-80 cm (%)
v1rg1n land

030
30-40
40-50

5060
60-70 -
70-80

4.8i0.2’ ‘
29
24
16
13
0:8

45402
27
23

1.8
1.3
0.9

41402

2.5
23

1.9

1.6
1.1

39402
23
2.0
17

Lt
0

35402

21
1.9

T
C13
1.1

¢ultivated land

38402
28 1
22

150

14

09

3040

13,6402
26
21

19
14
10

3:4+02
2.3

2.1
1.8

1.2
08 -

32402

22

20
18"
14
L2

2.940.2
22
1.8
1.6
130
Ll

' 22+02
AT
12

1.0
0.9
07
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0-80 cm depth and 66-70% in the content of physical
with cultivated soil of 55-65 cm depth and 46-50% of
1cal clay results in humus losses of 48%, while using

methodical approach mentioned above it is only 21%.
‘ ally,* under correct comparison decrease of humus
ent in cultivated relative to virgin lands is 15-21%, while
appropriate estimation it can be 45% (Ushacheva,
Lack of scientific approach of the later author in
ermination of changes of humus content in the:zone of
esearch indicates the fact of coincidence of quantitative
ameters given by us at accidentally comparison (48%)
ngen by Ushacheva pairs (45%)

haracteristics and'intensity of humus formation

the virgin and the cultivated Dark chestnut soils
of fescue-stipa steppe -

According to literatures, intensity of humus
"er_alization during cultivation of virgin lands is influenced
ioclimatic conditions. Clear decrease of decomposition
il humus is observed from water resistant to dry steppes
derikhin, 1964; ‘Belchikova, 1951; Egorov and

yagina, 1972; Kononova, 1951; Titova, 1972).
; According to Tyurin (1937), soil organic matter consists
actual humic substances and detritus or linohumates. The
is semi-decomposed plant residues that lost its initial
orms. In virgin soils there is 38.3% of detritus (Tyurin 1937),

soils cultivated for more than 100 years - 26.0%

inchenko et al., 1968).

Based on our research amounts of detritus in the soils. v

the South and Dry steppe zones is 34-38% in 0-30 cm

er on the virgin Iand, on cultivated land - 22-26% (Table

6).

Today, numerous studies established that losses of
tganic matter after cultivation of virgin lands occur mainly
ue to the mineralization of the least stable components, and
hat is detritus. Our results also confirm this statement (Table
.16). At the beginning, fresh plant residues are
redominantly decomposed. In the first year 18-35%, in the
econd - 35-55%, in the fifth - 76-79% of the initial amount
f fresh plant residues are mmerahzed (Kulakov 1960
ubinstein, 1959) ‘ f : ;

Presence of seasonal ﬂuctuation of total humus coﬁtent
s an established fact (Aderikhin, 1964; Breus and

ikhnovskaya, 1976; Gertsyk, 1959). However, rhythm of
S changes during the vegetative period has a kcontr‘adic\tory
eature according to literature. Some authors (Breus and
Mikhnovskaya, 1976; Gertsyk, 1959) state that humus

content is decreasing from spring to summer and again
increasing up to its initial level by autumn; according to others
- it is decreasing in spring relative to the winter period,
increasing during summer, and in autumn its content is
restored till the spring level (Aderikhin, 1964).

- Authors explain the decrease of the humus content in
spring and in the beginning of summer by mineralization of
humus and subsequent consumption of the mineralized
products by growing plants. By the end of vegetative period,
when the consumption of nutrients sharply reduces,
incorporation of photosynthetic products into soil takes place
as root exudates, which are source of labile forms of humus
(Samtsevich; 1968; Ponomareva and-Plotnikova, 1980).

-+ According to our research, for all the treatments amount
of humus increases by the end of spring - beginning of
summer; and at the second half of vegetative period its
content is equal to the initial (Table 4.17). There, fluctuating

- patterns of the humus content are the same for soils with

plants (natural and cultivated) and without plants in
continuous bare fallow. For all the studied treatments,

increase of humus is approximately the same; in the upper

part of profile it is 10-15%, in the lower - 15-30%. According ;
to data of Gertsyk (1959); seasonal fluctuation of the humus

Table 4.16. Contents of humic substances and plant detritus

in soﬂs under natural vegetatlon and cultivation.
: : : Including;:

Inherent humic * - Plant detritus
substances (%) (%)

Humus

Depth (cm) content (%)

-+-Southern chernozems in-Ascania steppe - +
0-305 0 3 e 23 ol
3040 26 - e
R e e :
; 50-60 18 - -
cultivated  0-30 32 24 0.8
~30-40. 26 - -
40-50 2.1 ~ - -
50-60. - . - 17 -

virgin

PR Southern chernozems in Crimea steppe
virgin 0-30 2.9 1.9
3040 20 s
4050 15 -
cultivated  0-30 23 18
3040 19 L

Dark chestnut soils in Ascania steppe

virgin 0-30 34 A
3040 21 -
cultivated © 0-30 . 30 22
3040 20 .

: Solonetzic chestnut soils in Ascania steppe
virgin: 03007 ° 24 1S

Sf 3040 A -
cultivated = 0-30 = 20 - 15

3040 14 o -
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contents in the upper part of profile of Typical chernozem,
on the virgin land, was 22-25%, while according to Breus
and Mikhnovskii (1976), the changes in plow layer of the
same soils were only 12%.: e :
Dynamics of the humus content in our research complies
well with the rhythm of the microbiological activity. In early
summer, an intensive decomposition of organic matter takes
a place that likely forms some compounds, which occupy an
intermediate position between real humic substances and
plant litter at different degree of decomposition. The
existence of these compounds is the reason of increase of
the humus content at the moment. However; the processes
of their further humification continue; they undergo
transformations and polymerizations and interact with
mineral components of soil, becoming less mobile
(Kononova, 1951). According to the opinion of Mishustin
and Teplyakova (1957), at this moment the significant role
in the humification processes belongs to fermentation.
* We also have done a research on seasonal fluctuations
of the content of humic substances that are freely or loosely

bonded with soil mineral components. They were extracted

with 0.1 M sodium pyrophosphate solution (Aléksandrova,
'1960). Sodium pyrophosphate solution is weakly alkaline.
To extract the most loosely bonded‘organic matter with soil,
the pH of the solution was adjusted up to 7 Soil-to- solut1on
ratio was 1: 20. Extractlon of lablle organic matter was done
at natural moisture condition in 36 rephcatlons. Samples were

" Table 4.17. Seasonal fluctuation of total humus content in
Dark chestnut soils 'on Askania s1te (average for 1968-1971;
in %).

taken into vinyl bags, carefully packed and brought into
laboratory during the day. - B .

- The content of labile organic matter in Dark chestnut
soils complies with changes of total humus. Quantitatively,
there ‘were no significant differences between the studied '
treatments (Table 4.18). 4 ,;

- Results of water analysis, which was carried out for water
samples from lysimeter, indicate a higher mobility of organic
matter at early summer time (Table 4.19). i

Kokovina (1965, 1967) obtained large amounts of k
organic matter in summer in lysimetric waters along profile
of Typical chernozem:on virgin land of Streletsk steppe.
According to her results, there is 2:6-3.3 times higher organic k
matter in summer lysimetric waters than in spring, and 1.3
1.5 time more than in autumn. s '

Also, results of fractionation using extraction technique
on organic matter deserve an attention. Fulvic:acids (FA) |
predominate over humic acids (FHA) with a ratio of Cys : Cps
<'1'(Table 4.20). In spring and the end of summer, amounts
of HA and FA are practically the same in the composition of
free and weakly bonded organic matter. In early summer time,

k -an incre‘ésing ,tendéncy of HA and decrease of FA is clearly
observed that results in an increase of their ratio. This
indicates that main transfo‘rkmations; of organic matter are
taking place at the moment when soil exhibits the highest
biological activity. TOday biochemical nature of humification
process and participation of microorganisms in the process

Table4; 18. Seasonal fluctuation of labile humus content in Dar
chestnut soils on-Askania site, using extraction with 0.1 M sodium
pyrophosphate-at pH 7 (average for 1968-1971; in %).

Month ‘C‘onﬁdence level

Month Confidence 1eVél’f

Depth (cm)

VI*

VI

- on the difference
observed in June

Depth (cm)

VIE

CVID

X

on the difference
observed in June

0-10
30-40
50-60
70-80

0-10
30-40
50-60
70-80

0-10
- 30-40
50-60
70-80

.4.00
207

1.15
0.74

292

185

1.07
0.66

2.90

2.06

1.18
0.72

4.40

931

1.32
1.00

virgin

1388

204
1.20

0.83

409

1.98

115
078

cultivated without irrigation

330

2.10
1.30
0.87

3.13

225

136
1.00

3.07

1195
112
0.68.

- continuous bare fallow - -

287

200 -

1.16

2.90

207
109
0.85

3.07

1.10

0.70

0.84

0.95-0.995
0.995
0.95
0.995

0.99-0.995
- 0.95

0.95
0.995

0.995

- 0.95
0.95-0.995
0.95-0.995

0-10

3040

50-60
. 70-80

-0-10

130-40

50-60
70-80

- 0-10
30-40 -
50-60

7080

046

0.22

0.18
0.10

1030
016

0.11
0.08

033
019

0.12

007

0.18

- 0.30
0.25

0.15

0.60°
0407
026

virgin:
037
021
0.15
0.09
cult1vated without 1rr1gat10n o
0.54

027

010
0.09

030
Looe
020

0.08

024
0.16
011

008

" continuous bare fallow

049
- 03

021

0.14

029

015
013
009

$0280
0.11

0.11

0.07

10.995
0995
0.995 = -
0995

0.995
0.95
095
0.95

0,995
0.95

0995
099

* Difference in the humus content between each term (month) i is.
y tlstlcally 51gn1ﬂcant only for the data in June :

* Difference in the humus content between each tetm (month)is
statistically significant only for the data in June. -
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efgally‘recogtlized‘. According to Aleksandrova (1975)
0 days after beginning of decomposition process
ending on chemical composition of plant residues) HA

ed as a result of partial carboxylation of plant residue -

onents. In the following phases of humification,
1atization of HA molecules and their fixation in the soil
ile in a form of organo-mineral complexes take place.
ctionation ratios of humus of Eurasian steppes are
rmined in individual zonal types:of soil formation. In all
s, HA is predominant in composition of organic matter.

e 4.19. Concentration of dissolved organic matter in
etric water along profiles of Dark chestnut soils on
ite (average for 1967-1969; inmg L'!).

Month

Depth (cm)

v VI

virgin

86.1

47.0

304 40.1

29.7 43.0
 cultivated without irrigation

335 548 294
364 62,6 -

40.1 05120 0 -

4638
253

However, the ratios of HA/FA are different. In the upper
layer of Southern chermnozems it is 2.0-2.4, in Dark chestnut
soils - 1.9-2.0 and in Chestnut soils - 1.2:-‘1.5‘(Tabler4,;21).f~
‘By fractional composition, these soils differ slightly.
Cultivation of virgin lands practically did not affect the
ﬁ'actlonal composition of humus. e
The characteristics of humus formanon on cultxvated
s01ls~ underwent insignificant changes, if any. Amount of
humus in them is decreased relative to virgin; herewith,
decrease took place in account of the least stabIe'eemponents
- detritus. In the soils studied, decrease of the later is 15-
21%; according to literature sources, ini»accumulatiVe‘ type
of soils difference of detritus ratio in virgin and cultivated
soils is 10-18%. i S
. Decrease of organic matter after cultlva’uon of vn'gm
soils is a natural phenomenon. In natural ecosystems, soil
formation tries to reach a balance with exo- and endo-genic

- factors with tlme Therefore it 1s described

: kdependence to max1mum All the macro- and nncro—processes

of whole soil formation process Jincluding humus formation,

depend on this regularity. Based on up-to-date results, process
of formation of quasi-equilibrium status of humus-in soil
profile had been taking place hundreds or thousands:years
d'ep‘endingy‘ on z,"on‘es. Humans interfered evolution of soil

Table 4.20. Seasonal fluctuation of fractionated organic matter (hunuc ~
acid and Fulvic acid) in Dark chestnut soils on Askania site, usmg'
extraction with 0.1 M sodium pyrophosphate at pH 7 (upper % i in

weight; lower, % in labile organic matter).

IV
FA

Depth (cm)

~Month
VI

FA. -

030
¢ 65
0.14

64
0.12

67

virgin

0:26
43

- 0:16

40
0.14
54

034
57

024
60

0.12
46

“cultivated without irrigation

0.17
57
1009
0.06

35

0.18
55

0.10
53

0.07
58

023

43

014
0.10

40

continuous bare fallow

0.25
51

-0.18

58

0.1
52

031
57

016
530
0.15

60. -

024 -
49
0:13

42
0.10
8
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formation - humus accumulation on the half way of the curve.
Therefore, quasi-equilibrium status is established very fast,
i.e. within 3-6 (10) years depending on zones. The cultivation
of virgin soil destroys the balance between all the factors of
soil formation. Soil forming conditions had been ,changed
- due to improved water regime, increase of biological activity
and other processes and regimes. In a relatively short period
(3-10 years), soil formation reaches riew state of balance. As

formation both at natural and natural-anthropogenic
environment is always directed to establish the balance

~between ecblogical conditions, anthropogenic activities and

soil properties. Systematic application of anthropogenic
pressure will lead to stabilization of changes at a certain level
~ Processes of humification of organic matter in agro
ecosystems occur, likely, in the same way as in natural
ecosystems. It is indicated by the same patterns of dynamic

mentioned in the previous sections, the amount of plant  of total and labile humus on the studied treatments. An.

biomass involved into cycle on the cultivated soils without increase occurs in early summer time that is well agreed with
the rhythm of microbiological activity.

- Same characteristics in humus formation in the cultivated

irrigation is generally close to the Virgin soil. However, it
takes some time to form a new cycle of organic matter.
1e results of fractional

Therefore, in first years there are 10-20% losses of organic  and the virgin soils are indicated by

matter in virgin soils that is determined by intensity of  composition of humus of both the total and labile forms.
anthropogenic activities. However, process of soil-humus : -

~ Table 4.21. Fractional composition of humus from virgin and cultivated soils (avelfage" ‘déta;,in % to total C;
- Ponomareva and Plotnikova, 1968). : :
a Humic acid fraction (% in total C)

Residue, not
extracted (% HA/FA
in total C)

Fulvic acid fraction (% in total C)

. Depth(em)  C(%)

2.3 . Sum la 1 2 3. Sum’
~ Southern chernozems . L
o virginsoil ,
400 19 67 458 402
413 21 48 8 65 3715
409 28 25 4 s 373
362 34 18 : 35.1
314 45 06 g : 40.0
257 .51 .01 713 210 408
cultivated soil N
418 21 27 62 63 113 40.9
38628 2090 .96 38.0
354 32 23 1. : 413
289 28 2.0 55 43.4
249 30 56 0 180 LT 4638
Solonetzic dark chestnut soils
- virgin soil
101 373 25 66
101 396 . 25 25
118+ 388 27 2.4
113 352 . 28 1.3
64 . 206 40 18
7700231 .27 03
s cultivated soil s
113 395 30 45
98 344 ' 37 2.5
105 322 43 .20
.. Solonetzic chestnut soils
virgin soil ‘
135 344 34 49
154 73845 32 20
110 282 44 16
90 244 25 0.5
" cultivated soil
o108 361 3.0 6.8
78 339 44 3.8
68 261 427 06
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Conclusmn

In zones of the Southern and Dry steppes under natural

egetatlon, non-percolative water regime is established;
in its yearly balance outcomes exceedfincomes.
he cultivated soils are characterized with more
orable water conditions. In some years positive yearly
-water balance is formed in them that makes possible
poradically deep (> 500 cm) percolatlon of soil depth
in the cold periods:. ; :
Salt regime in the soils under the virgin vegetatlon is
characterized by seasonally reversible cycle of water-
_soluble ions that occurs in small volumes depending on
k depth of moisture cycle. On the non-irrigated cultivated
oils; salt cycle covers whole 5-m soil depth (deeper
vas not studied) with predominance of desalinization
processes. This led to several times decrease in the
_contents of water-soluble salts in 0-300 (500) cm layers
_as compared to the initial state.
Jatural and agro-ecosystems without: 1rr1gat10n are
haracterized by the almost same bio-productivity. On
the virgin and the cultivated soils without irrigation,
practically the same amount of biomass takes place in
‘the annual energy-mass-exchange. Capacity of cycles
for nitrogen and mineral elements on the cultivated
system is higher than those on thevifgin soil. However,
partial removal of biomass along with harvest on the
_cultivated soils leads to a decrease of the energy reserves
and materials accumulated in the soils durmg the virgin
soil formation period.
Biological activity in the soils of the studied zone is
determined by the water regime. Under the virgin
vegetation, due to fast consumption of water for
evapotranspiration the biologieal activity is small, and
“it concentrates in spring and early summer time; the sum
f the values: for cellulose decomposmon throughout a
year is not so high.
- In cultivated soils with no irrigation, the biological
activity including the activity of cellulose decomposition

increases by almost 2 times; which is determmed by the

improved water regime:

5) €O, regime in the:soil air and the: 1nten31ty of gas

exchange vary during the vegetative period depending
upon the hydrothermal conditions and plant
development. Maximum concentrations of CO, and
intensity of its emission rate were achieved in the first
 half of the warm period as a result of intensive plant
growth and high biological activity of the soils. In the

second half of vegetation period, CO, concentration in

~the soil air as well as intensity of soil respiration

significantly decreases, that is determined by a decrease
in the plant growth, or by its absence; and by cease of

- the biological activity in the soils, due to deterioration

of their water regime. According to literature sources

- -and based upon our results, amounts of CO, in the soil
<+ airand intensity of its emission into the atmosphere from
the soil surface depend upon plant composition. On the
-cultivated soils, these parameters are. higher under

- perennial grasses and corn than under ‘cereals;;an‘c’l higher
- under all these crops than under bare fallow. According
-to the average for 8 years of our study, quantitative

indices of CO, concentration in the soil air and soil
respiration rate for the first half of vegetative period on

‘the virgin and the cultivated non-irrigated soils are
-practically the same. For the second half; however, they

are higher in the cultivated land relative to the virgin
land, which is determined by a better water regime and
hence by a more favorable microbiological activity and
development of plant with a long vegetative period.
The pattern of CO, concentration curves-in-the soil

~air and intensity of soil respiration rate;eomplies with
- the same pattern as those of the biological activity and
_plant growth that are determined by the dynamics of

water regime fluctuation. Right from the beginning of
the warm period, CO, concentrations in the soil air is
increasing in the upper soil layers, reaching its maximum
in June, then in the deeper layers, by the end of vegetation
period CO, concentration in'the soil air is decreasing in

- the same order. Indices of CO, regime in autumn on the

virgin and the cultivated’*ndn-irrigat‘ed, soils are
practically the same:

Soils of Askania steppe are characterlzed by spatlal
heterogeneity of the humus content. Based on the

* humified layer of soil, both on the virgin and the

cultivated soils; two soil groups are separated: i.e. 55-
65 cm and 70-80 cm; and within both the groups, on the
virgin land there are 5 and on the cultivated land there

‘are 6 groups are divided based on their particle size
“distribution. Natural heterogeneity of the soils on the
- humus contents within the two groups of the profile depth

is 27%, and total for the steppe is 48%. The same picture

is for cultivated soils. Therefore, when studying changes
of organic matter due to cultivation of virgin soils it is

necessary to select pairs (virgin, cultivated) with the

~same depth of humified layer and content of physical
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clay. : - =

. In cultivated soils amounts of humus decreased by 10-
20% relative to the virgin, herewith decrease occurred
~ due to decrease of the least stable form - detritus.

 Fundamental changes in humus formation in the
* cultivated soils of different level of intensity relative to
' Virg‘i‘n analogues were not found. The amount of plant
- biomass incoming into the cycle on the non-irrigated

cultivated soil is close to the virgin. Processes of

humification on the studied treatments practically do not

- differ, that is confirmed by the same characteristics on

“seasonal dynamics of total and labile humus. Increase

‘of humus is taking place in early summer time that is

- well agreed with rhythm of microbiological activity.

“Results of fractional composition of both the total and

~ the labile forms of humus indicate the same

- characteristics of humus formation both in the cultivated
“‘and the v1rgm soﬂs

References L
Abramova MM; 1968. Evaporation of soil moisture in dry
- conditions. Pochvovedenie 8 (in Russian). ;
Aderikhin PG, 1964. Changes of chernozem soils of Central
Chernozemic Region (CCR) when using them in
“agriculture. In Cherniozems of CCR and their fertﬂlty,
M. Nauka (in Russian).
Aleksandrova LN, 1960. About apphcauon of sodium
- pyrophosphate for extraction of free organic humic
 matters and organo-mmeral compounds from soil.
Pochvovedenie 2 (in Russian).

Aleksandrova LN, 1975. Some dlscussable topics of

mechanism of humification of organic residues in soil.
In Humus and soil formation. Lenmgrad Pushkin (in
Russian). T ‘
Bazilevich NI, 1962. 'Exchange of mineraloelemen“cs in
“different types of steppes and meadows on chernozems,
chestnut soils and solonetz. I Problems of soil science,
M., Academy of Science of USSR (in Russian). -
Belchikova NP, 1951. Some regularities of content and
composiﬁoriof humus, and properties of humic matters
~in main soil groups of USSR. Publications of the
* Dokuchaev Soil Sci. Inst. of Acad. of Sci. of USSR
V.38 (in Russian). Sl
; B1sovetsk11 TYaetal, 1966. Root and stubble re51dues of
field crops of sugar beet crop rotation and their chemical
composition. Agrochemistry 9 (in Russian).
veshenskii GA, 1946. Formation of loess of glacial

region of European part of USSR. In Problems of
- paleography of the quaternary period, M.-L: (inRussian).
Bondarev AG, 1962. Breathe of sod-podzolic soil in relation
- with its moisture :and temperature. Publications of
- interregional thematic scientific conference on
cultivation of northern non-chernozemic soils. Kazan,
- ed. of Kazan state University (in Russian). o
Breus NM, M1khnovskayaAD 1976. Seasonal dynamics of
~ organic matter in chernozems.,Pochvovedenze 12 (in
o RuSSIaﬂ) .. ’
Buchinskii IE, 1963. Climate of Ukraine in the past, present
~and future. Kiev; Gos1zdat~,agr1cu1tural~11terature of
. Ukrainian SSR (in Russian). '
Byaluii AM et al., 1953. Dynamics of organic residues in
grass-field crop rotation. Agrobiology 5 (in Russian).
Bystritskaya TL, Osychnyuk VV, 1975. Soils and initial
. biological productivity of Azov steppes M. Nauka (in
Russian). o : :
Chizhikov VV, 1967. Water movement in soﬂ under the
mﬂuence of temperature gradlent In Publ. of
“Krasnoyarsk research Institute of: Agrlculture, No. 4 (in
‘Russian). ' ‘ f

Chulakov MA, 1961. Mlcroblologlcal characteristic of virg

©.and cultivated dark-chestnut soils of Akhmolinsk region.
~Publ. of Institute of microbiology and virology of
- Kazakhstan Acad. of Sci., Vol. 4, Alma-Ata (in Russian).
Danilevskii AF, 1967. About accumulation of root residues
- of corn in soil: In Root system and productivity of
agricultural crops. Kiev, Urozha1 (in Russian).

Dimo VN, 1970. Problems of heat and phase transitions

. soils. Abstracts of reports at IV Annual Meeting of Soil
- Scientists, Book 1L, Part 1, Alma-Ata, (in Russian).

Doyarenko AG, 1926. Soil air as a composite part of soil.

Scientific-agronomic journal 3, M. (in Russian).

Egorov VP, Dyuryagina NI, 1973. Biological cycle of

nitrogen and mineral elements on virgin and cultivated
chernozems of trans-Ural. Pochvovedeme 11 (in
Russmn) '

Egorov VE, 1962. From results of half—century experience

~ on application of fertilizers in crop rotation and under
_monoculture crops. Agriculture 11 (in-Russian). ‘

‘EgorovVV, Dyuryagina NI, 1972. Comparative characteristic

of virgin and cultivated chernozems of trans-Ural.
Agrochemistry 4 (in Russian).

'Egorova SV, 1966. Microflora of dark-chestnut soils. In

‘Microflora of soﬂs of southern part of USSR, M. Nauka
- (in Russian).




Chapter 4 - Dynamics of SOM in Askania steppe, southern Ukraine

rtsyk V'V, 1959. Seasonal dynamics of humus in thick
chernozems; Publication of Central chernozem national
_reserve;-5, Kursk (in Russian): :

bus AM, 1962. About thermo-gradient mechamsms of
" nugratlon of soil and ground moisture and movement of
waterm,frostmg layer of ground. Pochvovedenie 2 (in

nchenko AM; Chesnyak GYa Chesnyak OA, 1968.

Influence of agricultural crop upon evolution of soil

_ formation process and fertility of thick chernozem of

QF'orest-steppe of Ukraine. In Ways to increase soil

fertility, Kiev, Urozhai (in Russian). k

tnikova EA, 1965. Study of effect of soil treatment on its

_thermal regime. L., AFL (in Russian).:

chinskii NA, 1975. Soil, its properties and life, M. Nauka.
arnaukhov BG, 1957. Changes of properties of the virgin

- Azov chernozem after cultivation. Pochvovedenie 8 (in

Russian). = ' : :
el VD, Polupan NI, 1975: Dynamlcs of CO2 content in
dark-chestnut soils. /n Agrochemistry and Soil Science;
iev;, Urozhai (in Russian). :
kovina TP, 1965. Chemical composition of soil solutions

of thick chernozems under virgin vegetation. Publ.
_ Central-Chernozem reserve, 8, Voronezh:
kovina TP, 1967. To the question about mineral exchange
in oak-wood-on thick chernozem. Publ: Central-
. Chernozem reserve, 10 (in Russian). =
‘Iosov PI,.1924. Soil temperature as a function of the
vegetation cover. Publ. Of Amur agricultural
experimental station, (in Russian).: -
nonova MM, 1951. Problem of soil humus and
_contemporary tasks of its study M, Academy of Science
f USSR (in Russian):
nonova MM, 1963: Orgamc matter; M. (in Russwm)
stin, 1965. Fluctuations of climate in Russian plain in the
historical era. Publ. GGO, 184 (in Russian).
lakov EV; 1960. Regularities of distribution of organic
_residues in profile of chernozem soils of Northern
- Kazakhstan. Pochvovedenie 3 (in Russian).
rsanov: LI, Mlcroblology M; Ukrpedglz, 1940 (in

1degarth H; 1924. Der Krelslauf der Kohlensaure in der
‘; Natur, Jena.

ndegarth H,:1927. Carbon dioxide evolution of soil and
'crop growth. Soil Sci. 27(6).

- Lyubarskaya LS, 1960. Influence of long-term application

of manure and mineral fertilizers under crop yields and
soil fertility. /n Influence of long-term fertilizer
application on fertility of soil and productivity of crop.
rotations, 1, M.; Ministry of Agriculture USSR (in
Russian).

Makarov BN, 1952. Dynam1cs of gas exchange between soil
and atmosphere during vegetation period under different
crops. Pochvovedenie 3-(in Russian)..

Makarov BI, 1959. Determination of CO, and chontent‘in
soil air. Pochvevedenie 1 (in:Russian). :

Makarov BN, 1988. Gas regnne of soil. M., Agropromlzdat
(in Russian). -

Mamchenko OO, 1970a Free amino- aCIdS in: the dark-
chestnut soils of Ukraine. Agrochemwtry;a,n\d, Soil
Science, 13, Kiev; Urozhai (in Russian):

Mamchenko OO, 1970b. To the question of decompos1t10n
of the labeled analin in dark-chestnut soils.
Agrochemistry and Soil Science 13, Kiev, Urozhai (in
Russian).

Matskevich VB, 1950. Observations of carbon d10x1de
regime in soil air of thick chernozems. Publication of
the institute of Soil Science of Dokuchaev, Vol. 31 (in
- Russian). -

Mﬂ(hnovskayaAD 1981. Mlcroblologlcal characterlstlc of
chernozems and its changes under the influence of

- cultivation and fertilization. Irn. Chernozems. of USSR
(Ukraine), M., Kolos (in Russian).

Mina VN, 1957. Biological activity of forest soils and its
dependence “on physico-geographic conditions and
structure of stands. Pochvovedenie 19 (in Russian).

Mishustin EN, 1949. Law of zonality and composition of
bacterial population. /n Publ. of Anniversary Session of

- Academy of Science USSR consecrated for 100-years
of birthday of Dokuchaev V.V.; Mi-L. (in Russian).

Mishustin EN, 1954. Law of zonality and teaching about

‘microbial associations in soil. /n Achievements of
modern biology. V. 34, No.1 (in Russian). -

Mishustin EN et al., 1968. Biolo glcal fixation of atmosphenc
nitrogen. M. Nauka (in Russian).

Mishustin EN, Teplyakova ZF, 1957. Vlrgm soﬂs and their

~microflora. News of Academy of Scxenc‘e«:of Kirgiz SSR,
Biology series, 12 (in Russmn)

Montulyak GS, 1960. Dynamics of soﬂ orgamc matter under
continuous cropping of rye Pochvovedenie 3 (in
Russian)..

Nikolaeva IN,-1964. A1r regime of some USSR soﬂs In




N. I Polupan

Physics, chemistry, blology and mmeralogy of USSR
soils. M. Nauka (in Russian). - nrme

Panfilov VP, Yuriev YuN, 1968. Movements of vapor -

moisture in chestnut soils of Kulundin steppe. In Reports

of Siberian Soil Scientists to the IX International soil -

congress. Novosibirsk (in Russian). ,

Petrenko MB, Glushenko VV, 1965. About activity of

microbiological processes in chestnut soils.
Microbiological journal 27(6 ) (in Russian).

Ponomareva VV, Plotnikova TV, 1968. Method and some
results of the fractionation of humus of chernozems
- Pochvovedenie 11 (in Russian). ' '

Ponomareva VV, Plotnikova TA, 1980. Humus and soil
. formation (methods and results of study) L. Nauka (in
Russ1an) : . b

Predtechenskii PP, 1957. Outline of late- glac:lal and
postglacial history of USSR climate. PubL Laboratory
of limnology, Vol. 5 (in Russian).

Protserov AV, 1948a. Influence of the autumn water saturation
of soil on the spring flow and accumulation of the
pre01p1tat10ns Soviet agrochemlstry, M, 2, 1948 (in
* Russian). '

Protserov AV, 1948b. Accumulatlon of cold period

- precipitation by soil in European part of USSR.
Geography, climatology and hydrology OGIZ
- Geografgiz, 1948 (in Russian).

Remezov NP, 1952. Soils, their propemes and d1str1but1on
M., Uchpedgiz. (in Russian). ; G
Remezov NP, 1960. Biological cycle of elements; its role in

soil formation and ways of its’ study. In Reports of Soviet
Soil Scientists to the VII International Congress in USA.

M., Academy of Science of USSR (in Russian).
Remezov NP, Rodin LE, Bazilevich NI, 1963: Methodical
* instructions to studying the biological cycle of mineral
elements and nitrogen of aboveground plant associations
- in main zones of temperate belt. Botanical journal, Vol.
- VI, VIII, M., Academy of Scrence of USSR, 6 (in

Russian). - ,

Rode AA, 1965. Basics of teaching about soil m01sture Vol.1,
L., Gidrometeoizdat, 1965 (in Russian). :

Rodin LE, Bazilevich NI, 1965. Dynamics ofrthe organic

~ matter and biological cycle in main vegetation types.
M. Nauka (in Russian). = = , ;
Rubinstein M, 1959. Rate of decomposition of organic
matter of virgin chernozems of Northern Kazakhstan
. :under their cultivation. Pochvovedenie 11 (in Russian).
tsevi 1955 About seasonahty and perlodlclty of

- 'the microorganism evolution. Microbiology, vol. XXIV,
No.5 (in Russian). ; : :
Samtsevich SA; 1966. Microflora of southern chernozem
“under forest stand and under steppe. In Microflora of
 soils of northern part of USSR. M. Nauka (in Russian).
Samtsevich SA, 1968. Gel root secretion of plants and their
effect on soil and root microflora. n Methods of studying
-the root system product1v1ty International symposmm
L. (in Russian). D hags
Schwartsbach M, 1955. Chmates of the past. Introduction
. into paleo-climatology. M., (in Russian).
Shalyt MS, 1950. Underground part of some meadow steppe
~and desert plants and phytocoenosa. Part 1, Grass and
semi-shrub plants and phytocoenosa of forest (meadow)
* and steppe zone. Publ. of Botanical Institute of Komarov
~of USSR Academy of Scrences, Series 3, Geobotanic,
. No. 6 (in Russian). ‘ ‘
Shkurinov PI, 1975. Dynamlcs of carbon dioxide in soil air
- under clover. Soil science and Agrochemlstry, Minsk,
- Urozhai, No.12 (in Russian).
Shnitnikov- AV, 1969. Intra-century variability of general
~moisture components. Outlines, L. Nauka (in Russian).
Shulgin AM, 1972. Soil climate and its regulation. L.,
Gidrometeoizdat, (in Russian). == S
Sidorenko AI, 1966. Changes of microflora and the
microbiological processes in chestnut soils of Kulundin
steppe under irrigation. In Biological basis of irrigated
agriculture, M. Nauka (in Russian).

- Sidorov IS, 1958. Influence of plant residues on soil fertility.

Bulletin of agricultural science, 8 (in Russian).

Stankov NZ, 1972. Root system of field crops M, Kolos
¢ (in Russian). i :

Sultanov RA, 1972. Rate of decomposition of plant residues

~ mordmary chernozems of Northern Kazakhstan: Reports
of Timiryazev Agrrcultural Academy, No 183; M. (in
Russian).. o

Teplyakova:ZF, 1952. Aeroblc cellulose- decomposmg

microorganisms of the Kazakhstan soﬂs Publ. o
- Institute of Soil Science of Kazakhstan Academy o
Sciences, Vol. 1, Alma-Ata. '

Titova NA, 1972. Nature of humus and forms of its bonds
‘with mineral part of virgin and cultivated soils in dry-
steppe of southeast of European part of USSR. In
Organic matter of virgin and cultivated soils. M, Nauka
(in Russian). e :

Tomme, 1968. Mineral composmon of foragc M., Kolos.
(in Russian). ‘ ‘




Chapter 4 Dynamics of SOM in Askania steppe, southern Ukraine

orzhevsku VI, 1968. Influence of cultivation on microflora

of dark-chestnut soils. Bulletin of agrarlan sc1ence, KICV

2 (in Russian).
zhevskii VI, 1972. Quantitative characteristic of group
" microorganisms in dark-chestnut soils. In
 Agrochemistry and Soil Science, 2 (in Russian).
calova EI, Zapsha NA, 1976. Cycle of nitrogen and
mineral elements under field crops on or‘dinary
chernozem. Agrochemist;y 6, (in Russian).
irin IV, 1937. Soil organic matter. M. Selkhozgiz (in
jj Russ1an)
yurin IV, 1956. Soil formation process soil fertﬂlty and
_problem of nitrogen in soil science and agriculture.
Pochvovedenie 3 (in Russian).
shacheva TI, 1998. Agrochemical characteristic of soils
. agrocoenosa of “Askania Nova” biosphere national -
reserve. Actual questlons of the preservation and
rehabﬂltatlon of steppe ecosystems. Askania Nova (in

sman SA, 1934. Chemical and mlcroblologmal processes
happenmg under decomposition of plant materials in
soil. In Achievements of biological chemistry, 10 (in
Russxan) ‘
edenkov EP, Drogobych NE, 1998. Main summaries of re-
_inventory of flora of natural nucleus of “Askania Nova”
biosphere reserve. Actual questions of preservation and
“rehab1htat10n of'the steppe ecosystems. Askania Nova,
(m Russian). .. ..
edenkov EP, Vedenkova AG, 1998. Correlation of
; productlvlty of the root phytocoenosa of Askania Nova
kWith moisture regime. Actual questions of preservation
and rehabilitation of the steppe ecosystem. Askania
Nova, (in Russian).
ostrov IS, Petrova Al 1961. Determmatlon ofthe b1010g1ca1
activity of soil by different methods. Mzcrobzology30(4)
‘ (in Russ1an)
ysotski GI, 1962. Selected works Volume I, M. Academy
of Science of USSR (in Russian).Williams, V.P., 1939.
Soil science with the basics of agriculture. M.,
Selkhozgiz, (in Russian).




' Chapter 5

Effect of fertlllzatlon and manure apphcatlon on s011 organlc matter dynamlcs of

Chernozem soils i 1n Ukrame
Elmnra Karbozova-SalJ nikov and Takashl Kosakl

In Ukraine, chernozem soils are fundamentals of national

culture: area of cultivated chernozems in Ukraine is
1%106 ha (67;7% of total cultivated land in the counu'y);
¢ main crops grown are winter wheat (65-68%), corn for
ain (89-93%), sunflower (95-99%) and sugar beet (80-85%).
Xp rimental sites were located in three dlfferent soil-

Mineral fertilizers are determinative for obtaining
tented yield of agricultural crops. Nosko (1987) reported

at application of high rates of mineral fertilizer accelerates
mineralization of humus of Typical Chernozem and promotes

letion of nitrogen. However, Maximov and Kobozev

983:) and Kuszevski and Zabetowicz (1986) showed that
application of mineral fertilizer significantly increases effective
fertlhty of Chernozems and decreases losses of humus

mparing with non-fertlhzed controls.

The role of orgamc fertilizer in sustamlng no deficit
lance of humus in soil is nreplaceable Most of the scientists

ree that prolonged application of manure either stabilizes

he initial content of humus or increases its content,
ending on the rates of manure application (Kononova et
1949; Chesnyak, 1981; Chesnyak et al., 1983; Anderson
etal., 1986; Voroney, 1988§ Kuszewski and Zabetowicz, 1986;
Pareetal., 1999).
~ Proper use with the aim to conserve and restore the
fertility of Chernozem soilsisa mo‘st‘ important responsibility

oth of scientists and practicing farmers. The main objective

'this research is to study agronomic impact via fertilization,
manure applicatidn and irrigation on soil organic matter
SOM) changes, both total and labﬂe of Chernozems in

5.2. Soil sampling and analytical methods

Soil survey on Ukrainian chernozem soils was carried
out in spring—kskummer' 2000, after plantihg thecrops. Soil was
collected from three field replicates, where each sample was
~omposed of five sub-samples. Soil samples were divided
into two parts. Half of each composite sample was air-dried.
The remainder was stored in field-moisture condition at 4°C

for subsequent biological analysis.

The air-dried soﬂs were ground and analyzed for total N
concentration usmg a full automatic analyzer (Sthadzu NC-
800- 13N) Orgamc C was determined by dichromate oxidation
method (Nelson and Sommers, 1996). Soil mineral N (min-N)
as NO, and NH," ions was anaIyzed after extraction with 2 M
KCl solution. Nitrate N was analyzed after reduction of NO;-
ion to NO, by passing the extract through a Cd column.
Ammonium N was ‘analyzed‘ by salicylate ‘ni:troprus‘s‘ide
method (Keeny and Nelson 1982). Mmeral N was measured
colorimetrically using Shimadzu Spectra MAX-190. Because
at the time of sampling soil was almost air-dried the amount
of NH,* was negligible for all the treatments we plotted soil
mineral N as a sum of NO;’ and NH4 :

oy
30

Fxgure 5.1. Locatlons of Ukralman expenmental 51tes in
selected soil-ecological zones.
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The soils were assayed for labile OM content using
laboratory mcubatlon techmques with a constant temperature :
of 30°C and morsture of 50% of WHC for 70 days C.,;, was o
‘measured every 14 days after mcubatmg soilin square—plastle
jar (500 mL). The evolved CO, was trapped inanalkalisolution

(10 ml 1 M NaOH) and measured by titration (0.5 M HCI). The
alkali trap was replaced every 14 days. Potentially
mineralizable C (PMC) was, estimated from the rate of CO,-C
evolution during 70 days of incubation using non-linear
regression according to the following equation (SPSS Inc.,
19982 L
Crin=Co(1-6*) i O

where, C,, is the quantlty of mmerahzed C (mg kg! dry soil)

attime ¢ (d), C, is PMC (mg ke! drysoﬂ) and £ is anon-linear

mineralization constant, i.e. fraction rmnerahzed dl
N.in Was determined after mcubatron of soils for 14- 28-
,42-, 56- and 70-d and analyzed fqr NO; and NH," - N. Nitrate
N was analyzed after reduction of NO; ions to:NQ2 by passing
the extraction through cadmium column. Ammonium N was
analyzed by salicylate nitroprussidemethod,(Keehy arld
Nelson, 1982). Non-linear regression was used to describe N
mineralization potential (PMN) according to the following
equatlon (SPSS Inc., 1998a): Chioawe s
; —No(l—e oy 0y
where N s the quantlt) of mmerallzed N (mg kg dry soil)

at time t(d), Nyi is. PMN (mg kg dry sorl) kisa non-lmear ,k

mmerahzatlon constant, ie. ﬁact1on mmerahzed d1 and cis
an m1t1a1 delay i in mmerahzatron (mg kg! dry sorl) Because
mmerahzatlon of N in the ﬁrst 2 weeks was delayed for allthe
treatments