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Aim. To determine and estimate the impact of phytopotential of cultivated plants on the fertility indices of
podzolic soils, the main factors, limiting the performance of crops, and to establish economic efciency
of cultivating phytomeliorants, different in their physiological properties. Methods. Field, laboratory,
mathematical-statistical. Results. Comprehensive four-year-long studies (2013–2017) established that
the optimization of physical and chemical properties of podzolic soils is achieved via the application of
phytomeliorant measures. First and foremost, these measures are aimed at preventing the decalcication of soils,
i.e. they condition the accumulation of an active 2+ ion, which promotes improving the soil characteristics
due to progressing development of cumulative soil genesis. It was established that with the mass of alfalfa roots
of 9.7 t/ha and sainfoin of 9.9 t/ha, the 0–100 cm layer of podzolic chernozem contains 148.6 and 109.2 kg/ha
 respectively. Enriching the root-containing layer of soil with calcium compounds promotes replenishing
the soil with active calcium, thus ensuring the optimization of the lime potential (pH – 0.5pCa). The latter
affects both the acid-alkaline balance and the regulation of physical and chemical processes in soil. It was
established that after three years of phytomelioration, the soil in variants with perennial grasses is characterized
with higher buffer against acid-alkaline load compared to the control variant which is conrmed with the
indices of acid-alkaline buffer. Taking the abovementioned into consideration, one may assume that the very
increase in the activity of calcium is one of buffer mechanisms of soil against acidication. It was proven that
phytomelioration is efcient in terms of improving physical properties of soils, and soil structure, in particular,
due to the decrease in the number of dusty and lumpy fractions. It was established that due to phytomeliorant
measures the saturation of soil-colloid absorbing complex with calcium ensures intense improvement of water
resistance of aggregates for two years. It was proven that optimal values of soil composition density for most
crops of the Forest-Steppe zone may be achieved while cultivating Sudan grass for one year. The improvement
of the main indices of soil fertility via phytomeliorative measures led to the increase in the performance of
corn and barley and improvement of quality properties of grain. Conclusions. Phytomeliorative technology of
cultivating podzolic soils ensures the balanced use of soils with simultaneous orientation towards preservation
of resources, ecological safety and supplying the population with stable yield of crops with high quality of
products.
Keywords: cultivation, phytomeliorative measures, podzolic soils, acid-alkaline state, structural aggregate
composition, composition density.
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INTRODUCTION
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conditioning their “problematic nature” in the aspect of
resistance to degradation under the impact of increasing natural and anthropogenic burdens. First of all, climatic changes, occurring with impressive rates recently, should be referred to natural burdens, negatively
impacting the soil-forming processes in podzolic soils.
These changes are accompanied by contrast weather
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Podzolic soils are rather specic natural formations
with a genetically inherent multivector character of
soil-forming processes. In case of combining multidirectional podzolic-forming and accumulative processes, specic soil genesis of podzolic soils is the reason,
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cataclysms – rapid change of temperature, continuous periods without any rains, and, vice versa, intense
precipitations. The latter conditions the increase in
transpirational ability of soils, promotes washing-out
colloids, saturated alkali and nutrients for plants, dehumication, etc. [1–3]. A considerable impact on the
development of degradation processes is also made
by anthropogenic actions, which, rst and foremost,
include soil tillage with heavy machinery, decrease
in the volumes of introducing organic fertilizers, insufcient introduction of mineral fertilizers and meliorants, especially calcium-containing ones. Starting
with 1990, the average annual introduction of organic
fertilizers in Ukraine decreased catastrophically from
12 t/ha to current 0.4–0.1 t/ha [4, 5]. Along with the
prevailing podzolic component, the abovementioned
negative factors promote the development of a number of degradation processes and phenomena in the
old-arable soils, such as overconsolidation, loss of agronomically valuable structural aggregates, destabilization of acid-alkaline state, deterioration of buffer
properties, development of erosion, etc. For instance,
the rates of expanding the areas of podzolic soils with
increased acidity are 0.4–0.5 % a year.
Due to the negative effect of the mentioned factors,
the podzolic soils with high fertility transformed into
soils with medium level of fertility, and their properties keep deteriorating. As a result, the Forest-Steppe
of Ukraine, a place with common podzolic soils, has
about 1.8 million ha soils with increased acidity [5]. It
is the podzolic soils of the Forest-Steppe zone, where
the deterioration of physical, chemical and aqueousphysical properties of soils is felt especially bitterly.
The result of degradation of these soils is the decline in
the yield of crops due to the acidity of soil, deterioration of physical-chemical and physical properties, and
water-air regime, etc. The abovementioned degradation phenomena cause huge losses for farmers and the
state in general. The actual losses of agricultural products only due to overconsolidation of soils amount to
hundreds of thousands of dollars annually. The annual
shortfall in the production of the main crops due to negative impact of soil acidity is about 1 million 350 thousand tons of grain units [5].

The decisions of the UN Conference on Environment and Development (1992, Rio de Janeiro) stated
that protection and rational use of soils should be the
central component of the state policy.
At present, special relevance is attributed to the
measures of increasing the fertility of soils and
maintaining ecological equilibrium in agroecosystems via the application of biological factors [6]. In
this aspect a hopeful direction of solving the problem of keeping the podzolic soils from degradation
is phytomelioration as a “soft” ecology-safe measure
of restoring the fertility of soils via natural phytopotential of crops. The main value of phytomelioration is ensuring the change in the direction of the
soil-forming process from the eluvial trend to the
cumulative one. In addition, due to the absence of
nances for fertilizers and meliorants, this is an additional reserve of economy of energetic and material resources with the simultaneous orientation to
protecting the ecological safety of the environment.
Phytomelioration allows stepping aside from template technologies, commonly used to increase the
fertility of podzolic soils, which are a relevant component of the soil cover of Ukraine (about 7.8 million ha of agricultural land) and a valuable component of biosphere in general, and coming to the new
stage of developing balanced use of soil.
It should be noted that scientic literature highlights
the issue of phytomelioration impact on the change in
the properties of alkali soils rather well [7–10]. Phytobiological melioration presupposes correct selection
of crops, capable of both growing and developing on
halogenous soils, and promoting the formation of the
negative salt balance in them. They are also one of the
ways of ghting toxic burden on soils.
Regardless of rather multidirectional subject matter
of studies on the application of phytomeliorative measures to improve the properties of soil both in Ukraine
and abroad [11–14], this problem has not been studied
sufciently in the aspect of complex approach and introduction into practice with the purpose of preserving
and restoring fertility of podzolic soils proper.
MATERIALS AND METHODS

It is dangerous to leave degradation processes in
podzolic soils often undetected, thus, their results are
evident only in the state of decay, when common preventive measures are not capable of counteracting the
degradation. Therefore, it is easier to prevent these processes than to eliminate their consequences.

The studies were conducted at the National Scientic
Center “Institute for Soil Science and Agrochemistry
Research named after O. N. Sokolovsky” for 2013–
2017. The object of studies was podzolic heavy loamy
chernozem on forest-like clay loam (Kharkiv district,
State enterprise “Experimental Farm Hrakivske”).
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gates is observed, nutty-loamy, dry, dense, with worm
holes, less packed with roots, the transition is gradual
by the color and structure;
hi (59 75 cm) – low transitional, weakly eluviated, dark brown, with colloid glossiness, nut-prismatic,
cold, heavily dense, weakly packed with roots, the transition is gradual;
(h)i (75 105 cm) – transitional to the source rock,
eluviated, brown, heavily dense, transition to the next
horizon along the line of carbonate deposits;
(105 cm and deeper) – the formation is forest-like
clay, dark tan color, ne grain structure, carbonates in
the form of mycelium, frequent mole runs, lled with
humus material, some roots are observed.

Fig. 1. The prole of podzolic heavy loamy chernozem on
forest-like clay

Podzolic chernozem is heavy loamy by its granulometric composition, it contains 42.2 % physical
clay. It has the following physical-chemical indices
in the arable layer: salt 4.7, hydrolytic acidity –
4.3 mmol/100 g of soil, the sum of absorbed alkali
21.9 mg-eq/100 g of soil. Calcium prevails in the
composition of exchange cations (18.3 mg-eq/100 g
of soil) and magnesium (3.1 mg-eq/100 g of soil).

The eld experiment was started by the scheme, including the following variants: control, alfalfa, sainfoin, soy, lupine, mustard, Sudan grass. Annual phytomeliorants were grown in the following rotation:
soy  Sudan grass  lupine  mustard; control: barley  corn  millet. The crops of varieties, introduced
to the State register of varieties of plants, suitable for
cultivation in Ukraine, were grown in the experiment.
The technology of cultivating crops is common for
the Left-Bank Forest-Steppe of Ukraine. Two years prior to starting the eld experiment and during the latter,
fertilizers and meliorants were not introduced, which
allowed singling out phytomeliorant properties of each
selected crop proper. In addition, the studies investigated direct phytomeliorant action of crops (without
covering with plow) which is absolutely different from
sideration.

 (30 59 cm) – upper transitional, weakly eluviated, gray with brown shade, weak glossiness of aggre-

Field studies were performed by the method of
B. O. Dospekhov, the selection of soil samples and
their preliminary processing were done in accordance
to DSTU 4287:2004 and DSTU ISO 11464:2007. The
following indices were determined in the selected
samples: acid-alkali buffer of soil (DSTU 4456:2005);
density of soil composition per dry mass (DSTU ISO
11272:2001); structural and aggregate composition
of soil using sieve method in the modication of
M. . Savinov (DSTU 4744:2007); the content of organic matter (DSTU 4289:2004); the content of mineral forms of nitrogen (N-nitrate and N-ammonium)
by the modied method of NSC “ISSAR named after
O.N. Sokolovsky” (DSTU 4729:2007); determination
of calcium ions activity by the potentiometric method
(DSTU 4725:2008); the content of exchange calcium
and magnesium by the method of Schollenberg in the
modication of NSC “ISSAR named after O.N. So-
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Prior to starting the eld experiment on small plots,
podzolic chernozem had the following characteristics
by agrochemical indices: the content of mineral nitrogen was 12.4 mg/kg, mobile phosphorus – 35.8 mg/kg
of soil, movable potassium – 78.3 mg/kg of soil. The
content of total humus was 2.5 % which characterizes
the studied soil as low humus soil.
Soil section was laid in the variant with alfalfa
(Fig. 1):  (0 30 cm) – humic weakly eluviated (arable), dark gray with silica powdering S 02, dustyloamy, dry, low density, with a plow sole at the depth of
18 cm. Nut-like structure is observed starting from the
depth of 20 cm. The whole horizon is densely packed
with the roots of alfalfa, the transition is gradual by its
structure and color;
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kolovsky” – MVV 31-497058-007-2005. Plant samples were used to determine nitrogen content (MVV
31-497058-019-2005), calcium content using the
trilonometry method. The registration of corn grain
yield was conducted according to GOST 11225-86;
barley (DSTU 3769:98); soy (DSTU 4964:2008);
lupine (DSTU 4789:2007); mustard seeds (DSTU
1052:2005); seeds of Sudan grass – in a one-phase
way. The registration of root mass in soil was conducted by the method of solid masses of N. A. Kachynsky
[15], without fractioning by size and without dividing
into live and dead mass. The economic efciency of
phytomeliorant measures was estimated according to
technological maps and relevant methods [16]. The
mathematical processing of the results of studies was
done using common methods of mathematical statistics and standard computer programs Microsoft Excel
and Statistica 6.0.
RESULTS AND DISCUSSION
The decrease in the content of divalent cations of
calcium and magnesium in podzolic soils is the factor, conditioning the shift of acid-alkali equilibrium
of the soil solution towards acid side, promoting the
acid degradation of soils and considerably limiting
their performance. It was established that the optimization of physical-chemical properties of podzolic soils is achieved via phytomeliorative measures,
which, rst and foremost, are directed towards preventing their decalcication. Here the main factor of
phytomelioration of soils is not chemical meliorants,
but a number of plants, causing the accumulation
of active ion 2+, which promotes the improvement of physical-chemical, agrophysical and other
characteristics due to progressing development of
accumulative soil genesis. A relevant phytomeliorant measure of improving the calcium state of podzolic chernozem is cultivation of perennial grasses,
which, after three years of such phyto-improvement,
allowed increasing the content of exchange calcium
in the 0–20 cm from 16.1 mmol/100 g of soil in the
control to 26.9 mmol/100 g soil  in the variant with
alfalfa and 24.8 mmol/100 g of soil  in the variant
with sainfoin, and increasing the activity of ion 2+
(Table 1).
In our opinion, this fact is conditioned by the capability of the root system of perennial grasses to have
biological translocation of calcium compounds from
the lower layers of soil and even from the calcareous rock of forest-like clay into the upper layers. It
was established that with the mass of alfalfa roots of
AGRICULTURAL SCIENCE AND PRACTICE Vol. 5 No. 1 2018

9.7 t/ha and sainfoin of 9.9 t/ha, the 0–100 cm layer of
podzolic chernozem contains 148.6 and 109.2 kg/ha
 respectively. Further on, after partial dying-off
of the root system, calcium compounds, accumulated
in the roots of alfalfa, along with the plant remains
enrich the root-containing layer of soil with calcium. This meliorative specicity of perennial grasses
promotes replenishing the soil with active calcium,
thus ensuring the optimization of lime potential (pH0.5pCa), the optimal values of which for podzolic
chernozem are in the range of 4.8–5.2 in accordance
to the current gradation [17]. The latter affects both
the acid-alkaline balance and the regulation of physical and chemical processes in soil.
It was established that after three years of phytomelioration the soil in variants with perennial grasses is
characterized with higher buffer against acid-alkaline
load compared to the control variant. The latter is conrmed with considerable area of buffer volumes both
in alkali (BVal) and acid (BVac) intervals of loads. It
should be noted that the mentioned indices of buffer capacity, along with the coefcient of buffer asymmetry
and total estimated index of buffer capacity, are quantitative indices of buffer capacity of soils [17]. Positive
phytomeliorative action of alfalfa on acid-alkali buffer
capability of podzolic chernozem after three years of
cultivation is reected on the chart of pH-buffer capacity (Fig. 2), where considerable areas of buffer volumes
are observed both in alkali (positive) and acid (negative) intervals of loads.
After three years of cultivating alfalfa and sainfoin,
BVal in the 0–20 cm layer was 38.74 and 33.83 points
respectively, with the control of 36.12 points, BVac increased to 22.42 and 18.96 points, with the control of
17.78 points.
The total estimated index of buffer capacity and the
buffer volume of the acid part decreased along the prole in the 20–40 and 40–60 cm soil layers, whereas the
buffer volume of the alkali part and the coefcient of
Table 1. The change in pH of the activity of calcium ions and
lime potential of podzolic chernozem (0–20 cm layer) after
three years of phyto-improvement
Variant
Control
Alfalfa
Sainfoin


5.8
6.5
6.2

Lime potential, Calcium activity,
-0.5
, mmol/dm3
4.2
5.5
5.1

1.3
21.9
16.6
45
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Fig. 2. The chart of pH-buffer capacity of podzolic chernozem after three years of cultivating alfalfa (0–20 cm layer): 1 –
no-buffer substrate washed river sand,  – 5.5; 2 – podzolic heavy loamy chernozem after cultivating alfalfa, pH – 6.5

the buffer asymmetry in the 20–40 cm layer are better
compared to the depth of 40–60 cm. In our opinion, this
is due to the fact that the 20–40 cm layer is characterized with higher acidity and lower activity of calcium,
compared to the lower layer. A similar tendency was
established in the variant with cultivating sainfoin.

mass of grasses (9.7–9.9 t/ha in the 0–100 cm layer)
in soil. It proves the relevance of phytomelioration to
ensure extended restoration of organic matter even in
conditions of the absence of organic fertilizers.

The main indices, testifying to the aggravation of the
qualitative state of soils and the development of degradation processes, include the decrease in the amount of
organic matter, which is conditioned by extremely low
volumes of introducing organic fertilizers due to the
decay of animal breeding in Ukraine [5]. The studies
established the tendency to the increase in the content
of organic matter in the 0–20 cm layer due to phytocultivation, which is especially relevant in the context
of catastrophic decrease in the introduction, and sometimes even complete absence of organic fertilizers. It
was determined that the highest content of organic matter was observed after cultivation of perennial grasses
for three years (from 1.83–1.90 % of organic matter under perennial grasses, the control being 1.51 %), which
is reasonable considering the accumulation of the root

The efciency of phytomelioration in improving the
physical properties of soils, including their structure,
was proven. The highest number (89.3 %) of valuable
structural components (10–0.25 mm) in the 0–20 cm soil
layer under alfalfa was accompanied with the decrease in
the dusty fraction down to 0.8 % at 4.4 % for the control.
On the contrary, the smallest number of loamy aggregates
was noted in the variant with sainfoin in the 0–20 cm
layer (2.8 %). In the variant of cultivating Sudan grass
for one year, the percentage of loamy aggregates was
notably decreased down to 5.0–6.6 % at 11.2–16.4 %
for the control. The differentiated impact of phytomeliorants of the soil structure, determined by us, allows
correcting the direction of structure formation via the
selection of crops, depending o the fraction, prevalent
in the structure composition of soil – loamy or dusty.
For instance, the decrease in the number of loamy aggregates is achieved due to the mechanic action of root
systems of Sudan grass and perennial grasses. The decrease in the dusty fraction of soils takes place while
cultivating alfalfa and sainfoin – via biotranslocation
of calcium compounds as a relevant factor of structure
formation. A similar impact is manifested by mustard –
due to the structure-forming action of the root exudate
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The statistical analysis of the results obtained allows
stating that the very increased activity of calcium is one
of buffer mechanisms of soil against acidication. The
coefcient of correlation between these indices was
0.87, which testies to a high level of interrelation between them.
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Fig. 3. The diagram of the content of 1–3 mm fraction (0–20 cm layer) in the structure of podzolic chernozem after three
years of phytomelioration (in percentage)

(the sum of valuable structural components in the arable layer was increased by 11–18 % depending on the
year of studies and the predecessor). In addition, the
selection of phytomeliorants with well-developed root
systems has a positive effect on the processes of structure formation in lower horizons of soils. It should be
noted that downwards along the soil prole the highest
number of valuable structural aggregates was also observed in the variants with perennial grasses after
three years of phyto-improvement it was about 87–
88 % in the 0–20 cm layer and 84–85 % in the 40–60
cm layer with the control being 73–75 %.
A relevant index of structural-aggregate composition
of soil is the sum of aggregates of 1–3 mm in diameter,
which are characterized as “agronomically most valuable”, as this is the fraction with the highest resistance
to the ruining action of water and wind erosion (Fig. 3).
As seen from the diagram (Fig. 3) the percentage
share of this index compared to the control variants
is rather high for all the investigated phytomeliorants
(after three years of phyto-improvement). The highest
content of 1–3 mm fraction is noted under alfalfa and
sainfoin, which is practically twice higher compared to
the same index for the control.
In our opinion, a relevant reason of the formation of
solid structure of podzolic chernozem may lie in the
fact that the soil under perennial grasses has a plant
cover for a longer period of time, which protects it from
being ruined with precipitation, as the plant cover of
the elds with crops receives the impact of raindrops.
In addition, our studies prove that during the cultivation of perennial grasses, the process of structureformation of soils also depends on the content of calAGRICULTURAL SCIENCE AND PRACTICE Vol. 5 No. 1 2018

cium compounds in their root mass. Thus, during the
seasonal dying-off of roots, the soil solution receives a
considerable amount of active calcium, which takes a
direct part in the formation of an agronomically valuable structure.
It was established that due to phytomeliorant measures the saturation of soil-colloid absorbing complex
with calcium ensures intense improvement of water resistance of aggregates for two years. The coefcient of
water resistance increases from 0.53 in the control to
0.57–0.95 under phytomeliorant crops.
It was proven that the decrease in the density of soil
composition may also be achieved via the selection of
crops with well-developed root system. In our studies
this crop was Sudan grass which, within one year of
cultivation, decreased the density of composition of
podzolic chernozem in the 0–60 cm layer (Table 2) to
the optimal values of density of the composition of soil
for most crops of the Forest-Steppe zone [3].
Based on the results obtained, one may assume that
in case of accurate selection of phytomeliorants with
the consideration of their physiological specicities
Table 2. The impact of the cultivation of Sudan grass on the
density of soil composition
Density of composition, g/cm3
Depth, cm

0–20
20–40
40–60

Initial value

Sudan grass

1.31
1.34
1.39

1.19
1.26
1.31
47
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and meliorative possibilities, the danger of excessive
density, dusting and formation of loams decreases. In
addition, the studies demonstrate a close correlation
(a reverse linear dependence) between the density of
composition and content of organic matter in podzolic
chernozem while cultivating Sudan grass (r = 0.64).
At the same time, phyto-improvement also has a positive impact on the accumulation of macroelements in
soil, required for balanced growth and development of
crops, for instance, nitrogen, the deciency of which inhibits the growth of crops, especially during the initial
period of their ontogenesis. It was determined that the
cultivation of alfalfa, sainfoin, lupine and soy promotes
the increase in the level of supplying the soil with nitrogen from the low level to the medium one. The latter
testies to the ability of these crops to provide for both
its own need of nitrogen, and that of the crops of the
following years, which is a relevant economic factor.
The improvement of the main indices of soil fertility using phytomeliorative measures led to the increase in the yield: corn – in the rst year of aftereffect up to 4.4–5.8 t/ha with the control being 3.3 t/ha;
barley – the second year of aftereffect up to 1.4–2.2 t/
ha with the control being 1.3 t/ha. Here the qualitative
properties of grain are improved as well, in particular, there is an increase in the nitrogen content in corn
grain up to 0.46–0.84 % per dry mass with 0.45 % in
the control; in barley grain – up to 0.55–1.52 % with
0.44 % in the control. There is also an increase in the
calcium content in corn grain – up to 0.73–1.14 % per
dry mass with 0.72 % in the control; in barley grain –
up to 0.57–1.31 % with 0.43 % in the control.

towards preservation of resources, ecological safety
and supplying the population with stable yield of crops
with high quality of products.
It was determined that the cultivation of perennial
grasses for three years is reasonable to ensure optimal
indices of fertility of podzolic chernozem with the purpose of optimizing the acid-alkali state and pH-buffer
capacity. The optimization of agrophysical parameters
of soil is achieved while cultivating perennial grasses,
mustard, and Sudan grass. It was proven that the cultivation of Sudan grass for one year allows achieving
optimal indices of the density of podzolic chernozem
composition for most crops. The prolonged action of
phytomeliorative measures was established. High efciency of this agromeasure and adaptive properties of
phytomeliorants to soil and climatic specicities allow
stating the possibility of using the phytomelioration not
only in the Forest-Steppe of Ukraine, but also in other
zones of podzolic soils.
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Therefore, the application of phytomeliorant measures allows ensuring high functional resistance of
podzolic soils which gives a possibility to increase
their performance, to improve the agroecological state
of environment in the territory of their spreading and
to save 30–60 % of nances depending on the cultivation of specic crops-phytomeliorants. The estimation
of the economic effect of the application of phytomeliorative measures with the consideration of the pricing
policy during the years of studies (including two years
of aftereffect) proves their high economical character:
a conventional prot from the cultivation of crops-phytomeliorants is 1590–3630 UAH/ha.
CONCLUSIONS.
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