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The work of a tractor-towed machine for cleaning beet top residues from root crop heads, when used with 
supporting pneumatic wheels, is accompanied with its oscillations in the vertical plane, which has consider-
able impact on the quality of implementing the technological process. Therefore, the determination of opti-
mal parameters for the cleaning machine, ensuring more stable movement of its cleaning working tool, in the 
longitudinal-vertical plane fi rst and foremost, is an important task of the mechanization of sugar beet grow-
ing industry. Aim. To enhance the effi ciency of cleaning sugar beet top residues from root crop heads via 
the elaboration of the mathematical model of the oscillating movement of the towed machine for cleaning 
beet top residues from root crop heads in the longitudinal-vertical plane. Methods. The methods of building 
computational mathematical models for the functioning of agricultural machines and equipment, based on 
theoretical mechanics and advanced mathematics, were used. Results. The elaborated equivalent scheme of 
the movement of the towed cleaning machine was used to obtain the system of two non-linear differential 
equations for detailed study of the oscillations of the root crop head cleaner in the longitudinal-vertical plane 
while its supporting pneumatic wheels are moving along uneven soil surface. The mathematical model for 
the movement of the cleaner with horizontal cleaning roller, elaborated on the basis of initial dynamics equa-
tions in the Lagrangian form of the second kind, allowed determining the connection between constructive 
and kinematic parameters of the vehicle and its oscillating characteristics. The established dependencies 
formed the prerequisites for further mathematical digital modelling of the parameters of the towed machine 
for cleaning of root crop heads with a horizontal cleaning roller. Conclusions. The established computation-
al model allows optimizing the values of several parameters, characterizing the oscillations of the machine 
in the longitudinal-vertical plane.
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INTRODUCTION

When the machine for cleaning beet top residues 
from root crop heads is towed onto the rear of the trac-
tor, its spatial movements are determined by the trans-
lational velocity of the tractor movement, fi eld surface 
texture, location of supporting wheels relative to the 
suspension system, etc.

The use of supporting pneumatic wheels conditions 
the oscillations of the cleaning machine in the vertical 
plane, which has more impact on the quality of imple-
menting the technological process. Thus, let us further 
consider the movement of the cleaning machine only 
in the longitudinal-vertical plane, i.e. build the math-
ematical model of experimental machine oscillations 
during its movement along uneven soil surface.
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The use of the cleaner of improved design, towed 
onto the rear of the tractor to clean sugar beet heads, 
causes its free oscillating spatial movements. The ana-
lytical defi nition of conditions, when the mentioned os-
cillating movements will promote the improvement of 
the technological process of cleaning beet top residues 
from sugar beet heads, is a relevant task of the mecha-
nization of sugar beet industry.

It is an urgent issue of the mechanization of sugar 
beet growing to clean beet top residues from root crop 
heads after the main cutting off the root using the cut-
ting tools of beet top harvesting machines. The rele-
vance of this issue is confi rmed by several scientifi c 
works, dedicated to the study of the constructions of 
root crop head cleaners [1–4]. They present the results 
of theoretical and experimental studies of sugar beet 
head cleaners of different designs: spade-shaped, ring, 
sector, drum types as well as the cleaner in the shape of 
paraboloid. However, the mentioned works pay insuf-
fi cient attention to the study of the impact of the oscil-
lations of spade-shaped cleaners with horizontal drive 
shafts on the movement of its working tools. This prob-
lem is yet to be disclosed in the scientifi c literature. 
Therefore, the studies, which would allow estimating 
the impact of oscillations, caused by the movement of 
the cleaner with the horizontal working roller along un-
even soil surface, on the quality of cleaning beet top 
residues from root crop heads, are relevant.

For instance, the well-known method [5] may be used 
to build the computational mathematical model of this 
machine, which would allow analyzing the impact of 
its constructive parameters on the working movement 

along the rows of sugar beets on condition of uneven 
soil surface.

Thus, the study of the movement of root crop cleaner 
and the impact of its oscillations in the longitudinal-
vertical plane on the quality of implementing the tech-
nological process require deeper investigations and 
substantiation of constructive and kinematic parame-
ters, which will ensure high effi ciency of cleaning root 
crop heads. 

The aim of the study was to create the mathematical 
model of the oscillating movement of the machine for 
cleaning beet top residues from root crop heads, towed 
onto the rear part of the tractor, in the longitudinal-ver-
tical plane.

MATERIALS AND METHODS

The methods of building computational mathemati-
cal models for the functioning of agricultural machines 
and equipment, based on theoretical mechanics and 
advanced mathematics, were used in the theoretical re-
search.

RESULTS AND DISCUSSION

Let us build an equivalent scheme of the movement 
of the rear-towed cleaning machine in the longitudinal-
vertical plane, which forms a united aggregate with the 
tractor (Fig. 1).

Here let us consider the movement of one support-
ing wheel with the radius of r, deeming the other one 
to be in the same state. Let us suppose that during the 
copying process the supporting wheel, moving along 
the sugar beet inter-row spacing on the soil surface of 

Fig. 1. Equivalent scheme of the cleaning machine movement along uneven soil surface
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sinusoidal lateral section [6], shifted from one position 
into another. In the rotation plane the supporting wheel 
is under the impact of the gravity force of the machine  
G and the towing force FT. From the side of the root 
crop cleaner there is resistance force FR, equal in its 
value and opposite in the direction to the force Q of 
cutting the beet top off the head.

The effect of the mentioned forces in the contact 
point for K the supporting wheel and uneven soil sur-
face is the formation of normal N and tangent fN reac-
tions (where f – coeffi cient of rolling resistance) [7]. 
The directions of the action of normal N and tangent fN 
reactions are determined by the angle α.

The angle between the towing force FT and the di-
rection of aggregate movement is marked as β, which 
conditions the character of vertical oscillations of the 
cleaning machine in the longitudinal-vertical plane. 
The center of the cleaning machine frame suspension 
onto the tractor shall be defi ned as B, the height of the 
frame suspension – as H. Let us assume that the joint 
B does not move in the vertical plane, i.e. the process 
of copying occur s only due to the supporting wheels of 
the cleaner. Let us deem the translational movement of 
the cleaning machine to be constant and defi ne it as VM.

Let us refer the mentioned system to immovable Car-
tesian coordinates XK0Y [8], assuming that all its points 
move only in this plane. Let us locate the center of co-
ordinate axes in the point K0 of the supporting wheel 
contacting soil, and consider it to be the reference point. 
Evidently, any other point of the supporting wheel con-
tacting soil may be accepted as the reference point. Let 
us direct the axis K0X horizontally along the aggregate 
movement (in the direction of the velocity vector VM), 
and the axis K0Y – vertically upwards. As seen from 
the data in Fig. 1, the location of the supporting wheel 
center (the point C1) is defi ned by coordinates x and y.

Let us consider the movement of the point of sus-
pending the cleaner to the tractor in the fi rst approxima-
tion (point B) to be linear and steady [9]. Here the grav-
ity center of the machine (point C) is at the distance 
of l2 from the suspension point. The distance between 
the suspension axis of the cleaning machine (point B) 
and the suspension axis for supporting wheels (point A) 
shall be defi ned as l1.

The mass of the whole cleaning machine shall be de-
fi ned as M, the mass of the supporting wheels – as m, 
and m = m1 + m2 (m1 – the mass of the fi rst wheel, m2 
– the mass of the second wheel). The gravity force G 
of the cleaning machine shall be deemed as applied in 

its gravity center (point C). The mass of the supporting 
wheels shall be concentrated in point C1.

Pneumatic supporting wheels shall be presented as 
springy damping models with the coeffi cient of rigid-
ity  c and the coeffi cient of damping μ [10]. As there 
are two supporting wheels, let us double the mentioned 
coeffi cients. Let us consider that in the general case, 
while moving, the supporting wheels crumple the up-
per layer of soil surface, move along uneven soil sur-
face of the sinusoidal profi le, which changes according 
to the law [6]:

where y – the current ordinate of the height of soil sur-
face irregularity, m; h – half of the height of soil surface 
irregularity, m; k – frequency of cycles of occurrence 
of soil surface irregularities, m–1; x = VM·t – the value 
of the current horizontal plane, m; VM – the velocity of 
cleaning machine movement, m·s–1.

In the fi rst approximation let us consider that the sup-
porting wheel of the cleaning machine contacts with 
the fi eld surface irregularity in the point K, which be-
longs to the sinusoid (1).

As, due to springy properties, the center of mass of 
pneumatic supporting wheels makes independent oscil-
lating movements (point C1) and the ordinates of the 
heights of soil surface irregularity y have much lower 
values of the movement of the machine x, let us assume 
that these oscillations are defi ned by the independent 
coordinate y.

Here the positions of the center of mass of the ma-
chine (point C) in the longitudinal-vertical plane are 
completely conditioned by the independent coordinate 
β, i.e. the angle between the machine frame and the ho-
rizon. Therefore, the considered oscillating system has 
two freeness degrees and its movement is completely 
defi ned by two independent generalized coordinates:  
q1 = β and q2 = y, which shall be further used for dif-
ferential equations of the movement of the cleaning 
machine in the longitudinal-vertical plane.

Here the velocity V of the movement of the center of 
mass of the supporting wheels equals:

Taking into consideration that x = VM·t, it shall be as 
follows:
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where VM – the velocity of the translational movement 
of the cleaning machine, m·s–1.

The determination of kinetic energy of this dynamic 
system also requires establishing the angular rate of the 
supporting wheel and presenting it via the known pa-
rameters. This can be done as follows:

where ω – the angular rate of the supporting wheel, 
rad·s–1; S – the value of the radial movement of the sup-
porting wheel along the sinusoidal profi le of the soil 
surface, m; r – wheel radius, m.

Here the differential of the arc of the supporting 
wheel shifting equals:

or

Setting the value (6) into (4), we shall obtain the va-
lue of the required angular rate w. It is:

To build differential equations of the movement of 
the oscillation system under consideration, let us use 
the initial equations in the Lagrangian form of the sec-
ond kind as follows [7]:

where T – kinetic energy of the dynamic system; P – 
potential energy of the system; Qi – the summarized 
force; R – dissipation function.

Let us defi ne the components of the equation (8). The 
kinetic energy of the dynamic system is:
  T = T1 + T2 + T3 + T4,                      (9)

where T1 – kinetic energy of the translational motion of 
the cleaning machine (its center of gravity); T2– kinetic 
energy of the oscillating motion of the machine frame 
around the point B; T3 – kinetic energy of the rotational 
motion of the supporting wheels around its axes; T4 – 
kinetic energy of the vertical oscillations of the sup-
porting wheels due to the springy-ductile resistance of 
their pneumatic tires.

In their turn, the components of kinetic energy are as 
follows:

where M – the mass of the cleaning machine, kg; VM – 
the velocity of the translational motion of the center of 
mass of the cleaning machine, m·s–1.

where IB – inertia moment of the cleaning machine 
frame relative to the axis, perpendicular to the longi-
tudinal-vertical plane and crossing the point B, kg·m2; 

 – angular rate of the machine frame rotation, s–1.

where IB – inertia moment of both supporting wheels 
relative to their axes of rotation, kg·m2; ω – angular 
rate of the rotation of the supporting wheel, s–1.

where m – mass of both supporting wheels, kg;      – ve-
locity of vertical oscillations of the supporting whe-
els, m·s–1.

Thus the equation (9) with the consideration of (10)–
(13) shall be as follows:

The potential energy P of the system shall be defi ned 
as follows:
  P = c(l1β – y)2                                (15)
where c – coeffi cient of rigidity of pneumatic support-
ing tires, N·m–1; l1 – distance from the suspension axis 
of the machine to the axis of the supporting wheels, m.

The dissipative function R of this dynamic system 
shall be as follows:
  R = μ(l1         –      )

2
                                                (16)

where μ – coeffi cient of damping of the supporting 
wheels, N·s·m–1; 

Let us fi nd the summarized forces Q using the sum-
marized coordinates β і y, which are a part of the right 
side of the Lagrangian equation of the second kind (8). 
Here Fig. 2 presents the location of the cleaning ma-
chine in a random point K2 of the contact of the sup-
porting wheel and soil, which allows demonstrating the 
change in the position of the machine frame while the 
supporting wheel moves from some contact point K1 

into point K2.
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To determine the summarized force Qy using an in-
dependent coordinate y the equation of the elementary 
effect of forces on the possible shifting was used δy:

δWy =       Qy · δqy = –G · δy – fNsinα · δy + 
+ FRsinβ · δy + Ncosα · δy – FTsinβ · δy

It is noteworthy that normal N and tangent fN reac-
tions of soil on the supporting wheel have elementary 
effect on soil deformation and overcoming friction, re-
spectively, i.e. they are relatively active forces.

Thus, the summarized force Qy is as follows:

Qy =         = –G – fNsinα + FRsinβ + Ncosα – FTsinβ (18)

To determine the summarized force Qβ using an inde-
pendent angular coordinate β let us use the equation of 
the elementary effect of forces on the possible shifting 
δβ. Thus,
δWβ = N · BB" · δβ + fN · BB' · δβ + FR ·H · δβ – 

– G · BC' · δβ,
where BB", BB', BC' – arms of forces N, fN, G relative 
to point B according to Fig. 2.

The equation (19) shall be used to determine the val-
ue of the summarized force using the angular coordi-
nate β, which equals:

Qβ =          = N · BB" + fN · BB' + Fon · H – G · BC'.  (20)

Therefore, in this case the summarized force Qβ is the 
algebraic sum of moments of all the forces, acting upon 
this dynamic syste m relative to its point B.

Let us defi ne the arms of forces in the e q u a -
tion (20), using the data in Fig. 2. According to the Fig-
ure, we shall obtain:

BB" = l1cos(α + β) + (H – r) · sin(α + β),        (21)
where α – the angle of between the tangent line and the 
sinusoid (1).

It is known that the slope of the curve y = f(x) in this 
point equals the derivative from the equation for this 
curve by the variable x in this point, i.e. tgα = y'x. Tak-
ing (1) into consideration, we shall have:

Thus,

Then, according to Figure 2,

Here

Fig. 2. Equivalent scheme of the cleaning machine movement at the moment of tripping over soil surface irregularity
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so 

Using the triangle BCC', we shall have:
BC' = l2cosβ.                             (27)

Setting the obtained equations (21), (24) and (27) in 
the equation (20), we shall obtain the value of the sum-
marized force Qβ using the coordinate β:

Having determined further required partial deriva-
tives from kinetic energy T of this dynamic system, 
potential energy P, dissipative function R and setting 
these values of the summarized forces Qy and Qβ into 
the initial Lagrangian equations of the second kind (8), 
we shall obtain the fi nal system of differential equations:

Hereby, we shall have:

The obtained system (30) of two differential equa-
tions is a computational mathematical model of the 
movement of the tractor-towed machine for cleaning of 
beet top residues from root crop heads.

However, it was established that the mentioned sys-
tem (30) includes some unknown variables – normal 
reaction N, acting from the side of the soil onto the 
supporting wheel, and the force FR of resistance to the 
shifting of the cleaning working tool while implement-
ing the technological process of cutting the beet top 
residues from sugar beet heads.

In the fi rst approximation the unknown normal reac-
tion N can be defi ned on condition of the equilibrium 

of the dynamic system, which is considered at a fi xed 
moment in time [11], more specifi cally – on condition 
that the algebraic sum of moments of all the forces, act-
ing upon the system relative to the point B, equals zero. 
Evidently, this equation may be obtained from (28) on 
condition of the equation Qβ = 0. As a result, we shall 
see that:

N[l1cos(α + β) + (H – r) · sin(α + β)] +
fN[r + cos(90º + α + β – γ)                       ] +       (31)
+ FR · H – Gl2cosβ = 0.

While determining the reaction N the unknown angle 
β in the fi rst approximation may be considered rather 
small, which gives grounds to deeming it equal to zero.

In this case the equation (31) is as follows:
N[l1cosα + (H – r) · sinα] +
+ fN[r + cos(90º + α – γ)                       ] +      (32)
+ FR · H – Gl2 = 0.

Using the equation (32), we shall determine the un-
known reaction N. It shall be:

The equation (33) has been obtained for the case 
when the supporting wheel is at the random point of the 
sinusoidal profi le of soil surface irregularities i.e. the 
sinusoid (1). If the supporting wheel is on even hori-
zontal surface, i.e. directly on the axis OX, the equa-
tion (33) shall be simplifi ed even more on condition of 
α = 0 and shall equal:

The value of the normal reaction, determined ac-
cording to the equation (34) N may be used to solve 
the system of differential equations with the accuracy, 
suffi cient for practice (30).

The force FR of resistance of shifting the cleaning 
working tool along sugar beet head tops while imple-
menting the process of cleaning them from top residues 
shall be determined on condition that its value equals 
the force of cutting one top [12], located on one head 
after the total cutting of the main bulk of top leaves, but 
with remaining short green and strong leaves.

The mentioned force of cutting one beet top at fi rst, fol-
lowed by average values of the number of tops, remaining 
on each root crop, with the consideration of physical and 
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mechanic properties of sugar beet plants was determined 
according to the data of the Institute of Bioenergy Crops 
and Sugar Beet, NAAS of Ukraine [13]. The value of the 
mentioned force of cutting, equal 100 N, was accepted for 
practical estimations. Thus,  FR = 100H can be set into the 
system of differential equations (30).

To solve the system of differential equations (30), it 
is necessary to set constructive, kinematic, and force 
parameters, which are involved into the mentioned sys-
tem of equations. First of all, one should determine the 
initial conditions which are satisfi ed using the initial 
variables. In this case these are

t = 0: y = 0,   = 0, β = 0,    = 0.                 (35)

If specifi c values of constructive and kinematic pa-
rameters of the cleaning machine are used along with 
the values of its force parameters, which may be ex-
perimentally defi ned, there is a possibility of creat-
ing a program of digital computations and conducting 
digital modelling on PC which will allow changing 
the mentioned parameters to obtain the least values 
of the angle  β and coordinates y, which characterize 
the oscillations of the cleaning machine in the longi-
tudinal-vertical plane, and thus improving the techno-
logical process of cleaning beet top residues from root 
crop heads.

CONCLUSIONS

1. The elaborated equivalent scheme of the move-
ment of the aggregate with the towed cleaning machine 
was used as a basis for obtaining the system of two 
non-linear differential equations, which allows mod-
elling the oscillations of the cleaning roller regarding 
root crop heads in the longitudinal-vertical plane while 
pneumatic supporting wheels move along soil surface 
irregularities. 

2. The computational mathematical model for the 
movement of the cleaner with horizontal cleaning roll-
er, elaborated on the basis of initial dynamics equations 
in the Lagrangian form of the second kind, allowed 
determining the connection between constructive and 
kinematic parameters of the vehicle and its oscillating 
characteristics of the movement process.

3. Further mathematical modelling should be con-
ducted using digital PC estimations of the parameters 
of a towed machine for cleaning of root crop heads with 
a horizontal cleaning roller, using the elaborated math-
ematical model on condition of optimizing the values 
for the angle β and coordinates y, which characterize 
machine oscillations in the longitudinal-vertical plane.
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Робота агрегатованої з трактором машини для доочи-
щення головок коренеплодів від залишків гички на ко-
рені в разі використання опорних пневматичних коліс 
супроводжується її коливаннями у вертикальній площині, 
що суттєво впливає на якість виконання технологічного 
процесу. Через це визначення оптимальних параметрів 
очищувальної машини, які забезпечуватимуть стабіль-
ніший рух її очищувального робочого органа, насам-
перед у повздовжньо-вертикальній площині, є важливим 
завданням галузі механізації буряківництва. Мета. Під-
вищення ефективності очищення головок коренеплодів
цукрових буряків від залишків гички завдяки розроб-
ленню математичної моделі коливального руху при-
чіпного очищувача головок коренеплодів від залишків 
гички у повздовжньо-вертикальній площині. Методи. 
Застосовано методи побудови розрахункових матема-
тичних моделей функціонування сільськогосподарських
машин і машинних агрегатів на основі теоретичної 
механіки та вищої математики. Результати. Викорис-
товуючи розроблену еквівалентну схему руху причіп-
ної очищувальної машини отримано систему двох нелі-
нійних диференційних рівнянь для детального дослід-
ження коливань очисника головок коренеплодів у пов-
здовжньо-вертикальній площині при русі його пневма-
тичних опорних коліс по нерівностях поверхні ґрунту.
Математична модель руху очисника з горизонтальним 
очисним валом, розроблена на основі вихідних рів-
нянь динаміки у формі Лагранжа ІІ роду, дозволила 
встановити зв’язок між конструктивними і кінематич-
ними параметрами машини та її коливальними ха-
рактеристиками. Знайдені залежності створили перед-
умови для подальшого математичного чисельного мо-
делювання на ПК параметрів причіпного доочищувача 
головок коренеплодів з горизонтальним очисним валом. 
Висновки. Створена розрахункова модель дає можли-
вість оптимізувати значення низки параметрів, які ха-
рактеризують коливання машини в повздовжньо-верти-
кальній площині. 
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Работа агрегатированной с трактором машины для до-
очистки головок корнеплодов от остатков ботвы на 
корню при использовании опорных пневматических 
колес сопровождается ее колебаниями в вертикальной 
плоскости, которые существенно влияют на качество 
выполнения технологического процесса. Поэтому опре-
деление оптимальных параметров очистительной маши-
ны, которые будут обеспечивать стабильное движение 
ее очистительного рабочего органа, прежде всего в 
продольно-вертикальной плоскости, является важной 
задачей области механизации свекловодства. Цель. По-
вышение эффективности очистки головок корнеплодов 
сахарной свеклы от остатков ботвы благодаря разра-
ботке математической модели колебательного движе-
ния прицепного очистителя головок корнеплодов от 
остатков ботвы в продольно-вертикальной плоскости. 
Методы. Применены методы построения расчетных 
математических моделей функционирования сельско-
хозяйственных машин и машинных агрегатов на ос-
нове теоретической механики и высшей математики. 
Результаты. С использованием разработанной эквива-
лентной схемы движения прицепной очистительной ма-
шины получена система двух нелинейных дифферен-
циальных уравнений, примененная затем для детального
исследования колебаний очистителя головок корнепло-
дов в продольно-вертикальной плоскости при движении 
его пневматических опорных колес по неров  ностям 
поверхности почвы. Математическая модель движения 
очистителя с горизонтальным очистительным валом, 
разработанная на основе исходных уравнений динами-
ки в форме Лагранжа ІІ рода, позволила установить 

связь между конструктивными и кинематическими па-
раметрами машины и ее колебательными характерис-
тиками. Найденные зависимости создали предпосылки 
для дальнейшего математического численного модели-
рования на ПК параметров прицепного доочистителя 
головок корнеплодов с горизонтальным очистительным 
валом. Выводы. Созданная расчетная модель дает воз-
можность оптимизировать значение ряда параметров, 
которые характеризуют колебания машины в продольно-
вертикальной плоскости. 

Ключевые слова: сахарная свекла, уборка ботвы, трак-
тор, колебания, дифференциальные уравнения.
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INTRODUCTION

The plant growth depends on the weather conditions 
during the entire production cycle, starting with sowing 
and ending with harvesting. The factor of weather risk, 
which signifi cantly affects the yield of crops, is objec-
tive and one of the least predictable. By their genesis 
weather risks are external, not related directly to the 
activities of the enterprise [1]. Therefore, the produc-
tion of sunfl ower seeds, as well as other crops in many 
farms of the Steppe zone of Ukraine is distinguished by 
the decrease in yield and its stability and the increase in 
the cost of production.

There are two ways to increase plant resistance to 
stresses: improving the genetic basis of such resistance 
or using a specifi c plant growing technology. The lat-

ter can be achieved by the differentiated use of plant 
growth regulators (PGR) which can stimulate plant 
growth and development, increase the sunfl ower plant 
resistance to various stress factors and increase the 
yield of plants [2, 3].

The increase of crop productivity with the use of 
PGRs relates to the fact that they intensify the activity 
of plant cells, increase the permeability of intercellular 
membranes and accelerate biochemical processes in 
them, which leads to the optimization of the processes 
of nutrition, respiration and photosynthesis. As a re-
sult, plants have higher resistance to adverse weather 
conditions and to pests and disease harmfulness. Plant 
growth regulators contribute to the realization of the 
genetic potential of plants to a higher level [4-6].
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The effi ciency of growth regulators in oilseed sun-
fl ower cultivation technologies was studied by I.I. 
Klimenko, Y.I. Buryak and other scientists [3, 7], who 
used growth regulators with active substances of dif-
ferent origin and mechanisms of infl uence on plants. It 
was determined that in case of pre-sowing treatment of 
sunfl ower seeds with different growth regulators, the 
fi eld germination increased by 3−17 %, the yield of 
sunfl ower – by 0.14−0.21 t/ha, primarily by increasing 
the weight of 1,000 seeds and the number of full seeds 
in the infl orescence.

Hernandez claimed that different plant growth regu-
lators (N6-benzyladenine (BA), a-Naphthaleneacetic 
acid (NAA) and Gibberellic acid (GA3)) contribute to 
the increase in the leaf surface area by an average of 
38 % and stimulate the growth processes of sunfl ower 
plants, while causing reduction in the duration of the 
phases of plant growth and development [8].

According to a group of scientists: Sibgha Noreen, 
Muhammad Ashraf, Mumtaz Hussain and Amer Jamil 
[9], the use of salicylic acid as a growth regulator for 
sunfl ower cultivation reduces the negative impact of 
stressors by increasing the activity of antioxidant en-
zymes (superoxide dismutase, catalase and peroxi-
dase). In addition, growth processes and photosynthet-
ic activity of sunfl ower plants are activated.

The effi ciency of growth regulators in case of suffi -
cient moisture and abidance of the growing technology 
has been well studied and proved to be quite high. At the 
same time, fewer investigations have been dedicated to 
growth regulators in low and unstable moisture condi-
tions and high temperatures in fi eld crop cultivation in 
general and large-seed sunfl ower varieties in particular, 
leading to current study. The goal of this research was 
to determine the infl uence of AKM plant growth regu-
lator on the performance of large-seed Lakomka sun-
fl ower variety, sowing and yielding properties of seeds.

MATERIALS AND METHODS
Iodine solution (for the sunfl ower pollen fertility de-

termination) was prepared by Gram recipe: 2 g of po-
tassium iodide was dissolved in 5 ml of distilled water 
when heated. Then 1 g of metallic iodine was added 
into solution, which was brought to 300 ml and stored 
in an orange glass.

Alkalis, acids, solvents, Mohr’s salt and other re-
agents have been purchased at “Khimlaborreaktyv” 
company (Kyiv, Ukraine).

The soil samples were collected from the experimen-
tal plot and air dried. Then all the roots were careful-

ly removed, the soil was rubbed in agate mortar and 
sieved through a sieve with 0.25 mm holes.

The humus content in the soil samples was deter-
mined using I.V. Turin’s method. It is based on the oxi-
dation of soil organic matter by 0.4 n solution of potas-
sium bichromate (К2Сr2О7) till the formation of carbon 
dioxide. The reaction occurs by the equation:

3С + К2Сr2О7 + H2SO4 = 2К2SO4 + 2Сrv(SO4)3 + 
+ 8Н2О + 3СО2.

The residue of chromic mixture, not used for oxi-
dation purposes, was titrated by Mohr’s salt (double 
salt) of ammonium sulfate and iron oxide sulphate 
[(NH4)2SO4 FeSO4]·6H2O. The residue of chromium 
compounds was determined by the number of con-
sumed Mohr’s salt, and by the difference between the 
original amount (idling determination result), and the 
remainder amount of chromium compounds, which 
went to the oxidation of humus.

Defi nition of hydrolyzed nitrogen by Cornfi eld [10]. 
The principle of the method is that soil is hydrolyzed 
using alkali. As a result, nitrogen of exchangeable am-
monium, amide, aminosugars, and other compounds 
is released from the soil in the form of NH3, which is 
caught by boric acid.

Determination of mobile forms of phosphorus and 
potassium in the soil using Chirikov method (DSTU 
4115-2002). The method is based on “extraction” of 
phosphorus and potassium from the soil by 0.5 nor-
mal acetic acid at a ratio soil:solution (1:25) followed 
by phosphorus determination as molybdenum blue on 
photoelectric colorimeter, and potassium − on fl ame 
photometer.

The method of comprehensive lipid extraction 
(Soxhlet method) is based on the highest possible lipid 
extraction from the analyzed material by repeated treat-
ment with solvent until the lipid content in the material 
becomes insignifi cant. The solvent is then distilled off 
from the resulting extract and the residue containing 
lipids is dried in conditions that preclude its oxidation, 
and then weighed (DSTU 7577:2014).

Determination of pollen fertility by iodine method 
[11]. It is based on the determination of starch using 
iodine reaction. Fertile and sterile pollen grains vary in 
starch content. Usually fertile pollen grains are com-
pletely fi lled with starch and sterile ones have none of 
it at all or contain only traces.

Equipment. To receive quantitative indicators during 
experiments on the defi nition of soil quality, fertility of 
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pollen of fl owers and seeds of sunfl ower the following 
equipment was used: analytical scales ANG220 (AXIS, 
Poland), binocular microscope THS08-04B-RC 40x-
1000x (Henan, China), Multifuge centrifuge (Thermo/
Heraeus, Germany), two-channel fl ame photometer 
CL22 (Russian Federation), scanning spectrophotom-
eter UV-2800-UNICO (Russian Federation).

Soil and climatic conditions of research conduction. 
The study was conducted in 2011–2013 in “Agrofi rma 
MIR” LLC of Melitopol district of Zaporizhzhya re-
gion and in the laboratory of monitoring of soil and 
crop products quality of the Research Institute of Agro-
technologies and Ecology of Tavria State Agrotechno-
logical University.

Soil of the experimental plots was southern cherno-
zem with average weighted humus content of 3.7 %, 
easily hydrolyzed nitrogen (by Cornfi eld) − 95 mg/kg, 
mobile phosphorus (by Chirikov) − 117 mg/kg and ex-
changeable potassium (by Chirikov) − 145 mg/kg of 
the soil. The results were compared with the standards 
of soil fertility indexes for agricultural lands, estab-
lished by DSTU (DSTU 4362:2004).

Soil moisture conditions in the research years dif-
fered, both by the rainfall amount, and its uniformity 
(Table 1). Almost the same amount of precipitation 
during the growing season was observed in 2012 − 129 
mm and 2013 − 122 mm, while in 2011 there was twice 
more precipitation − 249 mm. At the same time, 2012 
and 2013 were distinguished by irregular rainfall, high 
temperatures and large soil drought during the period 
from germination to seed maturation. HTC indexes 
varied within the limits of 0.4−0.9 over the years. Hy-

drothermal conditions in 2011 compared to 2012 and 
2013 were more optimal both by amount and unifor-
mity of rainfall.

Scheme of fi eld experiment. In order to address the 
stated objectives and goal, the two-factor fi eld experi-
ment was laid, which provided seed treatment with 
AKM plant growth regulator [13] – factor A and deter-
mination of the effectiveness of its action under hydro-
thermal conditions of the year of the research − factor 
B (Table 2). Seed treatment was carried out 1−2 days 
before sowing by incrustation method at the rate of 10 
l of working solution per 1 ton of seeds.

Studied preparation characteristics. The study of 
ionol infl uence on the growth and development of agri-
cultural crops was started in the 80−90’s of XX century 
[14]. Ionol (2,6-di-tert-butyl-4-methylphenol) is not 
only an effective free radical and hydroperoxide inhibi-
tor. It prevents the development of oxidative stress in 
the cells of plants and seeds, and controls apoptosis, 
cell division, differentiation of organelles and ultra-
structure of plastids, thus regulating plant growth and 
development, increasing their adaptive capabilities, es-
pecially under adverse conditions during germination 
and vegetation [15, 16].

Dimethyl sulfoxide is an antioxidant that binds active 
forms of oxygen, including the most toxic OH radicals, 
and in concentrations of 0.1 mmol/l shows mild stim-
ulating effect on the process of oxidative phosphory-
lation, increasing the energy potential of the organ-
ism [17]. Thanks to the ability of DMSO to penetrate 
through cell membranes without damaging the active 
transport of biologically active substances, its complex 

Table 1. Hydrothermal conditions of the growing season of sunfl ower during research years

(Crop Heat Units − CHU) [12].

Indexes 2011 2012 2013

Rainfall during the growing season, mm
The sum of active (above +10 ºС) temperatures, ºС
CHU
Hydrothermal coeffi cient
Minimum relative air humidity during fl owering, %

249
2787
3285
0.89
49.9

129
2889
3334
0.44
32.8

122
2996
3519
0.41
61.8

Table 2. The scheme of fi eld experiment

Variant Preparation consumption rate, l/t Concentration of active substance in 
the working solution, g/l

1 (K)
2

Seed treater − Derozal, 1.5
K + AKM, 0.330

–
Ionol + dimethyl sulfoxide, 0.015
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with ionol has a signifi cant synergistic effect on seed 
germination [18, 19].

The staff of the Tavria State Agrotechnological Uni-
versity have developed AKM growth regulator of anti-
oxidant type, where ionol and dimethyl sulfoxide anti-
oxidants form a composition with polyethylene glycols 
of different molecular weight [13, 20].

The technology of sunfl ower cultivation in the experi-
ment. Sunfl ower seeds were sown early in the third de-
cade of April, the rate of sowing was 45,000 seeds/ha 
with 70 cm row spacing. The predecessor of sunfl ower 
was winter wheat. The care of crops, estimation and 
monitoring of growth and development of plants, yield 
structure formation of sunfl ower were carried out ac-
cording to the Methods of fi eld experience (with the fun-
damentals of statistical processing of study results) [21]. 
Pollen fertility was determined by iodine method, based 
on the determination of starch using iodine reaction [22]. 
Seeds from the infl orescence were taken after drying in 
the air to determine the mass of 1000 seeds [21, 23].

The mathematical analysis of the results was carried 
out by Student’s test [24] and licensed Agrostat com-
puter program.

RESULTS AND DISCUSSION

Vegetative sunfl ower plant productivity depends on 
pre-sowing seed treatment by AKM growth regulator 
and hydrothermal conditions of the year. Germina-
tion of the seeds is one of the most critical stages in 
the life of the plant. The use of pre-sowing seed treat-
ment activates self-regulation processes and improves 
germination and resistance to adverse environmental 

factors [25]. We have determined that the incrustation 
of sunfl ower seeds by AKM plant growth regulator 
stimulates germination, which is proven by increasing 
germination vigor by 1.8−5.1 percentage points (p. p.) 
relative to the control [26].

The effect of growth regulators on the germination 
in fi eld conditions depends on the hydrothermal con-
ditions of the year, especially on rainfall at the stage 
of seed germination. Very low rainfall in 2012 − 5.9 
mm during seed germination (BBCH – 00−09) led to 
the reduction in fi eld germination of untreated seeds by 
29.6 p. p. relative to optimal moisture in 2011 (Table 
3). The fi eld germination of seeds, treated with AKM 
plant growth regulator during studied years, had a 
similar pattern to that of the control, but the difference 
between optimal by moisture and the driest years was 
20 p. p. In 2011, no difference in fi eld germination be-
tween control and experimental variants was observed.

AKM PGR had signifi cant effect on plant height 
and diameter of the stem in all studied years. For in-
stance, in 2011, the most humidifi ed year, plant height 
increased by 8 %, and stem diameter – by 15 %, which 
was a good measure against laying of crops.

Under AKM action the number of leaves per plant 
increased by 3−9 % compared to the control (Table 3). 
The effect of hydrothermal conditions on the effective-
ness of PGR impact on the performance of vegetative 
sunfl ower plant productivity was the same. The pho-
tosynthetic activity of plants depended on leaf surface 
area. In our studies the leaf surface area was determined 
at the stage of plant development, BBCH – 61−65. The 
experimental variant exceeded the control by an aver-

Table 3. Vegetative sunfl ower plant productivity, depending on pre-sowing seed treatment by AKM growth regulator and 
hydrothermal conditions of the year

PGR 
(factor A)

Year 
(factor B)

Field 
germination, % Plant height, m Stem diameter, 

cm

Amount of 
leaves, units 

per plant

Leaf surface 
area, thousand 

m2/ha

No PGR

AKM

LSD05  A
B

2011
2012
2013

average
2011
2012
2013

average

73.1
56.4
69.8
66.4
73.6
61.3
72.9
69.3
1.1
1.7

1.57
1.43
1.35
1.45
1.59
1.55
1.46
1.53
0.19
0.04

2.7
2.2
2.3
2.4
2.9
2.6
2.7
2.7
0.2
0.1

28.4
19.4
22.3
23.4
29.1
20.6
24.6
24.8
0.5
0.9

29.3
15.5
18.4
21.1
33.7
23.5
22.7
26.6
0.8
1.5
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age of 22 % for this index. Because of better moisture 
supply, sunfl ower plants in 2011 formed a larger leaf 
surface area than in other years studied. Attention is 
drawn to the fact that the difference between research 
variants in more stressful 2012 was maximal (34 %), 
proving that AKM PGR showed anti-stress properties. 
A correlation of high strength (r = 0.999) was found 
between the leaf surface area of the crop and rainfall 
(BBCH – 00−65) and this gives grounds to including 
the investigated PGR to plant growth stimulators. The 
share of AKM PGR impact (factor A) on the formation 
of the leaf surface area was 39.3 %.

The structure of sunfl ower yield under AKM growth 
regulator action depending on hydrothermal conditions 
of the year. The plant density in studied years was low 
(Table 4). Because of unfavorable hydrothermal condi-
tions, crop irregularity was observed in the arrangement 
of sunfl ower plants. We established a correlation (r) 
between the plant density and HTC (BBCH – 00−09), 
equal to 0.712 (control) and 0.804 (AKM).

The diameter of the infl orescence depended on the 
moisture supply of sunfl ower plants in infl orescence 
formation stage (BBCH – 51−53). Under PGR effect, 
the diameter of infl orescence increased, especially in 
the dry 2012, when this fi gure exceeded control by 
13 %. The medium strength correlation (r = 0.588) was 
found between rainfall in the phase of rapid infl ores-
cence growth and its diameter.

PGR had signifi cant infl uence on seed weight in the 
infl orescence, which increased by 9−19 % under the 
infl uence of AKM compared to control. In the dry 2012 

the effect of the PGR was maximal, indicating the an-
ti-stress effect of AKM on the formation and matura-
tion of seeds. There was a close correlation between 
the mass of seeds from 1 infl orescence and rainfall 
(BBCH – 51−87): in the control variant, it was (r = 
= 0.953), and in the experimental variant − r = 0.864. 
Thus, PPP reduced the negative effect of drought.

The positive impact of PGR on the formation of veg-
etative and generative organs of sunfl ower plants was 
refl ected in such integrated index as biological produc-
tivity (Table 4), which increased by 10−26 % under 
the infl uence of AKM. The greatest infl uence on the 
sunfl ower yield was demonstrated by AKM in the dry 
2012, when it increased by 26 % relative to the control. 
In general, both studied factors signifi cantly affected 
the sunfl ower yield, but the proportion of the impact 
of water stress of the studied year (factor B) (58.4 %) 
was signifi cantly higher than that of the impact of PGR 
(factor A) (32.7 %). This should be considered when 
developing anti-stress techniques in technologies of 
sunfl ower cultivation in the Steppe zone of Ukraine. 
Analyzing the impact of hydrothermal conditions of the 
year on the formation of biological yield of sunfl ower, 
we have established a close relationship between the 
relative humidity during the growing season and yield, 
where the correlation coeffi cient was 0.939 in control, 
and 0.990 – in the experimental variant. The correla-
tions between biological yield and rainfall and the 
amount of active temperatures were weak, while with 
the accumulation of heat units (CHU), this relationship 
was average and correlation coeffi cient was 0.383 for 
the control and 0.569 for the experimental variant.

Table 4. Structure of sunfl ower yield under AKM growth regulator action depending on hydrothermal conditions of the year

PGR 
(factor A)

Year 
(factor B)

Plant density, 
thousand 
units/ha

Infl orescence 
diameter,cm

Seed weight in 
1 infl orescence, 

g

Biological 
yield, t/ha

Rate of 
the genetic 
potential of 
the variety 

realization, %

No 
PGR

AKM

LSD05  A
B

2011
2012
2013

average
2011
2012
2013

average

32.9
25.4
31.4
29.9
33.1
27.6
32.8
31.2
0.3
0.2

21.4
18.9
23.7
21.3
22.5
21.8
23.9
22.7
0.3
0.3

79.0
55.1
86.0
73.4
86.8
67.9
100.6
85.1
1.1
0.8

2.6
1.4
2.7
2.2
2.9
1.9
3.3
2.7
0.1
0.2

74.3
40.0
77.1
63.8
82.9
54.3
94.3
77.2
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Sunfl ower pollen fertility of Lakomka variety under 
AKM growth regulator action depending on hydro-
thermal conditions of the year. In the Steppe zone of 
Ukraine during the fl owering period of sunfl ower, the 
daytime temperature rises to 40 ºС, and at such tem-
peratures pollen is drying, which in turn leads to an in-
crease in its sterility. It is determined that fertility and 
sterility of pollen cells differ by starch content. Its nor-
mal content matches the fi nal stage of sperm formation. 
Fertile pollen grains are completely fi lled with starch, 
while sterile ones do not contain it at all or only have 
traces (Fig. 1).

Pre-sowing seed treatment by PGR infl uenced the 
development of fl ower primordia considerably (Fig. 
2). Thus, sunfl ower pollen fertility in the experimental 
variant increased by 27 % compared to the control on 
average for years. Relative air humidity had the great-
est infl uence on the fertility of sunfl ower pollen. Thus, 
the connection between research features was very 
high and the correlation coeffi cient was equal to 0.990 
for control and 0.973 for AKM PGR. The sum of active 
temperatures during fl owering (BBCH – 61−69) had 
a signifi cant impact on pollen fertility. In control, the 
variant correlation coeffi cient equaled 0.904, and the 
variant with AKM − 0.684.

Sunfl ower seed quality of Lakomka variety under 
AKM growth regulator action depended on hydrother-
mal conditions of the year. Seed emptiness of sunfl ower 
seeds depended on pollen fertility. This index, similar 
to the mass of 1,000 seeds, was determined in three 
different zones of the infl orescence (outside, middle, 
and central). The highest seed emptiness was observed 
in the center of the infl orescence (Table 5). In control 
variant, it was higher compared to the experimental 
variant on average by 9.3 p.p.

Relative air humidity during fl owering had the great-
est infl uence on the formation of empty sunfl ower 
seeds. The relationship between these indices was 
strong and inverse in all the zones of infl orescence. 
The highest correlation coeffi cient was in the cen-
tral zone, amounting to r = −0.964 in control and r = 
−0.995 in AKM PGR variant. In the control variant, 
the correlation coeffi cient gradually decreased and in 
the outside zone equaled −0.761. At the same time in 
the PPP AKM variant it almost did not depend on the 
infl orescence zone. A similar dependence was observed 
between seed emptiness and the active temperatures, 
although it was weaker.

The weight of 1,000 seeds depended on fullness and 
emptiness of seeds. Maximally full seeds were formed 
in the outside zone of sunfl ower infl orescence. Under 
the effect of AKM plant growth regulator, the weight 
of 1,000 seeds increased by an average of 17−33 % 
depending on the area of the infl orescence. The maxi-
mum deviation of the mass of 1,000 seeds was notable 
for the seeds within the central zone of the infl ores-
cence. Under optimal conditions of growth and devel-
opment, large-seed Lakomka sunfl ower variety formed 
seeds with the weight of 1,000 seeds – 120−130 g. 
In our case, the plants of control variant had almost 
twice lower mass of 1,000 seeds. AKM PGR con-
tributed to the formation of greater mass of 1,000 

Fig. 1. Pollen grains after coloring by iodine method under a 
microscope (own photos) 

Fig. 2. Sunfl ower pollen fertility of Lakomka variety under 
AKM growth regulator action depending on hydrothermal 
conditions of the year
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seeds, but the genetic potential of plants was realized 
only by 81 %. No signifi cant correlation was found 
between 1,000 seeds weight and rainfall (BBCH –
61−87). At the same time, there were considerable in-
verse correlations between the weight of 1,000 seeds 
and the active temperatures (BBCH – 61−87) with the 
correlation coeffi cient of −0.999 for the control variant 
and from −0.608 to −0.925 for the experimental vari-
ant, depending on the zone of the infl orescence.

AKM plant growth regulator infl uences not only 
seed emptiness and weight of 1,000 seeds but also the 
seed size − its length (Table 6). Under the application 
of growth regulator, the seed fraction with the length 
of > 7 mm on average for research years was 67.2 % 
and in 2011 – 86 % of the total seeds, which is 25 p. p. 

more compared with the control. At the same time the 
fractions with shorter length of seeds dominated in the 
control variant.

Only a tendency to changing seed desquamation was 
found during the studied years between the control and 
the variant using AKM PGR. In years with unfavorable 
hydrothermal conditions, a thicker seed shell was formed.

The highest oil content in sunfl ower seeds was in 
2011 with favorable hydrothermal conditions. Under 
the application of growth regulator, there was a ten-
dency to increasing oil content in seeds.

CONCLUSIONS

It was determined that the incrustation of sunfl ower 
seeds with AKM plant growth regulator stimulated 

Table 5. Seed emptiness and weight of 1,000 seeds of Lakomka sunfl ower variety depending on the development zone of the 
infl orescence

PGR 
(factor A)

Year 
(factor B)

Seed emptiness, % Weight of 1000 seeds, g

Zone of the infl orescence Zone of the infl orescence

Outside Middle Central Outside Middle Central

No 
PGR

AKM

LSD05  A
B

2011
2012
2013

average
2011
2012
2013

average

6.5
7.3
5.2
6.3
4.7
4.9
4.1
4.6
0.2
0.4

12.5
14.7
13.4
13.5
8.5
10.4
7.6
8.8
0.1
0.2

31.1
35.7
30.2
32.3
22.4
25.5
20.9
22.9
0.3
0.3

87.2
84.3
95.3
88.9
102.3
101.2
118.5
107.3
1.3
0.8

72.8
61.5
82.1
72.1
94.2
92.7
101.4
96.1
1.6
0.7

49.1
45.3
52.3
48.9
78.9
67.7
74.3
63.6
0.9
1.7

Table 6. Sunfl ower seed quality of Lakomka variety under AKM growth regulator action depending on hydrothermal condi-
tions of the year

PGR 
(factor A)

Year 
(factor B)

Fractions of seeds by length, % Desquamation, 
%

Oil content, 
%5–6 min 6.1–7 min >7 mm

No 
PGR

AKM

LSD05  A
B

2011
2012
2013

average
2011
2012
2013

average

10
20
22

17.3
2.0
9.8
8.9
6.9

29.0
52.8
53.4
45.1
12.0
34.2
31.5
25.9

61.0
27.2
24.6
37.6
86.0
56.0
59.6
67.2

27.5
29.1
28.6
28.4
27.9
28.6
28.3
28.3
0.3
0.5

44.7
43.6
42.5
43.6
45.3
44.9
43.6
44.6
0.2
0.3
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seed germination, confi rming the increase in fi eld ger-
mination by 4.9 p. p. relative to the control. The plant 
growth regulator caused the activation of the growth 
process, which was particularly manifested through the 
height of plants – which was increased by 8 %, and 
stem diameter – by 6.9−15 %. The increase in the leaf 
surface area of the crop by 39.3 % was defi ned by plant 
growth regulator and greatly depended on rainfall (r = 
= 0.999) during the period of 00−65 on BBCH scale. 
The infl orescence diameter increased under PGR ac-
tion, which was especially evident in the dry 2012, 
when this fi gure exceeded the control by 13 %. Me-
dium correlation (r = 0.588) was determined between 
rainfall in the phase of rapid growth and infl orescence 
diameter. AKM action increased seed weight in the in-
fl orescence by 9–19 % compared to control. Growth 
regulator affected the yield of sunfl ower signifi cantly −
the share of a factor in the formation of yield was 
32.7 %. The share of the impact of water defi cit was 
58.4 % on average over the years of research. Due to 
the use of PGR, the fertility of sunfl ower pollen in-
creased by 27 % compared to the control, and seed 
emptiness was reduced by 9.3 p. p. in different zones of 
the infl orescence. Pollen fertility and seed emptiness of 
sunfl ower depended on relative humidity during fl ow-
ering – r = 0.990 for the control plants and r = 0.973 
in case of AKM application. The weight of 1,000 seeds 
increased under PGR action by an average of 17−33 % 
depending on the zone of the infl orescence. An inverse 
correlation was found between 1,000 seeds weight and 
the amount of active temperatures (BBCH – 61−87): 
r = −0.999 for the control variant and r = −(0.608–
–0.925) for PGR treatment depending on the zone of 
the infl orescence.

Продуктивність рослин соняшнику (Helianthus 
annuus L.) під дією регулятора росту АКМ 

за умов Південного Степу України

О. А. Єременко 1, С. М. Каленська 1, В. В. Калитка 2

E-mail: ok.eremenko@mail.ru; svitlana.kalenska@gmail.
com; v.v.kalytka@mail.ru

1 Національний університет біоресурсів 
і природокористування України

Вул. Героїв Оборони, 15, Київ, Україна, 03041
2 Таврійський державний агротехнологічний університет 
Пр. Б. Хмельницького, 18, Мелітополь, Запорізька обл., 

Україна, 72310
Мета. Встановлення впливу регулятора росту рослин 
АКМ на продуктивність великоплідного сорту соняш-
нику Лакомка, посівні та врожайні властивості насіння. 
Методи. Агрохімічні і біометричні методи. Матема-
тичну обробку отриманих результатів проводили за 

критерієм Ст’юдента та ліцензованою комп’ютерною 
програмою Agrostat. Результати. Наведено результати 
досліджень щодо впливу регулятору росту рослин (РРР) 
АКМ на ріст, розвиток і формування врожаю соняшнику 
за умов недостатнього зволоження Південного Степу 
України. Передпосівна обробка насіння соняшнику сор-
ту Лакомка регулятором росту рослин АКМ обумовлює 
збільшення площі листкової поверхні на 22 %; фер-
тильність пилку – на 27 %; скорочує тривалість фе-
нологічних фаз розвитку в середньому на 2–4 доби, 
підвищує стійкість рослин соняшнику до абіотичних 
стресів та збільшує врожайність на 26 %. Доведено, 
що частка впливу водного дефіциту року дослідження 
(58,4 %) значно перевищує частку впливу РРР (32,7 %). 
Висновки. Рекомендовано застосовувати регулятор рос-
ту рослин АКМ на посівах соняшнику у концентрації 
0,015 г/л.

Ключові слова: соняшник, продуктивність, регулятор 
росту рослин, гідротермічні умови, ріст і розвиток 
рослин, стійкість до стресів.

Продуктивность растений подсолнечника 
(Helianthus annuus L.) под действием регулятора 
роста АКМ в условиях Южной Степи Украины

О. А. Еременко 1, С. М. Каленская 1, В. В. Калитка 2

E-mail: ok.eremenko@mail.ru; svitlana.kalenska@gmail.
com; v.v.kalytka@mail.ru

1 Национальный университет биоресурсов 
и природопользования Украины 

Ул. Героев Обороны, 15, Киев, Украина, 03041
2 Таврический государственный 

агротехнологический университет
Пр. Б. Хмельницкого, 18, Мелитополь, Запорожская обл.,

Украина, 72310 

Цель. Определение влияния регулятора роста растений 
АКМ на продуктивность крупноплодного сорта под-
солнечника Лакомка, посевные и урожайные свойства 
семян. Методы. Агрохимические и биометрические ме-
тоды. Математическую обработку полученных резуль-
татов проводили с помощью критерия Стьюдента и 
лицензированной компьютерной программы Agrostat. 
Результаты. Представлены результаты исследований 
по влиянию регулятора роста растений (РРР) АКМ на 
рост, развитие и формирование урожая подсолнечника 
в условиях недостаточного увлажнения Южной Степи
Украины. Предпосевная обработка семян подсолнеч-
ника сорта Лакомка регулятором роста растений АКМ
обусловливает увеличение площади листовой поверх-
ности на 22 %; фертильность пыльцы – на 27 %; сокра-
щает длительность фенологических фаз развития в 
среднем на 2–4 дня, повышает стойкость растений 
подсолнечника к абиотическим стрессам и увеличивает 
урожайность на 26 %. Доказано, что доля влияния водного 
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дефицита года исследования (58,4 %) значительно пре-
вышает таковую влияния РРР (32,7 %). Выводы. Ре-
комендовано использовать регулятор роста растений АКМ
на посевах подсолнечника в концентрации 0,015 г/л.

Ключевые слова: подсолнечник, продуктивность, ре-
гулятор роста растений, гидротермические условия, рост
и развитие растений, стойкость к стрессам.
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INTRODUCTION

The biological possibilities of forming and normal 
functioning of the reproductive system of bulls is 
not paid suffi cient attention in many breeding enter-
prises due to the fact that the implementation of the 
genetic potential of breeding bulls in this direction 
depends on many factors, related to natural selection 
and specifi c conditions of keeping and using animals 
[1]. The production conditions are often unfavor-
able, which fi rst of all has negative impact on sperm 
indices, which spontaneously get worse even in clin-
ically healthy bulls [2]. It is very hard to improve 
using previously known methods [3]. There is a need 
for reliable and safe ways of infl uencing the repro-
ductive system of bulls for accelerated enhancing of 
their sperm production and ensuring the stability of 
the industrial process of improving breeder’s stocks, 
which completely depends on the satisfactory con-
dition of the reproductive sphere of breeding bulls 
[4, 5]. 

However, there are insuffi cient data in the scientifi c 
literature on the infl uence of natural selection and elim-
ination in the conditions of a herd or non-tethered group 
keeping on the reproductive function of livestock. 
Little has been published on the connection between 
zoological society adaptation, reaction of domination 
and subordination, and the reproductive function of 
animals within a herd, which is an artifi cial population. 
There are scarce studies of ethological-physiological 
mechanisms of the formation and keeping the herd hi-
erarchy and its role in the processes of reproducing the 
offspring, as well as in natural regulation of the number 
of productivity of the herd due to intrasexual and epi-
gamic selection. It has not been studied in what way 
the type of the nervous system infl uences the rank of 
animals within the herd.

There has practically been no studies of the ways 
of restricting the negative impact of natural selec-
tion using different ways of keeping the breeding 
bulls during the period of rearing them, learning to 
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get sperm and using it in the network of artifi cial 
insemination.

Taking the abovementioned into consideration, the 
aim of this work is to provide scientifi c substantia-
tion and elaboration of the ways of keeping, using, and 
stimulating the reproductive function of bulls.

The analysis of the mentioned problems is of great 
scientifi c and economic relevance, it allows develop-
ing much more effi cient, ethologically and ecologi-
cally grounded technology of keeping, using, and sti-
mulating the reproductive system of bulls in the breed-
ing farms [3].

MATERIALS AND METHODS
Multi-year researches and approbation of the results 

obtained were conducted in the breeding farms and 
agricultural enterprises of Ukraine (Crimea, Volyn, 
Drohobych, Sumy, Dnipropetrovsk breeding compa-
nies, Institute of Animal Breeding of the Central Dis-
tricts NAAS of Ukraine), Russian Federation (Kaluga 
experimental station, All-Russia Animal Breeding 
Institute), and Tajikistan (Agro-industrial company 
“Khovaling”, Tajikistan Research Institute for Animal 
Breeding) using the livestock of over 1,400 breeding 
bulls and 10,000 bull-calves on feed and 20,000 cows 
and heifers of Red Steppe, Ukrainian White-and-Black, 
Simmental, Schwyz, Kostroma, Kazakh Whitehead 
breeds aged from 12 months till 3 years old. The main 
methods of investigation were the observation of an-
alogue groups in different conditions of keeping, yet 
with the identical level of feeding and using, ethologi-
cal methods of the behavior of animals in a herd and 
in a “mini-herd”, zootechnical, genetic-mathematical, 
biometric and modelling methods.

RESULTS OF INVESTIGATIONS

The impact of natural selection factors in herds was 
identical to that of modelling selection [6]. The etho-
logical studies of synchronous intrasexual and epigam-
ic selection in the herd demonstrated that in conditions 

of unbound mating with cows only two dominant bulls 
out of six mainly took part in natural reproduction. 
During the period of investigations the leader bull of 
the herd mated with 23 cows, and its closest rival – 
with 12. At the same time four subordinate bulls mated 
one cow each, i.e. they almost did not participate in 
reproduction due to the rank-related stress (Table 1).

In almost 100 herds of Khovaling company, domi-
nant bulls had negative impact on the libido of sub-
ordinate males, which resulted in the impotence of 
over 60 % of the latter, which developed and persisted 
on the basis of non-specifi c adaptation reactions and 
stress reaction.

Due to this impact of sexual selection, the cows of the 
herd also had different adaptation level, i.e. the ability 
to survive and reproduce – 26–28 % of them did not 
have any calves. Here only 43.1 % of the most adapted 
animals had calves at foot and mated again within natu-
ral terms, better for future offspring (Table 2).

The difference in the reproduction for dominant 
and subordinate cows in the herd was 32 %. The live 
weight of heifers, calved by dominant mothers, was 
400 kg, i.e. it almost did not change compared to the 

Table 1. Mating of dominant and subordinate bulls with 
cows and heifers

Ethological 
belonging

Hierarchy 
rank

Number 
of cows 

and heifers, 
the bull 

mated with

Including 
in % 

Leader bull
Dominant bull
Subordinate
Subordinate
Subordinate
Subordinate
Total

1
2
3
4
5
6
6

23
12
1
1
1
1
39

58.99
30.77
2.56
2.56
2.56
2.56

100.00

Table 2. Live weight and calving of dominant and subordinate cows and their heifers in herds, X ± x

Ethological 
belonging 
of cows

Active factors of natural 
selection

Number 
of animals

Live weight, kg Calving, %

Mothers Daughters Mothers Daughters

Reproducing animals
Including dominant

subordinates
Difference

Stabilizing, leading and sexual
Stabilizing and sexual
Leading and sexual
−

423
178
245
−

346 ± 2.66
399 ± 3.06
301 ± 8.3

97.6

−
400
331
69

71 ± 2.5
85.9 ± 2.4
53.8 ± 4.9

32.1

−
81.3
68.2
13.1
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mother’s weight, but the conception rate decreased 
by 4.6 %. At the same time, the live weight of heif-
ers, calved by subordinate cows, increased by 30 kg, 
and the conception rate – by 4.4 %, which may be 
explained by the infl uence of natural selection, which 
“pulls up” the subordinates of the herd to the average 
norm. The direction of natural selection (or its vector) 
was the same as for targeted artifi cial selection, which 
should be used while selecting cattle in the “cow-calf” 
system [7, 8].

Therefore, in practice it is reasonable to introduce 
the activity of natural selection factors, improving the 
conditions of feeding, keeping, and breeding animals, 
as the decrease in productivity and fertility as well as 
impaired reproductive function of herd subordinates, 
caused by the natural regulation of the herd number, 
are the consequence of negative infl uence of the selec-
tion on the effi ciency of the industry as a whole, which 
is also confi rmed in other works [9, 10].

Sexual selection is active at the level of the herd 
which is an artifi cial population. It is infl uenced by 
such probable causes as the number of dominant bulls 
in the herd as well as the number of cows in mating 
mood per time unit, and the duration of mating with 
cows and heifers in mating mood. At the same time 
there are two factors in the herd, related to the decrease 
in its number. First of all, it is the access of animals 
to all the herd resources, which ensures the reproduc-
tion of dominant animals at the expense of the subordi-
nates. In addition, there is a factor of availability which 
is manifested when all the bulls are busy mating with 
cows, while probable animals in mating mood are re-
moved from reproduction, though they could have their 
offspring [11].

Here the number of cows, which have had their mat-
ing and the ones, removed from mating, conditions the 
elimination, which acts on the basis of adaptation reac-
tions and stress reaction. This leads to the impotence 
of subordinate bull-calves and to the absence of calves 
from subordinate cows due to the impact of zoo-social 
ranking stress [12].

More plausible observations of the infl uence of nat-
ural selection required not mere determination of the 
bulls, left out of natural reproduction, but also defi n-
ing the direction or vector of the selection and prov-
ing selective elimination of subordinates and selective 
survival and participation of dominant herd members 
in the reproduction. Here the direction of sexual selec-
tion is manifested in circadian behavior of animals, 
registered by genetic memory and occurring during the 

relations of animals within the herd from generation to 
generation without any teaching.

Dominant bulls had fi rst access to feeds, water, salt, 
and better places of rest. They ate more concentrated 
feeds and spent considerably less time to play compared 
with subordinate breeding bulls in the herd. These bulls 
demonstrated higher ability of extrapolating [1].

Dominant bulls moved less, they mostly lay down 
or stood, feeling more comfortable than subordinate 
breeding bulls, and they demonstrated their sexual ac-
tivity only towards cows and heifers in mating mood. 
Contrary to dominant bulls, subordinate ones had sex-
ual arousal only towards each other. This fact was re-
lated to absence of their stable libido towards cows and 
heifers in mating mood [13].

Most subordinate bulls had natural impotence, con-
ditioned by ranking stress, due to which they could not 
mate even with a tethered cow in mating mood [14].

Thus, the study of daily (circadian) behavior of bulls 
demonstrates objective evidence of the fact that indeed 
it manifests the vector of sexual selection, directed at 
predominant survival and reproduction of dominant 
animals in herds.

Primitive emotions of defensive type, which were 
shown by animals in competitive conditions of the 
herd, related to the vector of sexual selection, had con-
siderable infl uence on somatic reconstruction of the or-
ganism, which was manifested in their ethological and 
physiological indices and sperm production [2].

It was established that higher adaptive possibilities 
were noted for dominant animals with strong, bal-
anced, fl exible type of higher nervous activity (HNA) 
compared to subordinate animals with similar type of 
HNA, but with signifi cant differences in the indices of 
the number of differentiations and the number of posi-
tive responses as well as transformation of negative 
reaction into positive one (“–” into “+”). This fact is 
related to the balance of nervous processes which testi-
fi es to higher ability of dominants to study and analyze 
external factors.

Live weight and sperm of dominant Schwyz bull-
calves was considerably better compared to subordi-
nate animals of the herd during the whole period of 
breeding animals (Table 3).

There was considerable difference in the live weight. 
Sperm indices of dominant and subordinate bull-calves 
were also considerably (P < 0.01) different in terms 
of activity (motility) of sperm cells which may be ex-
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plained by the impact of zoo-social stress on subordi-
nate animals. Therefore, new data, proving that sperm 
also refl ects adaptive processes in the animal organism 
and may serve as objective characteristics of its state, 
have been obtained.

The behavior of live animals in nature regulates re-
productive processes, which are the basis of species 
evolution via isolation, which restricts their mating and 
migration to other populations (herds).

It was experimentally established that sexual reac-
tions of bull-calves towards each other in the process 
of hierarchy formation after they have been transferred 
from tethered to non-tethered keeping or after “new” 
animals have been introduced to the previously formed 
herd may be divided into three periods.

During the fi rst period (a week), especially during the 
fi rst hour after the transfer, bull-calves demonstrated en-
ergetic sexual reactions towards each other. Here both 
pulse and breathing rates of animals increased twice or 
more. Blood tests of 20 Schwyz bull-calves, which had 
been tethered, made a day after they were transferred 
to non-tethered keeping, demonstrated that these ani-
mals were stressed. During the fi rst day the live weight 
of bull-calves decreased by 20–30 kg. Sperm activity 
dropped sharply (Р < 0.05). The functional activity of 
sexual glands of bull-calves was inhibited. The breath-
ing coeffi cient also dropped sharply – from 1.0 to 0.7.

During the second period (20 days), there was some 
stabilization of homosexual reactions of bull-calves 
in the herd, which was accompanied with further in-
hibition of sexual and defensive refl uxes. The sperm 
production of bull-calves was improving with statisti-
cal reliability. After 10 days of non-tethered keeping, 
blood plasma indices of bull-calves decreased almost 

to the initial level, but were still higher compared to 
the period before the transfer. At this time the sexual 
function of bull-calves was not subject to such over-
pressure.

The third period (30–40 days) was remarkable for 
clear determination of hierarchy among the animals of 
the herd. There was fi rst phenomenon of relative ex-
tinction of sexual arousal (libido) of bull-calves to the 
animals of their herd. However, as soon as “new” bull-
calves (one or several) were transferred to the herd, 
sexual reactions of previously transferred ones towards 
“new” animals were manifested again. During this pe-
riod they regained live weight, lost before, with aver-
age daily gain of almost 900 g, and sperm production 
improved.

Thus, new data have been obtained, proving that the 
basis of regularities of the formation and maintenance 
of hierarchy in the herd of bull-calves lies in complicat-
ed complexes of behavior and physiological reactions. 
It was fi rst determined for leader bulls that there was 
such a specifi c quality of hierarchical rank as its being 
determined by HNA properties, which is relevant for 
the practice of selecting and evaluating animals.

The place of the leader of the herd was always taken 
by the most aggressive bull-calves of strong, balanced, 
fl exible type of HNA, whose sperm quality almost did 
not decrease, which testifi ed to absence of any stress. 
The distribution of non-leading bull-calves of differ-
ent hierarchical ranks and types of HNA in the herd 
was random. Bull-calves with weak type of HNA did 
not participate in active fi ght for the hierarchy rank 
and took subordinate position in the herd. The selec-
tion of dominant bulls may be conducted in specia-
lized premises, evaluating them by productive qualities 

Table 3. Live weight and sperm quality of 18-month-old bull-calves X ± x

Index Dominant, 
n = 5

Subordinates, 
n = 6

± Dominant 
to subordinates

Statistical reliability of td 
difference at Р < 0.01

Live weight (kg) at the age of (months)
9
12
15
18

Sperm quality:
volume, ml
activity, points
concentration, billion/ml
overall quality of sperm cells, billion

236 ± 10.6
302 ± 13.2
363 ± 15.6
439 ± 19.8

2.9 ± 0.2
5

0.672 ± 0.17
1.95 ± 0.03

221 ± 10.5
286 ± 13.3
330 ± 13.2
389 ± 12.4

2.2 ± 0.9
4

0.487 ± 0.61
1.07 ± 0.11

+ 15
+ 16
+ 33
+ 50

+ 0.7
+ 1

+ 0.185
+ 0.88

1.0
0.8
1.4
2.0

0.76
1.0
0.3
7.8
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of offspring for further use in selection. The new data, 
obtained by us, and our conclusions were confi rmed by 
other scientists as well [8, 11, 15].

To study the possibilities of limiting the negative 
impact of intrasexual selection on the growth, devel-
opment, physiological state and sperm production of 
bull-calves during the period of sexual maturation, the 
experiment was conducted in which one group of bull-
calves, aged from 6 to 18 months (12 animals) were 
kept tethered, and the other (12 animals) – non-teth-
ered, i.e. not limiting natural selection factors.

During the experiment the live weight of bull-calves 
in both groups exceeded the requirements for elite-
record class animals. At the age of 18 months the dif-
ference in live weight between bull-calves of experi-
mental groups was 30 kg, registered for bull-calves 
which were kept tethered (480 vs 450 kg respectively) 
(P < 0.1).

The use of feeds to keep animals tethered was 
2.7 thousand feed units, while 3.0 thousand feed 
units were spent for the non-tethered group, which 
is 12.0 % more. Almost all the body measurements 
and composition indexes for 18-month-old non-
tethered bull-calves were higher than those for teth-
ered animals. The results of animal slaughter (three 
bull-calves from each group) demonstrated that the 
tethered animals had only 2.5 % less weight of mus-
cles (with fat) and tendons and 1.5 % less weight 
of spleen compared to non-tethered bull-calves. At 
the same time they exceeded their non-tethered ana-
logues in the mass of bones by 4.0 %, in the mass 
of heart – by 7.0 %, lungs – by 21.0 %, stomach – 
by 6.0 %.

The development of internal organs, conditioned by 
different infl uence of natural selection factors, was 
evidently manifested in the growth gain of the main 

tissues which ensures higher viability of non-tethered 
bull-calves [15].

The study of gas exchange in bull-calves during sex-
ual arousal and ejaculation demonstrated (Table 4) that 
its restoration to the initial level in tethered bull-calves 
ended a day after, while it took non-tethered bull-calves 
3–4 hours.

It is known that sperm cells, naturally kept in the tail 
of epididymis, are in conditions of decreased oxygen 
pressure, where oxygen content in freshly obtained 
sperm without any air contact is 200 %, and after dilu-
tion with synthetic medium – 325 % (relative). Thus, 
oxygen in sperm is spent 6 h later, which leads to the 
decrease in redox-potential and oxidation-reduction 
index. It is possible to restore oxygen content in such 
sperm only using artifi cial oxygenation. On the con-
trary, in hydrogen culture medium the oxidation-reduc-
tion regime in sperm decreases rapidly [16].

The analysis of the gas exchange process and oxi-
dation-reduction index in the sperm of bull-calves al-
lowed determining for the fi rst time the phenomenon 
of increased oxygenation of the organism (including 
sexual sphere) of males during sexual arousal and eja-
culation, targeted at ensuring optimal starting condi-
tions for mating with females.

Contrast conditions of keeping experimental bull-
calves also infl uenced their mobility. The calculation 
of steps demonstrated that the number of stepping mo-
tions for bull-calves of the experimental group per day 
was 16 % higher than that of the control.

The study of the orientation and conditioned refl exes 
demonstrated that the reaction of animals to external 
factors depended on previous conditions of their keep-
ing. Inadequate reaction of bull-calves to external fac-
tors was the main reason of their active defensive, and 
for some – even aggressive, behavior, conditioned by 

Table 4. Gas-energy exchange in bull-calves before and after sperm sampling (% to average daily level)

Group

Released СО2, l Consumed СО2, l Heat production, kcal

Age at the moment of sampling, months

12 18 12 18 12 18

Experimental non-tethered group: 
before sampling 
after sampling

Control tethered group: 
before sampling 
after sampling

208
191

240
210

140
133

212
231

171
171

208
193

140
125

183
207

182
178

215
196

141
126

184
207
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parabiotic balanced or inhibiting phases of the acti-
vity of brain cortex. Objective evaluation of typologi-
cal specifi cities of the nervous system and composition 
type of Schwyz bull-calves allowed determining that 
63.9 % of animals with strong types of HNA belonged 
to broad-bodied and 36.1 % – to shallow-bodied com-
position types. Thus, the culling of rearing bull-calves 
of undesired composition types prior to evaluating po-
tential productive features of offspring will allow leav-
ing only animals of the desired type of the nervous sys-
tem for breeding.

To determine the connection between typological 
properties of the nervous system of animals and the 
change in the number of eosinophils, the impact of ad-
renocorticotropic hormone (ACTH) on the system of 
hypophysis-suprarenal complex and sperm production 
of experimental bull-calves with different types of the 
nervous system was studied (Table 5).

The changes in the morphological picture of blood 
depended on functional status of the system of hypoph-
ysis-suprarenal cortex of bull-calves, grown in differ-
ent conditions of keeping and at the impact of intra-
sexual selection. The morphological state of blood in 
bull-calves of different types of HNA also depended on 
the functional state of adrenohypophysis system. The 

comparison of the stress reaction to the introduction of 
ACTH in bull-calves of weak and strong types of HNA 
demonstrated that it depended on typological proper-
ties of the nervous system, which correlated positively 
with the rate of exhausting suprarenal cortex.

The stress, artifi cially caused by ACTH introduction 
(Table 6), resulted in the decrease in sperm indices of 
all the bull-calves regardless of the type of their ner-
vous system. There was especially notable (2-fold) de-
crease in the index of activity (motility) of the sperm of 
bull-calves after the introduction of ACTH. 

Thus, the index of sperm cell activity in freshly ob-
tained (native) sperm may indeed be used to evaluate 
stress resistance and stress sensitivity of bulls.

Due to the impact of intrasexual selection, sperm 
indices and number of eosinophils in peripheral 
blood of bull-calves of the experimental group ac-
tually refl ected their hierarchical interaction in the 
herd. Therefore, compared to the leader of the herd, 
dominant bull-calves of the experimental group 
ejaculated 45.6 % fewer and subordinates – 82.3 % 
fewer sperm cells. The reliable difference between 
dominant and subordinate bull-calves, favorable to 
the former, was noted in terms of ejaculate volume 

Table 5. Content of eosinophils and non-mature forms of neutrophils before and after ACTH introduction (%, average data)

Type 
of nervous 

system
Group

Eosinophils Neutrophils

Before 
ACTH 

introduction 

After ACTH introduction, h Before 
introduction 

of ACTH

After ACTH introduction, h

4 9 4 9

Weak

Strong

Control
Experimental
Control
Experimental

10.5
3.0
5.8
2.7

6.0
1.0
5.0
3.2

12.5
4.5
2.8
2.7

6.2
2.5
6.5
9.2

12.2
8.2
11.5
16.2

8.7
9.5
14.3
20.2

Table 6. Sperm indices of bull-calves before and after ACTH introduction

Index Before introduction After introduction Statistical reliability of td 
difference at Р < 0.01

Number of bulls
Number of ejaculates
Sperm indices:

volume, ml
activity, points
concentration, billion/ml
total number of sperm cells, billion

5
7

2.10 ± 0.18
6.00 ± 0.01
0.61 ± 0.12

1.28

5
12

1.77 ± 0.25
3.00 ± 0.50
0.70 ± 0.11

1.24

−
−

1.28
6.00
0.69
−
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and sperm activity.
There were 25.4 % more fl awed ejaculates among 

subordinate bull-calves compared to the leader bull, 
and 20.4 % more compared to the dominant bull-calves 
of the herd. At the same time the bull-calves of the 
control group with tethered keeping had 0.6 ml bigger 
volume of ejaculate compared to the leader bull, and 
1.7 ml bigger – compared to dominant and subordi-
nate bull-calves. In terms of the total number of sperm 
cells in all the ejaculates, the bull-calves of the control 
group exceeded dominant ones by 34.2 % and subor-
dinate bull-calves of the experimental group – by 79.7 
%. However, the leader bull of the experimental group 
exceeded bull-calves of the control one in terms of this 
index by 19.8 %. All the presented differences are sta-
tistically reliable.

Sperm indices of experimental bull-calves for the 
whole period of keeping (Table 7) were also different 
for the control and experimental groups.

New data, obtained by us, demonstrate that domina-
tion of some bull-calves of the experimental group was 
conditioned by the impact of intrasexual selection and 
had objective infl uence on growth, development, sexu-
al activity, and sperm production of all the bull-calves 
of the herd.

Thus, the fertility of animals, closely connected to the 
hierarchical rank, is the main link of multi-stage natural 
regulation of intrasexual selection, which takes place 
via complicated complexes of behavior, physiological 
adaptation reactions and stress, which condition regu-
lar system of adaptations to environment with normal 
level of sexual system functioning for each animal of 
the herd. 

CONCLUSIONS.
Due to the impact of sexual selection in conditions 

of natural reproduction via group tethered and non-
tethered keeping (with feeding in circular corridors), 
the main regularity is the decrease in libido (up to im-

potence), erections, prostate-testicular interaction and 
sperm production in subordinate bulls as a result of 
pain, fear, and aggressiveness of animals. These states 
may be eliminated using different ways of keeping and 
stimulating, which ensure rational use of breeding bulls 
in conditions of modern enterprises.

The ability of animals to reproduce depends on their 
place in herd hierarchy. Higher calving indices of dom-
inant cows compared to subordinate cows of the herd 
(85.9 vs 53.8 %) ensure higher representation of their 
offspring in the next generation.

The main regularity of forming and maintaining the 
relations between bull-calves (hierarchy) in the herd is 
the occurrence of complicated complexes of behavior 
and adaptation reactions and reaction of stress as well 
as phenomenon of relative extinction of selective com-
ponent of libido to animals of the same group, which 
was restored in the formed herd towards “new” ani-
mals.

It was established that there was an important qua-
lity of the hierarchical rank of bull-calves of the 
herd – being determined by the type of the nervous 
system – which was relevant for selection, evaluation, 
and use in selection. Dominant bull-calves of strong 
balanced fl exible type of higher nervous activity with 
higher ability of extrapolation became leaders of herds.

There were most evident contrast differences in the 
ways of restricting the impact of intrasexual selection 
at the age of 18 months, when bull-calves of the ex-
perimental group (non-tethered keeping) ceded to their 
control analogues (tethered keeping) in the live weight 
by 50 kg (P < 0.1) and in the total number of sperm 
cells in the ejaculates – the bull-calves of the control 
group exceeded dominant bull-calves of the experi-
mental group by 34.2 and subordinate ones – 79.7 %.

The regularity of inadequate reaction of bull-calves, 
kept tethered or in conditions of restricting intrasexual 
selection, to external factors was fi rst proven, which 

Table 7. Sperm indices of experimental bull-calves, aged 12 to 18 months X ± x

Index
Group

Difference
224 160

Number of ejaculates
Volume, ml
Activity, points
Concentration, billion/ml
Total number of sperm cells, billion

224
1.97 ± 0.06

0.7
0.735 ± 0.03
1.446 ± 0.09

160
1.37 ± 0.06

0.7
0.747 ± 0.04
1.021 ± 0.01

64
0.60
−

0.012
0.425
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became the main reason of their active defensive and 
aggressive behavior, caused by balanced and inhibiting 
phases of the activity of brain cortex. The restoration of 
reactions to external factors to the norm was observed 
in bull-calves only after their transfer to the group non-
tethered keeping and the formation of hierarchy.

Objective evaluation of HNA type and composition 
type of Schwyz bull-calves allowed fi rst determining 
that 63.9 % of animals with strong types of HNA be-
longed to broad-bodied and 36.1 % – to shallow-bodied 
composition types. It facilitates the selection of the de-
sired type for the purpose of evaluation and use in se-
lection considerably.

Вплив природного відбору 
на відтворювальну функцію бугаїв

В. С. Козир, В. І. Барабаш 

E-mail: inst_zerna@ mail.ru

Інститут зернових культур НААН України
Вул. Дзержинського, 14, Дніпро, Україна, 49600

Мета. Дослідити вплив природного відбору бугаїв при
безприв›язному і прив’язному утриманні на їхню від-
творювальну функцію. Методи. Спостереження за гру-
пами-аналогами при різних умовах утримання, але при
однаковому рівні годівлі і використанні, етологічні ме-
тоди поведінки тварин в стаді та «міні-стаді», зоотехніч-
ні, генетико-математичні, біометричні та методи моде-
лювання. Результати. Доведено, що домінуючі тварини 
в стаді пригнічують статеву здатність підлеглих, у яких 
погіршується лібідо, ерекція, якість сперми (аж до ім-
потенції). Висновки. Встановлено вплив природного від-
бору на статеву потенцію бугаїв-плідників при їхньому 
безприв’язному утриманні і етологічні особливості − 
при прив’язному, а також реакції організму залежно від 
типу конституції і тілобудови. Використання виявлених 
закономірностей спрощує роботу в селекції бугаїв при 
оцінці якості спермопродукції і забезпеченні підвищен-
ня кількості їхніх нащадків у наступних поколіннях.

Ключові слова: бугай, утримання, відтворення, сперма.
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INTRODUCTION
The estimation of chernozem agrogenesis should 

include the consideration of both granulometric and 
microaggregate conditions, whereas the availability 
of data about chernozem microstructure allows char-
acterizing the macrostructural condition [1–6]. The 

theoretical fundamentals of soil microstructure forma-
tion were studied by Kachynsky [7, 8], Hodlin [9–12], 
Voronin [13, 14], Medvedev [15, 16], Bulyhin [17–20] 
who came to the conclusion that the relevance of soil 
microstructure was not limited to the sizes of microag-
gregates. A considerable role in soil fertility is played 
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ber of microaggregates, sized 0.01–0.25 mm and the content of peptized humic substances during tillage was 
as follows: R = +0.480.01, and for soil protective technologies it was: R = (+0.70–0.75) 0.01. The increase 
in microaggregation in conditions of soil protective tillage occurred in the direction of wild land analogs and 
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by the material, used to form microstructures. There 
are reverse processes in soils and soil-forming layers: 
on the one hand, these are processes of forming or-
ganic and mineral disperse particles, on the other – the 
processes of aggregation of elements with the forma-
tion of soil units – microaggregates of different sizes 
and forms with different properties. The main ways of 
forming microaggregates out of macroaggregates are 
known [13, 14, 22]: 

• mechanic fragmentation of soil during tillage; 
• microbiological destruction of humic substances,
 gluing particles among themselves; 
• physical and chemical changes in the soil under the
effect of applying agrochemical means.

The studies of Medvedev [15, 24] established that 
the systematic tillage was accompanied with statisti-
cally proven increase in the total and summarized ac-
tive surface of chernozem, though he did not succeed 
in revealing the reasons of the impact of tillage on sur-
face properties. It may be related to the specifi cities of 
transforming the fraction of humic acids during inten-
sive tillage, which changed surface characteristics of 
chernozems. The number of microaggregation forms of 
humus decreased in arable soils compared to wild land, 
whereas that of macroaggregation forms increased. 

Intense tillage of chernozem led to high mobility 
(reaction ability) of the organic matter. The increase 
in the mobility of humus deteriorated the water resis-
tance of aggregates of different sizes, and its reduction 
might increase the microaggregation property of tilled 
chernozem considerably (by 10–20 % in the yield of 
aggregates, sized > 0.01 mm). Water resistance of mi-
croaggregates was generally determined by the content 
of proper humic substances, the removal of which in 
wild land and arable land led to sharp enrichment (up to 
90–95 %) with microaggregates, sized 0.25–0.01 mm 
[25–28]. The dehumifi cation of chernozems triggered 
the increase in degradation processes, which was testi-
fi ed by the works of Medvedev [23, 24], Bulyhin [21], 
and the studies of foreign authors [29–36].

The introduction of increased norms of complete 
mineral fertilizers or separate nitrogen, potassium, 
and phosphorus fertilizers did not change the number 
and ratio of particles and microaggregates. The intro-
duction of organic fertilizers in the dose of 70 t/ha of 
humus promoted the increase in microaggregation. It 
goes beyond any doubt that soil tillage is a powerful 
way of creating optimal soil conditions for cultivated 
plants. However, the limitation of direct positive im-

pact of tillage is known equally well [15, 17, 25].
The previous study [28] was dedicated to the inves-

tigation of the action of different systems of tillage 
and fertilization of chernozem on its microaggrega-
tion properties during the crop rotation in the variants 
without any introduction of mineral or organic fertil-
izers, and in variants with different doses of mineral 
fertilizers on the background of humus in conditions 
of Left-Bank Forest-Steppe of Ukraine, on typical me-
dium and low humus light loamy and light clay-loamy 
chernozem.

The aim of the study was to provide scientifi c and 
theoretical substantiation for the process of microag-
gregation of typical chernozem via the simulation of 
natural processes of soil formation under the effect 
of systematic application of soil-protecting technolo-
gies of crop cultivation with surface packing of root 
and after-harvest remains, humus, and mineral fertil-
izers in agrocenoses of the Left-Bank Forest-Steppe of 
Ukraine.

MATERIALS AND METHODS 

The processes and regularities of microaggrega-
tion of typical chernozem in agrocenoses of differ-
ent crop rotations at long-term action of soil protec-
tive technologies of crop cultivation in the Left-Bank 
Forest-Steppe of Ukraine were studied. The indices of 
the microaggregate, structural-aggregate and humus 
conditions were analyzed for different ways of tillage 
and fertilization of chernozem. The experiments were 
conducted at three mutually related levels: experi-
mental, theoretical, and descriptive-generalizing. The 
fi rst level envisaged long-term fi eld stationary experi-
ments. The second level included the elaboration of 
theoretical fundamentals of the structure formation of 
microaggregates and restoration of natural processes 
of soil formation of chernozem in agrocenoses. The 
descriptive-generalizing level was used to analyze the 
weather-climatic conditions as well as the results and 
conclusions of other authors to compare them against 
the data of our research. 

Long-term impact of zero tillage on the process of mi-
croaggregation of typical chernozem in the agroceno-
ses of the Forest-Steppe Left-Bank physical-geograph-
ical province of Ukraine was studied in Vorskla-Sula 
and Middle Dnieper-Seym districts. In 1990-1996, the 
studies were conducted in the southern part of Vorskla-
Sula district. Soil surface in the southern part of the 
Poltava region is presented with typical chernozem 
(> 50 %) which is of medium humus content (5.55–
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5.65 %). According to the content of physical clay (PC) 
and physical sand (PS) chernozem may be considered 
to be light clay: PC = 62.9–64 %; PS = 35–3 7.1 %. 
Similar technological indices of granulometric condi-
tion are notable for typical chernozem of the southern-
eastern part of Poltava region and almost the whole ter-
ritory of the Kharkiv region.

From 2001 till 2014, the experiments were conducted 
in Middle Dnieper-Seym agrosoil district, which covers 
the lands of Kyiv, Poltava, Sumy, Chernihiv, and Cher-
kasy regions. The experiment was performed in the 
Drabiv agrosoil district of the Forest-Steppe Left-Bank 
lowland province, northern subprovince, on typical 
low humus light loamy clay-silt chernozem. The struc-
turedness index (SI) was 25–38 %. The PC:PS ratio 
was 1.76–2.25 which was 3.2 times higher compared 
to typical medium-humus light loamy chernozem. The 
factor of potential aggregation (FPA): FPA = 0.25–0.27 
which was 2.78–2.96 times lower compared to typi-
cal medium-humic light loamy chntinuous Long-term 
agronomic experiment No.1. The study was conducted 
in 1985-1ntinuous long-term agronomic multifactor 
experiment of the Department of soil science and soil 
protection of the National University of Life and Envi-
ronmental Sciences of Ukraine in the following chain 
(sugar beet–green peas–winter wheat–corn for grain–
corn for silage) of 10-course grain-beet crop rotation 
for the southern part of the Left-Bank Forest-Steppe 
(cereals – up to 40 %, technical crops – up to 30 %, 
grain legumes – up to 10 %, forage crops – up to 20 %), 
where four ways of tillage were investigated: tillage of 
different depth (22–32 cm); subsurface tillage (22–32 
cm); shallow surface tillage (10–12 cm) and minimal 
surface tillage (5–6 cm) on the background of four fer-
tilization systems – without organic and mineral fertil-
izers; 15 t/ha humus + N55Р55К45 (low dose); 15 t/ha 
humus + N85Р75К65 (medium dose); 15 t/ha humus + 
N110Р100К85 (high dose). The variants were located by 
split-block design with three repeats. The size of fi rst 
order plots was 928 sq.m, the second one – 232 sq.m., 
the area under registration – 1ntinuous Long-term agro-
nomic experiment No.2. (The certifi cate of NAAS No. 
040 “The scientifi c foundations of establishing crop ro-
tations, tillage and fertilization systems in conditions of 
the Left-Bank Forest-Steppe of Ukraine”) The experi-
ment was conducted in 2001-2014 duntinuous long-
term agronomic experiment of the Cherkasy State Ex-
perimental station of NSC “Institute of Agriculture of 
NAAS”. Two types of fi ve-course crop rotations were 
investigated: A: perennial grass–winter wheat–sugar 
beet–corn–barley + perennial grass (cereals – up to 

60 %, technical crops – up to 20 %; perennial grass – 
up to 20 %); B: green peas–winter wheat–sugar beet–
corn for grain–corn for grain (cereals – up to 60 %, 
technical crops – up to 20 %; grain legumes – up to 
20 %).

Fertilization system: 2001–2015: 6.0 t/ha of by-
products; N31P33K41 (average dose); N62P66K82 (double 
dose). The ways of the main tillage: tillage of differ-
ent depth (22–25 cm) for all the crops; subsurface till-
age (22–25 cm) for all the crops; surface tillage (8–12 
cm) for all the crops. There were three repeats in both 
experiments. The area of the plot for sowing was 250 
sq.m., the area under registration – 100 sq.m.

The methods of determining the indices of study ob-
jects. To determine the changes in agrochemical, physi-
cal, chemical, and agrophysical indices while studying 
the nutrition regime, humus and agrophysical condi-
tions, mixed samples were selected from one meter 
deep soil layers in 10 cm distance on different land 
plots following the schemes of experiments according 
to DSTU 7030:2009 (GSTU 46.001-96). Soil samples 
were analyzed according to special methods: granulo-
metric and microaggregate composition – according to 
Kachynsky (DSTU 4730:2007), structural-aggregate 
composition – by the sieve method in the modifi cation 
of Savinov (DSTU 4744:2007) and by the method of 
Baksheev; the content of total humus – according to 
Turin’s method in the modifi cation of Simakov (DSTU 
4289:2004); humus substances, occurring in the pro-
cess of peptization of soil colloid  s  – according to  
Hodlin; active and passive humus (active humus was 
determined by chromatography  ) – by the method of  
Sokolovsky; the content of peculiar humic substances 
and detritus – according to Springer in the modifi ca-
tion of scientists of NSC “Institute for Soil Science and 
Agrochemistry named after O. N. Sokolovsky”; group 
and fraction composition of humus – according to 
Ponomariova and Plotnikova. The calculation method 
was used to determin e: the dispersion factor  (DF) – ac-
cording to  Kachynsky; the coeffi cient of structuredness  
(Kst) – according to Fageler,    the degree of aggregation  
(Ка) according to Baver  and the granulometric index of 
structuredness –according to  Vadiunina; saturation of 
PC with humu  s – according to  Hodlin, and the indices 
of erosion resistanc e (IER) – according to  Voronin. 

RESULTS AND DISCUSSION
Microaggregates have a feature, relevant in the agro-

technical and meliorative terms, – additional internally 
aggregated porosity, which determines high quality 
level of macroaggregates [5, 15, 28.] The aggregate-
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disperse composition in the 0–30 cm layer of cherno-
zem was determined in conditions of the southern Left-
Bank Forest-Steppe in the fourth year since the start of 
studies in the fi elds, after the crop rotation of winter 
wheat-sugar beet-sunfl ower-annual grass. The experi-
ment was conducted in the variant of systematic tillage 
and surface tillage at the depth of 10–12 cm without the 
introduction of mineral and organic fertilizers, and in 
the variants with the introduction of medium and high 
doses of mineral fertilizers on the background of hu-
mus (Table 1).

There were 23 % of free and friable-linked microag-
gregates in case of tillage, and 28 % – for surface tillage 
in the 0-30 cm soil layer in the control (with no mineral 
and organic fertilizers). The share of silt particles (< 
0.001 mm) for surface tillage was decreased 1.8 times. 
The highest content of free and friable-linked aggre-
gates was found in the 0–20 cm layer at surface till-
age, they were 9.6 % more numerous compared to till-
age. The content of microaggregates of this group was 

found to be also higher in the 20–30 cm layer – 22.5 % 
(surface tillage) and 17.7 % (tillage.) The same num-
bers of tightly linked microaggregates (0–30 cm) were 
registered in both variants of soil tillage (43.3–44.6 %); 
it was true for macroaggregates and macroparticles – 
24.5–26.7 %, whereas there were 8 % more mesoag-
gregates and mesoparticles at systematic tillage com-
pared to surface tillage. The introduction of the average 
dose of mineral fertilizers on the background of humus 
(N310Р390К250 + 60 t/ha of humus) during tillage did not 
promote any increase in the content of free and friable-
linked aggregates in the 0–20 cm layer. Their content 
decreased by 10 % regarding the control, and increased 
by 8.3 % in the 20–30 cm soil layer.

In case of surface tillage and introduction of the aver-
age dose of mineral fertilizers, the content of friable-
linked aggregates decreased by 9.3 % compared to the 
control with no fertilizers. Both variants had registered 
increase in the content of free and friable-linked ag-
gregates – in the 20–30 cm layer for tillage, and in the 

Table 1. The impact of the tillage and fertilization system on the aggregate-disperse composition of typical medium-humus 
chernozem in the 4th year since the start of the studies (annual grass)

Layer 
capacity, 

cm

Organo-mineral particles, forming 
Microaggregates < 0.01 mm

Dispersion 
factor

Coeffi cient 
of 

aggregation

Index of 
anti-

erosion 
resistance

free and 
friable-linked

tightly 
linked

macroaggregates mesoaggregates < 0.01 < 0.01 < 0.01 < 0.01

tillage (no mineral or organic fertilizers)

0–20
20–30

25.1
23.4

15.2
25.9

25.2
17.7

6.8
2.6

40.6
48.7

40.1
45.2

14.7
5.4

91.0
90.0

6.0
17.0

(N310Р390К250 + 60 t/ha humus)

0–20
20–30

28.0
29.8

26.0
16.0

15.0
26.0

3.5
2.4

54.5
49.0

44.1
45.3

7.3
5.0

94.0
89.0

13.0
18.0

(N410Р410К330 + 60 t/ha humus)

0–20
20–30

28.0
29.8

26.0
16.0

15.0
26.0

3.5
2.4

54.5
49.0

44.1
45.3

7.3
5.0

94.0
89.0

13.0
18.0

Surface tillage, 10–12 cm (no fertilizers)

0–20
20–30

25.7
28.7

15.8
12.4

31.5
22.5

4.7
2.5

45.0
60.9

42.3
42.7

8.9
5.6

90.0
93.0

10.0
15.0

(N310Р390К250 + 60 t/ha humus)

0–20
20–30

26.3
25.2

16.0
23.7

20.6
16.2

2.0
2.7

45.0
49.3

42.5
45.6

4.4
5.6

89.0
81.0

19.0
16.9

(N410Р410К330 + 60 t/ha humus)

0–20
20–30

23.3
33.5

17.5
13.2

24.0
23.5

3.0
2.5

43.8
51.0

42.0
49.5

6.6
4.8

90.0
89.0

13.0
22.0
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10–20 cm layer for surface tillage, which was related to 
the localization of root, after-harvest remains, humus, 
and mineral fertilizers while conducting the main till-
age in autumn. The number of tightly linked aggregates 
for tillage was somewhat higher compared to surface 
tillage: 53 and 46 % respectively, but the share of tight-
ly linked microaggregates, sized <0.001 mm, was 10 % 
higher in the latter case. 

The increase in the dose of fertilizers (N410Р410К330 +
+60 t/ha of humus) promoted the increase in the num-
ber of free and friable-linked microaggregates up to 
24–25 %, and the share of microaggregates, sized < 
0.001 mm, was in the range of 9.6–11.8 % for both 
variants. Here the number of tightly linked aggre-
gates was found to be the same for both variants – 46–
47 %. Tightly linked microaggregates were presented 
with particles sized < 0.001 mm. The number of mac-
roaggregates and macroparticles (> 0.25 mm), me-
soaggregates and mesoparticles (0.25–0.001 mm) in 
the 0–30 cm layer was almost the same, but in case 
of surface tillage the 20–30 cm soil layer contained 
8.3 % more macroaggregates compared to tillage. On 
the contrary, there were 7.2 % more mesoaggregates 
for systematic tillage.

In the control with no fertilizers (0-20 cm layer), DF 
for tillage had a stable tendency towards increasing 
compared to surface tillage: 15.0 % against 9.0 %. The 
introduction of the average dose of mineral fertilizers 
on the background of humus at tillage promoted the 
increase in DF compared to surface tillage: 5.0–8.5 % 
against 3.9–5.6 % respectively. Due to the introduction 
of high doses of fertilizers, DF increased in the 0–10 
cm soil layer by 8 % for surface tillage, but remained 
unchanged in the 10–30 cm soil layer regardless of the 
way of tillage of typical chernozem. 

In the 0–20 cm soil layer in the control (with no min-
eral and organic fertilizers), IER was 1.67-fold higher 
for surface tillage, and with the introduction of average 
doses of mineral fertilizers on the background of humus 
this index increased 2.1 times for tillage, and 1.9 ti-
mes – for surface tillage. On the background of high 
doses of mineral fertilizers, IER for tillage increased 
both with the introduction of mineral fertilizers and 
without it, reaching the values of IER = 16–18, where-
as in case of surface tillage, IER increased 1.5 times 
compared to the control without any introduction of 
fertilizers to the high dose of mineral fertilizers. There 
were high values of Ka both for tillage and surface till-
age. However, medium and high doses of fertilizers for 
surface tillage conditioned the decrease in the value of 

Ka in the 0–30 soil layer, which testifi es to the dispers-
ing property of mineral fertilizers in the fi rst years of 
applying surface tillage in the crop rotation.

In the 5th year, similar determination of indices of 
aggregate-disperse condition of chernozem was con-
ducted for the fi eld of winter wheat. The relevance of 
the data for the 4th year is in the fact that they were 
the last ones for the aftereffect of humus, introduced 
for sugar beet in the fi rst year of studies. The results 
of determining the aggregate-disperse composition (0–
30 cm layer) of typical chernozem demonstrated that 
in the control with no introduction of mineral and or-
ganic fertilizers, the number of free and friable-linked 
microaggregates decreased in both variants compared 
to the 4th year of studies, but a higher number of them 
remained for surface tillage than for tillage. In case of 
tillage there were 6 % more tightly linked aggregates 
(< 0.001 mm) compared to surface tillage, and the 
share of aggregates of the silt fraction in the latter case 
had a stable increasing tendency. The number of mac-
roaggregates (> 0.25 mm) and mesoaggregates (0.25–
0.001 mm) was in inverse correlation: in case of tillage 
there were 4.5 % fewer aggregates, sized >0.25 mm, 
than for surface tillage, and 6 % more aggregates of 
0.25–0.001 mm. The highest content of organo-mineral 
particles, participating in the process of macrostructure 
formation, was found in the 0–10 cm soil layer, and the 
advantage of surface tillage over tillage was 7 %. 

The introduction of average dose of mineral fertil-
izers affected the formation of free and friable-linked 
aggregates for tillage and surface tillage: 15.0 % of 
them were formed in the former case, and 19 % – in the 
latter. Their highest number was found in the 20–30 cm 
soil layer for surface tillage – 20.5 % against 15 % for 
tillage. The number of microaggregates, tightly linked 
with the mineral part of chernozem (regardless of the 
way of tillage), was found to be almost the same (43.4 
and 46.5 %), but the number of silty particles in the lat-
ter case was 8 % lower, which testifi es to the decrease 
in the dispersion of the 0–30 cm chernozem layer at 
systematic surface tillage.

The introduction of high doses of mineral fertilizers 
affected the number of tightly linked aggregates (0–
30 cm) which was almost the same – 44.8–45.7 % re-
gardless of the way of tillage, but the number of silty 
particles for surface tillage was higher compared to till-
age. In case of tillage there was a registered increase 
in the content of aggregates, sized > 0.25 mm: their 
number reached 5.9 and 7.7 % in the soil layers of 0–20 
and 20–30 cm, which testifi ed to the soil dispersion at 
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the introduction of high doses of mineral fertilizers in 
case of systematic implementation of surface tillage for 
10–12 cm. If in case of introducing average doses of 
mineral fertilizers, DF had the value of 6–7 %, in case 
of high doses it was 8–9 %. IER in the variants of till-
age and surface tillage had high values, but in case of 
tillage they were higher in absolute values. When high 
doses of mineral fertilizers were introduced for surface 
tillage, IER values decreased down to the middle level 
(8–10), which testifi ed to the harmfulness of the intro-
duction of high doses of mineral fertilizers.

In the 7th year since the start of the studies, there was 
an investigation of the capability of typical chernozem 
to have microaggregation during systematic tillage and 
surface tillage for 10–12 cm in the variants with the 
introduction of the middle and high doses of fertilizers 
on the background of 60 t/ha of humus, introduced for 
the fi eld of sugar beets.

A relevant index of humus horizon resistance in cher-
nozem was the stability of aggregate-disperse compo-
sition during the vegetative period, thus the determina-
tion was performed in dynamics – three times for the 
vegetative period. It was established that the number of 
free and friable-linked aggregates in the control (with 
no mineral and organic fertilizers) increased from 
spring to summer. A similar regularity was remarkable 
for variants with introduced mineral fertilizers in dif-
ferent doses on the background of humus. In case of 
systematic tillage in April, there were 8–9 % more of 
the mentioned aggregates compared to surface tillage, 
but till the middle of summer (with surface tillage) the 
number of free and friable-linked aggregates increased 
by 5–7 %. There was remarkable increase in the num-
ber of free and friable-linked microaggregates with 
the introduction of increasing doses of fertilizers for 
surface tillage: in July, their number increased up to 
19–22 and 21–24 % respectively, till the introduction 
of medium and high norms of fertilizers. At the same 
time, there were 16–17 and 19 % of aggregates for till-
age, respectively. 

In spring, in case of surface tillage the number of 
tightly linked aggregates (< 0.01 mm) in the control 
(with no mineral fertilizers) was higher than that for 
tillage. The introduction of increasing doses of mineral 
fertilizers somewhat decreased the number of these 
aggregates, but in case of tillage the decrease in their 
content was more remarkable. In case of introducing 
high doses of mineral fertilizers, the number of tightly 
linked aggregates in both variants of tillage in the 0–30 
cm soil layer was the same, which testifi ed to dispers-

ing nature of high doses of fertilizers in long-term im-
plementation of both tillage and surface tillage. How-
ever, there were 10 % more tightly linked aggregates 
in the subsurface layer (30–40 cm) in case of surface 
tillage in spring.

The determination of the ratio of microaggregates 
sized 0.05–1 and 0.01–0.05 mm during the vegetation 
period allowed a conclusion that in the control (with 
no mineral and organic fertilizers) in case of surface 
tillage there were much more aggregates sized 0.05–1 
mm (by 5–8 %) compared to tillage, and the content of 
microaggregates was more stable time-wise, compared 
to tillage. The introduction of average doses of mineral 
fertilizers had different effect on the content of meso- 
and microaggregates during tillage and surface tillage. 
In the latter case, during the vegetative period, there 
were 1.5–2.2 times more aggregates, sized 0.5–1 mm 
in the 10–30 cm soil layer, and in case of tillage there 
was a considerable increase (by 10 %) in the number 
of aggregates sized 0.01–0.05 mm. The introduction of 
high doses of mineral fertilizers decreased the number 
of aggregates sized 0.05–1 mm at surface tillage, but 
there were more of them than during tillage both in 
spring and in summer. The tillage with the introduc-
tion of high doses of mineral fertilizers promoted the 
increase in the number of aggregates sized 0.01–0.05 
mm, but their number decreased remarkably till sum-
mer. On the contrary, in case of surface tillage, fewer 
aggregates of this size were formed in spring, and till 
summer their content was stabilized at the level of con-
tent for tillage.

In case of surface tillage, the DF value was at the 
level of 3–4 % during the vegetative period. The high-
est value of DF in the 0–10 cm soil layer was registered 
in the middle of summer for systematic tillage – 6–
7 %. With the introduction of average doses of miner-
al fertilizers during surface tillage, DF was at the level 
of 3–5 % only in the 0–10 cm layer, and in May it was 
up to 6 %. With systematic tillage in the crop rotation 
at the beginning of the vegetative period, DF in the 
0–30 cm soil layer was 4–6 %, and by the end of the 
vegetative period it increased up to 7–9 %. The anti-
erosion resistance of the humus horizon for surface 
tillage was higher than for tillage both in the variant 
with no fertilizers and in case of introducing high and 
medium doses of mineral fertilizers. The use of high 
doses of mineral fertilizers during tillage decreases 
the IER values to the medium level (< 10) whereas 
during surface tillage IER had the values > 10 regard-
less of the way of tillage.
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In the 9th year of studies, there was determination of 
the level of aggregate-disperse composition of typical 
chernozem under corn for grain with the introduction 
of the average dose of mineral fertilizers in four vari-
ants of cultivation. At fi rst N710P670К565 and 150 t/ha of 
humus were applied, with subsequent N110P75K75 and 
30 t/ha of humus to sow corn. The calculation of DF 
demonstrated that in case of tillage (0–30 cm) DF val-
ues were 8–11 %, and the highest value was registered 
in the 5–10 cm layer – 15 %. In case of deep surface 
tillage, DF was at a high level only in the 0–5 cm lay-
er – 7.5 %, and decreased deeper down to 2.9 % (20–
30 cm). In case of surface tillage for 5–12 cm, DF (0–
5 cm) had the values of 11 %, and in the 5–10 cm soil 
layer – 9.1 %. DF values in the deeper layers of hu-
mus horizon (10–20 and 20–30 cm) decreased down 
to 4.9–5.6 %. The systematic surface tillage for 5–
6 cm increased DF up to 9.7–10 % in the layers of 0–
5 and 5–10 cm, and decreased it in the 10–30 cm layer 
down to 2.7–2.8 %. In the subarable layer (30–40 cm) 
with tillage and surface tillage for 5–12 cm, DF was 

at the level of 5.0–5.9 % and at deep surface tillage it 
reached 8 %.

The calculation of IER demonstrated that tillage for 
nine years with the introduction of average doses of 
mineral fertilizers on the background of humus did not 
promote the increase in the anti-erosion resistance of 
arable layer. IER values in the 0–5 cm layer reached 10, 
while it decreased down to 5–7.5 in the 5–30 cm layer. 
In case of surface tillage for 22–32 cm in the 0–30 cm 
soil layer, IER values increased up to 10, and equaled 
5–6 in the 30–40 cm soil layer. Surface tillage for 5–
12 cm on the background of organo-mineral system 
of fertilization in the surface layers (0–5, 10–15 cm) 
somewhat decreased IER values down to the level of 
7–8 %, and in the soil layers of 10–20 and 20–30 cm 
the anti-erosion resistance increased up to 12.6–15.2 
and 26.6–26.8 according to tillage. 

The last crop in the rotation was corn for sillage. 
During 10 years, N820P730K625 of the active substance of 
mineral fertilizers was introduced on the background 
of 150 t/ha of humus, which on average was N80P75K65 

Table 2. The impact of the tillage system on typical medium-humus chernozem on aggregate-disperse composition by the end 
of crop rotation (N850P750K650 150 t/ha of humus)

Layer 
capacity, cm

Organo-mineral particles, forming
Microaggregates (< 0.01 mm) Saturation of 

physical clay 
with humus, 

%

free and friable-linked tightly linked

macroaggregates mesoaggregates < 0.01 < 0.01 < 0.01 < 0.01

Tillage for over 75 years

0-20
30-40

3.2
6.3

43.7
41.7

18.0
17.0

1.9
3.2

47.2
45.9

37.1
33.8

0.079
0.078

Tillage for 22–32 cm (experiment)

0-20
30-40

3.7
3.8

38.9
38.9

23.0
27.0

3.7
3.8

42.9
37.9

37.1
33.8

0.098
0.100

Surface tillage for 22–32 cm (experiment)

0-20
30-40

4.3
4.8

37.9
38.9

26.5
27.0

3.1
3.8

41.5
37.9

36.1
33.2

0.102
0.108

Surface tillage for 10–12 cm (experiment)

0-20
30-40

5.5
4.5

40.6
39.3

28.0
31.0

2.8
4.0

37.7
35.0

36.2
33.0

0.100
0.099

Surface tillage for 5–6 cm (experiment)

0-20
30-40

4.3
7.7

39.6
36.2

21.4
22.0

2.8
4.0

45.4
42.1

36.6
34.5

0.104
0.108

Fallow for 10 years

0-20
30-40

7.0
9.0

38.0
31.0

27.0
26.0

2.5
3.6

39.5
40.0

36.5
33.4

0.103
0.108
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and 15 t/ha of humus. Table 2 and Fig. 1 present the 
aggregate-disperse composition of typical chernozem 
at the end of crop rotation. The comparison considered 
the results of determining the aggregate-disperse com-
position for tillage during over 75 years and 10 year-
long fallow. During long-term tillage (over 75 years) 
the number of free and friable-linked aggregates de-
creased down to 17–20 % (0–20 cm) and 17 % (30–
40 cm). The application of tillage on the background 
of organo-mineral system of fertilization promoted the 
increase in the content of free and friable-linked micro-
aggregates in the 0–20 cm layer up to 22–23 % and in 
the 30–40 cm layer – up to 27 %. Systematic surface 
tillage for 22–32 % increased the content of free and 
friable-linked aggregates up to 26–27 % in the 30–
40 cm soil layer, and in case of shallow surface tilla-
ge – up to 28–31 %.

The minimization of the main soil tillage to 5–6 cm 
did not promote the increase in the content of this group 
of aggregates. The share of aggregates < 0.001 mm in 
the total number of free and friable-linked microag-
gregates in the 0–20 cm soil layer was in the range of 
10–14 %, and in the 30–40 cm soil layer – 18–19 %. In 
other variants in the experiment the share of free and 
friable-linked microaggregates changed in the range of 
13–14 %, and the number of tightly linked microag-
gregates sized < 0.01 mm (0–20 cm) decreased from 
tillage (over 75 years) to shallow surface tillage for 
10–12 cm. 

The minimal tillage for 5–6 cm somewhat disrupted 
the established regularity of forming the ratio of micro-
aggregate groups, which may be explained by the speci-
fi city of water and temperature regimes and the character 
of transformation of organic substance. The content of 
microaggregates increased from tillage to minimal soil 
protective tillage. There was a corresponding decrease 
in the content of mesoaggregates and microaggregates. 
The comparison of the microstructure to fallow variants 
(75 years) and fallow (10 years) yielded a conclusion 
that surface tillage (from the one for different depths to 
22–32 cm up to 5–12 cm) promoted the modelling of 
natural microaggregation process. Minimal tillage ex-
ceeded tillage by the tempo of the formation of macro-
aggregates sized 0.05–1 mm. The introduction of high 
doses of mineral fertilizers on the background of humus 
had negative effect on chernozem microstructure both 
during tillage and surface tillage: the content of mesoag-
gregates increased up to 50–60 %, and the number of 
macroaggregates (0.05–1 mm) decreased. 

Hodlin [10] considered the number of free and fria-

ble-linked aggregates in soil to be of great relevance 
and related their formation to the synthesis of newly-
formed humic acids, which were easier to get subject 
to mineralization processes. In his studies the author 
demonstrated that tightly linked aggregates had more 
humic substances, nitrogen and sesquioxides of iron 
and aluminum, and the ignition loss was higher than 
that for free and friable-linked aggregates. At the same 
time, there was no difference in the number of con-
sumed Ca and Mg. Friable-linked microaggregates 
had higher biological activity compared to soil. This 
phenomenon may be explained by the fact that organic 
matter of tightly-linked aggregates was closer linked to 
the mineral part of soil due to the availability of a high 
number of hydrooxides of iron and aluminum, and thus 
was less mobile. In addition, humic substances of this 
group of microaggregates were more subject to aging, 
which decreased their biological activity. 

The correlation of our studies to Hodlin’s conclu-
sions [11, 12] promotes a statement that systematic 
tillage for over 75 years led to the dehumifi cation of 
the arable layer, and thus to the decrease in the content 
of free and friable-linked microaggregates. Tillage on 
the background of the organo-mineral system of fer-
tilization promoted the increase in the content of free 
and friable-linked microaggregates, but this process 
was characterized by temporal instability. The number 
of free and friable-linked microaggregates may be in-
creased or decreased depending on the way of tillage, 
number of introduced fertilizers and a crop, sown in the 
crop rotation.

Systematic implementation of soil-protective tech-
nologies in the crop rotation (18 years) led to the in-
crease in the number of free and friable-linked micro-
aggregates, which was evident in the 3-4th year since 
the introduction of these technologies. In our opinion, 
this phenomenon is related to the fact that more humic 
substances were formed in the fi rst years of introduc-
ing surface tillage. A higher amount of newly-formed 
humus is related to the increase in the biogenicity of 
microaggregate composition and may be the feature of 
cultural soil formation.

Meanwhile Hodlin [9] paid attention to the fact 
that there was an agronomically relevant criterion for 
chernozems: if a number of microaggregates, active-
ly participating in the formation of stable meso- and 
macroaggregates, exceeded 40 %, there were all the 
conditions to restore the forfeited grain-like fi nely 
crumbly structure of the arable layer.

The studies and calculations demonstrated that re-
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gardless of the tillage system typical medium-humus 
heavy loamy chernozem had high content of such ag-
gregates (> 40 %) which testifi ed to a high ability of 
restoring the structural condition. The application of 
surface tillage led to the increase in the number of or-
gano-mineral particles, forming macroaggregates. The 
process of the formation of organo-mineral elements 
was directly related to the character of embedding and 
localization of organic fertilizers and afterharvest resi-
due: in case of tillage – in the lower part of the arable 
layer, and in case of surface tillage – in the upper one. 
In the authors’ opinion, noteworthy are Hodlin’s con-
clusions [11] about humus localization in the microag-
gregates sized > 0.01 mm. The coeffi cient of saturating 
physical clay with humus (КPC) during tillage for over 
75 years in the 0–40 cm soil layer equaled 0.076–0.084, 
or 7.6–8.4 %. Tillage on the background of organo-

mineral fertilization system increased the saturation of 
PC with humus up to 8.9 % in the 0–5 cm soil layer and 
up to 10.1–10.5 % in the soil layers of 5–20 and 30–
40 cm. Similar values of saturating PC with humus 
were found while implementing soil protective systems 
of tillage of different depth and intensity.

The determination of the impact of different ways 
of tillage and fertilization of typical light loamy heavy 
clay-silt chernozem on microaggregation is presented 
in Table 3. It was established that while implementing 
surface tillage for 5–12 cm in the control with no fertil-
izers the number of microaggregates sized > 0.25 mm 
increased by 3.12 % or 1.5-fold. The introduction of or-
ganic fertilizers in the form of humus, straw, and min-
eral fertilizers during surface tillage enhanced the pro-
cess of chernozem microaggregation: 7.6–9.4 % more 
microaggregates sized > 0.25 mm were formed, which 

Table 3. The impact of different systems of tillage and fertilization on the microaggregate composition in the 0–20 cm layer 
of typical low humus light loamy chernozem of the central Left-Bank part of the Forest-Steppe of Ukraine

*Note: a – number of humus-containing mesoaggregates (numerator); c – number of non-humus-containing mesoparticles 
(denominator) [13].

Introduction of 
fertilizers

Size of fractions (mm), content, % Factor
Index of 

anti-erosion 
resistance> 0.25

0.25–0.05 
(a)*

0.05–0.01 (c)
*c to a > 0.01

< 0.01
< 0.001

of 
dispersion

potential 
aggregation

Tillage for 22–32 cm

Control (no fertilizers)
N65P60K50 + 12 t/ha of 
humus
N65P60K50 + 1.5 t/ha of 
straw

5.78

9.60

5.49

23.16
60.50
18.21
61.0
22.65
64.36

2.60 to 1

3.3 to 1

2.8 to 1

89.44

88.81

92.50

10.56
1.91
11.19
0.57
7.50
1.25

10.0

2.76

7.70

0.20

0.21

0.18

2.00

7.61

2.35

Surface tillage for 22–32 cm

Control (no fertilizers)
N65P60K50 + 12 t/ha of 
humus
N65P60K50 + 1.5 t/ha of 
straw

5.61

8.48

6.12

20.75
62.40
19.7
63.0
28.1
58.05

3.0 to 1

3.2 to 1

2.1 to 1

88.76

91.18

92.27

11.23
1.37
8.82
0.64
7.74
1.38

6.28

2.02

7.77

0.27

0.21

0.22

4.10

10.4

2.83

Surface tillage for 10–12 cm

Control (no fertilizers)
N65P60K50 + 12 t/ha of 
humus
N65P60K50 + 1.5 t/ha of 
straw

8.90

17.19

14.90

29.65
52.95
26.40
48.70
23.30
52.45

1.8 to 1

1.8 to 1

2.3 to 1

91.50

91.77

90.65

8.50
0.81
8.23
0.52
9.35
1.35

3.96

2.64

6.34

0.22

0.23

0.22

5.56

8.71

3.47
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was 1.7–2.7 times more compared to tillage. With the 
minimization of tillage, the number of microaggregates 
sized 0.25–0.05 and 0.05–0.01 mm increased both re-
garding the control with no fertilizers and with the in-
troduction of organo-mineral fertilization system, and 
the ratio between the content of microaggregates of 
the mentioned size decreased towards larger fractions, 
sized 0.25–0.05 mm. There were 1.24–1.36 times few-
er particles sized < 0.01 mm for minimal tillage com-
pared to tillage.

DF in the variants with no introduction of fertilizers 
decreased 1.24 times from tillage to surface tillage, and 
during the introduction of humus on the background 
of mineral fertilizers DF had not a high value (2.02–
2.76) during tillage and surface tillage, but this index 
decreased with the minimization of chernozem tillage. 

The index of potential aggregation (Pa) regardless of 
the system of tillage and fertilization was the same but 
the IER value in the 0–20 cm soil layer during minimal 
tillage increased regarding tillage 2.78 times with no 
fertilizers, 1.15 times – with the introduction of humus 
with mineral fertilizers, and 1.5 times – with the in-
troduction of straw with mineral fertilizers. Here wa-
ter resistance of microaggregates with large fractions 
increased. A higher content of free and friable-linked 
aggregates increased the biogenicity of the cultivated 
layer and promoted the improvement of the agrophysi-
cal condition and nutrition regime of chernozem.

The intensive cultivation (tillage) of chernozem pro-
moted the increase in the content of active forms of 
humus due to biological transformation of some pas-
sive humus into its active form: humus got renewed 
due to the mineralization of humic substances, which 
was related to the decrease in its content and reserves. 
In conditions of surface tillage the 2.04-fold increase 
in the content of active form of humus (0–50 cm soil 
layer) occurred due to the synthesis of free organic sub-
stance: a share of newly formed humus in the 0–20 cm 
chernozem layer from the total amount of active form 
of colloid humus was 53–55 %, and during tillage – not 
more than 43–45 %, with the 2.29–2.3-fold increase of 
the reserves.

A relevant agent of increasing microbiological ac-
tivity and microaggregation of chernozem is detritus, 
which, on the one hand, is the adsorbent of humic and 
newly formed substances, and on the other, plays the 
role of “carcass” while forming agronomically valu-
able water-resistant aggregates. During tillage for over 
75 years and tillage in the experiment conditions the 
content of detritus was 28–31 % from the total reserves 

of humus, and its highest amount was formed in places 
of localization of afterharvest, root remains and humus, 
i.e. in the 15–35 cm layer. In conditions of deep sur-
face tillage the reserves of detritus in the 0–50 cm layer 
were 1.16–1.4 times higher regarding the variant of 
long-term and deep tillage. The highest accumulation 
of detritus occurred in the 0–20 cm soil layer, where 
the total reserves of detritus were 31–32 % from the 
reserves of total humus. 

The minimization of chernozem tillage to the depth 
of 5–12 cm promoted the increase (1.10–1.25 times) 
of detritus content compared to tillage and deep sur-
face tillage. The share of detritus in the total humus re-
serves during shallow and minimal surface tillage was 
31–32 % and the re-distribution of detritus in the 0–
50 cm layer was in the surface layer of soil. The 0–20 
cm soil layer contained 60–65 % of detritus from all the 
reserves in the 0–50 cm soil layer. The general regular-
ity of accumulation and redistribution of detritus while 
maintaining fallow was similar to surface tillage for 
5–12 cm with the only difference – the whole 0–50 cm 
chernozem layer had high reserves of detritus (Fig. 1). 

The root system of agricultural crops is the main 
source of physiologically active substances, which, 
during the whole vegetative period, plays the main 
role in soil-forming properties of crops in the crop 
rotation and, using their root exudates, is capable of 
forming soil microstructure in agrophysical mean-
ing. Thus, root exudates are of extreme relevance in 
enhancing morphogenetic features of chernozem, the 
number of which is directly linked to the action of 
abiotic factors in soil medium. The microstructure is 
formed in the active rhizosphere of root systems of 
agricultural crops.

The layer-wise reserves and redistribution of roots 
in the humus horizon (0–40 cm) of typical chernozem 
was defi ned for the crop rotation (Fig. 2). The effect 
of the system of tillage and introduced fertilizers is 
refl ected on the redistribution of roots. During tillage 
the root system grows deeper inside the cultivated 
layer, and in case of surface tillage it is formed by the 
turf type: 80.5–87.4 % of the roots from the whole 
mass are concentrated in the 0–10 cm chernozem lay-
er during minimal tillage. The differentiation of root 
redistribution in the humus horizon of chernozem is 
enhanced with the minimization of the main way of 
chernozem tillage, and the total content of roots in 
the humus horizon increases with the minimization of 
tillage (Fig. 2).
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Due to the simulation of the turf process of soil for-
mation, the aggregation at the level of microaggregates 
involved more particles sized < 0.01 mm, which de-
creased the dispersion factor and increased antierosion 
indices of the cultivated layer. The minimization of the 
main tillage during surface tillage was more effi cient 
in promoting the activation of microaggregation pro-
cesses compared to tillage and deep surface tillage, 
which changed towards wild land and fallow variants 
of maintaining chernozem, which testifi ed to the resto-
ration of natural soil formation in the agrocenosis at the 
microaggregate level.

Long-term application of surface tillage stimulated 
the re-grouping of microaggregates towards the in-
crease in their sizes, similar to long-term fallow. While 
in case of fallow the microaggregation covered the 
0–20 cm soil layer, with surface tillage there was an 
increase in the microaggregation process of humus ho-
rizon of chernozem. In general, there was the simula-
tion of a natural microaggregation process while imple-
menting surface tillage and ruining the microstructure 
with systematic tillage (Fig. 1, 2).

Enhancing the microaggregation by turf type in the 
agrocenoses requires enriching the upper third of the 
humus horizon of chernozem with detritus, ensuring 
high biological activity of the 0–15 cm chernozem 
layer and forming an organogenic layer (contact zone) 

in the upper third of the humus horizon of chernozem 
with high microbiological activity, which increases by 
a third with surface tillage (0–30 cm), with the 1–17-
1.25-fold increase in the microbial cenosis. The num-
ber of earthwarms in the 0–20 cm layer of humus ho-
rizon during surface tillage increased 1.62–1.86 times 
compared to tillage, which increased the looseness of 
humus horizon by 15–25 %. The enrichment of cher-
nozem with detritus from the surface was ensured by 
springtails and mites, the number of which increased 
by 126–144 %. The enhanced growth of root systems 
of agricultural crops by turf type, the restoration of soil 
variety during surface tillage may be qualifi ed as a fea-
ture of changes in soil formation towards its increase 
(imitation simulation by a number of features) of the 
turf process, based on annual intake of root and ground 
biomass of agricultural crops (7–10 t/ha) with its pack-
ing into the upper third of humus horizon using surface 
tillage, which ensured the formation of transformation-
migration type of humus profi le with descending migra-
tion of humifi cation products of typical chernozem in 
agrocenoses. Better conditions of humus accumulation 
in anaerobic conditions of decomposition of organic 
fertilizers during surface tillage were demonstrated by 
Vostrov [37] and confi rmed with our studies [25, 28]. 

Medvedev [15] demonstrated that the aggregation 
potential depended on the granulometric composi-

Fig. 2. The impact of the tillage system on А – reserves (t/ha) and В – content (%) of roots in the humus horizon of chernozem 
for the crop rotation 
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tion and on the size of particles (or microaggregates), 
corresponding to the crossing point for the curves of 
granulometric and aggregate conditions. The increase 
in the content of clay and silt particles led to the in-
crease in the number of microaggregates and the ag-
gregation potential.

Table 4 presents the values of paired correlation co-
effi cients between the groups of microaggregates, wa-
ter-resistant aggregates and humus content, capable of 
peptization depending on the tillage system. The cal-
culation demonstrated that the correlation coeffi cient 
between the crossing point for the curves of granulo-
metric and microaggregate analysis, relative to the con-
tent of microaggregates of < 0.01 mm, was R= –0.14 

for tillage, which increased to the average level of R= 
= +0.50 for surface tillage. 

Maintaining chernozem in the fallow state for 10 
years decreased the correlation coeffi cient down to the 
low level of R= –0.14. The consideration of the estab-
lished connection and calculations for aggregate-dis-
perse indices allowed for the conclusion that tillage of 
typical chernozem for a long time preserved potential 
possibilities for the formation of macrostructure.

Fig. 3 presents the aggregate-disperse condition of 
typical medium humus chernozem during long-term 
tillage, long-term surface tillage, and long-term fal-
low. 

Fig. 3. Long-term effect of the ways of tillage on aggregate-disperse condition of typical chernozem
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It was determined that long-term surface tillage pro-
moted the increase in the content of microaggregates, 
sized 0.05–0.25 mm by 5.2 %, compared to long-term 
tillage, and those larger than 0.25 % – by 1.6 %. The 
number of microaggregates, smaller than 0.001 and 
0.001–0.005 mm, was 1.7 and 1.5 times lower. Simi-
lar processes took place in the 30–40 cm soil layer: 
there were 1.6 and 2.7 % more microaggregates sized 
0.05–0.25 mm and smaller than 0.25 mm for surface 
tillage, and there were 2.7 and 5.6 % fewer micro-
aggregates, smaller than 0.001 and 0.001–0.005 mm. 
There were 4.7 % more fractions of microaggregates 
than during long-term tillage.

Our conclusions coincide with those of Medvedev 
[23], based on the fact that the crossing point for the 
curves of granulometric and microaggregate composi-
tion is about 0.01 mm (the deviations are in the range 
of 0.037–0.007) regardless of the nature of agricultural 
application of soils. The availability of a large number 
of microaggregates, sized > 0.01 mm, in the tilled cher-
nozem creates the prerequisites for the formation of the 
agronomically valuable structure.

Further calculations revealed a tight relationship at 
the level of close correlation between the content of hu-
mus substances, capable of peptization, and the content 
of aggregates, sized 0.01–0.25 mm (Х5). Systematic 

Table 4. The values of paired correlation coeffi cients between the groups of microaggregates, aggregates and content of hu-
mus substances, capable of peptization depending on the tillage system

*The content of particles, corresponding to the crossing point for the curves of granulometric (g/s) and microaggregate com-
position (m/s); **content of microaggregates (Х3) and granulometric particles (Х2) to the crossing point of distribution curves.

Paired correlation coeffi cients
Index

X1 X2 X3 X4 X5 X6 X7

Tillage for 22–32 cm

1
–
–
–
–
–

–

+0.75
1
–
–
–
–

–

–0.45
–0.17

1
–
–
–

–

+0.13
+0.27
–0.40

1
–
–

–

+0.37
+0.36
–0.41
–0.89

1
–

–

+0.65
+0.37
+0.17
+0.22
+0.48

1

–

–0.18
–0.07
–0.73
+0.74
+0.54
–0.70

1

*Size of particles, μm
** < 0.01 (m/s)
** < 0.01 (g/s)

0.05–0.01
0.01–0.25

Substances, capable of peptization of 
humic substances, t/ha
Water-resistant aggregates 3–0.5 mm

Х1

Х2

Х3

Х4

Х5

Х6

Х7

Surface tillage for 10–12 cm

1
–
–
–
–
–

–

+0.50
1
–
–
–
–

–

–0.14
–0.20

1
–
–
–

–

+0.46
+0.25
–0.71

1
–
–

–

+0.65
+0.16
–0.30
–0.76

1
–

–

+0.50
+0.60
–0.12
+0.50
+0.72

1

–

+0.03
+0.02
–0.73
+0.65
+0.21
–0.15

1

*Size of particles
** < 0.01 (m/a)
** < 0.01 (g/s)

0.05–0.01
0.01–0.25

Substances, capable of peptization of 
humic substances, t/ha
Water-resistant aggregates 3–0.5 mm

Х1

Х2

Х3

Х4

Х5

Х6

Х7

Wild land and fallow

1
–
–
–
–
–

–

–0.14
1
–
–
–
–

–

–0.40
–0.25

1
–
–
–

–

+0.35
–0.03
–0.30

1
–
–

–

+0.28
+0.04
–0.42
–0.78

1
–

–

–0.14
–0.18
–0.57
–0.65
+0.66

1

+0.20
–0.13
–0.65
–0.40
+0.01
–0.07

1

*Size of particles
** < 0.01 (m/a)
** < 0.01 (g/s)

0.05–0.01
0.01–0.25

Substances, capable of peptization of 
humic substances, t/ha
Water-resistant aggregates 3–0.5 mm

Х1

Х2

Х3

Х4

Х5

Х6

Х7
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implementation of tillage in the crop rotation weakens 
the level of relationship (R = +0.48) down to the me-
dium and low ones, and systematic implementation of 
surface tillage for 10–12 cm and maintaining fallow in-
creases the relationship to the level of close correlation: 
R = +0.66–0.72.

The level of reverse correlation demonstrated the 
content of microaggregates sized 0.01–0.25 mm (Х5) 
and 0.05–0.01 mm (Х4) in all the variants: R = –0.76–
0.89. The calculations demonstrated direct close rela-
tionship between the content of microaggregates sized 
0.05–0.01 mm (Х4) and the number of water-resistant 
aggregates sized > 3 mm (Х7), which testifi es to poten-
tial possibilities of forming a water-resistant structure 
while implementing different systems of tillage.

The application of surface tillage promoted the in-
crease in the ability of chernozem to form water-resis-
tant aggregates and enhanced anti-erosion resistance of 
the 0–30 cm soil layer. The increase in the number of 
free and friable-linked microaggregates should be con-
sidered a positive phenomenon in terms of improving 
the nutrition regime of plants and enhancing cherno-
zem biogenicity at the microaggregate level. There are 
all the grounds for the assumption that in cases of till-
age and shallow surface tillage the aftereffect of the in-
troduced humus with the introduction of average doses 
of mineral fertilizers is the same, while with the intro-
duction of high doses of fertilizers there is dispersion 
of the 0–30 cm soil layer, though the number of free 
and friable-linked microaggregates remains high dur-
ing soil protective tillage. The average dose of mineral 
fertilizers during surface tillage for 5–12 cm should be 
considered the optimal one. Systematic application of 
soil protective technologies in the crop rotation with 
the introduction of average doses of mineral fertiliz-
ers optimizes the ratio of micro- and macroaggregation 
forms of humus.

The presented data demonstrated that typical me-
dium and low humus heavy and light loamy cherno-
zem of granulometric composition were highly capable 
of structuring, and the degree of saturating PC with 
humus testifi ed that the humus content in chernozem 
was optimal at the level of 4.0–5.0 %. In case of such 
content, humus is neither accumulated in the form of 
free humates, nor stored like “fat” in animal organ-
isms, and there is no blocking of nutrients with free 
humates. With optimal saturation of PC of chernozem 
with humus, the latter acts as “connective tissue” due 
to its components, which promotes the improvement of 
structural-aggregate condition of chernozem.

CONCLUSIONS

Systematic implementation of soil protective tech-
nologies in agrocenoses ensures the optimization of 
the ratio in micro- and macroaggregation forms of hu-
mus, which enhances microstructuring of chernozem 
in humus horizon; while the increase in the number 
of free and friable-linked microaggregates with their 
own well-developed porosity increases chernozem 
biogenicity and the conditions of restoring the micro-
structure. Due to enhancing quality indices of humus, 
more clay particles are involved into microaggregation, 
which decreases the dispersion factor and increases the 
anti-erosion indices of humus horizon of chernozem in 
agrocenoses. 

In case of surface tillage, the number of microaggre-
gates, participating in the formation of stable meso- 
and macroaggregates in chernozem, exceeds 40 % 
which creates conditions for the restoration of forfeit-
ed fi nely-crumbly-grainy structure of chernozem. The 
number of free and friable-linked microaggregates of 
chernozem ensures a high level of biological activ-
ity, the intensity of synthesis of newly formed humus 
substances and detritus, and the degree of saturation 
with humus determines the direction of soil forma-
tion. During long-term tillage (for over 75 years) the 
number of free and friable-linked aggregates in the 
0–40-cm chernozem layer decreases down to 17–20 
%, and at the background of organic-mineral system 
of fertilization (15 t/ha of humus + N80P75K60) there is 
an increase in the content of the mentioned groups of 
microaggregates up to 20–25 %. 

The systematic implementation of soil protective 
technologies promotes the increase in the content of 
free and friable-linked microaggregates up to 30–32 %. 
During tillage the coeffi cient of physical clay satura-
tion with humus decreases 1.3–1.4-fold compared to 
fallow and is at the level of fallow values. The value of 
physical clay saturation during the soil protective till-
age is optimal, as humus is neither accumulated in the 
form of free humates, nor stored like “fat” in animal or-
ganisms, and there is no blocking of nutrients with free 
humates. Humus acts as a connective tissue, promoting 
the improved water-resistance of chernozem structure 
on the micro- and macroaggregate levels.

The ability of chernozems to have microaggregation 
is determined by the dispersion factor, which is 12–
14 % during tillage without introducing any fertilizers, 
and 10 % – with the introduction of fertilizers, which 
testifi es to a weak degree of microaggregation. With 
minimal tillage on the background of the organo-mi-
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neral system of fertilization, DF = 6–7 %, and by the 
end of rotation it decreases down to 3–5%.

Enhanced microaggregation in soil protective tech-
nologies is explained by the fact that detritus and newly 
formed humic substances enhance their role in the for-
mation of organo-mineral complexes in case of optimi-
zation of hydrothermal conditions in the seasonal cycle 
and the decreased tempo of humus mineralization. The 
correlation coeffi cient between the number of microag-
gregates, sized 0.01–0.25 mm and the content of pep-
tized humic substances during tillage was as follows: 
R = +0.48 0.01, and for soil protective technologies it 
was: R = (+0.70–75) 0.01. The increase in microag-
gregation in conditions of soil protective tillage occurs 
in the direction of wild land analogs and fallow, which 
testifi es to the simulation of the natural process of typi-
cal chernozem microaggregation in the agrocenoses of 
the Left-Bank Forest-Steppe of Ukraine.
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Мета досліджень полягала в науково-теоретичному об-
ґрунтуванні процесу мікроагрегування чорноземів типо-
вих завдяки моделюванню природних процесів ґрунто-
творення під впливом систематичного застосування 
ґрунтозахисних технологій вирощування сільськогоспо-
дарських культур з поверхневим загортанням кореневих, 
післяжнивних решток, гною і мінеральних добрив в 
агроценозах Лівобережного Лісостепу України. Методи.
Лабораторно-аналітичний, експериментально-польовий, 
статистичний. Результати. При оранці (понад 75 років)
кількість вільних- і рихлозв’язаних агрегатів у 0–40-см
шарі чорнозему знижується до 17–20 %, а на фоні 
органо-мінеральної системи удобрення (15 т/га гною + 
N80P75K60) підвищується вміст зазначених груп мікро-
агрегатів до 20–25 %. Систематичне виконання ґрунто-
захисних технологій сприяє підвищенню вмісту вільних- 
і рихлов’язаних мікроагрегатів до 29–32 %. Коефіцієнт 
насиченості фізичної глини (ФГ) гумусом при оранці 
знижується порівняно з перелогом у 1.3–1.4 рази. Ве-
личина насиченості ФГ гумусом при ґрунтозахисному 
обробітку є оптимальною – гумус не накопичується у

вигляді вільних гуматів, не відкладається як “жир” у 
тваринних організмах і не відбувається блокування еле-
ментів живлення вільними гуматами. Гумус виступає 
як з’єднувальна тканина, що сприяє покращенню водо-
стійкості структури чорнозему на мікро- і макроагре-
гатному рівнях. Здатність чорноземів до агрегування 
визначається фактором дисперсності (ФД), який при 
оранці без внесення добрив сягає значень 12–14 %, а при 
внесенні добрив – 10 %, що свідчить про слабку ступінь 
мікроагрегування. При мінімальному обробітку на фоні 
органо-мінеральної системи удобрення  ФД = 6–7 %, 
а під кінець ротації знижується до 3–5 %. Висновки. 
Посилення мікроагрегування при ґрунтозахисних техно-
логіях пояснюється тим, що детрит і новоутворені гу-
мусові речовини при оптимізації гідротермічних умов у 
сезонному циклі і знижених темпах мінералізації гуму-
су підвищують свою роль у формуванні органо-міне-
ральних комплексів. При оранці між кількістю мікро-
агрегатів розміром 0.01–0.25 мм і вмістом пептизованих 
гумусових речовин коефіцієнт кореляції складає: R =
= +0.48±0.01, а при ґрунтозахисних технологіях: R =
= (+0.70–0,75)±0.01. Підвищення мікроагрегування за
умов ґрунтозахисного обробітку відбувається у напрям-
ку цілинних аналогів і перелогу, що свідчить про мо-
делювання природного процесу мікроагрегування чор-
ноземів типових в агроценозах Лівобережного Лісосте-
пу України.

Ключові слова: мікроагрегати, агрогенез, чорнозем, гу-
мус, обробіток ґрунту. 
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Цель исследований заключалась в научно-теоретичес-
ком обосновании процесса микроагрегирования черно-
земов типичных благодаря моделированию природных 
процессов почвообразования под влиянием системати-
ческого применения почвозащитных технологий выра-
щивания сельскохозяйственных культур с поверхност-
ной заделкой корневых, послежатвенных остатков, на-
воза и минеральных удобрений в агроценозах Лево-
бережной Лесостепи Украины. Методы. Лабораторно-
аналитический, экспериментально-полевой, статистичес-
кий. Результаты. При вспашке (более 75 лет) коли-
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чество свободных- и рыхлосвязанных агрегатов в 
0–40-см слое чернозема снижается до 17–20 %, а на
фоне органо-минеральной системы удобрения (15 т/га
навоза + N80P75K60) содержание названных групп
микроагрегатов повышается до 20–25 %. Системати-
ческое выполнение почвозащитных технологий спо-
собствует увеличению содержания свободных- и рыхло-
связанных микроагрегатов до 29–32 %. Коэффициент 
насыщенности физической глины (ФГ) гумусом при 
вспашке снижается по сравнению с залежью в 1.3–
1.4 раза. Величина насыщенности ФГ гумусом при 
почвозащитной обработке является оптимальной – гу-
мус не накапливается в виде свободных гуматов, не 
откладывается как “жир” в животных организмах и не 
происходит блокировки элементов питания свободными 
гуматами. Гумус выступает как соединительная ткань, 
что способствует улучшению водостойкости структуры 
чернозема на микро- и макроагрегатном уровнях. Спо-
собность черноземов к агрегированию определяется фак-
тором дисперсности (ФД), который при вспашке без 
внесения удобрений достигает значений 12–14 %, а при 
внесении удобрений – 10 %, что свидетельствует о сла-
бой степени микроагрегированности. При минимальном 
возделывания на фоне органо-минеральной системы удоб-
рения – ФД = 6–7 %, а под конец ротации снижается 
до 3–5 %. Выводы. Усиление микроагрегирования при
почвозащитных технологиях объясняется тем, что де-
трит и новообразованные гумусовые вещества при 
оптимизации гидротермических условий в сезонном 
цикле и сниженных темпах минерализации гумуса по-
вышают свою роль в формировании органо-минераль-
ных комплексов. При пахоте между количеством микро-
агрегатов размером 0.01–0.25 мм и содержанием пеп-
тизированных гумусовых веществ коэффициент корре-
ляции составляет R = +0.48 ± 0.01, а при почвозащит-
ных технологиях: R = (+0.70–0,75) ± 0.01. Повышение 
микроагрегирования в условиях почвозащитной обра-
ботки происходит в направлении целинных аналогов 
и залежи, что свидетельствует о моделировании естес-
твенного процесса микроагрегирования черноземов ти-
пичных в агроценозах Левобережной Лесостепи Украины.

Ключевые слова: микроагрегаты, агрогенез, чернозем, 
гумус, обработка почвы.
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INTRODUCTION

The Southern Nations and Nationalities and Peo-
ples region (SNNPR) of Ethiopia has diversifi ed 
animal feed resources, livestock species and suitable 
agro ecology for crop livestock production. In the 
region there are different kinds of feed resources for 
use as animal feed. The feeds that are mainly used 
as animal feeds are crop residues, natural/green pas-
tures and feeds from grazing lands. However, the 
fodder from grazing lands is poor in quantity and 
quality due to overgrazing and overstocking. Crop 
residues are also of poor quality unless otherwise 
supplemented with other feeds which are rich in pro-
tein such as legumes [1].

Vetches are the most important and widely culti-
vated annual forage legumes in the highlands farm-
ing system of Ethiopia [2]. One attraction of vetch is 
its versatility, which permits diverse utilization as ei-

ther ruminant feed or green manure[3]. As a legume 
crop, it provides nitrogen to the soil and reduces the 
incidence of diseases in succeeding non-leguminous 
crop. Vetches grow well on the reddish brown clay 
soils and the black soils of the highland areas. It has 
been grown successfully in areas with an acid рH 
of 5.5−6. Leaves of vetch species are very palatable 
and nutritious and it can be grown alone or in mix-
ture with oats to improve the quality of the forage 
[2]. Integrating vetches (Vicia spp.) into the inten-
sive production system of mid and high altitudinal 
areas of the southern region of Ethiopia could alle-
viate the problem of feed scarcity without affecting 
the yield and productivity of other crops since the 
forage legumes can boost crop yield and soil fertility 
by fi xing atmospheric nitrogen into the soil. How-
ever, there is a need to identify better adapting and 
high yielding vetch (Vicia species) for the highlands 
of southern region of Ethiopia.
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MATERIAL AND METHODS

Description of the experimental sites

The experiment was conducted in 2007 and 2008 at 
Bulle and Chencha districts of Southern Nations and 
Nationalities and Peoples region (SNNPR) of Ethio-
pia. Bulle is one of the six districts in the Gedeo zone. 
It is located in the southern part of Hawassa, 117 km 
from the region’s capital and 27 km from the zone’s 
capital Dilla. The altitude is 2008 meters above sea 
level (masl). Mean annual rainfall in the district is 
1,401−1,800 mm, with temperature ranging from 12.6 
to 20 ºC [4]. Soils of Bulle district belong to clay loam 
textural class. The pH of the soils of Bulle area ranges 
from 5.19 to 5.5 l and was categorized as very strongly 
acidic [5].

Chencha district is found about 325 km west of Ha-
wassa the way to Arbaminch, the altitude is 2800 masl. 
The annual rainfall distribution in Chencha varies be-
tween 900 mm to 1200 mm. The minimum temperature 
in the district ranges from 11 to 13 ºC, while the maxi-
mum temperature is in the range from 18 to 23 ºC. The 
soils of Chencha are too acidic, so crop productions in 
the areas are seriously affected [6]. Chencha soils are 
also characterized by very low available phosphorus 
and exchangeable potassium [7].

Experimental design and treatments 

Five vetch species (Vicia sativa L. (common vetch), 
V. dasycarpa Ten. (smooth vetch), V. atropurpurea 
Desf. (purple vetch), V. villosa Roth. (hairy vetch) 
and V. bengalensis L.) were evaluated for their for-
age yield potential at Bulle and Chencha research 
stations of the Southern Agricultural Research In-
stitute, in southern region of Ethiopia. The planting 
materials were collected from the Holeta Agricul-
tural Research Center in central Ethiopia. The forage 
species were planted in the plot area of 2 m × 3 m 
= 6 m2 with 30 cm row spacing in randomized com-
pleted block design (RCBD) with four replications. 
A spacing of one meter was used between plots and 
between blocks. Based on experimental design, each 
treatment was assigned randomly to the experimen-
tal units within a block. The experimental plots were 
uniformly fertilized with diammonium phosphate 
(DAP) fertilizer, planting at a rate of 100 kg/ha. The 
vetch species were sown according to recommended 
seed rates (30 kg/ha). Twice hand weeding was prac-
ticed, the fi rst hand weeding was made thirty days 
after crop emergence and the second weeding was 
done thirty days after the fi rst weeding to minimize 

yield reduction due to weed competitions for soil nu-
trients, water and solar radiation.

Data collection and statistical analysis
Plant height was measured from ground to the tip of 

the plant at the time of forage harvesting. The biomass 
yield of vetch species was harvested at 50 % fl owering 
above the ground level. The weight of the total fresh 
biomass yield was recorded from each plot in the fi eld 
and from each plot 500 g forage samples were taken , 
then oven dried for 72 hours at the temperature of 65 oC 
to determine the dry matter content of the forages. Plot-
cover score data of the treatments was collected as a 
visual estimation of the amount of groundcover that is 
given at crop emergence. The plot cover was estimated 
on a scale from 0 to 5, with 5 considered a perfect cover. 
This score is valuable as an indicator of vigor in growth 
and establishment of the crop. For statistical analyses, 
the data were subjected to analysis of variance using 
the General Linear Model (GLM) Procedure of SAS 
[8]. Plant height, plot cover and dry matter yield data 
were used as fi xed effects (dependent variables) and 
tested species were considered as independent variable 
in the model. The differences between the means were 
separated by the multiple range test of LSD.

RESULTS AND DISCUSSION
Dry matter yield and agronomic parameters of the 

tested vetch species were presented in Table 1 and 2. 
There was signifi cant variation (P < 0.05) in dry mat-
ter yield of the tested species in the two locations. 
The vetches, planted at Bulle, performed well when 
compared with Chencha area with mean DM yield of 
5.3 and 1.2 t/ha, at Bulle and Chencha, respectively. 
Moreover, there was a signifi cant (P < 0.05) variation 
in plant height at harvest and plot coverage of the vetch 
varieties tested at both locations (Table 2). On average 
the tested species grown up to a height of 1.6 and 0.5 
m with mean plot coverage score (0−5 scale) at crop 
emergence were 3.4 and 2.3 at Bulle and Chencha, re-
spectively. This was due to the early germination and 
vigorous growth of the vetch species at Bulle owing 
to the favorable environmental (rainfall and soil) con-
dition, compared to Chencha. The variation in plant 
height and plot coverage score at crop emergence (crop 
germination and establishment) contributed as well for 
the variation in DM yield of the tested vetch species at 
both locations.

The higher dry matter yield of vetches in Bulle, com-
pared to Chencha, is due to the higher rainfall and better 
soil conditions at Bulle. The authors of [9] reported that 
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in addition to genetic variability, soil fertility and en-
vironmental conditions will have substantial effect on 
forage yield and yield attributes. According to [6] the 
soils of Chencha are too acidic, so crop productions in 
the areas are seriously affected. Chencha soils are also 
characterized by very low available phosphorus and 
exchangeable potassium [7]. Among the vetch species 
tested V. sativa, V. villosa, V. dasycarpa, and V. benga-
lensis adapted well at Bulle and produced on average 4 
to 7 t/ha forage DM. In Chencha area, V. dasycarpa and 
V. villosa are the best performing species with forage 
DM yield of 1.6−1.8 t/ha. Other studies in the highlands 
of southern region of Ethiopia (at Angecha) reported a 
forage yield of 4.2, 4.5 and 4.4 t/h DM for V. sativa, V. 
dasycarpa and V. villosa, respectively [10]. A forage 
DM yield of 5.2 and 7.1 t/ha was also reported for V. 
dasycarpa and V. atropurpurea species, respectively, in 
the central highlands of Ethiopia [11]. Similarly, a DM 
yield of 3.0–8.5 t/ha was reported for vicia species in 
the northern highlands of Ethiopia [12].

CONCLUSIONS 

The vetch species tested in the current study 
showed variation in forage yield and other measured 
yield attributes. Among the vetch species tested V. 
sativa, V. villosa, V. dasycarpa, and V. bengalensis 
adapted well at Bulle and produced on average 4 to 
7 t/ha forage DM. In Chencha area, V. dasycarpa 
and V. villosa are the best performing species with 
forage DM yield range of 1.6−1.8 t/ha. The vetch 
species tested in the current study may necessitate 
further nutritional investigation, however, in this 
regard the authors would like to refer the readers to 
the works of [13] in the central highlands of Ethio-
pia. The vetch species tested in the current study 
could be used for conventional pasture and forage 
production, in livestock exclusion areas, in forage 
strips, as an under-sowing with food crops, or as a 
backyard forage crop in the southern highlands of 
Ethiopia.

Table 1. Dry matter yield of vetch species tested at Bulle and Chencha in 2007 and 2008

Treatments

Dry matter (DM) yield, t/ha

Bulle Chencha
Overall Mean

2007 2008 2007 2008

Vicia sativa
V. dasycarpa
V. atropurpurea
V. villosa
V. bengalensis
Mean
LSD 5 %

4.1
6.2
4.4
5.7
6.2
5.3
NS

6.9a
4.6a
0.5b
6.7a
7.4a
5.2

3.014

0.6d
1.8a
1.0cd
1.6ab
1.2bc
1.2

0.5447

0.2
1.5
0.0
0.6
0.7
0.6
NS

3.0a
3.5ab
1.5c
3.7ab
3.9a
3.1

0.910

Means followed by the same letter within a column are not statistically signifi cant (P < 0.05).

Table 2. Mean height at harvest and plot coverage of the vetch species tested at Bulle and Chencha in 2007 and 2008

Means followed by the same letter within a column are not statistically signifi cant (P < 0.05).

Treatments
Height at harvest, m Plot cover at crop emergence (0−5)

Bulle Chencha Mean Bulle Chencha Mean

Vicia sativa
V. dasycarpa
V. atropurpurea
V. villosa
V. bengalensis
Mean
LSD 5 %

1.6b
1.9a
0.8c
1.9a
1.8ab
1.6

0.1823

0.2
0.8
0.1
0.7
0.8
0.5
NS

0.9b
1.3a
0.5c
1.3a
1.3a
1.1

0.1345

1.4b
4.1a
3.3ab
4.0a
4.3a
3.4

2.189

1.5b
3.3a
0.3c
3.1a
3.4a
2.3

0.8297

1.4b
3.7a
1.7b
3.6a
3.8a
2.8

1.109
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Мета. Вивчити пристосовуваність рослин вики різних 
видів та рівень їхньої кормозаготівлі для високогірних 
земель регіону. Методи. Польовий, лабораторний, ста-
тистичний аналіз. Результати. Дослідження проводили 
у двох районах Південного регіону Ефіопії Бале і Ченчи. 
П›ять видів вики (Vicia sativa L., V. dasycarpa Ten., V. 
atropurpurea Desf., V. villosa Roth., V. benghalensisL.) 
випробувано в обох районах протягом двох років. По-
казано, що існує значна різниця в урожайності сухої 
речовини тестованих видів із двох місцевостей. На-
садження вики в Бале добре зарекомендували себе 
порівняно з областю Ченчи з середнім виходом сухої 
речовини 5,3 і 1,2 т/га відповідно. Серед досліджених 
видів вики добре адаптувалися в Бале V. sativa, V. 
villosa, V. dasycarpa і V. bengalensis, середній вихід сухої 
речовини з кормів яких становить 4−7 т/га. У районі 
Ченчи V. dasycarpa і V. villosa є найефективнішими 
видами, вміст сухої речовини у кормах дорівнює 1,6−
1,8 т/га. Висновки. Різновиди вики, проаналізовані в 
представленій роботі, можуть бути використані для 
звичайних пасовищ і виробництва кормів, а також у 
виняткових районах тваринництва, в посівних кормових 
смугах, як посів після продовольчих культур або по 
краях посівів кормової культури в південних гірських 
районах Ефіопії.

Ключові слова: адаптація, вихід кормів, вика, види 
Vicia, Південна Ефіопія.
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INTRODUCTION

It is known that in case of some bacterial diseases, 
bee colonies are capable of “self-healing” and this 
process coincides with the start of massive blossom-
ing of melliferous plants. Thus, this “self-healing” 
phenomenon may be related to medicinal and health-
improving properties of melliferous fl ora. In addition 
to sucrose, fructose, and glucose, the nectar of fl owers 
also contains dextrins, organic acids, mineral salts and 
enzymes, glycosides, essential oils, tannins, saponins, 
derivatives of phenol and fl avones [1]. The available 
microelements are К, Са, Мn, Fe, Mg, Cu, Zn, Co, Cr, 
Al, V, Se, Ni, Sr, Pb, B. It is recommended to place the 
beehives with bee colonies in the places with the vari-
ety of blossoming plants to ensure prevention and treat-

ment of diseases [2, 3, 4]. nthe impact of plant extracts 
on the agents of bacterial, fungal and microsporidial 
diseases of bees is well known. Therefore, anti-asco-
spherosis properties of over 500 plant species, present-
ed in Ukraine’s fl ora, were investigated using the cul-
ture of Ascosphaera apis (in vitro) in the Laboratory of 
technological and special measures of preventing bee 
diseases, NSC “Institute of Beekeeping named after 
P.I. Prokopovych”. Further on, the bees (in vivo), in-
tentionally infected with spores of Nosema apis, were 
used to investigate anti-nosematosis properties of the 
extracts, obtained from the plants, which demonstrat-
ed anti-askospherosis effect. The results were used to 
select the plants, extracts of which hed complex anti-
nosematosis-ascospherosis properties and which could 
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Aim. To investigate the antibacterial properties of the fl owers of melliferous plants on the cultures isolated from 
honeycombs affected by foulbrood. Methods. Microbiological, cultural-morphological, biochemical, electron-
microscopic, statistical. Results. Antibacterial effect on the Melissococcus pluton 8.1 strain was demonstrated 
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cepa, Tagetes patula, Spiraea japonica, Achillea millefolium, Calluna vulgaris, Mentha piperita, Tilia cordata, 
Centaurea jacea, Lysimachia nummularia. The results of the experiments on the culture of microorganisms, 
isolated from the honeycombs of the bee colonies affected by foulbrood, demonstrated that these plants could 
be effective for the prevention and treatment of bacterial bee diseases.

Key words: melliferous plant, bacterial bee diseases, microbiota of honeycombs with affected bee brood, an-
tibacterial activity, Bacillus, Melissococcus pluton.
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be used as a basis for ecologically safe plant prepara-
tions for the treatment of bees from nosematosis and 
ascospherosis [5, 6]. Many studies have been dedicated 
to the investigation of phytoncides of plants, in particu-
lar, garlic and onions, on the agents of bacterial dis-
eases of bees. During thehstudy, conducted by a group 
of American scientists, garlic was used to extract the 
antibiotic substance – allicin, formed in the damaged 
clove with sulfur-containing aminoacid (+)-S-alyl-l-
cysteine sulfoxide. It was demonstrated that allicin in-
hibited the growth of Paenibacillus larvae ― the agent 
of American foulbrood, the areas of growth delay were 
45–50 mm [2]. V.I. Polteev studied the antibacterial ef-
fect of pine phytoncides and recommended their use in 
treatment of infectious diseases of bees [7]. However, 
the data on the impact of fl ower extracts of melliferous 
plants on the agents of bacterial diseases of bees are 
still unavailable in scientifi c literature.

We havs previously determined that the flower ex-
tracts of 38 plant species showed antibacterial prop-
erties against the museum culture of Bacillus sub-
tilis UKM В-901, the areas of growth delay for all 
the investigated extracts were 7–21 mm. The high-
est bactericide effect was recorded foy the flower 
extracts of onion (Allium cepa) – the diameter of the 
area of growth delay was 21 mm, treacle mustard 
(Erýsimum cheiranthoídes) – 17 mm, purple cone-
flower (Ehinacea purpurea) and tufted vetch (Vicia 
cracca) – 16 mm [8].

This study was aimed at investigating the antibacteri-
al properties of fl owers of melliferous plants regarding 
the cultures, isolated from honeycombs of bee brood, 
affected by foulbrood.

MATERIALS AND METHODS

The study was conductedein cooperation between the 
Laboratory of technological and special measures of 
preventing bee diseases, NSC “Institute of Beekeeping 
named after P.I. Prokopovych” and NSL of Microbi-
ology and Immunology Issues of Biotechnology, NSC 
“Institute of Biology” of the Taras Shevchenko Nation-
al University of Kyiv.

The objects of our study were 10 strains of bacteria, 
isolated from 10 samples of honeycombs with sealed 
bee brood, selected in May-August of 2012–2014 in 
Kyiv and Zhytomyr regions [9]. The cultures were kept 
at the temperature of +4 ºС in the medium of meat-and-
peptone agar (MPA) under the layer of paraffi nic oil. 
The daily culture of microorganisms was used for the 
study.

The ethanol fl ower extracts of 153 plant spe-
cies, collected in 2012–2015 in different regions of 
Ukraine, were used in thekstudy. The antibiotic activ-
ity of fl ower extracts was analyzed using the disk-dif-
fusion method [10]. The ethanol fl ower extracts were 
prepared using the following method: 1 g of fl owers 
was added to 2 ml of 90 % ethyl alcohol with subse-
quent careful homogenization. The obtained ethanol 
extracts were applied to paper discs with the diam-
eter of 6 mm. Paper discs, treated with the mixture 
of physiological solution and alcohol (1:2), were used 
as the control. The experimental and control discs 
were dried in the laminar box at room temperature. 
The suspension of the daily culture of investigated 
microorganisms was prepared using the sterile physi-
ological solution until obtaining the concentration of 
1х109 CFU/ml. 0.1 ml of the prepared suspension was 
inoculated in a lawn on Petri dish with the Mueller-
Hinton medium. The discs with the extracts were 
placed on the surface of the medium with inoculated 
microorganisms, cultivated for 24 h in the thermostat 
at 37 ºС, with subsequent registration of the areas of 
microorganism growth delay. 

The results of statistical processing were presented in 
the form of confi dence intervals, built using Statistica 
program.

RESULTS AND DISCUSSION

The ethanol fl ower extracts of 125 plant species, in-
cluding 11 garden plants, 44 – ornamental plants, 70 – 
wild plants were studied for the antibacterial activ-
ity of the ethanol fl ower extracts regarding the strain 
of Melissococcus pluton 8.1. It was demonstrated that 
only 14 of all the investigated extracts had antibac-
terial activity against Melissococcus pluton 8.1 – the 
agent of European foulbrood (Fig.1): one of garden 
plant, fi ve of ornamental plants and eight of wild 
plants.

The highest activity was demonstrated by the follow-
ing fl ower extracts: onion (17 mm), French marigold 
(15 mm), Japanese meadowsweet (15 mm), yarrow 
(15 mm).

The Bacillus sspecies, isolated from the honeycombs 
with infected bee brood [11], were used as test-cultu-
res, because the representatives of this genus are fre-
quent agents of bee diseases: American foulbrood 
(Paenibacillus larvae (Bacillus larvae)), European 
foulbrood (Paenibacillus alvei (Bacillus alvei); Brevi-
bacillus laterosporus (Bacillus laterosporus = Bacillus 
orpheus); Paenibacillus apiarius (Bacillus apiarius); 
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parafoulbrood (Васillus paraalvei), powder-like brood 
(Paenibacillus larvae pulvifaciens) [12, 13].

The of ethanol fl ower extracts of 28 species of wild, 
ornamental plants, trees and bushes, collected in March-
May 2015 in the city of Kyiv and Kyiv region, were used 
to study antibacterial activity against Bacillus species.

It was demonstrated that the extracts of 27 plant spe-
cies revealed their antibacterial activity against the 
investigated microorganisms, the areas of growth de-
lay were 7–15 mm. The highest activity against all 
investigated strains was demonstrated by the fl ower 
extracts of fi eld maple (Acer campestre) (89 %), 

Fig. 1. Areas of growth delay for the ethanol fl ower extracts on the strain Melissococcus pluton 8.1

Fig. 2. Antibacterial activity of the ethanol fl ower extracts of Acer campestre, Prunus tomentosa, Lamium album L., Phy-
sochlaina orientalis, Capsella bursa-pastoris L., Ficaria verna, Viola tricolor on microorganisms, isolated from the honey-
combs with bee brood affected by foulbrood 
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Nanking cherry (Prunus tomentosa), Hyoscyamus 
physaloides (Physochlaina orientalis), shepherd’s 
purse (Capsella bursa-pastoris) (67 %). The fl ower 
extracts of lesser celandine (Ficaria verna) delayed 
the growth of 56 % of all investigated strains, those 
of heartsease (Viola tricolor), ground-ivy (Glechoma 
hederacea), forsythia (Forsythia europaea) – 44 %, 
respectively (Fig. 2). tThe antibacterial activity was 
also demonstrated by the fl ower extracts of all in-
vestigated ornamental plants, bushes and trees, and 
95 % of all studied wild plants. The average value for 
the area of growth delay for wild species, ornamental 
plants, trees and bushes was 9.2 mm, 8 mm, and 8.5 
mm, respectively.

It is noteworthy that some plants, namely, white 
dead-nettle (Lamium Album), fi eld maple (Acer Camp-
estre), Nanking cherry (Prunus Tomentosa), Scotch 
heather (Calluna Vulgaris), lungwort (Pulmonaria Of-
fi cinalis), alpine squill (Scilla Bifolia), hedge wound-
wort (Stachys Sylvatica), spring speedwell (Veronica 
Verna), the fl ower extracts of which demonstrated the 
antibacterial activity against test-cultures, were mellif-
erous plants. 

The highest sensitivity was revealed for strain No. 
2.1, which was infl uenced by 50 % of all the investi-
gated fl ower extracts (Fig. 3). High sensitivity was also 
demonstrated by strain No. 7 (the areas of growth inhi-
bition were found at the impact of 43 % of the investi-

gated fl ower extracts), No. 1.2 and 4.1 (39 %), No. 2.2 
and 5.1 (36 %).

Therefore, the antibacterial effect against the strain 
of Melissococcus pluton 8.1 was demonstrated by the 
fl ower extracts of 14 plant species, the effect against 
the bacteria of Bacillus genus, isolated from the patho-
logical material – by the fl ower extracts of 27 species 
of early-blossoming plants, 10 of which ware ornamen-
tal plants and 17 – wild ones. It is possible to assume 
that the nectar of spring fl owers, especially trees and 
bushes, is the most healing for bees. 

CONCLUSIONS

The obtained data may be used to study the antibac-
terial effect of such melliferous plants as white dead-
nettle (Lamium album), fi eld maple (Acer campestre), 
Nanking cherry (Prunus tomentosa), onion (Allium 
cepa), French marigold (Tagetes patula), Japanese 
meadowsweet (Spiraea japonica), yarrow (Achillea 
millefolium), Scotch heather (Calluna vulgaris), pep-
permint (Mentha piperita), small-leaved linden (Tilia 
cordata), brown knapweed (Centaurea jacea), golden 
creeping Jenny (Lysimachia nummularia) on bee col-
onies, affected with foulbrood. The results of experi-
ments on the culture of microorganisms, isolated from 
honeycombs, affected with foulbrood, testify to the 
fact that these plants may be effi ciently used for pre-
vention and treatment of bacterial diseases of bees.

Fig. 3. Antibacterial activity of the ethanol extracts of spring fl owers on the strain N 2.1
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Антибактеріальна активність екстрактів квітів щодо 
мікроорганізмів, виділених зі стільників 
з ураженим гнильцями розплодом бджіл
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Вул. Героїв Оборони, 15, Київ, Україна, 03041
Мета. Дослідити антибактеріальні властивості квітів 
рослин-нектароносів щодо культур, виділених зі стіль-
ників з ураженим гнильцями розплодом бджіл. Методи.
Мікробіологічні, культурально-морфологічні, біохімічні,
електронно-мікроскопічні, статистичні. Результати. Анти-
бактеріальний ефект до штаму Melissococcus pluton 8.1
проявили екстракти квітів 14 видів рослин, до бакте-
рій роду Bacillus – екстракти квітів 27 видів ранньо-
квітучих рослин. Висновки. Отримані дані дозволяють 
рекомендувати для дослідження на бджолиних сім’ях, 
уражених гнильцем, протигнильцеві властивості таких
рослин-нектароносів, як глуха кропива біла, клен по-
льовий, вишня войлочна, цибуля ріпчаста, чорнобривець 
розлогий, спірея японська, деревій звичайний, вереск 
звичайний, м’ята перцева, липа дрібнолиста, волошка 
лучна, вербозілля лучне. Результати експериментів на
культурі мікроорганізмів, виділених зі стільників хво-
рих на гнильці сімей, свідчать про те, що вказані рос-лини 
можуть бути ефективними для профілактики та лікування 
бактеріальних хвороб бджіл.
Ключові слова: рослини-нектароноси, бактеріальні хво-
роби бджіл, мікробіота стільників з ураженим розпло-дом 
бджіл, антибактеріальна активність, Bacillus, Me-lissococcus 
pluton. 
Антибактериальная активность экстрактов цветов 

относительно микроорганизмов, выделенных 
из сотов с пораженным гнильцами расплодом пчел
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Цель. Исследовать антибактериальные свойства цветков 
растений-нектароносов относительно культур, выделенных 

из сотов с пораженным гнильцами расплодом пчел. 
Методы. Микробиологические, культурально-морфо-
логические, биохимические, электронно-микроскопи-
ческие, статистические. Результаты. Антибактериаль-
ный эффект по отношению к штамму Melissococcus 
pluton 8.1 проявили экстракты цветков 14 видов рас-
тений, относительно бактерий рода Bacillus – экстракты 
цветков 27 видов растений, цветение которых приходится 
на раннюю весну. Выводы. Для исследований на 
пчелиных семьях, пораженных гнильцом, можно ис-
пользовать противогнильцовые свойства таких расте-
ний-нектароносов, как глухая крапива белая, клен по-
левой, вишня войлочная, лук репчатый, бархатцы 
мелкоцветные, спирея японская, тысячелистник обык-
новенный, вереск обыкновенный, мята перечная, ли-
па мелколистная, василек луговой, вербейник монет-
чатый. Результаты экспериментов на культуре микро-
организмов, выделенных из сотов больных гнильцами 
семей, свидетельствуют о том, что указанные растения 
могут быть эффективными для профилактики и лече-
ния бактериальных болезней пчел.

Ключевые слова: растения-нектароносы, бактериаль-
ные болезни пчел, микробиота сотов с пораженным рас-
плодом пчел, антибактериальная активность, Bacillus, 
Melissococcus pluton.
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INTRODUCTION

One of the crucial factors, defi ning the effi ciency of 
the photosynthetic assimilation, is temperature, which 
is especially relevant due to global changes of the cli-
mate. In recent decades, rapid and unpredictable chang-
es in weather conditions have been remarkable for con-
siderable deviations of mean temperatures during as 
few as two current months from the norm. For instance, 
according to the experts’ data, the losses of the yield 

of agricultural crops due to unfavorable weather condi-
tions fl uctuate in the range of 10–30 %, and for some 
plants they may amount to 50 % and more. Therefore, 
the cultivation of selective varieties with high produc-
tivity potential, the technology of processing which has 
been adjusted to specifi c agroclimatic conditions, is re-
lated to the complexities, caused by climate changes, 
which may be one of the factors, inhibiting the realiza-
tion of productive possibilities of these varieties [4, 7] 
1, 2 [1–5]. 
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Aim. The investigation of photosynthesis and production process in winter wheat varieties, different in their 
grain productivity, its connection to the active surface area of the root system in optimal conditions, under 
drought and mineral nutrition defi ciency. Methods. Physiological, biochemical, gas exchange analysis, statisti-
cal methods. Results. It was demonstrated that different conditions of mineral nutrition and soil drought have 
impact on the intensity of photosynthesis, photo- and dark respiration, the content of pigments in the fl ag leaf 
of winter wheat plants; the results obtained testify to the interrelation of these indices to the active surface area 
of the root system and grain productivity of winter wheat varieties, different in potential grain productivity. 
Conclusions. It was determined that under drought the photosynthetic apparatus of a highly productive winter 
wheat variety Smuhlianka demonstrated higher stability compared to the photosynthetic apparatus of the vari-
ety Myronivska 808, moderately resistant to drought conditions. At the same time, highly intensive varieties of 
winter wheat, Favorytka and Smuhlianka, had a larger active surface area of the root system and chlorophyll 
content in leaves, compared to Myronivska 808 plants, notable for their lower grain productivity. It was deter-
mined that there was considerable reliable correlation between the intensity of fl ag leaf photorespiration and 
the active surface area of the root system in winter wheat plants of varieties Myronivska 808 and Smuhlianka 
(r = 0.805). Considerable correlation (r = 0.878) was found between the intensity of fl ag leaf photorespiration 
in the heading-blossoming phase and the sum of chlorophylls in these leaves. It was determined that the index 
Sr act × chlorophyll may be used to estimate the active surface area of the root system with the error of up to 
3.8 % for fi ve winter wheat varieties.

Keywords: Triticum aestivum L., photosynthesis, photorespiration, active surface area of the root system, 
chlorophyll, productivity.
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It is known that 90–95 % of the organic mass of 
plants is formed during the process of photosynthe-
sis, so abiotic stresses, reducing its effi ciency, in par-
ticular, drought, promote a considerable reduction of 
crop yield [6]. It was determined that even a slight 
reduction in soil humidity prior to the occurrence of 
evident changes in water supply for leaves reduces the 
photosynthetic consumption of carbon dioxide [5, 7]. 
The inhibition of photosynthesis under moderate and 
short drought is caused, fi rst of all, by partial closure 
of stomatoes. Long-term and deeper water deprivation 
of photosynthesizing tissues results in considerable 
changes in photosynthetic metabolism and so called 
non-stomatal limitation of photosynthesis. It was ex-
perimentally proven that in these conditions there is a 
reduction in the activity of photosystems I and II and 
photophosphorylation, as well as a decrease in the ac-
tivity and content of ribulose biphosphate carboxylase 
(RBPC) [7, 8].

The release of carbon dioxide and its loss in the pho-
torespiration process amount to 50 % from the visible 
photosynthesis of the leaf. Though the issue of the 
physiological role of this process is yet to be studied in 
fi ne detail, there are some assumptions in the scientifi c 
literature concerning a relevant role of glycolate me-
tabolism in the regulation of photosynthetic assimila-
tion of СО2 in stressful conditions [8]. It is known that 
under light the leaves of С-3-plants have the simultane-
ous processes of photosynthetic consumption of carbon 
dioxide and its release during photorespiration, and the 
intensity of the latter may amount to 50 % of the in-
tensity of visible photosynthesis. When photorespira-
tion was discovered, there was an assumption that this 
process decreased photosynthesis effi ciency, due to 
which the obtaining of genotypes of C-3-plants with 
a low level of the photorespiration of leaves, using the 
methods of selective genetics, would allow getting a 
considerable increase in the productivity potential for 
these varieties of plants. However, further studies re-
vealed that during the photosynthesis inhibition with 
the assimilates of wheat plants, the intensity of photo-
respiration promoted the preservation of the activity of 
photosynthetic apparatus due to the changes in glyco-
late metabolism, which enhanced the decarboxylation 
of its intermediates, not changing the ratio of its me-
tabolism fl ows [9].

Numerous studies of the “green revolution” period 
investigated the connection between grain productivity 
and the development of the photosynthetic apparatus 
of winter wheat plants and revealed close correlation 

between grain productivity, photosynthetic potential 
of the sprout and chlorophyll photosynthetic potential. 
There were rather detailed studies of the specifi cities of 
the root system and its relation to grain productivity of 
plants and resistance to abiotic factors. However, little 
attention was paid to the investigation of the functional 
activity of the root system as well as of its absorbing 
part – root fi brillas, the most active part of the root dur-
ing the consumption of nutrients [10–14]. The role of 
fi brillas is known for both the consumption and release 
of substances, namely cytokinins, into the rhizosphere, 
where they fulfi ll the functions of growth stimulators 
and play an important role in maintaining resistance to 
stress factors [15]. The analysis of the abovementioned 
led us to the decision to investigate the active surface 
of the root system and its interrelation with photores-
piration and grain productivity. It was based on the as-
sumption that the most adequate parameter, related to 
the functional activity of the root system, is the zone 
of root fi brillas, which was defi ned by us as the active 
surface area of the roots. Thus, the activity of the root 
fi brillas during the consumption of water and mineral 
elements from soil is several orders higher compared to 
the core part of the root, and their mass is several orders 
smaller [11, 12].

Therefore, the aim of this work was to study the inten-
sity of photosynthesis, photorespiration and the content 
of pigments in the fl ag leaf of winter wheat depending 
on the surface area of the plant roots and grain produc-
tivity of different varieties of winter wheat, using the 
conditions of greenhouse experiments.

MATERIALS AND METHODS

A series of greenhouse experiments (2011–2012) was 
used to investigate the intensity of fl ag leaf photorespi-
ration during the heading-blossoming phase with the 
active surface area of the winter wheat plant roots of 
varieties, different in their grain productivity, as well as 
to reveal the connection between the chlorophyll con-
tent in the fl ag leaf and photorespiration intensity.

The object of the study: winter wheat plants of the 
varieties Myronivska 808, Smuhlianka, Poliska 90 
and Volodarka. The experiments were conducted in 
the greenhouse in the territory of the Institute of Plant 
Physiology and Genetics, NAS of Ukraine.

The plants were grown in Wagner pots on 8 kg of 
gray podzolized soil. The experiments were repeated 
four times.

Greenhouse experiment 2011. N90P90K90 was intro-
duced into soil prior to sowing. Variants: 1) soil drought 
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at 30 % of maximum water capacity (MWC) during 
the heading-blossoming phase, which was created by 
terminating the irrigation with its subsequent restora-
tion after 6 days; 2) decrease in soil humidity down to 
30 % of MWC with its subsequent irrigation restora-
tion during the phases of stem elongation and heading-
blossoming. The content of water in tissues and soil 
humidity in vessels were measured by the weight meth-
od. Water defi ciency was determined while comparing 
water content in the vegetative tissue against its content 
in the same tissue in the state of complete water satura-
tion – in the turgor state.

Greenhouse experiment 2012. Variants: 1) optimal 
mineral nutrition (N90P90K90); 2) mineral nutrition de-
fi ciency (N20P20K20).

The exchange of CO2 of plants was measured using 
the infrared gas analyzer ОА-5501 at the temperature 
of 25 ºC and the intensity of photosynthetically active 
radiation (PAR) of 400 W/sq.m. [16]. Photorespira-
tion intensity was estimated by the level of CO2 release 
during the fi rst 60 s after switching off the light. Gas 
exchange indices were determined using the standard 
method [17]; chlorophyll content – by the method of 
extraction in DMSO [18]; the areas of total and active 
surface of the roots – by Kolossov’s method [11]. The 
statistical processing of the obtained results was con-
ducted using Statistica 8.0 and other software (Micro-
soft Excel).

RESULTS AND DISCUSSION
It was determined that there were differences in the 

impact of drought on the photosynthetic apparatus of 
winter wheat varieties, different in their drought re-
sistance: Myronivska 808 (moderately drought-resis-

tant variety) and highly intensive variety Smuhlianka 
(drought-resistant, winter-hardy variety, resistant to 
diseases). According to our data, the decrease in soil 
humidity down to 30 % of MWC led to a considerable 
increase in water defi ciency of leaves (phase of 2–4 
leaves) in both varieties. Soil drought in the heading-
blossoming phase led to the considerable inhibition of 
photosynthetic apparatus activity with a simultaneous 
decrease in chlorophyll content in the fl ag leaves of 
winter wheat variety Myronivska 808 1.3 times and 
that of Smuhlianka variety – 1.2 times (Table 1). The 
estimation of the intensity of assimilation processes for 
СО2 under drought demonstrated the decrease in the 
intensity of photosynthesis, photorespiration, transpi-
ration, as well as the increase in dark respiration with 
simultaneous increase in the resistance to diffusion 
for both Myronivska 808 and Smuhlianka, compared 
to the control. According to the data of Table 1, the 
intensity of photosynthesis of winter wheat plants of 
Myronivska 808 and Smuhlianka varieties decreased 4 
and 3.6 times respectively, and that of photorespiration 
– 1.2 and 1.6 times. On the contrary, dark respiration 
increased 1.3- and 1.1-fold with the decrease in transpi-
ration intensity 5 and 3.6 times respectively.

It is known that the increase of leaf resistance short-
ens water loss and is a relevant factor of the adaptation 
of leaves to drought. The study demonstrated the dif-
ferences in these indices between moderately drought-
resistant variety Myronivska 808 and more drought-
resistant variety Smuhlianka. It was established that 
under drought the indices of total and leaf resistance 
of СО2 diffusion increased for a less drought-resistant 
variety Myronivska 808 (4.3 and 5.7 times) compared 
to Smuhlianka variety (3.8 and 4.0 times).

Table 1. The indices of gas exchange of СО2 of the fl ag leaf of different varieties of winter wheat (heading-blossoming phase)

Variant Photosynthesis 
intensity

Photores-
piration

Dark 
respiration, 

mg СО2/
(sq.dm ∙ h)

Transpiration, 
g Н2О/

(sq.dm ∙ h)

Total 
resistance to 

diffusion

 Leaf 
resistance 

to diffusion

Mesophyll 
resistance 

to diffusion, 
s/cm

Myronivska 808 variety

Control (C)
Drought (D)
D/C

30.1 ± 0.6
7.5 ± 0.15
0.25 ± 0.01

5.5 ± 0.17
4.5 ± 0.13
0.82 ± 0.02

1.5 ± 0.05
2.0 ± 0.07
1.33 ± 0.04

2.70 ± 0.08
0.54 ± 0.02
0.20 ± 0.01

7.36 ± 0.22
31.4 ± 0.9
4.27 ± 0.13

3.88 ± 0.12
22.2 ± 0.70
5.74 ± 0.17

3.49 ± 0.10
9.19 ± 0.28
2.63 ± 0.08

Smuhlianka variety

Control (C)
Drought (D)
D/C

30.0 ± 0.9
8.3 ± 0.25
0.44 ± 0.01

9.4 ± 0.3
6.0 ± 0.19
0.64 ± 0.20

1.9 ± 0.1
2.0 ± 0.1

1.05 ± 0.03

2.48 ± 0.07
0.69 ± 0.02
0.28 ± 0.01

7.39 ± 0.22
28.31 ± 0.85
3.83 ± 0.03

4.28 ± 0.13
17.22 ± 0.52
4.02 ± 0.12

3.11 ± 0.09
11.09 ± 0.33
3.56 ± 0.11
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Mesophyll resistance, on the contrary, in a more 
drought-resistant variety Smuhlianka increased 3.6 
times, and in variety Myronivska 808 – 2.6 times 
(Table 1). It was determined that there were specifi c 
changes in the ratio of indices of gas exchange of СО2 
(Table 2), which testifi es to a higher increase in the 
share of photo- and dark respiration under drought in a 
less drought-resistant variety Myronivska 808.

It was determined in our previous work, investigating 
the area of total and active surface area and root provi-
sion of different varieties of winter wheat, including the 
abovementioned ones, that the root provision for the 
leading sprout of Smuhlianka plants was higher than 
that for Myronivska 808 (1.50 compared to 1.16 sq.cm/
sq.cm). Thus, it was demonstrated that winter wheat 
varieties with higher grain productivity were remark-

able for a larger area of active surface area of the roots, 
longer lifetime of the leaf apparatus and had higher 
content of pigments – chlorophylls and carotinoids – 
in the leaves, which conditioned higher photosynthetic 
potential of these varieties during the reproductive pe-
riod [11]. We also assumed that varieties with better 
root provision were more stable to the impact of abiotic 
factors, including water shortage.

The investigations of the interrelation between the 
indices of productivity and photorespiration in optimal 
conditions of mineral nutrition (Table 3) demonstrated 
higher intensity of photorespiration for Smuhlianka, a 
more stable winter wheat variety, remarkable for high-
er grain productivity.

Therefore, while in optimal conditions there was 
higher total rate of photorespiration of winter wheat 

Table 2. The ratio of gas exchange indices of СО2 of the fl ag leaf of winter wheat of varieties Myronivska 808 and Smuhl-
ianka (the heading-blossoming phase)

Variant

Photorespi-
ration/
Photo-

synthesis 
intensity

Dark 
respiration 
(mg СО2/
(sq.dm ∙ 

h)/Photo-
synthesis 
intensity

Photorespi-
ration/Dark 
respiration

Total 
chlorophyll 

content 
(а + b) 

in the fl ag 
leaf, 

mg/dm3

Active 
surface 

area of the 
root

Photo-
respiration

Photo-
respira-

tion/Active 
surface 

area 
of the root

Photo-
respiration/

Total 
chlorophyll 

content 
(а + b) 

in the fl ag 
leaf, mg/dm3

Myronivska 808 

Control
Drought

0.18 ± 0.01
0.60 ± 0.02

0.05 ± 0.002
0.27 ± 0.001

3.60 ± 0.10
3.75 ± 0.10

3.60 ± 0.10
2.81 ± 0.10

0.51 ± 0.02
0.33 ± 0.01

5.5 ± 0.2
4.5 ± 0.1

10.8 ± 0.3
13.6 ± 0.4

1.50 ± 0.04
1.96 ± 0.1

Smuhlianka

Control
Drought

0.31 ± 0.01
0.72 ± 0.02

0.06 ± 0.002
0.33 ± 0.01

4.94 ± 0.1
3.00 ± 0.1

4.55 ± 0.14
3.82 ± 0.11

1.11 ± 0.03
0.89 ± 0.03

9.4 ± 0.25
6.0 ± 0.18

8.5 ± 0.26
6.7 ± 0.2

2.06 ± 0.06
1.57 ± 0.05

Table 3. The interrelation of the indices of grain productivity and photorespiration of the fl ag leaf of winter wheat plants of 
varieties Myronivska 808 and Smuhlianka (the heading-blossoming phase)

Photorespiration 
of the fl ag leaf, mg 
СО2/(sq.dm ∙ h)

The mass of grain 
of the head of the 
leading sprout, g

The mass of grain 
of the head of the 

leading sprout/
Photorespiration 
of the fl ag leaf

The mass 
of 1000 grains, g

The mass 
of 1000 grains/

Photorespiration 
of the fl ag leaf

Myronivska 808

5.5 ± 0.11 1.11 ± 0.02 0.200 ± 0.01 41.8 ± 1.3 7.6 ± 0.2

Smuhlianka

9.4 ± 0.20 1.48 ± 0.04 0.156 ± 0.003 47.3 ± 1.4 5.0 ± 0.1
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plants of Smuhlianka variety, under such stress factors 
as drought the increase in this index was not so signifi -
cant as for Myronivska, a less stable variety.

At the same time, the experiments with plants of win-
ter wheat varieties, different in their grain productivity, 
determined that the latter (the mass of a grain from the 
head and the mass of 1000 grains) had positive cor-
relation with the intensity of the fl ag leaf respiration 
during the blossoming phase of plants (r = 0.8–0.9). 
Our assumption stated that it was connected to the de-
pendence of photorespiration intensity of leaves of dif-
ferent winter wheat varieties on the active surface area 
of plant roots. This assumption was used as a basis for 
the mentioned series of greenhouse experiments.

The data of the results of the comparative analy-
sis of active surface areas of the root system for fi ve 
winter wheat varieties testifi ed that highly intensive 
varieties of winter wheat, Favorytka and Smuhlianka, 
had a larger active surface area of the root system and 
chlorophyll content in the leaves than Myronivska 
808 plants (Table 4). It was demonstrated that the av-

erage value of the indices of active surface area of 
the root system and chlorophyll (Sr act × chlorophyll) 
for intensive varieties was 5.41 ± 0.21. According to 
the data obtained, the index Sr act × chlorophyll may 
be used to estimate the active surface area of the root 
system of varieties with chlorophyll content in the 
fl ag leaves with the error of up to 3.8 % for fi ve win-
ter wheat varieties. 

The Figure presents the dependence of photorespira-
tion intensity of the fl ag leaf in the heading-blossom-
ing phase of winter wheat varieties Myronivska 808 
and Smuhlianka on the active surface area of plant 
roots. The correlation coeffi cient for these indices was 
r = 0.805.

The data obtained also demonstrated the presence 
of considerable correlation between the chlorophyll 
content in the leaves and photorespiration intensity 
(r = 0.878). 

CONCLUSIONS

It was determined that under drought the photosyn-
thetic apparatus of a highly productive winter wheat 
variety Smuhlianka demonstrated higher stability than 
the photosynthetic apparatus of the moderately resis-
tant variety Myronivska 808.

It was found that highly intensive varieties of winter 
wheat, Favorytka and Smuhlianka, had a larger active 
surface area of the root system and higher chlorophyll 
content in leaves, compared to Myronivska 808 plants, 
notable for lower grain productivity.

It was determined that there was considerable reliable 
correlation between the intensity of fl ag leaf photores-
piration and the active surface area of the root system 
in winter wheat plants of varieties Myronivska 808 and 
Smuhlianka (r = 0.805).

It was found that there was considerable correlation 
(r = 0.878) between the intensity of fl ag leaf photores-

The dependence of photorespiration intensity of the fl ag leaf (the heading-blossoming phase) on the active surface area of 
plant roots (а) and the chlorophyll content а + b (b) of varieties Myronivska 808 and Smuhlianka

Table 4. The content of chlorophyll in the fl ag leaves and 
the active surface area of the roots of different winter wheat 
varieties (the heading-blossoming phase)

Variety Chlorophyll 
a + b Sr act

Sr act × 
× chlorophyll

Myronivska 
808
Smuhlianka
Favorytka
Poliska 90
Donsky m/h

3.60 ± 0.17

4.55 ± 0.16
4.52 ± 0.20
6.10 ± 0.14
6.13 ± 0.16

0.505 ± 0.08

1.114 ± 0.16
1.160 ± 0.12
0.971 ± 0.08
0.882 ± 0.07

1.82 ± 0.05

5.06 ± 0.15
5.24 ± 0.15
5.92 ± 0.20
5.41 ± 0.16

Note. Sr act – active surface area of the root system of winter 
wheat
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piration in the heading-blossoming phase and the sum 
of chlorophylls in these leaves.

It was established that the index Sr act × chlorophyll 
may be used to estimate the active surface area of the 
root system of varieties with chlorophyll content in the 
fl ag leaves with the error of up to 3.8 % for fi ve winter 
wheat varieties.

Вплив абіотичних факторів на фотосинтез 
і продукційний процес різних сортів озимої пшениці

Б. І. Гуляєв 1, Г. Б. Гуляєва 1, В. Ф. Патика 2
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Вул. Академіка Заболотного, 154, Київ, Україна, 03680
Мета. Вивчення фотосинтезу і продукційного процесу 
у різних за зерновою продуктивністю сортів озимої 
пшениці, її зв’язку з площею активної поверхні корене-
вої системи за оптимальних умов, умов посухи і за 
дефіциту мінерального живлення. Методи. Фізіолого-
біохімічні, газометричні, статистичні. Результати. По-
казано вплив різних умов мінерального живлення і 
ґрунтової посухи на інтенсивність фотосинтезу, фото- 
і темнового дихання, вміст пігментів у прапорцевому 
листку рослин озимої пшениці, а також взаємозв’язок 
цих показників з активною площею поверхні коренів
рослин і зерновою продуктивністю різних за потен-
ційною зерновою продуктивністю сортів озимої пше-
ниці. Висновки. Встановлено, що фотосинтетичний 
апарат листків озимої пшениці високопродуктивного 
сорту Смуглянка за умов посухи виявився стійкішим 
порівняно з фотосинтетичним апаратом середньостій-
кого сорту Миронівська 808. У той же час високоінтен-
сивні сорти озимої пшениці Фаворитка і Смуглянка 
мали більшу площу активної поверхні кореневої сис-
теми і вміст хлорофілу в листках, аніж рослини сорту 
Миронівська 808, які при цьому відрізнялись меншою 
зерновою продуктивністю. Виявлено існування значного 
достовірного кореляційного зв’язку між інтенсивністю 
фотодихання прапорцевого листка і площею активної 
поверхні коренів у рослин озимої пшениці сортів Ми-
ронівська 808 і Смуглянка (r = 0,805). Знайдено також 
достовірну кореляційну залежність інтенсивності фото-
дихання прапорцевого листка у фазі колосіння-цвітіння 
і вмістом у цих листах суми хлорофілів (r = 0,878). 
Встановлено, що за показником Sк акт × хлорофіл можна 
оцінювати площі активної поверхні коренів з похибкою 
до 3,8 % для п’яти сортів озимої пшениці.
Ключові слова: Triticum aestivum L., фотосинтез, фото-
дихання, площа активної поверхні кореневої системи, 
хлорофіл, продуктивність.

Влияние абиотических факторов на фотосинтез 
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Цель. Изучение фотосинтеза и продукционного про-
цесса у различных по зерновой продуктивности сор-тов 
озимой пшеницы, ее связи с площадью активной по-
верхности корневой системы в оптимальных условиях, 
условиях засухи и дефицита минерального питания. 
Методы. Физиолого-биохимические, газометрические, 
статистические. Результаты. Показано влияние разных 
условий минерального питания и почвенной засухи на
интенсивность фотосинтеза, фото- и темнового дыха-
ния, содержание пигментов в флаговом листе растений 
озимой пшеницы, а также взаимосвязь этих показателей 
с активной площадью поверхности корней растений и 
зерновой продуктивностью различных по потенциаль-
ной зерновой продуктивности сортов озимой пшеницы. 
Выводы. Установлено, что фотосинтетический аппарат 
листьев озимой пшеницы высокопродуктивного сорта
Смуглянка в условиях засухи оказался более устой-
чивым по сравнению с фотосинтетическим аппаратом 
среднеустойчивого к условиям засухи сорта Мироновс-
кая 808. В то же время высокоинтенсивные сорта ози-
мой пшеницы Фаворитка и Смуглянка имели большую 
площадь активной поверхности корневой системы и 
содержание хлорофилла в листьях, чем растения сорта 
Мироновская 808, отличающиеся при этом меньшей 
зерновой продуктивностью. Выявлено существование 
значимой достоверной корреляционной связи между 
интенсивностью фотодыхания флагового листа и пло-
щадью активной поверхности корней у растений ози-
мой пшеницы сортов Мироновская 808 и Смуглянка 
(r = 0,805). Обнаружена существенная корреляционная 
зависимость (r = 0,878) интенсивности фотодыхания 
флагового листа в фазе колошения-цветения от содер-
жания в этих листьях суммы хлорофиллов. Установлено, 
что по показателю Sк акт × хлорофилл можно оценить 
площадь активной поверхности корней с погрешностью 
до 3,8 % для пяти сортов озимой пшеницы.
Ключевые слова: Triticum aestivum L., фотосинтез, 
фотодыхание, площадь активной поверхности корневой 
системы, хлорофилл, продуктивность. 
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INTRODUCTION

The farming experience of the enterprises of the lead-
ing countries, specialized in the production of vegeta-
tive products only, testifi es to the fact that they grow 
a limited number of crops with a signifi cant share of 
them in the structure of sowing, usually in short-term 
crop rotations [1, 2]. Current problems of short-term 
crop rotations may be studied using the experience ot 
long-term fi eld experiments of Ukraine and other coun-
tries. The conditions orysuch experiments bring togeth-
er the impact, interaction, and aftereffect of agrotechni-
cal factors as well as changes in environment on the 
productivity of crops, phytosanitary condition of sow-
ing, contet, and circulation of nutrients [3–11]. 

The fundamentals of studies on permanent crops 
were fi rst established in Rothamsead (England), where 

a series of fi eld experiments with permanent sowing 
of winter rye, grasses, etc. was launched in the period 
from 1843–1856 [12, 13]. 

In Ukraine, the fi rst experiment in studying long-
term monoculture cultivation, in particular, winter rye, 
was launched in 1884 in the Poltava experimental fi eld 
on dark gray sod-podzolic soil [14, 15].

Numerous long-term experiments demonstrate that 
repeated and permanent cultivation decreases the per-
formance of agricultural crops [2]. For instance, in 
the course of 125 years in Rothamsead experimental 
station, the yield of winter rye in permanent fi elds 
decreased more than twice, and though in case of ap-
plying fertilizers it did not decrease, it was still lower 
than the one for crop rotation. In similar experiments 
in Halle (Germany) in the course of 70 years the yield 
of winter rye in permanent fi elds decreased by 63 %, 
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and in the experiments in Chartoryia experimental fi eld 
(Zhytomyr region) in permanent fi elds with fertilizers 
the yield decreased by 32 % compeding to the crop 
rotation [16].

The research of Lebed [17] established the possibil-
ity of repeated cultivation of corn in crop rotations us-
ing the same fi eld ane even long-term cultivation (up to 
26 years) on the same plots. The best crop to inter-
rupt the continuity of corn in the Steppe was peas, a 
worse one – barley, sunfl ower had the middle position 
between them. The studies demonstrated that the in-
terruption of corn permanence with other crops of the 
rotation had positive effect only in the year of direct 
application of this measure.

In a number of cases the reason for the decrease 
in the crop performance while permanently culti-
vating these crops was the occurrence of condi-
tions, favorable for the development of pests and 
agents of diseasese specific for this crop, as well as 
for the deterioration of the nutrient regime of the 
soil due to one-sided removal of macro- and micro-
elements from it [18–21]. On the other hand, the 
growth and performance level of the monoculture 
were negatively affected by the root exudates of the 
very plants and the microbial products of soil mi-
croorganisms.

The aim of the study was to determine the impact of 
the long-term action of a complex of factors (anthro-
pogenic, climatic) on soil fertility, the change in phy-

tocenosis of weeds and productivity of permanently 
cultivated winter rye. 

MATERIALS AND METHODS
The experiment in permanent cultivation of winter 

rye in the Poltava experimental fi eld was launched at 
the area of 0.4 ha of dark gray sod-podzolic heavy loam 
soil in 1884. The agrotechnology remained unchanged 
during the whole study period. Every year aftee har-
vesting, the soil is tilled with heavy disc tillers, and 
7–10 days later the soil is tilled at the depth of 22–25 
cm with its simultaneous packing. The grubbing with 
tillers is applied along with the growth of weeds. Pre-
sowing grubbing with tillers and sowing of winter rye 
with subsequent soil packing is conducted in the sec-
ond decade of September. No fertilizers or chemical 
agents tt control weeds, diseases, and pests are used. 
The experiment has no repeats. In the course of the 
whole historical period, 9 varieties of winter rye have 
been sown.

Until 1930, the norm of sowing seeds was 90 kg/
ha. From 1930 till 1972, the plot was divided into two 
parts; the norm of sowing winter rye in the fi rst one 
was the same (90 kg/ha), and that in the second one 
was 150 kg/ha. The average yield in 43 years for the 
norm of sowing 90 kg/ha was 1.11 t/ha, and that for 
150 kg/ha – 1.25 t/ha. Since 1972 a modern norm of 
sowing was introduced – 6 million viable seeds per 
hectare. The seeds are updated every year. The varie-
ty is changed onlr when the previous one becomes dis-
posable. 

Table 1. The productivity of different varieties of winter rye in conditions ot long-term cultivation 

Variety
Period of 

cultivation, years 
(duration in years)

Average yield, 
t/ha

Meteorological indices, averaged by periods

Amount of annual 
precipitation, mm

Air temperature 
ºС

Amount of 
precipitation for 
April-July, mm

Probshteynske
Poltavske
Petkuske
Kharkivske 194
Kharkivske 55
Kharkivske 78
Kharkivske 88
Kharkivske 95
Khamarka

1885–1907 (23)
1908–1910 (3)
1911–1960 (50)
1961–1964 (4)
1965–1982 (18)
1983–1992 (10)
1993–1998 (6)
1999–2009 (11)
2010–2016 (7)

1.05
1.37
1.13
0.93
1.51
1.58
1.15
0.89
1.27

459
412
509
417
595
544
590
584
586

7.3
7.1
7.1
7.6
7.6
7.7
7.7
8.9
9.2

245
212
270
208
275
274
276
236
251

HCP0.95 0.34 – – –
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The content of nitrogen in soil was defi ned by Korn-
fi eld’s method, phosphorus and potassium – according 
to Chirikov; the acidity (pH) – by the potentiometric 
method in salt suspension; the hydrolytic acidity – ac-
cording to Kappen-Hilkevitch. The determination of 
the composition and content of non-organic chemical 
elements in the experimental soil samples was conduct-
ed in the Institute of Plant Physiology and Genetics, 
NAS of Ukraine, by ICP-MS method using the emis-
sion mass-spectrometer Agilent-7700 × (USA). 

RESULTS AND DISCUSSION

Despite the fact that while growing winter rye, its 
varieties were replaced with more modern ones (with 
higher genetic potential of performance), the crop pro-
ductivity on dark gray sod-podzolic soil, lean in nutri-
ents, did not depend on this factor considerably (Table 
1). On average, during the years of cultivating different 
varieties of winter rye, the lowest yield was registered 
for Kharkivske 95 variety (0.89 t/ha), and the maximal 
yield – for Kharkivske 78 variety (1.58 t/ha).

The data analysis demonstrated that there was no clear 
correlation between the performance level of different 
varieties of winter rye, the average amount of precipita-
tion for the year or for the spring-summer period.

Thus, if during the fi rst 23 years of studies (1885–
1907), at the average annual precipitation of 459 mm, 
the yield of winter rye grain of Probshteynske was 1.05 
t/ha, in the following three years (1908–1910) and 50 
years (1911–1960) though the varieties Poltavske and 
Petkuske showed higher yield (1.37 and 1.13 t/ha, re-
spectively), this increase was not in direct proportion to 
the amount of precipitation for these periods (412 and 
509 mm, respectively). 

The maximal productivity of winter rye was ob-
served in 1887 – 2.38 t/ha (Probshteynske variety), it 
was somewhat smaller in 1970 – 2.28 t/ha (Kharkivske 
55 variety) and in 1991 – 2.26 t/ha (Kharkivske 78 vari-
ety). The minimal yield of winter rye was registered in 
1954 – 0.15 t/ha (Petkuske variety) and in 2016 – 0.16 
t/ha (Khamarka variety). The average yield of winter 
rye grain for 132 years of studies was 1.19 t/ha.

The content of highly digestible nutrients is a dy-
namic index, but its changes occur at a relatively stable 
level. For instance, if in 1964 the content of mobile 
phosphorus and exchange potassium in the 0–10 cm 
soil layer was 131 and 123 mg per 1,000 g of soil, ac-
cording to Chirikov, 26 years later (in 1990) the values 
of the abovementioned indices remained almost un-
changed and equaled 132 and 138 mg per 1,000 g of 

soil, respectively. According to the data of analytical 
studies in 2002, the content of mobile phosphorus and 
exchange potassium in the 0–20 and 21–40-cm lay-
ers of soil was 66 and 118, and 166 and 142 mg per 
1,000 g of soil, while in 2014 the content of these nu-
trients changed and equaled 97 and 71, and 192 and 
140 mg per 1,000 g of soil respectively. 

The content of easily hydrolyzable nitrogen did not 
change considerably with the years. In particular, in 
1964 and 1990, the content of this element in the 0–10-
cm soil layer equaled 95 and 104 mg per 1,000 g of 
soil, respectively, and in 2002 and 2014 it was found to 
be at almost the same level in the 0-20-cm soil layer – 
93 and 98 mg per 1,000 g of soil.

A similar regularity was observed regarding the con-
tent of general forms of nitrogen and phosphorus in 

Table 2. The change in the content of a number of inorga-
nic elements in soil in years of permanently cultivating win-
ter rye

Inorganic 
elements

Content of the element, μg/kg

1969 1982 2014

Li
Be
Na
Mg
K
Ca
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Rb
Sr
Mo
Ag
Cd
Cs
Ba
Tl
Pb
Bi

31.2
6.1
185
3815
4997
3913
38.7
36.5
928

17785
9.0
11.8
20.1
55.5
38.7
44.3
32.7
1.2
0.4
0.4
3.1
148
0.7
12.7
0.3

18.2
3.2
168
3717
4869
3756
40.0
36.5
856

18439
9.2
9.8
17.7
50.2
38.7
41.6
33.2
0.7
0.3
0.3
2.9
144
0.4
12.7
0.2

14.8
2.2
151
3710
5195
3706
36.7
35.0
833

17054
8.7
8.4
20.2
56.2
36.2
41.3
31.1
0.6
0.3
0.3
2.7
150
0.3
13.1
0.2
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soil. For instance, if in 2002 the 0–20 and 21–40-cm 
soil layers contained 0.141 % and 884 mg/1,000 g of 
general nitrogen and phosphorus, in 2014 the content 
of these elements almost did not change and was at the 
level of 0.148 % and 823 mg/1,000 g. Soil acidity was 
a less stable value during these years. For instance, in 
1964 the pH value of the salt extract was 5.5 un., and 
hydrolytic acidity – 2.4 mmol/100 g of soil, in 1981 – 
4.9 un. and 3.6 mmol/100 g of soil, respectively, in – 
5.4 un. and 3.3 mmol/100 g of soil.

The laboratory analyses of soil samples demonstrate 
that the content of inorganic elements also changed 
during 1969, 1982, and 2014. In particular, during this 
period the content of Li, Mo, Tl, Be in soil decreased 
2.1; 2.8; 2.3 and 2.8 times respectively, and that of Na, 
Cd, Ag, Bi – 1.2; 1.4 and 1.6 times, whereas other nu-
trients were almost at the same level (Table 2). 

The study of the dynamics in humus content in soil 
during the studies of permanent cultivation of win-
ter rye allowed determining that in 129 years the loss 
of humus in the 0–20-cm soil layer was 0.53 %, or 
131.5 t/ha (Table 3). 

For instance, if in 1888 the content of humus was 
2.83 %, in 1900 – it was 2.63 %, 1945 – 2.30 %, 
1948 – 2.15 %, 1955 – 2.54 %, 2001 – 2.47 %, 2014 – 
2.28 %, 2016 – 2.30 %. It should be noted that the in-
dex of humus content in soil is not a static value for 
the whole spring-summer period, so it changes in abso-
lute values as well. This is confi rmed by the results of 
agrochemical analyses of samples, selected at different 
times from the 0–20 cm soil layer of the fi xed plots 
in 2015. For instance, if in April the humus content 

was at the level of 2.52 %, in July this value decreased 
down to 2.22 %, and in September it increased to 
2.6 %. These results are quite logical, as this index is 
affected by water and temperature regimes of the soil, 
which directly condition the intensity of hydrolysis and 
synthesis of organic matter therein. On the other hand, 
during different phases of development plants consu-
me nutrients from soil with different intensity.

In recent years, there have been changes in qualita-
tive indices of humus both in 0-20 and 21–40 cm lay-
ers of soil along with the ratio of carbon in humic and 
fulvic acids. For instance, if in 1964, according to the 
soil layer, this index was 1.15 and 1.26 un., in 1979 and 
2012 – 0.93 and 1.16, and 0.93 and 0.99 un. 

It is noteworthy that in absence of chemical protection 
the fi elds of winter rye were full of weeds, but during the 
study years the degree and prevailing species of sege-
tal plants were changing (Table 4). The registration of 
weeds testifi es to a considerable increase in their num-
ber: from 454 it/sq.m. on average in 2005–2007 to 607 
it/sq.m. in 2008–2010. Among the dominating species of 
weeds there is a considerable increase in wild camomile 
(Matrіcarіa perforata Merat.) – from 79.9 to 218.5 it/
sq.m., or by 173.5 %, cornfl ower (Centaurea cyanus L.) 
– from 55.8 to 78.3 it/sq.m., fi eld pansy (Vіola arvensіs 
Murr.) – from 30.0 to 64.3 it/sq.m. The amount of less 
common weeds is in the range of 9.7–21.8 it./sq.m. In 
general, for three years of observations, the amount of 
weeds in the fi elds of winter rye increased by 33.7 % 
compared against the previous three years.

The observations proved the disappearance of a 
number of weeds, common for the late 19th century, 

Table 3. Humus content of a soil plot in conditions of permanent cultivation of winter rye

Index

Year

1964 1979 2012

Soil layer, cm

0–20 21–40 0–20 21–40 0–20 21–40

Content of humus, %
Organic carbon in soil
Carbon in 0.1 n. Н2SО4

Carbon in Na4Р2О3 + NaОН
Carbon in humic acids
Carbon in fulvic acids
The ratio of carbon in humic acids 
to carbon in fulvic acids

2.35
1.47
0.066
0.659
0.353
0.306

1.15

1.76
1.02
0.056
0.465
0.258
0.210

1.26

2.26
1.30
0.095
0.599
0.288
0.311

0.930

1.84
1.97
0.072
0.486
0.261
0.225

1.16

2.33
1.42
0.088
0.613
0.307
0.329

0.930

1.81
1.19
0.069
0.472
0.234
0.236

0.990
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from the fi elds of permanent winter rye, including 
common corn-cockle (Agrostemma githago L.) and 
salsola (Salsola L.). At the same time the number of 
such weeds as cow vetch (Vicia cracca L.), fi eld pen-
nycress (Thlaspi arvense L.), cornfl ower (Centaurea 
cyanus L.), fi eld pansy (Vіola arvensіs Murr.) de-
creased with the simultaneous slight increase in the 
amount of strict forget-me-not (Myosotis micrantha 
Pall.), Forking larkspur (Delphinium consolida L.) 
and cleavers (Galium aparine L.). 

CONCLUSIONS

The Poltava long-term experiment in permanent cul-
tivation of winter rye at the fi xed plot for 132 years has 
surely not lost its relevance from the scientifi c point 
of view even nowadays. The results of such long-term 
studies are often used in solving the fundamental issues 
of agriculture, in deep complex studies, in the demon-
stration of the role of the main factors and conditions 
of vegetative life. 

In conditions of long-term permanent cultivation of 
winter rye, there are considerable changes in segetal 
vegetation both in quantitative terms and species com-
position. During three years of observations (2008–
2010), the amount of weeds in the winter rye fi eld in-
creased by 33.7 % compared to the previous three years 
(2005–2007). The dominating weeds in the fi elds are as 
follows: fi eld pansy (Vіola arvensіs) – 10.7 % from the 
total amount of present species composition of weeds, 
wild camomile (Matricaria perforata) – 36.0 %, corn-
fl ower (Centaurea cyanus) – 12.9 %. 

The average yield of winter rye grain in the experi-
ment for 132 years of studies was 1.19 t/ha. The high-
est yield of winter rye – 2.38 t/ha – was obtained in 
1887 (Probstneynske variety), and the minimal yield – 
0.15 t/ha (Petkuske variety) in 1954 and in 2016 – 
0.16 t/ha (Khamarka variety). The level of performance 
of the crop depends on the level of favorable weather 
conditions of the year, the quality of soil preparation, 
and the content of productive moisture in the cultivat-
ed soil layer during sowing, as well as the amount of 
weeds in the fi eld during the experiment. 

The humus content in the 0–20 cm soil layer on the 
plot of permanent cultivation of winter rye in 1884–
2016 decreased by 0.53 % (the content in 1888 – 
2.83 %, in 2016 – 2.30 %), so its loss in the soil was 
131.5 t/ha. 
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Table 4. Species composition of weeds, dominating in conditions of permanent cultivation of winter rye

Name of species
Distribution in years, %

2005 2006 2007 2008 2009 2010

Wild garlic Allium ursinum L.
Wild camomile Matrіcarіa perforata Merat.
Cow vetch Vicia cracca L.
Cornfl ower Centaurea cyanus L.
Hoary cress Lepidium draba L.
Forking larkspur Delphinium consolida L. 
Field pennycress Thlaspi arvense L.
Field pansy Vіola arvensіs Murr.
Shepherd’s purse Capsella bursa-pastoris L. Med.
Other species
Total amount of weeds per 1 sq.m.

16.5
21.0
9.3
1.2
2.6
1.7
18.2
7.9
13.2
8.4
418

31.5
25.5
12.4
4.5
3.4
6.9
4.3
1.7
0

9.8
580

13.2
6.3
8.5
31.3
5.8
11.3
0.5
10.2
0.8
11.7
364

0
35.3
7.7
16.0
1.6
9.0
4.0
13.6
1.5
11.1
543

13.0
47.6
5.9
3.7
1.2
0.3
0.5
7.8
3.0
16.7
640

19.4
25.1
4.5
19.0
0.8
5.5
6.3
10.8
0.3
8.2
638
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фітоценозу бур’янів та продуктивності жита озимого за 
беззмінного вирощування. Методи. Вміст азоту у ґрунті 
визначали за Корнфілдом; фосфор і калій – за Чирико-
вим; вміст неорганічних хімічних елементів у ґрунті – 
методом мас-спектрометрії з індуктивно-звʼязаною плаз-
мою (ІЗП-МС) на емісійному маc-спектрометрі Agilent-
7700× (США). Результати. Показано, що середня вро-
жайність жита озимого за 1884–2016 рр. становить 1,19 т/га,
однак рівень продуктивності культури змінювався за-
лежно від сприятливості погодних умов року, якості під-
готовки ґрунту та вмісту продуктивної вологи в посів-
ному шарі ґрунту на час сівби, ступеня забур’яненості 
посіву в досліді. Висновки. Результати досліджень мож-
на використовувати для вирішення фундаментальних пи-
тань землеробства, для глибоких комплексних дослід-
жень, демонстрації ролі основних факторів і умов життя 
рослин. 

Ключові слова: жито, беззмінний посів, сорт, урожай-
ність, гумус, забур’яненість.
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Цель. Определить влияние длительного действия ком-
плекса факторов (антропогенных, климатических) на 
плодородие почвы, изменение фитоценоза сорняков и
продуктивность ржи озимой при бессменном возде-
лывании. Методы. Содержание азота в почве опреде-
ляли по Корнфилду; фосфор и калий – по Чирикову; 
содержание неорганических химических элементов в 
почве – методом масс-спектрометрии с индуктивно-
связанной плазмой (ИСП-МС) на эмиссионном маcс-
спектрометре Agilent-7700× (США). Результаты. Оп-
ределено, что средняя урожайность ржи озимой за 
1884–2016 гг. составляет 1,19 т/га, тем не менее уровень 
продуктивности культуры изменялся в зависимости от
благоприятности погодных условий года, качества под-
готовки почвы и содержания продуктивной влаги в
посевном слое почвы на время посева, степени за-
соренности бурьянами посева в опыте. Выводы. Ре-
зультаты исследований можно использовать для ре-

шения фундаментальных вопросов земледелия, для 
глубоких комплексных исследований, демонстрации ро-
ли основных факторов и условий жизни растений. 

Ключевые слова: рожь, бессменный посев, сорт, уро-
жайность, гумус, засоренность.
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INTRODUCTION

A relevant problem of modern development of fi sher-
ies is the elaboration of the ways of affecting the pro-
cesses of immunity formation, targeted at enhancing 
the resistance and adaptation capacity of fi sh. 

In recent 50 years, the global volumes of fi sheries 
increased by 50 million tons [1, 2]. At the same time, 
priority relevance was attributed to technologically com-
plicated industrial forms of intensifying fi sh farming, en-
visaging high concentration of fi sh per unit of the area 
and thus requiring provision of complete feed for them. 

It is known that high productivity and preserva-
tion of animals, birds, and fi sh require providing the 
ratios with suffi cient amount of fats, carbohydrates, 
mineral elements, and vitamins, which is fi rst and 
foremost related to proteins and aminoacids [3–6]. A 
number of aminoacids, arginine in particular, are not 
capable of being synthesized in the organism, which 

requires introducing their synthetic analogs to the 
combined feeds. 

Numerous studies demonstrate [7–9] that L-arginine 
has a broad spectrum of biological impact on the or-
ganism. At the same time, the biologically active sub-
stances, present in the raw vegetative materials, for in-
stance, in purple echinacea, both have a positive impact 
on morphological indices of the blood of animals, and 
change the activity of enzymes of protein, lipid, and 
carbohydrate exchanges [10, 11], and, according to the 
data of [12], have immunostimulating properties. How-
ever, there are no scientifi c data regarding the action 
of purple echinacea on cellular and humoral links of 
the immunity of carps, there are insuffi cient scientifi c 
investigations on norming the level of arginine in the 
combined feeds for fi sh, the available information is 
contradictory and requires further confi rmation.

The determination of the impact of biologically active 
substances on biochemical processes, forming the basis 
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of the formation and functioning of the immune system 
of fi sh, is extremely important for scientifi c studies, as 
it will allow elaborating theoretical foundations for en-
hancing the immune function and adaptation capability 
in the organism of different species. At the same time, 
it is noteworthy that the use of biologically active sub-
stances, added to the standard combined feeds for fi sh, 
is more effi cient compared to other methods of immu-
no-modulating impact on their organism.

MATERIALS AND METHODS
The experiment was conducted in cooperation with the 

Lviv division of the Institute of Fisheries, NAAS in the 
village of Liubin Velyky, Horodotsky district, Lviv re-
gion. The experiment was conducted using three groups 
of two-year-old carps, fi ve fi sh per group. Carps of the 
control group were fed starch paste per os, cal-culated as 
1 % per 1 kg of bodyweight. In the course of 10 days, 
carps of the fi rst group were given identical paste with 
the addition of L-arginine in the amount of 1 mg/kg of 
bodyweight daily, and carps of the second group – the 
paste with the addition of 50 % ethanol extract of purple 
echinacea in the amount of 1 ml/kg of fi sh bodyweight. 
Carps were kept in the aquarium conditions.

After the experiment, blood samples of carps were 
taken. The relative number of T- and B-lymphocytes 
and their subpopulations, antigen-binding lymphocytes 
were studied in blood lymphocytes. According to the 

density of receptors and respective number of bound 
erythrocytes, lymphocytes were differentiated into 
non-differentiated, low-avid, medium-avid, and highly 
avid ones [13]. 

RESULTS AND DISCUSSION
T-lymphocytes play a key role in the formation of 

specifi c cellular immunity [14]. The study on T-cellular 
link of fi sh immunity demonstrated the increase in the 
relative number of T-active and T-theophylline-resis-
tant lymphocytes in the blood of carps of the second 
experimental group (Table 1). Mainly it occurred due to 
low-avid and especially highly avid cells, and to some-
what lesser degree – due to the increase in the number 
of their medium avid forms on the background of a de-
crease in the number of non-differentiated cells. These 
changes may be explained by increased migration of 
T-lymphocytes from thymus into peripheral lymphoid 
organs and the stimulation of the processes of their dif-
ferentiation under the impact of the extract of purple 
echinacea which, as a complex, promotes the increase 
in the immune status of carps. Here the blood of carps 
of the mentioned group demonstrates the decrease by 
3 % (compared to the control) in the relative number of 
T-theophylline-sensitive lymphocytes. The decrease in 
their number of blood may testify to the stabilization 
of the immune aggression processes in the organism of 
carps at the action of purple echinacea.

Table 1. The indices of T-cellular immunity and their functional activity in the blood of carps (М ± m; %; n = 3-4)

Note. In this and following tables: 0 – non-differentiated cells, 3–5 – cells with low density of receptors, 6–10 – cells with 
medium density of receptors and morulas (М) – cells with high density of receptors.

Index
Group of fi sh

Control First experimental Second experimental

T-general, 0
3–5
6–10
М
%

T-active, 0
3–5
6–10
М
%

T-theophylline-resistant, 0
3–5
6–10
М
%

51.0 ± 3.21
32.67 ± 1.20
11.0 ± 1.15
5.33 ± 1.86
49.0 ± 3.21
74.0 ± 1.15
17.67 ± 1.76
5.33 ± 1.20
4.5 ± 1.5

26.0 ± 1.15
72.67 ± 1.67
22.0 ± 1.00
4.67 ± 0.33
1.0 ± 0.01

27.33 ± 1.67

52.33 ± 2.73
26.67 ± 4.84
13.33 ± 2.73
7.67 ± 2.33
47.67 ± 2.73
72.67 ± 2.85
17.33 ± 1.45
6.67 ± 1.76
5.0 ± 3.0

27.33 ± 2.85
72.33 ± 1.45
19.67 ± 0.88
6.0 ± 1.15
3.0 ± 1.0

27.67 ± 1.45

52.33 ± 1.45
30.0 ± 1.15
11.67 ± 1.45
6.0 ± 1.15

47.67 ± 1.45
72.0 ± 2.52
18.67 ± 2.03
5.67 ± 2.40
5.5 ± 0.5

28.0 ± 2.52
71.0 ± 2.52
21.0 ± 2.08
5.33 ± 0.33
4.0 ± 0.01
29.0 ± 2.52
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Similar changes were revealed in the blood of carps 
of the fi rst experimental group. For instance, feeding 
carps with L-arginine, added to the starch paste, led 
to the increase in the relative number of T-active and 
T-theophylline-resistant lymphocytes in their blood. 
However, in this case a higher number of the men-
tioned subpopulations of T-lymphocytes in the blood of 
carps of the fi rst experimental group, compared to the 
control, was conditioned by the increase in the num-
ber of cells with medium and high density of receptors. 
These data testify to the impact of the addition of L-
arginine and the extracts of purple echinacea to starch 
paste on the increase in the functional activity of im-
munocompetent blood cells of carps at the expense of 
the redistribution of their avidity towards the increase 
in the receptor fi eld. There are scientifi c data [15] prov-
ing that arginine strengthens the immune system due 
to the increase in the activity of the T-cellular immu-
nity, in particular, via enhancing the proliferation of T-
lymphocytes, the increase in their receptor activity and 
activation of mitogenesis processes. 

The implementation of humoral immune response in 
the organism involves the participation of B-lympho-
cytes, which get differentiated into antibody producers 
under the impact of antigen stimulus [16]. Positive im-
pact of feeding starch paste with the addition of the etha-
nol extract of purple echinacea on the indices of specifi c 
immune protection of fi sh is evident in the increase in 
the relative number of B-lymphocytes in the blood of 
carps of the second experimental group compared to the 
control (Table 2). At the same time, a tendency towards 
the increase in the number of their medium-avid forms 
has been revealed in the blood of carps of this group. 

The presence of surface membrane receptors to 
complements in B-cells allows detecting lymphocytes, 
forming “rosettes” with sheep erythrocytes, which have 
an erythrocyte-antigen complex on the membranes 
[17]. In general, the increase in the relative number of 
B-lymphocytes in the blood of carps of the second ex-

perimental group as the main antibody-forming cells 
refl ects the activation of a humoral link of immunity in 
the organism. Evidently, this occurs due to the regula-
tory impact of the addition of the extract of purple echi-
nacea on the differentiation of T- and B-lymphocytes in 
the organism of carps, and the increase in the number 
of functionally specialized cellular populations, in par-
ticular, T-theophylline-resistant lymphocytes, initiating 
the processes of proliferation of B-cells, and participat-
ing in the production of non-specifi c factors of protec-
tion – immunoglobulins. 

CONCLUSIONS
Feeding carps with additives to starch paste – L-argi-

nine and ethanol extract of purple echinacea – activates 
cellular and humoral links of immunity and affects 
the functional state of immunocompetent cells, which 
is confi rmed by the increase in the relative number of 
T- and B-lymphocytes in blood, and the re-distribution 
of avidity towards enhancing the receptor apparatus of 
plasmatic membranes of T-lymphocytes.

Стан клітинного та гуморального імунітету коропа 
за дії біологічно активних добавок

Н. З. Огородник, К. Б. Смолянінов, М. І. Рацький 
e-mail: nataohorodnyk@ukr.net
Інститут біології тварин НААН

Вул. В. Стуса, 38, Львів, Україна, 79034

Мета. Дослідити вплив L-аргініну та спиртового екс-
тракту ехінацеї пурпурової на клітинну та гуморальну 
ланки імунітету коропів. Методи. Визначення популя-
ційного складу лімфоцитів, імунологічні, клінічні і ста-
тистичні методи. Результати. Представлено дані щодо
кількісного складу Т-лімфоцитів і їхніх субпопуляцій 
та В-лімфоцитів у крові коропів за дії L-аргініну і 
ехінацеї пурпурової. Встановлено, що згодовування ко-
ропам крохмального клейстеру з добавкою L-аргініну 
та спиртового екстракту ехінацеї пурпурової активує
клітинну ланку їхнього імунітету, зокрема, підвищує в
крові кількість Т-лімфоцитів (активних і теофілінрезис-
тентних). Згодовування per os крохмального клейстеру

Table 2. The number of B-lymphocytes in the blood of carps (М ± m; %; n = 3–4)

Index
Group of fi sh

Control First experimental Second experimental

0
3–5
6–10
М
%

57.67 ± 1.67
30.67 ± 0.33
8.33 ± 1.20
3.33 ± 0.67

42.33 ± 1.67

57.67 ± 0.88
30.33 ± 1.20

9.33 ± 0.33
2.67 ± 0.67

42.33 ± 0.88

57.0 ± 1.15
30.0 ± 0.58
9.0 ± 1.15
3.33 ± 0.88
43.0 ± 1.15
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зі спиртовим екстрактом ехінацеї пурпурової сприяє 
зменшенню в крові коропів кількості популяції тео-
філінчутливих Т-лімфоцитів і проявляє стимулюючий 
вплив на В-лімфоцитарну ланку імунітету. Висновки. 
Згодовування коропам добавок до крохмального клейс-
теру L-аргініну та спиртового екстракту ехінацеї пур-
пурової активує клітинну і гуморальну ланки імунітету 
й впливає на функціональний стан імунокомпетентних 
клітин, про що свідчить збільшення у крові відносної 
кількості Т- і В-лімфоцитів й перерозподіл авідності у 
бік зміцнення рецепторного апарату плазматичних мем-
бран Т-лімфоцитів. 

Ключові слова: короп, L-аргінін, ехінацея пурпурова, 
кров, Т- та В-лімфоцити.

Состояние клеточного и гуморального иммунитета 
карпа под воздействием 

биологически активных добавок
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Цель. Исследовать влияние L-аргинина и спиртового 
экстракта эхинацеи пурпурной на клеточное и гумо-
ральное звенья иммунитета карпов. Методы. Опреде-
ление популяционного состава лимфоцитов, иммуно-
логические, клинические и статистические методы.
Результаты. Представлены относительно количествен-
ного состава Т-лимфоцитов, их субпопуляций и В-
лимфоцитов в крови карпа под воздействием L-аргини-
на и эхинацеи пурпурной. Установлено, что скарм-
ливание карпу крахмального клейстера с добавкой 
L-аргинина и спиртового экстракта эхинацеи пурпур-
ной активирует клеточное звено их иммунитета, в
частности, увеличивает в крови количества Т-лимфо-
цитов (активных и теофиллинрезистентных). В то же 
время скармливание per os крахмального клейстера 
со спиртовым экстрактом эхинацеи пурпурной спо-
собствует уменьшению в крови карпа количества по-
пуляции теофиллинчувствительных Т-лимфоцитов и 
проявляет стимулирующее влияние на В-лимфоцитар-
ное звено иммунитета. Выводы. Скармливание карпу 
добавок к крахмальному клейстеру L-аргинина и спир-
тового экстракта эхинацеи пурпурной активирует кле-
точное и гуморальное звенья иммунитета и влияет на
функциональное состояние иммунокомпетентных клеток,
о чем свидетельствует увеличение в крови относитель-
ного количества Т- и В-лимфоцитов и перераспределе-
ние авидности в сторону укрепления рецепторного ап-
парата плазматических мембран Т-лимфоцитов.

Ключевые слова: карп, L-аргинин, эхинацея пурпурная, 
кровь, Т- и В-лимфоциты.
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INTRODUCTION

The study on the structure of populations and genetic 
processes, occurring therein, surveillance of the genet-
ic information fl ow from generation to generation as 
well as the determination of relations between separate 
markers and selective features constitute a necessary 
database for the analysis of genotypes of specifi c ani-
mals with the purpose of comprehensive evaluation of 
their pedigree value.

The populations of farm animals have been subject 
to various evolutionary factors in effect throughout 
the whole history of their existence. The cumulative 
effect of “gene drift”, related to the “founder effect”, 
considerable level of population consolidation, lead-
ing to the “bottle neck effect” in combination with the 
action of natural and artifi cial selection lead to the for-
mation of genetically unique and isolated breeds [1]. 
Numerous studies have proven that there are consid-
erable differences between different cattle breeds on 

the genetic level, which may be registered using mo-
lecular and genetic markers, including microsatellites 
of DNA [2, 3, 4]. The quantitative evaluation of these 
processes and the monitoring of actual conditions of 
the populations in time and space are of utmost rel-
evance for the maintenance of genetic diversity and 
prevention of further loss of important animal genetic 
resources [5, 6].

The main purpose of our study was to analyze popu-
lation-genetic processes in different dairy cattle breeds 
using highly polymorphic molecular and genetic mar-
kers (microsatellites of DNA).

MATERIALS AND METHODS

The study was conducted using the population (n =
= 88 heads) of Ukrainian red-and-motley dairy cattle 
breed (URM; n = 45 heads) and Ukrainian black and 
white dairy breed (UBW; n = 43 heads), kept at Vo-
ronkiv farm in Boryspil district, Kyiv region.
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The blood was sampled from the jugular vein using 
double-ended Venoject needles and Venosafe vacuum 
tubes and holders (“Terumo”, Belgium), following the 
standard method in accordance to the manufacturer’s 
recommendations in sterile conditions.

DNA isolation from blood samples was conducted 
using DNA-sorb-B kit (Amplisense, Russia) according 
to the manufacturer’s recommendations. The micro-
satellite analysis was performed using 10 loci, recom-
mended by the International Society for Animal Gene-
tics (ISAG).

The polymerase chain reaction (PCR) was conducted 
using АВ 2720 Thermal Cycler amplifi er (“Applied 
Biosystems”, USA). The reaction mixture for PCR 
was prepared according to the protocol, recommended 
by the manufacturer of the test-system (Stock Marcs, 
2010). The amplifi ed DNA was separated by the meth-
od of capillary gel electrophoresis at ABI Prism 3130 
Genetic Analyzer (“Applied Biosystems”, USA). The 
registration of the obtained graphic results was done 
using programs Run 3130 Data Collection v.3.0 (“Ap-
plied Biosystems”, USA) and GeneMapper 3.7 (“Ap-
plied Biosystems”, USA).

All the statistical calculations were done by common 
methods [7] using special software for population-
genetic analysis – GenAIEx [8], BOTTLENECK [9], 
PopGene [10], and NeEstimator [11].

RESULTS AND DISCUSSION

It was demonstrated in [12] that rather an adequate 
marker of the manifestation of genetic-automatic 
processes was found in the ratio of the number of 
the determined alleles (by a specific microsatellite 
locus) and the difference in length between the far-
thest alleles by this locus, which was called M-ratio 
by the authors. This index characterizes the inten-
sity of the decrease in the degree of genetic diversi-
ty due to the action of genetic-automatic processes 
(first of all, population fluctuation, inbreeding, and 
bottle neck effect). Low values of M-ratio testify to 
a higher susceptibility of the subpopulation of the 
studied animals to the effect of the abovementioned 
processes.

The lowest indices of M-ratio (0.244 and 0.268) 
among the studied cattle were registered for loci 
TGLA122 and BM1824, respectively. In other loci, 
the values of this index fl uctuated in the range of 
0.412 (SPS115) – 0.538 (ETH3 and ETH10). As for 
the distribution of the values of this characteristic 
by breeds, it was less or more even. For instance, 

by locus TGLA126 the lowest value (0.462) was 
notable for UBW animals, while for URM animals 
it was 0.533, by locus TGLA122 the lowest value 
(0.244) was registered for URM, and the highest one 
(0.478) – for UBW, by locus INRA23 – the minimal 
value (0.480) was found in UBW, and the maximal 
one (0.524) – in URM, by locus ETH3 – the low-
est value (0.412) was registered for URM, and in 
UBW – 0.538, by locus BM1824 – the lowest value 
(0.268) was in UBW, and in URM – 0.526, by lo-
cus TGLA227 the lowest value (0.400) was noted 
for UBW animals, while in URM it was 0.419, locus 
BM2113 was remarkable for the lowest value of M-
ratio (0.474) in UBW breed and the highest (0.524) 
in URM, by SPS115 the lowest value of this index 
was 0.412 (URM), and for UBW – 0.474, and, fi -
nally, for loci ETH225 and ETH10 in both breeds, 
similar values of this feature were registered – 0.533 
and 0.538, respectively.

Thus, there were no considerable differences by M-
ratio registered among the studied breeds which testi-
fi ed to almost the same level of genetic-automatic pro-
cesses in the investigated populations. It is likely that 
a sharp decrease in the population number, fi rst of all, 
in the population gene fund, may lead to the loss of 
rare alleles, but these may not always be the longest 
or shortest ones [12]. Therefore, allele diversity would 
be reduced faster than the sizes of alleles which would 
lead to the reduction in M-ratio estimations.

Table 1. Heterozygosity status for microsatellite loci of 
different cattle breeds

Note. Ho – actual heterozygosity; Heq – heterozygosity at 
equilibrium between the mutation process and gene drift.

Locus
URM UBW

Ho Heq Ho Heq

TGLA126
TGLA122
INRA23
ETH3
ETH225
BM1824
TGLA227
BM2113
ETH10
SPS115

0.667
0.756
0.733
0.844
0.778
0.800
0.778
0.867
0.822
0.800

0.803
0.861
0.861
0.772
0.802
0.844
0.886
0.862
0.769
0.824

0.628
0.744
0.884
0.860
0.907
0.814
0.930
0.767
0.814
0.860

0.728
0.861
0.876
0.773
0.803
0.862
0.896
0.828
0.772
0.771

Sign test (p) 0.066 0.605
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On the other hand, the action of genetic-automatic 
processes was manifested in the decrease in the hetero-
zygosity level, and thus in higher level of inbredness 
among animals. In this case, the actual heterozygosity 
would be much lower than the equilibrium one (Heq), 
as the gene drift would prevail over the effect of the 
mutation process [9].

The estimations of actual and equilibrium heterozy-
gosity were different for the investigated breeds (Ta-
ble 1). There was a considerable difference, noted for 
URM breed animals. The prevalence of the equilibrium 
heterozygosity over the actual one was found for seven 
loci and the contrary situation – for two loci. The same 
ratio was four to fi ve for UBW breed.

The obtained results allowed for the conclusion 
that the actual tendency in the manifestation of bot-
tle neck effect was remarkable only for URM ani-
mals with some allowance, as the zero hypothesis 
in their case may be dismissed with the relevance 
level R = 0.066 (sign test). According to the results 
of Wilcoxon test, URM breed was statistically (Р 
< 0.05) notable for heterozygote deficiency. Here 
there were noted cases of related inheritance of dif-
ferent loci in animals of all the investigated cattle 
breeds.

The evaluation of the degree of non-random zygosis 
(HWD) did not demonstrate any reliable prevalence 
of any breed, the value of this index for UBW ani-
mals was close to zero (–0.021), which testifi ed to the 
fact that zygosis in this population was almost random 
(Table 2 ).

Relatively low values NLD for the studied cattle breeds 
(7 and 12 cases out of 45) testifi ed to a low degree of 
inbredness for the investigated populations.

According to the rule, “50: 500”, if the effective 
population (Ne) exceeds 500 animals – the popula-
tion is in a favorable condition, if it is in the range of 
50–500 animals – it is in a vulnerable condition, and, 
fi nally, if it drops below 50 – it is at the edge of extinc-
tion [13, 14].

Taking into consideration the results of the calcula-
tions (Table 3) we can say that URM breed is in the 
favorable conditions (Ne = 554.6 animals, with 95 % 
confi dence interval – 132.8-∞), and UBW breed – in 
the critical conditions (Ne = 397.1 animals, with 95 % 
confi dence interval – 93.2-∞). On the other hand, the 
estimate of effective population even for such a com-
mon beef breed as Hereford is only 60–90 animals 
[15, 16], and that for Aberdeen-Angus breed in the 
USA – as low as 30 heads [17].

The analysis of the results of estimating genetic dis-
tance and genetic identity according to M. Nei [18] 
provided for the assumption that the cattle breeds, in-
vestigated by us, were rather alike: genetic distance 
D = 0.170, and genetic identity I = 0.844.

The calculations testify to a considerable level of 
genetic consolidation of the investigated popula-
tions. The animals of the studied breeds were char-
acterized by insignifi cant yet reliable level of genetic 
differentiation.

CONCLUSIONS

The evaluation of genetic-automatic processes in 
the populations made it possible to determine a low 
level of inbredness of the populations and approxi-
mately the same level of genetic-automatic processes 
in these populations. The manifestation of the action 
of genetic-automatic processes was the decrease in 
the heterozygosity level and respective higher level 
of inbredness only among representatives of URM 
breed. The results obtained demonstrated the pro-
gressing tendency in the manifestation of the “bottle 
neck effect” for URM cattle breed. Also, URM breed 
statistically had heterozygote defi ciency. The evalua-
tion of the degree of non-random zygosis (HWD) in 
animals of the investigated breeds was unreliable, and 
the value of this index for UBW breed animals testi-
fi ed to the fact that zygosis in the investigated popula-
tion was almost random. The obtained values of NLD 

Table 2. Results of analysis on LD of the studied breeds 
using the polymorphism of microsatellite loci

Breed NLD HWD df χ2 p

URM
UBW

12
7

0.117
–0.0217

10
10

8.56
7.30

0.575
0.696

Note. NLD – number of cases of adherence between alleles of 
different microsatellite loci. HWD – degree of non-random 
zygosis

Table 3. Effective population of different cattle breeds by the 
polymorphism of microsatellites of DNA, (heads)

Note. Nе – effective population size.

Breed Evaluation of Ne 95 % confi dence interval

URM
UBW

554.6
397.1

132.8-∞
93.2-∞
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testifi ed to the low level of inbredness of these pop-
ulations. The results of the calculations of effective 
population for the investigated breeds demonstrated 
that URM breed was in the favorable conditions, and 
UBW – in the critical state.

Аналіз популяційно-генетичних процесів 
у різних порід великої рогатої худоби 
за мікросателітними локусами ДНК

А.В. Шельов 1, К.В. Копилов 1, 
С.C. Крамаренко 2, О.С. Крамаренко 2

1 Інститут розведення і генетики тварин НААН,
с. Чубинське, Київська область, вул. Погребняка 1, 

Україна, 08321
2 Миколаївський національний аграрний університет, 
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вул. Георгія Гонгадзе 9, Україна, 54020

Мета. Метою нашого дослідження був аналіз популя-
ційно-генетичних процесів у різних порід молочної ху-
доби з використанням високо поліморфних молекулярно-
генетичних маркерів (мікросателітів ДНК). Методи. Було 
використано 10 локусів, рекомендованих Міжнародним 
товариством з генетики тварин (ISAG), для аналізу 88 
зразків ДНК двох найчисельніших в Україні молочних 
порід великої рогатої худоби – української червоно-
рябої молочної та української чорно-рябої молочної. 
Було застосовано формули, що пов`язують очікувану 
неврівноваженість зчеплення (LD) з ефективним розмі-
ром популяції (Ne). Результати. У роботі викладено ре-
зультати дослідження генетичних процесів, що мають 
місце в популяціях українських червоно- та чорно-рябої 
молочної худоби, за використання 10 мікросателітних 
локусів ДНК. Показано, що мікросателіти ДНК, як ви-
соко поліморфні мультилокусні генетичні системи, є
високо інформативними маркерами популяційно-гене-
тичних процесів, які мають місце в популяціях свійських 
тварин. Висновки. Досліджені популяції українських 
молочних порід великої рогатої худоби зазнають впливів 
популяційно-генетичних та генетико-автоматичних про-
цесів. Їхній негативний вплив було зареєстровано на 
українську червоно-рябу молочну породу. У цих тварин 
відмічено значну втрату рідкісних алелів і прояв ефекту 
«пляшкового горлечка». Одержані значення свідчать про 
низький ступінь інбредності цих популяцій. Ефективний 
розмір популяцій у досліджених українських молочних 
порід великої рогатої худоби оцінювався приблизно у
397–555 голів, що свідчить про  сприятливий стан по-
пуляції української червоно-рябої молочної худоби та 
загрозливий української чорно-рябої.

Ключові слова: велика рогата худоба, ДНК-маркери, 
мікросателіти, біорізноманіття, популяційна генетика.

Анализ популяционно-генетических процессов у 
разных пород крупного рогатого скота 
по микросателлитным локусам ДНК
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Цель. Целью нашего исследования был анализ попу-
ляционно-генетических процессов в разных породах мо-
лочного скота с использованием высоко полиморфных 
молекулярно-генетических маркеров (микросателлитов 
ДНК). Методы. Были использованы 10 локусов, ре-
комендованных Международным обществом генетики 
животных (ISAG), для анализа 88 образцов ДНК двух 
наиболее многочисленных в Украине молочных пород 
крупного рогатого скота – украинской красно-пестрой 
молочной и украинской черно-пестрой молочной. Были 
использованы формулы, позволяющие связать ожидае-
мую неравновесность сцепления (LD) с эффективным 
размером популяции (Ne). Результаты. В работе пред-
ставлены результаты исследования генетических про-
цессов, происходящих в популяциях украинских красно-
и черно-пестрой молочных пород крупного рогатого 
скота с использованием 10 микросателлитных локусов 
ДНК. Показано, что микросателлиты ДНК, как высоко
полиморфные мультилокусные генетические системы,
являются высоко информативными маркерами популя-
ционно-генетических процессов, происходящих в попу-
ляциях домашних животных. Выводы. Исследованные 
популяции украинских молочных пород крупного рога-
того скота подвергаются воздействиям популяционно-
генетических и генетико-автоматических процессов. 
Их негативное влияние было зарегистрировано на ук-
раинскую красно-пеструю молочную породу. Для этих 
животных отмечена значительная элиминация редких 
аллелей и проявление эффекта «бутылочного горлыш-
ка». Полученные значения свидетельствуют о низкой 
степени инбредности данных популяций. Эффективный 
размер популяций в исследованных украинских молоч-
ных породах крупного рогатого скота оценивался при-
мерно в 397–555 голов, что свидетельствует о благо-
получном состоянии популяции украинского красно-
пестрого молочного скота и угрожающем – украинского 
черно-пестрого.

Ключевые слова: крупный рогатый скот, ДНК-маркеры, 
микросателлиты, биоразнообразие, популяционная ге-
нетика.
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