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RECENT ADVANCES ON STABILITY OF ANTHOCYANINS

H. Remini'?, F. Dahmoune'?, Y. Sahraoui'”, K. Madani',
V.N. Kapranov*, E.F. Kiselev*

'University of Bejaia
Bejaia, 06000, Algeria
*University of Bouira
Bouira, 10000, Algeria
*University of Boumerdes
Boumerdes, 35000, Algeria
*GNU Moscow Research Institute of Agriculture “Nemchinovka”
hocine.remini@univ-bejaia.dz

Abstract. Since Neolithic era, natural pigments have been added to foods and colour of food
products is still one of the major concerns of food industry. Anthocyanins are the most noticeable group
among coloured flavonoids, widely existing in the roots, stems and leaves as well as flowers and fruits
of the vascular plants. They have a high potential for use as natural colorants instead of synthetic pigments
because of their attractive colour and pharmacological properties. Stable and attractive colours are
a highly valued attribute in competitive food industry. Considerable studies have been done on the effects
of the most important chemical and physical factors involved in the stability of anthocyanins (temperature,
light, pH, SO,, metal, sugar, ascorbic acid and oxygen), their concentrations, chemical structures, and matrix
food compositions. Furthermore, the effects of separation technologies including microwave/ultrasound
assisted extraction (MAE, UAE), and Colloidal Gaz Aphron (CGA) fractionation on the stability
of anthocyanins are reviewed.
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1. INTRODUCTION

The study of natural colorants is an extensive and active area of investigation due to
the growing interest of substituting synthetic colorants with toxic effects in humans [1].
Anthocyanins are natural pigments present in fruits and vegetables and widely distributed
in nature. They are pigments brilliant responsible for shiny orange, pink, red, violet and
blue colours in roots, stems, flowers and fruit of many plants (e.g., orchids, grapes) [2].
Incorporating anthocyanins as food colorants is not only valuable for improving overall
appearance but also very beneficial to health [3]. However, research on regulation
of anthocyanins biosynthesis under in vitro conditions is still limited, restricting
the commercial application of their production by plant cell cultures [4]. Anthocyanins
are differentiated from one another by the number and position of hydroxyl and/or
methyl groups and by the nature, number, position and acylation of the sugars present
in their structure. Due to this enormous variety, there are reports of more than 550 antho-
cyanins and 23 anthocyanidins, of which only 6 are frequently found distributed in nature
and in foods: cyanidin (50%), delphinidin, pelargonidin and peonidin (12%) and
petunidin and malvidin (7%) [5].
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Anthocyanins are highly unstable and very susceptible to degradation. The colour
stability of anthocyanins is affected by several factors such as pH, their own chemical
structure, concentration, storage temperature, light, oxygen, ascorbic acid, moisture
content, and the presence of enzymes, flavonoids, proteins and metal ions [6]. But also,
the technologies employed as well as microwave and ultrasound extraction, solvent
extraction, and micellar encapsulation influence strongly the stability of anthocyanins.

During the last six decades, general interest and research activities focusing
on anthocyanins have considerably increased. This increased interest is not only based
on knowledge that these pigments can be used as possible alternatives to artificial food
colorants, and it relates to their bioactive properties, but also it relates to their stability,
extraction and purification. When searching the Web-of-science database in the title-
field for the word anthocyanin, 5,763 articles were found. The last two decades show
an increased interest in anthocyanins studies, mainly because of their potential health-
promoting properties and their use as natural food colorants, as well as their appearance
in cultivars and plant mutants with new colours and shapes.
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Fig. 1. Records in the literature search within the database Web of Science
giving the numbers of articles containing the word ‘anthocyanins’
in the period 1950—2014

2. ANTHOCYANIN CHEMISTRY

Some of phenolic compounds are directly related to colours in plants, and in particular
anthocyanidins are natural pigments present as anthocyanins in plant tissues in glycoside
forms with a C6-C3-C6 skeleton [7]. Anthocyanins are part of the plant-derived flavonoid
compounds and are responsible for colours ranging from pale pink to red to purple and
deep blue [8]. They are the largest group of water-soluble pigments widespread in the plant
kingdom, these natural pigments are usually associated with red fruits but also occur
in vegetables, roots, legumes and cereals [9]. The variation of anthocyanins are due to:
(1) the number and position of hydroxyl and methoxy groups on the basic anthocyanidin
skeleton; (i1) the identity, number, and positions at which sugars are attached; and
(i11) the extent of sugar acylation and the identity of the acylating agent [10].
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Common anthocyanidins
Pelargonidin (Pg)
Cyanidin (Cy)
Delphinidin (Dp)
Peonidin (Pn)

Petunidin (Pt)

Malvidin (Mv)

Rare methylated anthocyanidins
5-MethylCy

7-MethylPn (rosinidin)
5-MethyIDp (pulchellidin)
5-MethylPt (europinidin)
5-MethylMv (capensinidin)
7-MethylMv (hirsutidin)

6-Hydroxylated anthocyanidins
6-HydroxyPg

6-HydroxyCy

6-HydroxyDp
3-Desoxyanthocyanidins
Apigeninidin (Ap)

Luteolinidin (Lt)

Tricetinidin (Tr)

7-MelhylAp®

5-MethylLt’

5-Methyl-6-hydroxyAp (carajurone)C
5,4’-Dimethyl-6-hydroxyAp (carajurin)

5-Melhyl-6-hydroxyLt’
5,4’-Dimethyl-6-hydroxyLt’
Riccionidin A**
Pyranoanthocyanidins
5-CarboxypyranoPg’

Table 1
The structures of naturally occurring anthocyanidin
*The numbering of the structure on the left is used for all anthocyanins;
The numbering for the pyranoanthocyanins is given in the structure on the right [13].
Substitution Pattern
3 5(6a)" 6(7)° 7(8)° 3’ & 5’
OH OH H OH H OH H
OH OH H OH H OH H
OH OH H OH OH OH OH
OH OH H OH OMe OH H
OH OH H OH OMe OH OH
OH OH H OH OMe OH OMe
OH OMe H OH OH OH H
OH OH H OMe OMe OH H
OH OMe H OH OH OH OH
OH OMe H OH OMe OH OH
OH OMe H OH OMe OH OMe
OH OH H OMe OMe OH OMe
OH OH OH OH H OH H
OH OH OH OH OH OH H
OH OH OH OH OH OH OH
H OH H OH H OH H
H OH H OH OH OH H
H OH H OH OH OH OH
H OH H OMe H OH H
H OMe H OH OH OH H
H OMe OH OH H OH H
H OMe OH OH H OMe H
H OMe OH OH OH OH H
OH OMe OH OH OH OMe H
OH H OH OH H OH H
OH O- H OH H OH H
OH O- H OH OH OH H

5-CarboxypyranoCyc’e

? Sphagnorubins A—C from peat moss, Sphagnum, have not been included (Fig. 1).
® The numbers in parentheses correspond to the pyranoanthocyanidins.

¢ New anthocyanidins (reported between 1992 and 2004).
¢ Ring closure on the basis of ether linkage between the 3- and 6’-positions. Riccionidin A and its dimer, riccionidin
B, have an additional OH-group in the 2’-position (Fig. 1).

¢ Rosacyanin B (Fig. 1).
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Chemically, these flavonoids naturally occur as glycosides of flavylium or 2-phenyl-
benzopyrylium salts [9]. The anthocyanidins consist basically of this structure with some
hydroxyl groups through which sugar molecules are conjugated. The anthocyanidin refers
to the molecule without the glycoside residue [11]. The core of the anthocyanidin is
a 15-carbon (C15) structure of two aromatic rings (the A and B rings) joined by a third ring
of C;0, (the C-ring; Table 1). The degree of oxidation of the C-ring defines the various
flavonoid types. Anthocyanidins have two double bonds in the C-ring — and hence carry
a positive charge [12].

The sugar moieties vary but are commonly, glucose, rhamnose, galactose or arabi-
nose. The sugar moiety may be a mono or disaccharide unit, and it may be acylated with
a phenolic or aliphatic acid. These compounds differ in the methoxyl and hydroxyl
substitution pattern of ring B [9]. The 3-desoxyanthocyanidins, sphagnorubins and
rosacyanin B are the only anthocyanidins found in their non-glycosylated form in plants.
Nearly all reports on anthocyanins specifying the D or L configuration of the antho-
cyanin sugar moieties (monosaccharides), lack experimental evidence for this type of
assignments [14].

HO
HO o O OH
N
(I
—
HO o
522
OR,
\OH
RO o
N~ | S F
+ 526
HO\/\/\ 7
| 527:R'=R?=H
N = . nl_ 2 _
HO 528: R' = Me, R2 = H

529: R' = R2 = Me

Fig. 2. Some anthocyanidins with unusual structures:
522, riccionidin A; 526, rosacyanin B; 527—529, sphagnorubins A—C [13]

2.1. Source and distribution of anthocyanins in foods

In general, the anthocyanin concentration in most of the fruits and vegetables ranges
from 0.1 to 1% dry weight (d.w.) [15], and the most widespread anthocyanidin in foods
is cyanidin [16]. Anthocyanins are dissolute in fruit and vegetable vacuolar juice (Table 2),
mainly in mature epidermal cells (apple, apricot, artichoke, asparagus, eggplant, fig, red-
lettuce, nectarine, red onion, peach, pear, plum, pomegranate, red-skinned potato, radish,
etc.), although they can also accumulate in flesh tissues [7].
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Table 2
Average amount of anthocyanins in some foodstuffs [17]
Anthocyanin source Amount
(mg.litref1 or mg.kgq)
Blackberry 1150
Blueberry 825—4 200
Boisenberry 1609
Cherry 20—4 500
Chokeberry 5060—10 000
Cranberry 600—2 000
Cowberry 1000
Currant (black) 1 300—4000
Elderberry 2000—10 000
Red grapes 300—7 500
Blood orange 2000
Plum 20—250
Sloe 1600
Strawberry 150—350
Raspberry (black) 1700—4 277
Eggplant 7 500
Onion up to 250
Rhubarb up to 2000
Red cabbage 250
Red wine 240—350
Port wine 140—1 100

2.2. Acylation, Hydroxylation and Glycosylation

The core anthocyanidin structure is modified by the addition of a wide range of
chemical groups, in particular through hydroxylation, acylation and methylation.
Hydroxylation and methylation usually, but not exclusively, occur on the anthocyanidin
prior to further modifications. Thus, there are a small number of anthocyanidin types
that have been identified as the basis of the subsequent large number of known antho-
cyanins with differing glycosylation and acylation patterns, which include anthocy-
anidins with additional rings incorporated, for example the pyranoanthocyanidins and
riccionidin A (Table 1) [12].

Presently, it is known that anthocyanins have some positions sensitive to react with
different nucleophilic and electrophilic compounds (Fig. 3). Anthocyanins can undergo
a nucleophilic attack in the positively charged carbons 2 and 4 of the pyranic ring
(anthocyanin hydration in carbon 2 gives rise to the colourless hemiacetal form).
Additionally, and despite its positive charge, anthocyanins were shown to be able
to react with electrophilic compounds through its hydroxyl groups and carbons 6 and 8
of the phloroglucinol ring probably involving the uncharged hemiacetal form. The exist-
ence of the 5-OH group is very important for the reactivity of these pigments with other
compounds that occur during anthocyanin-rich food processing and aging [1].

Generally, di-, tri-, or poly-acylated anthocyanins are more stable in neutral and
slightly acidic conditions than mono-acylatedanthocyanins [18]. It is well known that
there is a strong correlation between the colour and the predominant type of anthocyanin
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Fig. 3. Schematic representation of the main reactive position
of anthocyanin structures [1]

that accumulates. A hydroxyl group or rather the lack thereof at the C-3 position in the
C-ring also dramatically influences the colour of the pigment. The common anthocya-
nidins have 3-hydroxylation. 3-Deoxyanthocyanidins lack this hydroxyl group, and show
a marked difference in wavelength absorbance, with the derived pigments giving yellow,
orange and bright red flower colours. 3-Deoxyanthocyanins are relatively rare [19].
Furthermore, the glycosylation confers increased stability and water solubility to the
anthocyanins compared with the anthocyanidins. Increasing the number of sugar residues
seems to further increase stability of the anthocyanin [18], explained by a net of intra-
molecular H-bondings within the sugar moiety and between the sugar and the chro-
mophore [16].

2.3. Functional properties of anthocyanins
and their applications

In view of the considerable consumption of anthocyanin, toxicological as well as
mutagenic studies of the pigment have been carried out. Anthocyanin pigments have
been shown to have a number of potential health benefits including improved visual
acuity, reduction of incidence of coronary heart-disease and stroke, and anticancer and
antiviral activities. Therefore, find increasing application in not just the food area but
in the medical field as well [20].

In practice, the anthocyanins used as food colorants supply colours going from
purplish red to cherry red and can be used at a pH of between 3.5 and 5.5 [21]. The
stability of anthocyanin in the lower pH range means that anthocyanins are best suited
for use in food of low pH. Successful application of the anthocyanins includes the
colouring of canned fruit, fruit syrups, yogurt, and soft drinks [20]. Anthocyanins have
the advantage of being relatively insensitive to heat and light. The anthocyanins used
in food (E 163) can only be obtained from edible fruits and vegetables such as straw-
berries, blackberries, cherries, plums, raspberries, blackcurrants, redcurrants, red
cabbage, red onions, bilberries, eggplants, grapes, elderberries, etc. [21].
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3. FACTORS AFFECTING THE STABILITY OF ANTHOCYANINS

Considerable studies have been done on the effects of the most important chemical
and physical factors involved in the degradation of anthocyanins (temperature, light, pH,
SO,, metal, sugar, and oxygen) in model systems and food extracts. Stabilities and
colours of anthocyanins are dependent on the nature and number of sugars attached
to the flavylium ion and the nature and number of acids linked to the glycosylic moiety.
Tint and hue, however, are related to the numbers and positions of hydroxyl and
methoxyl substituents in the flavylium ion [16].

3.1. Effect of physicochemical parameters

Application of anthocyanins in food is restricted due to their ability to participate
in a number of reactions, resulting in its decolourisation [20]. Anthocyanins would be
the ideal substitutes for synthetic red colorants based on their bright colours varying
from orange red to blue, water solubility, and non-toxicity. Nevertheless, the use of
these pigments in foods has been hampered by poor stability [16].

Factors influencing anthocyanin stability are diverse and widely discussed in the
literature. The influence of the specific structures of anthocyanins (glycosylation, acyla-
tion with aliphatic or aromatic acids, pH, temperature, light, presence of metal ions,
oxygen and sugar content), and effects of sulfur dioxide have been covered and partially
clarified [22]. For that, intense research has been done on stabilisation of anthocyanins
and elucidation of the high stability of the colour [16].

3.1.1.pH

Anthocyanins are sensitive to changes in pH. When a given anthocyanin is dissolved
in water, a series of secondary structures are formed from the flavylium cation according
to different acid-base, hydration, and tautomeric reactions [14]. The flavylium cation is
the predominant equilibrium form in strongly acidic solutions. In addition, the existence
of tautomeric quinonoidal bases derived from the flavylium cation by deprotonation, and
hemiacetal and chalcone forms related to the flavylium form by nucleophilic reaction
with water, under various pH conditions, have been described [23].

In addition, the anthocyanin colours vary with changes in the pH: at pH 1 and
below, the anthocyanin pigment gives an intense red but becomes colourless or purple
when the pH is increased to between 4 and 6. Meanwhile, the pigment turns a deep blue
when the pH is between 7 and 8. Further increase in pH sees the anthocyanin pigment
turning from blue to green and then to yellow. Such variation in colour has been
attributed to structural transformation in response to changes in pH [20], as illustrated
in Figure 4.

The major species and therefore the colour of the solution are determined by the
equilibrium constant values. If the deprotonation equilibrium constant, K, is higher than
the hydration constant, K,, the equilibrium is displaced toward the coloured quinonoidal
base (A), and if K, > K, the equilibrium shifts toward the hemiacetalic or pseudobase
form (B) that is in equilibrium with the chalcone species (C), both colorless (Fig. 4).
Therefore, the structure of an anthocyanin is strongly dependent on the solution pH,
and as a consequence so is its colour stability, which is highly related to the deprotonation
and hydration equilibrium reaction constant values (K, and K,) [16].
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Fig. 4. Chemical reactivity of the anthocyanins depending on the pH

3.1.2. Temperature

The thermal degradation of anthocyanins, both in extracts and model systems, was
reported to follow first-order reaction kinetics in all studies. The stability of anthocyanins
and all pigments found in foods decreased with increases in temperature [16]. Studies
on the effect of temperature on anthocyanin have indicated that the stability is dependent
on the structure of anthocyanin, with the sugar moiety playing a significant role [20].
Monomer anthocyanins and the corresponding colorant intensity decreased with the
time—temperature combination, whereas the polymer fraction (brown pigments) exhibited
the reverse [22].

Storage stabilities of blood orange juices and concentrates with different total
soluble solids concentrations and at different temperatures were investigated under
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identical conditions. The half-life values of juices and concentrates decreased with
increases of °Brix value and temperature [16]. High-temperature short time processing
is recommended for maximum anthocyanin retention of foods containing anthocya-
nins [18].

3.1.3. Oxygen

Anthocyanin content decreased for all atmospheres tested; however, high oxygen
caused a higher decrement [24]. Oxygen has a deleterious effect on anthocyanins, and
it is known that anthocyanins stored under vacuum, nitrogen or argon atmosphere are
more stable than anthocyanins exposed to molecular oxygen [18].

This effect was attributed to the reaction of anthocyanins to inhibit radical activity
at high oxygen concentrations, causing depletion of the antioxidant pigments [24].
The oxygen may degrade anthocyanins either directly or indirectly by oxidizing com-
pounds, which in turn, may degrade the anthocyanins; this deteriorating effect is most
pronounced when both oxygen levels and ascorbic acid concentrations are high [18].

3.1.4. Light

The anthocyanins are good absorbers of visible light, thus appearing as coloured
substances, responsible for the characteristic orange/red/bluish colours of grapes and
berries. This reflects the origin of the term anthocyanin, which is derived from Greek, and
means flower and blue. The colour is largely determined by the substitution pattern of
the B-ring of the aglycon compared with the pattern of glycosylation of the flavan
structure, which to a smaller extent, influences colour formation [18]. Light-induced
degradation is dependent on the concentration of molecular oxygen present. The most
vigorous anthocyanin loss can be experienced when the pigments are exposed to flo-
rescent light [25].

Protection toward light may be achieved by selecting packaging material with
proper light barriers in the visible and particularly in the ultraviolet range of the spectrum.
Glycosylation, acylation and co-pigmentation of anthocyanins have been reported to
improve light stability [25].

3.1.5. Enzyme

A number of authors have linked browning of the pericarp to a degradation of antho-
cyanins by the action of polyphenol oxidase [1, 18, 19, 25]. Enzymes such as polyphenol
oxidase (PPO) and peroxydase (POD) are primarily membrane-bound, whereas antho-
cyanins are vacuolar [19].

An enzymatic system capable of degrading cyanidin-3-glucoside in the absence
of phenols is present in the skin of sweet cherries; contrarily, the pulp homogenate
degraded the anthocyanin only in the presence of phenols. The decoloration was influ-
enced by the anthocyanin structure at different pH and by the nature of the quinone
obtained by enzymatic oxidation. The anhydrobase appeared to be the form of the
anthocyanin most susceptible to oxidation. The degradation occurred according to
the oxidation kinetics of the phenol substrate and was inhibited by ascorbic acid,
indicating that the quinone's degradation of the anthocyanin occurred by a consecutive-
type mechanism [1].
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Under certain conditions enzyme preparations may degrade anthocyanins and other
pigments present in fruit by hydrolysing glycoside substituents. Hydrolysed anthocyanins
in their pure aglycon form are extremely unstable and degrade quickly, losing their
colouring properties [25]. Anthocyanin losses also occur due to the action of degrading
enzymes (i.e., polyphenol oxidase) that are endogenous to the fruits [18].

3.1.6. Sulfur dioxide (SO,)

Sulfur dioxide has been used extensively in the fruit and vegetable industry, chiefly
as an inhibitor of microbial growth and of enzymatic and non-enzymatic browning [25].
The sulfonation of flavonoids improved their abilities to complex with anthocyanins,
hindering the hydration reaction and shifting the equilibria toward the coloured
quinonoidal base [16].

Anthocyanins react with sulfur dioxide to form colourless components. The reaction
is reversible, and heating will release some of the sulfur dioxide from the anthocyanins,
thus partially regenerating the colour. Also, acidifying to a low pH regenerates the antho-
cyanins by liberation of the SO, [18]. The presence of sulfur dioxide can also lead
to a nucleophilic attack on the oxonium ion’s (flavylium cation) C-4 position by the
negatively charged bisulfate ion, resulting in colour loss of anthocyanins by a reversible
bleaching mechanism, which generally occurs when fruits are treated with 500 to
3000 ppm of SO, [25].

3.1.7. Effect of concentration

At high concentrations, the anthocyanins may associate with themselves. Antho-
cyanins are more stable at higher concentrations. The effect of concentration has been
shown to be more important than the variation in stability caused by differences in antho-
cyanin structure [18].

3.1.8. Impact of water activity (aw)

Several studies have shown that anthocyanin stability increases with decreased
water content, i.e., decreasing water activity (aw). Dry anthocyanin powders (aw < 0.3)
are stable for several years when stored in hermetically sealed containers. This property
is advantageous when anthocyanins are produced into dry products and powders [18].

3.2. Effect of food matrix

Over the last years, the structure of several groups of anthocyanin-derived pigments
found in wines was elucidated by spectroscopic techniques, which have helped to under-
stand some physical-chemical properties of anthocyanins. Some of those pigments were
described to result from [1]:

A. Reaction between anthocyanins and small compounds (e.g. pyruvic and phenolic
acids, acetaldehyde, p-vinylphenol) giving rise to other pyranoanthocyanin
pigments:

— Anthocyanin-pyruvic acid adducts (carboxypyranoanthocyanin);
— Pyranoanthocyanins (Vitisin B);
— Pyranoanthocyanin-phenol pigments.
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B. Condensation between anthocyanins and flavanols mediated by aldehydes
(e.g. acetaldehyde):
— Anthocyanin-alkyl-flavanol pigments;
— Pyranoanthocyanin-flavanol pigments;
— Vinylpyranoanthocyanin-flavanol pigments.
C. Direct condensation between anthocyanins and flavanols.

3.2.1. Co-pigmentation

Co-pigmentation is a valuable and natural tool for enhancing and stabilizing
the colour of anthocyanin-rich products [25], by hindering the addition of water at
position 2 of the chromophore through hydrogen bonding [16]. Co-pigmentation can
take place through several interactions: intermolecular complex formations, intra-
molecular complex formations, self-association mechanisms and metal complexation.
Co-pigmentation is observed as a bathochromic shift in the visible range towards higher
wavelength (increase in intensity of absorbance to the molecule’s A,,) [16]; which is
also called the bluing effect, since the colour of an anthocyanin changes from red to
a more blue hue or as a hyperchromic shift in which the intensity of the anthocyanin
colour increases (shift from A, to higher wavelengths) [25].

Co-pigmentation involves complexation phenomena, generally at low energy,
to the formation of a complex by juxtaposition of the pigment and co-pigment and
stabilization by 77 ring interaction, H-bonding, and ionic bonding [16], either between
the various forms of anthocyanins or between anthocyanins and other, mostly colourless,
phenolic compounds (coumarins, phenolic acids, flavonols, flavanols, etc.). These
bulky complexes modify the cation resonance and prevent the substitution of carbons
2 and 4 [25].

Table 3
Co-pigmenting effect of different type of compounds on cyanidin 3,5-diglucoside
(2x10°M, pH3.31,1_, 508 nm) [15]
Compound / Chemical Class Mo A % Absorbance
(nm) (nm) increase atA,_
(nm)
Aureusidin/aurone 540 32 327
Brucine/alkaloid 512 4 122
Proline/amino acids 508 0 25
Procatechuic acid/benzoic acid 510 2 23
Esculin/coumarin 514 6 66
Sinapic acid/cinnamic acid 519 11 117
Phloridizin/dihydrochalcone 517 9 101
(+) Catechin/flavan 3-ols 514 6 78
Apigenin 7-glucoside/flavone 517 9 68
6-C-Glucosylgenkwanin (swertsin)/C-glycosil flavones 541 33 467
Hesperidin/flavanone 521 13 119
Quercetin 3-galactoside/flavanols 531 23 282
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The magnitude of the co-pigmentation is influenced by pH value, pigment and
co-pigment concentrations, chemical structure of anthocyanin, temperature, and ionic
strength of the medium. As to the effect of the solvent, the important issue is the hydro-
gen-bonded molecular structure of the liquid water, not the polarity of the medium [16].

The best cofactors are typically flavonoid derivatives that contain many hydroxyl
groups, the most favourable at position 3 of the flavones. The strongest cofactors have
electron-rich systems that associate with electron-poor compounds such as the flavylium
cation [16].

Finally, regardless of the cofactor, anthocyanin stabilization during storage via the
phenomenon of co-pigmentation was not revealed, as similar degradation ratios were
observed in the presence or absence of these co-factors [22].

3.2.1.1. Intramolecular co-pigmentation

The other type of co-pigmentation is intramolecular, which is due to anthocyanin
acylation. This co-pigmentation is more effective than intermolecular, and it is suggested
that acyl groups interact with the basic anthocyanin structure avoiding formation of
the hydrated species [15].

Intramolecular co-pigmentation (sometimes referred to as intramolecular stacking)
is a mechanism for stabilising more complex anthocyanins such as those that are poly-
acylated with aromatic acids. The tertiary structure is formed by either the sandwiching
of the anthocyanin nucleus between two of its acyl groups or by the anthocyanin nucleus
being covered by one acyl group [19].

Intramolecular co-pigmentation is thought to be stronger and more effective in stabi-
lizing anthocyanin colour, probably due to the strength of the covalent bonds present.
This type of co-pigmentation is mostly associated with anthocyanins derived from
flowers and vegetables, which generally contain acylation [25].

3.2.1.2. Intermolecular co-pigmentation

The poor stability of anthocyanins with simple structures can be overcome by inter-
molecular co-pigmentation reaction [16], (which contains non-acylated anthocyanins),
that is, an association with different compounds that is not bound covalently to the antho-
cyanin molecule [25], especially polyphenolic ones. Stabilized by hydrogen bonding,
hydrophobic interactions and electrostatic interactions, resulting in a 1 : 1 complex
formation [25]. However, this complex dissociates at high temperatures [16].

Intermolecular co-pigmentation may take place between anthocyanins and catechin,
amino acids, polysaccharides and metal ions. Flavonols and flavones are always found
in conjunction with anthocyanins in fruits and fruit juices; it appears that they may
contribute to the stabilization of the anthocyanins [18].

3.2.1.3. Self-association

Stability of anthocyanins can be attained by self-association, that is, when two or
more anthocyanin molecules are associated [16]. Self-association requires high antho-
cyanin concentrations. It involves the vertical stacking of anthocyanin molecules, and
is deduced to play at least some role in flower colour [19].
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This effect was verified by increasing the concentration of the cyanidin 3,5-diglu-
coside solution from 10 M to 10 M with a consequent bathochromic shift in maximum
wavelength absorption in the visible region [16]. The colour of malvidin 3-glucoside
in aqueous solution can also be stabilized by self-association or co-pigmentation with
the cis-chalcone form, according to the pH of the solution [16].

Self-associations of anthocyanins have been observed to take place during wine
aging and it is assumed that they may partially contribute to the colour of aged wines
(Fig. 5) [25], the monomeric anthocyanins are irreversibly transformed into polymeric
compounds through self-association reactions. The polymeric material is less pH-
sensitive and is less susceptible to degradation by ascorbic acid and light [18].

Fig. 5. Self-association of anthocyanins at the C-4 position [25]

3.2.1.3.1. Complexation with metals

The precise colour of anthocyanins depends on the substitution pattern, the pH (red
in acid, blue in base), but also on the formation of metal complexes [27]; mainly with
AP, Fe*', Cu*", Mg**, which form complexes with anthocyanins that have two phenols
in the ortho position on the B nucleus (delphinidin, petunidin and cyanidin) (Fig. 6).
These are responsible for bathochrome effects of varying intensity. Two types of chelates,
either directly with both phenol functions (flavylium A" form) or with the aromatic ketone
in carbon 4" (AO quinoid base), stabilize the molecules and prevent formation of colour-
less carbinol base (AOH). The colour becomes intensely blue, even at pH values around 3.
These bonds generally break in a strong acid medium [26].

Only cyanidin, delphinidin and petunidin based anthocyanins, which have more than
one free hydroxyl group in the B-ring are capable of metal chelation on the aglycon [25].
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Fig. 6. Mechanism of formation of the complex anthocyanin—metal [28]

3.2.2. Interaction with Vitamin C

The addition of ascorbic acid brought about a notable acceleration in degradation
of anthocyanins under model conditions, as in the analyzed matrix [22].

The deteriorating effect is most pronounced when both oxygen levels and ascorbic
acid concentrations are high. The reactions are known to be accelerated by copper
ions [18] (Fig. 7).

—
o) Ascorbic
\ o acid

(o} Q\ C.H,0,

Ci-O
' o Metal

~ (copper)
HO o'
g
9@

HO

OH

Anthocyanin
(cyanidin)

Fig. 7. Suggested mechanism of formation of the complex
anthocyanin—metal—ascorbic acid [15]

In general, the effects of ascorbic acid on anthocyanins are complex and not easily
predictable. In the absence of oxygen, ascorbic acid may condense with anthocyanins
to form unstable products that degrade into colourless compounds. It is assumed that
condensation of anthocyanins with flavonols prevents formation of complexes between
anthocyanins and ascorbic acid [18], probably by competition with the anthocyanins
in the preference for condensation reactions [16], so that the deteriorating effect of
ascorbic acid is diminished [18].
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Ascorbic acid retention and loss of anthocyanin contents in blood orange juices
during refrigerated storage were investigated using CIELAB parameters. Concurrent losses
of anthocyanins and ascorbic acid were observed, but the rate of reactivity depended
on the anthocyanin structure. When no anthocyanin was present, ascorbic acid degraded
100% after 9 days, while in the presence of malvidin 3-glucoside and malvidin 3,5-diglu-
coside after 9 days, 15 and 23% of ascorbic acid, respectively, remained. This effect
may have been provided by the antioxidant properties attributed to anthocyanins [16].

3.2.3. Redoxpotential

From a chemical viewpoint, anthocyanins and in general flavonoids can be con-
sidered as fairly reactive compounds. They typically display m-electron-rich aromatic
nuclei and labile phenolic —OH groups that confer on them a reducing (electron- and
hydrogen-donating) character. This property largely underlies the well-known in vitro
antioxidant properties of flavonoids, or regenerate endogenous amphiphilic antioxidants
(bound to membranes or lipoproteins) such as a-tocopherol. In addition, through their
catechol (1,2-dihydroxybenzene) or hydroxyketo groups, flavonoids bind iron and copper
ions, whose redox cycling is typically involved in ROS production. A third property
of flavonoids especially critical to their biological effects from plants to humans is their
affinity for a wide variety of proteins, including enzymes and receptors [29].

Among the common chemical groups, the phenolic nucleus is probably the one that is
most prone to developing molecular interactions with proteins. Indeed, the phenolic -OH
group is both a hydrogen bond donor and acceptor and the aromatic ring can develop
strong dispersion (van der Waals) interactions with non-polar amino-acid residues or
polarizable cofactors [29]. Additionally, the keto group frequently found on the C-ring —
as well as the glycosyl residues — can also be involved in hydrogen bonding [29].

3.2.4. Interaction with proteins

It has long been known that flavonoids can interact with proteins in vitro. On the
basis of recent studies it appears that the concept of tertiary structures can be expanded
to include complexes formed with or interactions between flavonoid pigments and
proteins (Fig. 8). In some species, stable or unstable complexes containing anthocyanins
and protein are formed in the vacuole. These are termed anthocyanic vacuolar inclusions
(AVIs). Their formation can alter flower colour, but their biological function is not yet
known [19].

The redox and binding properties of flavonoids are combined in the process
of flavonoid—yprotein covalent coupling (Fig. 9). In a first step, flavonoids are enzy-
matically or chemically oxidized into highly electrophilic ortho-quinones and/or para-
quinonemethides. In a second step, nucleophilic thiol or amino groups of the protein
side-chains add to these electrophiles and form the covalent bonds [29].
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Fig. 9. Oxidative flavonoid—protein covalent coupling [29]

In summary, the binding of flavonoids to redox-inactive enzymes such as HSA
does not necessarily depress their antioxidant activity. In fact, the influence of proteins
on the redox properties of flavonoids could well be specific to each flavonoid—protein
couple under consideration. Ultimately, the fate of quercetin undergoing oxidation
in the presence of HSA could be covalent coupling to HSA as evidenced in the case
of oxidation by H,0, catalysed by horseradish peroxidase [29].

3.2.5. Effect of aldehydes

In the intermolecular reactions between anthocyanins and flavonoids mediated
by acetaldehyde, new compounds linked by an ethyl bridge are formed. Three new
compounds were detected by the reaction of malvidin 3-glucoside and proanthocya-
nidin B mediated by acetaldehyde under wine-like conditions. Two were assigned to
enantiomers containing malvidin 3-glucoside covalently bonded to proanthocyanidin
linked through C-8 by an H—C—CH, ethyl bridge [16].

A pigment derived from the acetaldehyde-mediated condensation between
(+)-catechin and malvidin 3-glucoside was prepared and its properties were compared
to those of malvidin 3-glucoside in aqueous solution. With a pH increase from 2.2
to 5.5, the colour of the formed pigment solution shifted toward violet at pH 5.5,
whereas similar solutions of malvidin 3-glucoside were almost colourless at pH 4.0.
This behaviour indicated that the anthocyanin moiety of the new pigment was more
protected against water attack. The new pigment was more stable with regard to
bleaching by SO, than malvidin glycoside, but was more sensitive to degradation
in aqueous solution. The cleavage of the bridge linking the anthocyanin to the catechin
is the first step in its degradation; malvidin-glycoside is the major product formed [16].
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3.2.6. Effect of sugars

Sugar solutions also help to stabilize anthocyanins during frozen storage by the
inhibition of enzymatic reactions [25].

The effect of added sugar on anthocyanin stability depends on the anthocyanin
structure, concentration, and type of sugar. Reducing and non-reducing sugars had
destructive effects on the stabilities of anthocyanins from black currants [16].

The influence of sugars on anthocyanin stability remains a controversial subject.
Certain authors do not mention any effect with a model solution of commercial antho-
cyanidin-based pigments with or without sugar (10 °Brix), whereas anthocyanidin
degradation in the presence of sugar is frequently mentioned in the literature [22].
The glycosylation confers increased stability and water solubility to the anthocyanins
compared with the anthocyanidins. Increasing the number of sugar residues seems
to further increase stability of the anthocyanin [18].

The anthocyanin thermostability was reduced when sucrose concentration increased
from 0 to 20%, while further concentration increases to 40% had positive effects on the
stabilities of pigments [16]. Fructose, arabinose, lactose and sorbose are more detrimental
than glucose, sucrose and maltose, but the degradation of anthocyanins by sugar is
enhanced by oxygen [18]. On the other hand, the thermostabilities of pigments decreased
linearly with increases of fructose concentration, probably due to the formation of fural-
dehydes [16]. Although most anthocyanic extracts showed lower stabilities in sugar-
added systems, no statistical analysis was carried out to verify the significance of this
difference [16].

3.2.7. Effect of other factors

The stability of cyanidin 3-glucosyl-arabinoside was investigated in different
solvents, water, and dimethyl sulfoxide (DMSO, an aprotic solvent) under the same
conditions. The k_, values unexpectedly showed that the anthocyanin was more stable
in water solution. DMSO was chosen as a solvent so that it would make the addition
of DMSO to C-2 difficult and thus the anthocyanin would be more stable in DMSO
than in a water solution. However, since the experiment took place in acidic solution
(pK, > pK,), the preferential addition at C-2 or C-4 of the flavylium ion probably took
place by a protonated molecule of DMSO [16].

The degradation kinetics of malvidin 3-glucoside in ethanolic solutions under
conditions simulating wine accelerated with the increase of ethanol concentration,
probably because the extent of anthocyanin self-association decreased with elevated
ethanol concentration [16].

Strawberries and raspberries were submitted to high hydrostatic pressures from
200 to 800 mPa at 18 and 21 °C, followed by storage at 4, 20, and 30 °C. The greatest
stability of the anthocyanins was observed in raspberries submitted to 200 mPa pressure
followed by 800 mPa, both stored at 4 °C [16].

Attempts to stabilize anthocyanins by complex inclusion with o~ and B-cyclo-
dextrins failed; on the contrary, a discoloration of anthocyanin solutions was observed.
Thermodynamic and kinetic investigations demonstrated that inclusion and co-pigmen-
tation had opposite effects. In the anthocyanins, the cis-chalcone colorless structure is
the best species adapted to inclusion into the B-dextrin cavity, shifting the equilibrium
toward colourless forms [16].
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4. ANTHOCYANINS IN SEPARATION TECHNOLOGIES

The increasing number of investigation published in this area highlights unyielding
interests in the application of microwave, ultrasound and colloid gas aphron technologies
in the colour-making process. Therefore, the main objective of this part is to summariz-
ing review the current state-of-the-art of the application of microwave, ultrasound and
colloid gas aphron to accelerate natural colorant production.

4.1. Microwave

Microwave energy is a non-ionizing electromagnetic radiation with frequencies
in the range of 300 MHz to 300 GHz. They lie in the electromagnetic spectrum between
infrared waves and radio waves with wavelengths between 0.01 and 1 m. Commercial
microwave ovens approved for domestic applications operate at a frequency of 2.45 GHz
to avoid interference with telecommunication and cellular phone frequencies [30, 31].
Typical bands approved for industrial, science, medicine and instrumentation (ISMI)
applications are 915 MHz and 2.45 GHz, which correspond to wavelengths of 33.5 and
12.2 cm, respectively. These frequencies were chosen by international agreement
to minimize the interference with communication services [32]. In the past 20 years [33],
the microwave oven has become an essential appliance in most kitchens. Faster cooking
times and energy savings over conventional cooking methods are the primary benefits.
Although the use of microwaves for cooking food is widespread, the application of this
technology to the industrial, science, medicine and instrumentation (ISMI) is a relatively
new development. The use of microwave energy for processing materials has the poten-
tial to offer similar advantages in reduced processing times and energy savings. For this
reason, microwave energy is today seeing an exponential increase in acceptance as
a technique used to enhance extraction of bioactive compounds. Growing numbers of
investigators are adopting microwave extraction as a means to accelerate desorption
of high added value compounds from cells and increase their productivity. Microwave
heating has gained popularity in green extraction due to its ability to achieve high heating
rates, significant reduction in extraction time, more uniform heating, safe handling, ease
of operation and low maintenance. Scientists now have access to microwave systems
designed for laboratory applications. Advances in microwave technology have allowed
the design and development of systems specifically for extraction applications, well
beyond what the early investigators envisaged [34].

Energy associated with microwaves is lower than the energy of Brownian motion
which is not strong enough to even break chemical bonds as such microwaves cannot
induce chemical reactions. The influence of microwave energy on chemical or bio-
chemical reactions is both thermal and non-thermal. Within the frequency domain of
microwaves and hyper-frequencies (300 MHz — 300 GHz), the corresponding energies
are 1.24 x 10°° — 1.24 107 eV, respectively. These energies are much lower than
ionization energies of biological compounds (13,6 eV), of covalent bond energies such
as OH (5 eV), hydrogen bonds (2 eV), van der Waals intermolecular interactions (lower
than 2 eV) and even lower than the energy associated with Brownian motion at 37 °C
(2,7.107 eV) [35]. Microwaves, as an energy source, produce heat by their interaction
with the materials at molecular level without altering the molecular structure.
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4.1.1. Microwave role in anthocyanins extraction

The application of microwave assisted extraction (MAE) technology in bioactive
extraction has attracted large interest in the last decade not only as a new non-thermal
preservation technology but it offers a number of other useful applications in the food
industry improvement of intracellular colorant extraction.

The first step for analysis and exploitation of colorant constituents is their extraction
from the cellular matrix. Efficient extraction methods should maximize anthocyanins
recovery with minimal amount of adjuncts and minimal degradation or alteration of its
natural state. Currently, anthocyanins/colorant production processes are based on either
conventional or recent methods. Commonly used methods are: conventional solvent
extraction [36, 37], supercritical heating [38—41], ultrasound [42, 43], microwave [44,
45]. Among these methods, the state of the art in these fields has shown that microwave
radiation could accelerate the extracting process improving anthocyanins compounds
extraction. Microwave is attractive because it allows for rapid heating of aqueous samples
and presents advantages over conventional extraction techniques, such as improved
efficiency, reduced extraction time, lower solvent consumption, higher selectivity toward
target molecules and higher level of automation [46].

As shown in Table 4, most of irradiation processes led to a preservation of stability
of the anthocyanins.

Table 4
List of microwave assisted extraction studies from the literature
on various food anthocyanin components
Product / Microwave Process Processing Performance References
anthocyanins conditions
Prunuscerasus | Microwave reactor |40 mL of 0.1% Lower temperature and shorter | Elez Garofuli¢,

HCI in 80% metha-
nol, temperature

var. Marasca (Milestone Start S

Microwave Labsta-

time of exposure is more
convenient for anthocyanins

Dragovi¢-Uzelac,
Rezek Jambrak,

tion for Synthesis, (60 °C), time (6— | extraction and Juki¢ (2013)
Italy) 9 min) and 400 W
blueberry Advanced Micro- 34 mL of ethanol | Increase to achieve the highest | Zheng et al.
wave Digestion concentration (v/v) | anthocyanin extraction rate (2013)
System (Ethos1, of 55.5%, time of 73.73%
Milestone Inc., Italy) | (7 min) and tempe-
rature (47 °C)
grape peel Microwave reactor |20 mL water acidi- | Anthocyanins yield was more Y. Lietal. (2012)

fied 0.79 mol/L
citric acid, energy
density: 32 W/mL,
and time: 50 s.

sensitive to high energy density
and microwave power

workstation (Model
MAS-II, SINEO
Microwave Chemistry
Technology Co Ltd.,
Shanghai, China)

extractor (Milestone,
Shelton, CT, USA)

of 5 min, tempera-
ture of 100 °C and
500 W

25 mL volume).

Quantify in the samples the com-
pounds malvidin 3-coumaroyl-
glucoside (cis), malvidin 3-caffe-
oylglucoside, petunidin 3-p-cou-
maroylglucoside with MAE which
do not reach the quantification
limit using the classical method

purple corn Microwave extractor | 20 mL of 1.5 M The highest total anthocyainins | Yang & Zhai
(Zeamays L.) |(Model NJLO7-3, HCI — 95% etha- | content (185.1 mg/100 g, 98.85%) | (2010)
Jiequan microwave | nol, time of 19 min, | obtained at short time.
equipment Co., Ltd., | and a microwave | MAE was highly efficient and
Nanjing, China) power of 555 W | rapid in extracting anthocyanins
in comparison with the conven-
tional solvent extraction
grape skins Microwaves Ethos |25 mL of 40% 12% decreasing of anthocyanins | Liazid et al.
1600 microwave methanol, time content (100 °C than 75 °C with | (2011)
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Table 4 (continued)
Product / Microwave Process Processing Performance References
anthocyanins conditions
Sweet cherries | A Milestone Micro Solvent-free Reduction in extraction time Grigoras,
SYNTH microwave (45 s). Destandau,
oven (Milestone, Zubrzycki, &
Sorisole, Italy) Elfakir (2012)
Rosmarinus Modified domestic | 70% ethanol 2 times increase of the antho- | Svarc-Gajié et al.
officinalis microwave oven 1% acetic acid, cyanis content extracted by (2013)
(LG Electronics) 2 extraction cycles | microwave compared to ultra-
lasting 5 min and | sound method
320 W
grape juice Microwave hydro- 20 min at atmo- Stability of anthocyanins Al Bittar, Périno-
diffusion and gravity, | spheric pressure | content during extraction Issartier,
Milestone EOS-G and at a power Dangles, &
microwave laboratory | density of 1 W/g Chemat (2013)
oven (Sorisole without solvent
Bergamo, ltaly)

4.1.2. Ultrasound based anthocyanins colorant

The number of papers published in the last decades related with this topic has
suffered an exponential increase. It was reported that an ultrasonic extraction method
could increase the recovery and purity of bioactive compounds extracted from different
tissues.

Intensification of extraction efficiency using ultrasounds has been attributed to the
propagation of ultrasound pressure waves through the solvent and resulting cavitation
phenomena. The controlling mechanism of UAE is generally attributed to mechanical,
cavitation, and thermal effects which can result in disruption of cell walls, particle size
reduction, and enhanced mass transfer across cell membranes. The implosion of cavi-
tation bubbles generates micro-turbulence, high-velocity inter-particle collisions and
perturbation on particles of the matrix which accelerates the eddy diffusion and internal
diffusion [53]. Due to limited “space” for the bubbles to expand, most of the bubbles
collapse asymmetrically in the vessels, resulting in significant liquid circulation currents
coupled with intense turbulence. Also cavitation on the surface of the source material
causes impingement by micro-jets resulting in surface peeling, erosion and particle
breakdown [54, 55]. The dominant mechanical effects of ultrasounds are well evident
from scanning electron microscopy of the extracted samples as reported for specific cases
of basil for extraction of essential oil. It has been reported that micro fractures appeared
in the basil tissue after application of ultrasound and the surface morphology of basil
tissue changed giving more porous nature [56]. Similar results were obtained for oil
extraction from autoclaved almond powder and extraction of gingerols from ginger [53].

Ultrasound, as relatively low-cost, non-hazardous and environmental friendly
technology, is commonly utilized in food industry [57, 58]. Studies have been conducted
on the use of ultrasound as a simple and rapid extraction method for the anthocyanins
colour pigment. The advantages of using over other extraction techniques are higher
reproducibility and possibility of simultaneous extraction of several samples, which
makes the ultrasonic-assisted extraction an interesting alternative for the analysis of
the anthocyanins colour compounds.
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France)

ter—citric acid
(0.01 N) or metha-
nol—water acidified
with HCI, ratio liquid-
to-solid (100 : 1),
for 1 h and power
of 150 W

acid-water.

More stability of anthocyanins

in water acidified than less polar
solvent (methanol)

Table 5
List of ultrasound assisted extraction studies from the literature
on various food anthocyanin components
Product / Ultrasoun Process Processing Performance References
anthocyanins conditions
blackberry Rectangular ultrasonic | Absolute ethanol | Increase of 5.3—6.3% of anthocy- | Ivanovic
cultivar “Ca” cleaner bath (Bandelin | with 0.01% (v/v) of | anins content (15—30 min etal. (2014)
canska “Be- | Sonorex RK 52, BAN- |HCI (solvent-to- |Increase of anthocyanins content
strna” DELON electronic, solid ratio of with increasing of temperature from
35 kHz, 60 W, volume |2.5 ml/g of the room at 40 °C.
of 1.8 L, internal purée at for Increase of the antioxidant activity
dimensions: 150 mm x | 15 min or 30 min | with sonication time and temperature.
140 mm x 100 mm) at 25 °C and Increase of cyanidin content with
with a useful 40 °C increasing a sonication and tem-
perature
wine lees An ultrasonic bath 60 mL of Ethanol | High stability of total anthocyanins, | Tao et al.
system (MC300, Elma |51.5%, 36.3 min monomeric anthocyanins and poly- | (2014)
Hans Schmidbauer at 59.9 °C meric anthocyanins at 4 °C.
GmbH & Co. KG, Less stability of total anthocyanins,
Singen, Germany) monomeric anthocyanins and
polymeric anthocyanins at 20 °C
Jussara pulp | Ultrasonic cleaning Different ethanol Increase of anthocyanins from 7.12 | Vieira,
(Euterpe bath (USC-2800-A concentrations (0, |to 15.72 mg anthocyanin/g dry pulp | Cavalcanti,
edulis) model, Thorton, Sédo 30, 50, 70 and 90) | with time increasing (5 to 20min). | Meireles,
Paulo, Brazil) and adjust to a pH | Increase of the antioxidant activities | & Hubinger
of 3.0 with 0.35%. |(FRAP and DPPH). (2013)
Citric acid (w/v), Use of a 30—70% (v/v) ethanol
temperature (25, 35, | solution promoted the biggest
45 and 55) and anthocyanin yields.
ratio lig/sol of 5, 10, | The anthocyanins are not sensitive
15, 20, 25 and 30 |to heat tested 15 mL/g pulp is the
best for anthocyanins extraction
Aronia mela- | Ultrasounds generator | Ethanol—water Increase of extraction yields using | Galvan
nocarpa (SinapTec, France) (25—50%), ratio | 50% ethanol were about 3-fold D’Alessandr
(black choke- liquid-to-solid higher than aqueous extractions. | o, Dimitrov,
berry) wastes (40:1), Tempera- | Anthocyanins are not stable at high | Vauchel,
ture at 20, 45 and | temperatures. & Nikov
70 °C, frequency of | Decrease of the anthocyanins
30.8 kHz and power | at 20 °C.
of 50 or 100 W and | Yields of 90% of the extractable
time of 5, 10, 15, 25, | anthocyanins under 70 °C, 34%
45, 60, 120, 180 |ethanol, 17 min and 100 W
and 240 min
red raspberry | A 400 W capacity batch | 50% output power, | 12.6% at 20 kHz increase. Golmoha-
puree sonication system (Bran- | 20 kHz, time of 0, | Maximum increase of anthocyanins | madi et al.
son Sonifier, S-450A, |10, 20, 30 min. yield (40 °C, 20 min). (2013)
Danbury, CT) with Time saving of ultrasound methods
a 7 cm vibrating titanium compared to conventional tech-
tip with the probe niques.
immersed half way in
the liquid.
Custom-made ultra- [ 490 and 986 kHz, |6.7% at 490 kHz after 10 min soni-
sound generator time of 0, 10, 20, | cation increase
(APC-841, American 30 min
Piezo Ceramics,
Mackeyville, PA)
Delonixregia | PEX 3 Sonifier Water—sulphuric | More stability of total anthocyanins in | Adjé et al.
tree flowers (R.E.U.S., Contes, (0.01 N), acid, wa- | citric acidified-water than sulphuric | (2010)
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0.44t00.48s™",
amplitude from 10
to 14%

Table 5 (continued)
Product / Ultrasoun Process Processing Performance References
anthocyanins conditions
Red grape A 1500 W ultrasonic 80 mL water at 32 | Stability of cyanidin-3-O-glucosides | Tiwari,
Juice processor (VC 1500, to 45 °C, Amplitude | (97.5%), malvanidin-3-O-glucosides | Patras,
Sonics and Materials | level (24.4—61 um), | (48.2%) and delphinidin-3-O-glucosi- | Brunton,
Inc., Newtown, USA) |time (2—10 min) | des (80.9%) during sonication. Cullen, &
and pulse durations | Significant effects of sonication colour | O’Donnell
of 5s on and 5 s off | values and colour index (Cl) (2010)
Jabuticaba ultrasonicator bath 10 mL ethanol Ultrasound method resulted higher | Veggi,
(Myrciaria 40 kHz (81 W) (model |99.5% at room extraction efficiency than agitated | Santos, &
cauliflora) T 1440, Thornton, Sao | temperature for bed technique and soxhlet Meireles
skins Paulo, Brazil) 2 hours (2011)
Canna indica | The ultrasound chamber | 50 ml 0.1% HCI Efficiency of ultrasonication method | Srivastava
flower (35 kHz, JULABO, (v/v) in methanol | to extracting the anthocyanins. & Vankar
USR3) for 2 h at room Stability of total anthocyanins content. | (2010)
temperature Increase of the antioxidant activity
fruit pulp of Unique 1400A ultrasonic | Methanol/1.5 M Stability of total anthocyanins Borges,
Euterpe edulis | bath (Unique, Sdo Paulo, | HCI, solid to liquid | extracted during ultrasonication Vieira,
Brazil) ratio (1 : 30) and Copetti,
(1 : 50) and extrac- Gonzaga, &
tion time of 24 h Fett (2011)
Nephelium Ultrasonic bath (Power | Water 18.6 : 1 mL/g, | Stability of anthocyanins content Prakash
lappaceum L. | sonic, Korea) equipped | 50 °C, ultrasound | (30 to 50 °C). Maran,
fruit peel with digital sonication | power of 20 W, Increase of anthocyanins with Manikandan,
power, time and tem- | time of 20 min solvent-to-solid ratio from 1: 10 to | Vigna
perature controller with 1:20 (g/ml). Nivetha, &
a useful volume of 10 L Adequacy of ultrasonication method | Dinesh
(internal dimensions: for anthocyanins extraction
3024 -15cm)
Grapes Ultrasonic UP200S Water—ethanol High recovery of anthocyanins Carrera,
sonifier (200W, 24 kHz) | acidified (50 : 50) | obtained with ultrasound at 6 min. | Ruiz-Rodri-
(Hielscher Ultrasonics, | (HCI, pH: 2.0), (0— | Anthocyanins more sensitive to guez, Paima,
Teltow, Germany) 75 °C), output am- | ultrasonication time. & Barroso
plitude (20, 50 and | Increase and high stability of antho- | (2012)
100%), duty cycle |cyanins 10 °C.
(0.2 s,0.6 sand |Decrease of anthocyanins at 30—
1s), the quantity of | 40 °C
sample (0.5—2 g)
and the extraction
time (3—15 min)
Garcinia UP 200S from Dr. Water-to-powder | Stability of total anthocyanins. Nayak &
indica Hielscher GmbH ratio 10 (v/g), 35 min, | Increase of antioxidant activity with | Rastogi
(Teltow, Germany) cycle ranging from | ultrasound irradiation (2013)

4.1.3. Micellar effect (Colloidal Gaz Aphron)

In these last years, considerable interest in replacing synthetic colorants with natural
pigments as like anthocyanins has developed, nevertheless the main problem related to
their utilisation is the very low stability in aqueous media at pH values above 2.0 [69, 70].

Nowadays, only a few researches have been made to verify the ability of micellar
systems to stabilise anthocyanins compounds. Micellar solutions are widely used as host
systems for synthetic and natural organic compounds and basically three differently
charged surfactants can be used to produce micelles, anionic, cationic and non-ionic.
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The outer surface of the micro bubble may be positively charged, negatively charged or
neutral, to which oppositely charged or non-charged molecules will adsorb, resulting
in their effective separation from the bulk liquid, and consequently the selectivity of
adsorption can be controlled [71]. The use of surfactant-based methods for the treatment
of aqueous streams and solid matrices to remove organic and inorganic contaminants,
and for the recovery of natural pigment products, are promising new areas of great
environmental and technological importance. In particular, colloidal gas aphrons (CGA)
are surfactant-stabilized microbubbles (10—100 um) generated by intense stirring of
a surfactant solution at high speeds (> 8.000 rpm). They were firstly postulated by
Sebba (1987) to consist of a microbubble encapsulated in a thin aqueous film (“soapy
shell”). CGA have been used for many separation processes of bio-products such as
protein, enzyme, carotenoids and dyes recovery [72]. The most striking feature of CGA
is their stability, which lets them generated externally to their point of use, and then to be
transported by pumping. Generally, the stability of aqueous foam is determined by two
different phenomena: the rate at which liquid drains from foam, and the rate at which
the body of the foam breaks down. In the case of CGA, there is no perceptible breakdown
of the microbubble until the great majority of the liquid has drained. Spigno et al. (2010),
first put forward a recovery of gallic acid with colloidal gas aphrons generated from
a cationic surfactant to explain the possibility of CGA to separate the gallic acid from
aqueous solution [71].

Dahmounea et al. (2013) demonstrated that an equilibrium colour stabilization
of extract rich in anthocyanins occurred in micellar solution of non-ionic surfactant
Tween 20 [46]. It was hypothesized that the presence a surfactant could increase
the stability of natural pigment (anthocyanins) (Fig. 10). Further research is also required
to get an insight into the type and stability of the molecular association between
the phenolic compounds and the surfactants.

Fig. 10. Picture of agglomerates formed in the aphron phase recovered
from the separation trials carried out with undiluted extract [46]
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5. SUMMARY

Anthocyanins are the most noticeable group among coloured flavonoids, widely
existing in the roots, stems and leaves as well as flowers and fruits of the vascular plants.
They have a high potential for use as natural colorants instead of synthetic pigments
because of their attractive colour and pharmacological properties. Considerable studies
have been done on the effects of the most important chemical and physical factors
involved in the stability of anthocyanins (temperature, light, pH, SO,, metal, sugar,
ascorbic acid and oxygen), their concentrations, chemical structures, and matrix food
compositions. Furthermore, the effects of separation technologies including microwave/
ultrasound assisted extraction (MAE, UAE), and Colloidal GazAphron (CGA) fractiona-
tion on the stability of anthocyanins are reviewed.

REFERENCES

1. Pifferi PG, Cultrera R. Enzymatic degradation of anthocyanins: the role of sweet cherry
polyphenol oxidase. Journal of Food Science. 1974; 39(4):786—791. Available from: doi:
10.1111/5.1365-2621.1974.tb17980.x.

2. Rustioni L, Di Meo F, Guillaume M., Failla O, Trouillas P. Tuning color variation in grape
anthocyanins at the molecular scale. Food Chemistry. 2013; 141(4):4349—4357. Available from:
doi: 10.1016/j.foodchem.2013.07.006

3. Sari P, Wijaya CH, Sajuthi D, Supratman U. Colour properties, stability, and free radical
scavenging activity of jambolan (Syzygium cumini) fruit anthocyanins in a beverage model
system: Natural and copigmented anthocyanins. Food Chemistry. (2012); 132(4):1908—1914.
Available from: doi: 10.1016/j.foodchem.2011.12.025

4. Simodes C, Brasil CHB, da Silva Cordeiro L, de Castro TC, Coutada LCM, da Silva AJR,
Albarello N, Mansur E. Anthocyanin production in callus cultures of Cleome rosea:
Modulation by culture conditions and characterization of pigments by means of HPLC-
DAD/ESIMS. Plant Physiology and Biochemistry. 2009; 47(10):895—903. Available from:
doi: 10.1016/j.plaphy.2009.06.005.

5. Reque PM, Steffens RS, Jablonski A, Flores SH, Rios ADO, de Jong EV. Cold storage of
blueberry (Vaccinium spp.) fruits and juice: Anthocyanin stability and antioxidant activity.
Journal of Food Composition and Analysis. 2014; 33(1):111—116. Available from: doi:
10.1016/j.jfca.2013.11.007.

6. Hellstrom J, Mattila P, Karjalainen R. Stability of anthocyanins in berry juices stored at different
temperatures. Journal of Food Composition and Analysis. 2013; 31(1):12—19. Available from:
doi: 10.1016/j.jfca.2013.02.010

7. Tiwari BK, O'Donnell CP, Cullen PJ. Effect of non thermal processing technologies on the
anthocyanin content of fruit juices. Trends in Food Science & Technology. 2009; 20(3—4):137—
145. Available from: doi: 10.1016/j.tifs.2009.01.058.

8. Dahmoune F, Madani K, Jauregi P, De Faveri DM, Spigno G. Fractionation of a red grape
marc extract by colloidal gas aphrons. Chemical Engineering. 2013; 32. Available from: doi:
10.3303/CET1332318.

9. Wrolstad RE, Durst RW, Lee J. Tracking color and pigment changes in anthocyanin products.
Trends in Food Science & Technology. 2005; 16(9): 423—428. Available from: doi:
10.1016/j.tifs.2005.03.019.

10. Soliva-Fortuny R, Balasa A, Knorr D, Martin-Belloso O. Effects of pulsed electric fields
on bioactive compounds in foods: a review. Trends in Food Science & Technology. 2009;
20(11—12):544—556. Available from: doi: 10.1016/j.tifs.2009.07.003.

VETERINARY SANITARY EXPERTISE 281



Remini H. u np. Becmuux PY/{H. Cepusa: AT POHOMUA 1 >KUBOTHOBO/ZCTBO. 2018. T. 13. Ne 4. C. 257—286

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

282

Zhang HF, Yang XH, Wang Y. Microwave assisted extraction of secondary metabolites from
plants: Current status and future directions. Trends in Food Science & Technology. 2011,
22(12):672—688. Available from: doi: 10.1016/j.tifs.2011.07.003.

Van Duynhoven JPM, Van Velzen EJJ, Westerhuis JA, Foltz M, Jacobs DM, Smilde AK.
Nutrikinetics: Concept, technologies, applications, perspectives. Trends in Food Science &
Technology. 2012; 26(1):4—13. Available from: doi: 10.1016/.tifs.2012.01.004.

Andersen UM, Jordheim M. The anthocyanins. In: Andersen @M, Markham KR. (eds.) Chemistry,
biochemistry and applications. 2nd ed. Boca Raton, FL: CRC Press; 2006. p. 452—471.
Chandrapala J, Oliver C, Kentish S, Ashokkumar M. Ultrasonics in food processing — Food
quality assurance and food safety. Trends in Food Science & Technology. 2012; 26(2):88—98.
Available from: doi: 10.1016/j.tifs.2012.01.010.

Huang HW, Hsu CP, Yang BB, Wang CY. Advances in the extraction of natural ingredients
by high pressure extraction technology. Trends in Food Science & Technology. 2013; 33(1):54—
62. Available from: doi: 10.1016/j.tifs.2013.07.001.

Troise AD, Fogliano V. Reactants encapsulation and Maillard reaction. Trends in Food Science
& Technology. 2013; 33(1):63—74. Available from: doi: 10.1016/].tifs.2013.07.002.

Mateus N, De Freitas V. Anthocyanins as food colorants. In: Gould K, Davies K, Winefield C.
(eds.) Anthocyanins: Biosyntheis, Functions, and Applications. New York: Springer; 2009.
p. 238—304.

Skrede C, Wrolstad RE. Flavonoids from berries and grapes. In: Shi J, Mazza G, Le Maguer M,
and Boca R. (eds.) Functional foods: Biochemical and processing aspects. Boca Raton, Florida:
CRC Press; 2002. 2:71—133.

Ducamp-Collin MN, Lebrun M, Ramarson H, Self G. Anthocyanins and anthocyanin-degrading
enzymes in Kwai May and Wai Chee cultivars of litchis grown in Reunion Island and Spain.
Fruits. 2007; 62(6):353—359. Available from: doi: 10.1051/fruits:2007033.

Lee YK, Khng HP. Natural color additives. In: Branen AL, Davidson PM, Salminen S,
Thorngate III JH. (eds.) Food Science And Technology. New York: Marcel Dekker; 2002.
p. 501—522.

Linden G, Lorient D. New ingredients in food processing: Biochemistry and agriculture. Boca
Raton: CRC Press; 1999. Available from: doi: 10.1201/9781439822760.

Brat P, Tourniaire F, Amiot-Carlin MJ. Stability and Analysis of Phenolic Pigments. In:
Socaciu C. (ed.) Food Colorants, Chemical and functional properties. USA: Taylor & Francis
Group; 2008. p. 71—86.

Andersen UM, Daayf F, Lattanzio V. Recent advances in the field of anthocyanins — Main
focus on structures. In: Daayf F, Lattanzio V. (eds.) Recent advances in polyphenol research.
Singapore: Blackwell Publishing; 2008. 1:167—201.

Gonzalez-Aguilar GA, Ayala-Zavala JF, de la Rosa LA, Alvarez-Parrilla E. Phytochemical
changes in the postharvest and minimal processing of fresh fruits and vegetables. In: de la
Rosa LA, Alvarez-Parrilla E, Gonzalez-Aguilar GA. (eds.) Fruit and vegetable phytochemicals:
chemistry, nutritional value and stability. Singapore: Blackwell Publishing; 2010. p. 309—311.
Giusti MM, Wallace TC. Flavonoids as Natural Pigments. In: Bechtold T, Mussak R. (eds.)
Handbook of Natural Colorants. Chichester, West Sussex, UK: John Wiley & Sons; 2009.
p. 255—275.

Ribéreau-Gayon P, Glories Y, Maujean A, Dubourdieu D. Phenolic compounds. In: Ribereau-
Gayon P, Glories Y, Maujean A, Dubourdieu D. (eds.) Handbook of Enology.: The Chemistry
of Wine Stabilization and Treatments. Chichester, West Sussex, UK: John Wiley & Sons; 2006.
p. 141—203.

Vermerris W, Nicholson R. Chemical properties of phenolic compounds. In: Phenolic Compound
Biochemistry. Dordrecht, Netherlands: Springer; 2006. p. 35—62. Available from: doi:
10.1007/978-1-4020-5164-7.

BETEPMHAPHO-CAHUTAPHA I DKCITIEPTU3A



Remini H. et al. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 257—286

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Belitz HD, Grosch W, Schieberle P. Food chemistry. 4th ed. Germany: Springer Berlin
Heidelberg; 2009. doi: 10.1007/978-3-540-69934-7.

Dangles O, Dufour C. Flavonoid-protein binding processes and their potential impact on human
health. In: Daayf F, Lattanzio V. (eds.) Recent advances in polyphenol research. Oxford, UK:
Wiley-Blackwell; 2008. 1:67—387.

Leonelli C, Veronesi P, Cravotto G. Microwave-assisted extraction: an introduction to dielectric
heating. In: Chemat F, Cravotto G. (eds.) Microwave-assisted extraction for bioactive
compounds. Boston, MA: Springer; 2013. p. 1—14. Available from: doi: 10.1007/978-1-4614-
4830-3 1.

Motasemi F, Ani FN. A review on microwave-assisted production of biodiesel. Renew-
able and Sustainable Energy Reviews. 2012; 16(7):4719—4733. Available from: doi:
10.1016/j.rser.2012.03.069.

Chandrasekaran S, Ramanathan S, Basak T. Microwave food processing — A review. Food
Research International. 2013; 52(1):243—261. Available from: doi: 10.1016/j.foodres.2013.02.033.
Sonobe T, Hachiya K, Mitani T, Shinohara N, Ohgaki H. Microwave material processing for
distributed energy system. In: Yao T. (ed.) Zero-Carbon Energy Kyoto 2011. Tokyo: Springer;
2012.p. 111—117. Available from: doi: 10.1007/978-4-431-54067-0_11.

Ballard TS, Mallikarjunan P, Zhou K. Q, O'Keefe S. Microwave-assisted extraction of phenolic
antioxidant compounds from peanut skins. Food Chemistry. 2010; 120(4):1185—1192. Available
from: doi: 10.1016/j.foodchem.2009.11.063.

Gude VG, Patil P, Martinez-Guerra E, Deng S, Nirmalakhandan N. Microwave energy potential
for biodiesel production. Sustainable Chemical Processes. 2013; 1(1):5. Available from: doi:
10.1186/2043-7129-1-5.

Chandrasekhar J, Madhusudhan MC, Raghavarao KSMS. Extraction of anthocyanins from red
cabbage and purification using adsorption. Food and Bioproducts Processing. 2012; 90(4):
615—623. Available from: doi: 10.1016/j.tbp.2012.07.004.

Wu XY, Liang LH, Zou Y, Zhao T, Zhao JL, Li F, Yang LQ. Aqueous two-phase extrac-
tion, identification and antioxidant activity of anthocyanins from mulberry (Morus atro-
purpurea Roxb.). Food Chemistry. 2011; 129(2):443—453. Available from: doi:
10.1016/j.foodchem.2011.04.097.

Paula JT, Paviani LC, Foglio MA, Sousa IMO, Cabral FA. Extraction of anthocyanins
from Arrabidaea chica in fixed bed using CO2 and CO2/ethanol/water mixtures as
solvents. The Journal of Supercritical Fluids. 2013; 81:33—41. Available from: doi:
10.1016/j.supflu.2013.04.009.

Paula JT, Paviani LC, Foglio MA, Sousa IMO, Duarte GHB, Jorge MP, Eberlin MN, Cabral FA.
Extraction of anthocyanins and luteolin from Arrabidaea chica by sequential extraction in fixed
bed using supercritical CO2, ethanol and water as solvents. The Journal of Supercritical Fluids.
2014; 86:100—107. Available from: doi: 10.1016/j.supflu.2013.12.008.

Santos DT, Albarelli JQ, Beppu MM, Meireles MAA. Stabilization of anthocyanin extract
from jabuticaba skins by encapsulation using supercritical CO, as solvent. Food Research
International. 2013; 50(2):617—624. Available from: doi: 10.1016/j.foodres.2011.04.019.
Seabra 1J, Braga MEM, Batista MT, de Sousa HC. Effect of solvent (CO,/ethanol/H,0) on the
fractionated enhanced solvent extraction of anthocyanins from elderberry pomace. The Journal
of Supercritical Fluids. 2010; 54(2):145—152. Available from: doi: 10.1016/j.supflu.2010.05.001.
Adjé F, Lozano YF, Lozano P, Adima A, Chemat F, Gaydou EM. Optimization of anthocyanin,
flavonol and phenolic acid extractions from Delonix regia tree flowers using ultrasound-assisted
water extraction. Industrial Crops and Products. 2010; 32(3):439—444. Available from: doi:
10.1016/j.indcrop.2010.06.011.

Golmohamadi A, Moller G, Powers J, Nindo C. Effect of ultrasound frequency on antioxidant
activity, total phenolic and anthocyanin content of red raspberry puree. Ultrasonics Sonochemistry.
2013; 20(5):1316—1323. Available from: doi: 10.1016/j.ultsonch.2013.01.020.

VETERINARY SANITARY EXPERTISE 283



Remini H. u np. Becmuux PY/{H. Cepusa: AT POHOMUA 1 >KUBOTHOBO/ZCTBO. 2018. T. 13. Ne 4. C. 257—286

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

284

Liazid A, Guerrero RF, Cantos E, Palma M, Barroso CG. Microwave assisted extraction of
anthocyanins from grape skins. Food Chemistry. 2011; 124(3):1238—1243. Available from:
doi: 10.1016/j.foodchem.2010.07.053.

Yang Z, Zhai W. Optimization of microwave-assisted extraction of anthocyanins from purple
corn (Zea mays L.) cob and identification with HPLC—MS. Innovative Food Science &
Emerging Technologies. 2010; 11(3):470—476. Available from: doi: 10.1016/j.ifset.2010.03.003.
Dahmoune F, Boulekbache L, Moussi K, Aoun O, Spigno G, Madani K. (2013). Valorization
of Citrus limon residues for the recovery of antioxidants: Evaluation and optimization of micro-
wave and ultrasound application to solvent extraction. Industrial Crops and Products.
50:77—87. Available from: doi: 10.1016/j.indcrop.2013.07.013.

Garofuli¢ IE, Dragovi¢-Uzelac V, Jambrak AR, Juki¢ M. The effect of microwave assisted
extraction on the isolation of anthocyanins and phenolic acids from sour cherry Marasca (Prunus
cerasus var. Marasca). Journal of Food Engineering. 2013; 117(4):437—442. Available from:
doi: 10.1016/j.jfoodeng.2012.12.043.

Zheng X, Xu X, Liu C, Sun Y, Lin Z, Liu H. Extraction characteristics and optimal
parameters of anthocyanin from blueberry powder under microwave-assisted extraction
conditions. Separation and Purification Technology. 2013; 104:17—25. Available from:
doi: 10.1016/j.seppur.2012.11.011.

LiY,Han L, Ma R, Xu X, Zhao C, Wang Z, Chen F, Hu X. Effect of energy density and citric
acid concentration on anthocyanins yield and solution temperature of grape peel in microwave-
assisted extraction process. Journal of Food Engineering. 2012; 109(2):274—280. Available
from: doi: 10.1016/j.jfoodeng.2011.09.021.

Grigoras CG, Destandau E, Zubrzycki S, Elfakir C. Sweet cherries anthocyanins: An envi-
ronmental friendly extraction and purification method. Separation and Purification Technology.
2012; 100:51—58. Available from: doi: 10.1016/j.seppur.2012.08.032.

Svarc-Gaji¢ J, Stojanovié Z, Carretero AS, Roméan DA, Borrés I, Vasiljevié¢ I. Development
of a microwave-assisted extraction for the analysis of phenolic compounds from Rosmarinus
officinalis. Journal of Food Engineering. 2013; 119(3):525—532. Available from: doi:
10.1016/j.jfoodeng.2013.06.030.

Al Bittar S, Périno-Issartier S, Dangles O, Chemat F. An innovative grape juice enriched
in polyphenols by microwave-assisted extraction. Food Chemistry. 2013; 141(3):3268—3272.
Available from: doi: 10.1016/j.foodchem.2013.05.134.

Shirsath SR, Sonawane SH, Gogate PR. Intensification of extraction of natural products using
ultrasonic irradiations — A review of current status. Chemical Engineering and Processing:
Process Intensification. 2012; 53:10—23. Available from: doi: 10.1016/j.cep.2012.01.003.
Chandrapala J, Oliver C, Kentish S, Ashokkumar M. Ultrasonics in food processing. Ultrasonics
Sonochemistry. 2012; 19(5):975—983. Available from: doi: 10.1016/j.ultsonch.2012.01.010.
Paniwnyk L, Cai H, Albu S, Mason TJ, Cole R. The enhancement and scale up of the extraction
of anti-oxidants from Rosmarinus officinalis using ultrasound. Ultrasonics Sonochemistry. 2009;
16(2):287—292. Available from: doi: 10.1016/j.ultsonch.2008.06.007.

Chemat F, Khan MK. Applications of ultrasound in food technology: processing, preservation
and extraction. Ultrasonics Sonochemistry. 2011; 18(4):813—835. Available from: doi:
10.1016/j.ultsonch.2010.11.023.

Tao Y, Garcia JF, Sun DW. Advances in wine aging technologies for enhancing wine quality
and accelerating wine aging process. Critical Reviews in Food Science and Nutrition. 2013;
54(6):817—=835. Available from: doi: 10.1080/10408398.2011.609949.

Tao Y, Wu D, Zhang QA, Sun DW. Ultrasound-assisted extraction of phenolics from wine
lees: Modeling, optimization and stability of extracts during storage. Ultrasonics Sonochemistry.
2014; 21(2):706—715. Available from: doi: 10.1016/j.ultsonch.2013.09.005.

BETEPMHAPHO-CAHUTAPHA I DKCITIEPTU3A



Remini H. et al. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 257—286

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Ivanovic J, Tadic V, Dimitrijevic S, Stamenic M, Petrovic S, Zizovic I. Antioxidant
properties of the anthocyanin-containing ultrasonic extract from blackberry cultivar
“Caganska Bestrna”. Industrial Crops and Products. 2014; 53:274—281. Available from:
doi: 10.1016/j.indcrop.2013.12.048.

Vieira GS, Cavalcanti RN, Meireles MAA, Hubinger MD. Chemical and economic evaluation
of natural antioxidant extracts obtained by ultrasound-assisted and agitated bed extraction from
jussara pulp (Euterpe edulis). Journal of Food Engineering. 2013; 119(2):196—204. Available
from: doi: 10.1016/j.jfoodeng.2013.05.030.

D’Alessandro LG, Dimitrov K, Vauchel P, Nikov 1. Kinetics of ultrasound assisted extraction
of anthocyanins from Aronia melanocarpa (black chokeberry) wastes. Chemical Engineering
Research and Design. 2014; 92(10):1818—1826. Available from: doi: 10.1016/j.cherd.2013.11.020.
Tiwari BK, Patras A, Brunton N, Cullen PJ, O’Donnell CP. Effect of ultrasound processing
on anthocyanins and color of red grape juice. Ultrasonics Sonochemistry. 2010; 17(3):598—604.
Available from: doi: 10.1016/j.ultsonch.2009.10.009.

Veggi PC, Santos DT, Meireles MAA. Anthocyanin extraction from Jabuticaba (Myrciaria
cauliflora) skins by different techniques: economic evaluation. Procedia Food Science. (2011).
1:1725—1731. Available from: doi: 10.1016/j.prof00.2011.09.254.

Srivastava J, Vankar PS. Canna indica flower: New source of anthocyanins. Plant Physiology
and Biochemistry. 2010; 48(12):1015—1019. Available from: doi: 10.1016/j.plaphy.2010.08.011.
Borges GDSC, Vieira FGK., Copetti C, Gonzaga LV, Fett R. Optimization of the extraction
of flavanols and anthocyanins from the fruit pulp of Euterpe edulis using the response
surface methodology. Food Research International. 2011; 44(3):708—715. Available from:
doi: 10.1016/j.foodres.2010.12.025.

Maran JP, Manikandan S, Nivetha CV, Dinesh R. Ultrasound assisted extraction of bioactive
compounds from Nephelium lappaceum L. fruit peel using central composite face centered
response surface design. Arabian Journal of Chemistry. 2017; 10:S1145—S1157. Available
from: doi: 10.1016/j.arabjc.2013.02.007.

Carrera C, Ruiz-Rodriguez A, Palma M, Barroso CG. Ultrasound assisted extraction of phenolic
compounds from grapes. Analytica Chimica Acta. 2012; 732:100—104. Available from: doi:
10.1016/j.aca.2011.11.032.

Nayak CA, Rastogi NK. Optimization of solid—Iliquid extraction of phytochemicals from
Garcinia indica Choisy by response surface methodology. Food Research International. 2013;
50(2):550—556. Available from: doi: 10.1016/j.foodres.2011.02.033.

Hurtado NH, Morales AL, Gonzalez-Miret ML, Escudero-Gilete ML, Heredia FJ. Colour,
pH stability and antioxidant activity of anthocyanin rutinosides isolated from tamarillo fruit
(Solanum betaceum Cav.). Food Chemistry. 2009; 117(1):88—93. Available from: doi:
10.1016/j.foodchem.2009.03.081.

Li J, Li XD, Zhang Y, Zheng ZD, Qu ZY, Liu M, Zhu SH, Liu S, Wang M, Qu L.
Identification and thermal stability of purple-fleshed sweet potato anthocyanins in aqueous
solutions with various pH values and fruit juices. Food Chemistry. 2013; 136(3—4):1429—
1434. Available from: doi: 10.1016/j.foodchem.2012.09.054.

Spigno GIORGIA, Dermiki M, Pastori CHIARA, Casanova F, Jauregi P. Recovery of gallic
acid with colloidal gas aphrons generated from a cationic surfactant. Separation and Purification
Technology. 2010; 71(1):56—62. Available from: doi: 10.1016/j.seppur.2009.11.002.
Dermiki M, Gordon MH, Jauregi P. Recovery of astaxanthin using colloidal gas aphrons (CGA):
A mechanistic study. Separation and Purification Technology. 2009; 65(1):54—64. Available
from: doi: 10.1016/j.seppur.2007.12.023.

Leonelli C, Veronesi P, Cravotto G. Microwave-assisted extraction: An introduction to dielectric
heating. In: Chemat F, Cravotto G. (eds.) Microwave-assisted Extraction for Bioactive Compounds.
Boston, MA: Springer; 2013. p. 1—14. Available from: doi: 10.1007/978-1-4614-4830-3 1.

VETERINARY SANITARY EXPERTISE 285



Remini H. u np. Becmuux PY/{H. Cepusa: AT POHOMUA 1 >KUBOTHOBO/ZCTBO. 2018. T. 13. Ne 4. C. 257—286

INFORMATION ABOUT AUTHORS
Remini Hocine — Laboratoire de Biomathématique, Biophysique, Biochimie, et Scientométrie, Faculté
des Sciences de la Nature et de la Vie, Université de Bejaia. E-mail: hocine.remini@univ-bejaia.dz

Dahmoune Farid — Laboratoire de Biomathématique, Biophysique, Biochimie, et Scientométrie,
Faculté des Sciences de la Nature et de la Vie, Université de Bejaia. Département de Biologie,
Faculté des Sciences de la Nature et de la Vie et des Sciences de la Terre, Université de Bouira.
E-mail: farid.dahmoune@univ-bejaia.dz

Sahraoui Yasmine — Laboratoire de Biomathématique, Biophysique, Biochimie, et Scientométrie,
Faculté des Sciences de la Nature et de la Vie, Université de Bejaia. Département de Biologie, Faculté
des Sciences, Université de Boumerdes.

Madani Khodir — Laboratoire de Biomathématique, Biophysique, Biochimie, et Scientométrie, Faculté
des Sciences de la Nature et de la Vie, Université de Bejaia. E-mail: khodir.madani@univ-bejaia.dz

For citation:

Remini H, Dahmoune F, Sahraoui Y, Madani K., Kapranov V.N., Kiselev E.F. Recent advances
on stability of anthocyanins. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 257—
286. doi: 10.22363/2312-797X-2018-13-4-257-286.

DOI: 10.22363/2312-797X-2018-13-4-257-286

NCTOYHUKU, BINAIOLLUE HA CTABUJIbHOCTDb
AHTOLUMAHOB

H. Remini'?, F. Dahmoune'?, Y. Sahraoui'”, K. Madani',
V.N. Kapranov*, E.F. Kiselev*

"University of Bejaia, Bejaia, 06000, Algeria
*University of Bouira, Bouira, 10000, Algeria
*University of Boumerdes, Boumerdes, 35000, Algeria
*GNU Moscow Research Institute of Agriculture “Nemchinovka”
hocine.remini@univ-bejaia.dz

HaumHast ¢ 510Xy HEONMTa HaTypajbHble MUTMEHTHI JOOABISUIUCH B MIPOIYKTHI IIUTAHUS, @ I[BET
TIUIIEBBIX TPOIYKTOB MO-TIPESKHEMY OCTAaeTCs OTHON M3 OCHOBHBIX MPOOJIEM IHUIIEBOM MPOMBIIIIEHHOCTH.
AHTOLMaHUHBI SBIISIOTCS HAHOOJIee 3aMETHOW I'PYIIION Cpe IBETHBIX (PIIaBOHOHMIOB, IIMPOKO IMpPEICTaB-
JICHHBIX B KOPHAX, CTEOJIAX U JIMCTBSX, & TAKXKE [IBETKAX U IUI0JIAX COCYIUCTHIX pacTeHuid. OHK 00s1aiaoT
BBICOKUM ITOTEHIHATIOM IS MCTIONIb30BaHMS B KAUeCTBE HATYPAJBHBIX KPACHUTENE BMECTO CHHTETHIECKHX
MUTMEHTOB M3-3a MX MPUBJICKATEIbHBIX [IBETOBBIX M ()apMaKOJIOIrHYECKUX cBOWCTB. CTaOMIIbHBIC M TIPU-
BJICKATEJIbHBIC 1IBETA SIBIISIOTCS BHICOKOLICHHBIMH aTpUOyTaMH B KOHKYPEHTHOW MHIIEBOW MPOMBIIILICH-
Hoctu. [IpoBeneHs! oOIMpHEIE HCCIeJOBAaHUS BIUSHUS HanOoJiee BaYKHBIX XUMUUECKHX U (PU3NUECKHUX
(haxTOpOB, CBSA3aHHBIX C YCTOWYHMBOCTBIO aHTOIMAHUHOB (Temrieparypa, ceT, pH, SO,, meramibl, caxap,
aCKOpOMHOBAsI KUCJIOTA M KUCIIOPO), X KOHIIEHTPaLUEH, XUMUYECKOH CTPYKTYPOW U COCTaBOM IPOIYKTOB
nmutanus. Kpome Toro, paccMOTpEHO BIIUSIHAE TEXHOJIOTHI pa3lielIeHHs], BKII0Yask MHKPOBOJIHOBOE/YIIbT-
pasBykoBoe uspineuenue (MAE, UAE), u ¢pakunonupoBanue koymousiHoro raza Agpona (CGA)
Ha CTa0MIBHOCTH aHTOIIMAHOB.

KioueBble cjioBa: aHTOLMAHUHBI, CTAOUIIBHOCTD, aCKOpOUHOBas kucinora, MAE (MUKpPOBOJIHOBOE
BcriomorarensHoe m3Biedenue), UAE (ynapTpazBykoBoe BcriomorarensHoe u3Bnedenue), CGA (kosro-
WIHBIH 1a3 A(poH)
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Abstract. The aim of the present work was undertaken to describe three cases of the bPAG concentra-
tion measure by three RIA systems during the post-partum period in non-pregnantcow. Three Holstein-
Friesian cows of mixed age and parity were diagnosed as non-pregnant. Blood samples were removed
from the coccygeal vessel into EDTA-coated tubes. Samples were collected every 2 days during a stabling
period of two months in the absence of males. Plasma was obtained by centrifugation immediately after
collection and was stored at —20 °C until assay. Plasmatic PAG concentration was measured by radioim-
munoassay technique with some modifications. In RIA-780 and RIA-809, there were high peak of PAG
concentration that reached 2.56 ng/ml and 0.89 ng/ml, respectively. These peaks lasted longer than 3 days
(two successive samples were positive). The other RIA systems gave the values of PAG concentrations
below cut-off of pregnancy diagnosis (> 0.8 ng/ml) and remains always non-pregnant. Our data shows
clearly that there is another source of glycoproteins expression (e.g. ovarian) apart from the placenta
in cow. The present study could be a field for future larger studies on the same subject by exploring deeply
other extra structures placental.

Key words: PAG, radioimmunoassay, non-pregnant, cOow

INTRODUCTION

The pregnancy-associated glycoproteins (PAG) constitute a large family of glyco-
proteins specifically expressed in the outer epithelial cell layer (chorion/trophectoderm)
of the placenta in eutherian species [1, 2]. They are members of the aspartic proteinase
(AP) family having high sequence homology to each other as well as with pepsin,
pepsinogen, chymosin, cathepsin D and E and renin [3, 4].

The molecular biology researches estimated that cattle, sheep, and most probably
all ruminants possess many, possibly 100 or more, PAG genes [1, 5]. The investigations
have also demonstrated that different PAG ¢cDNA are not expressed coordinately
throughout pregnancy [1, 6]. Some, for example, are expressed early, others only when
pregnancy progresses.

Radioimmunoassay for PAG detection in serum or plasma samples is currently
used as a specific serological method for pregnancy diagnosis in cattle from days 28 [7]
to 30 [8, 9] after breeding, with a threshold level for pregnancy of 0.8 ng/ml [7].

The present study was undertaken to describe three cases of the bPAG measurement
by different radioimmunoassay systems during the post-partum period in three non-
pregnant cows from condition of stabling period and the absence of males.
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MATERIALS AND METHODS

Three Holstein Friesian cows (N° 7927, 7678 and 5279) of mixed age and parity
were diagnosed as non-pregnant by PAG RIA-497 analysis. These females were checked
by a mean of ultrasonography (Concept/MCV equipped with a 7.5 MHz Linear array,
Dynamic Imaging Limited, Livingston, UK) and rectal exploration by the same
veterinary.

Blood samples (7.5 to 9.0 ml) from non-pregnant females were removed from
the coccygeal vein or artery into EDTA-coated tubes (Sarstedt, Numbrecht, Germany).
Samples were collected every two days for 2 months. Plasma was obtained by cen-
trifugation (1,500 x g for 15 min) immediately after collection and stored at —20 °C
until assay.

As regards the ethical aspects, the experimental procedure was performed
completely in vitro except for blood sampling of the animals, which was performed
according to good veterinary practice.

Bovine PAG 67kDa preparation (boPAGg,; Accession number A61232) was used
as standard and tracer for all assays [10]. The iodination (Na-I'*>, Amersham Pharmacia
Biotech, Uppsala, Sweden) was carried out according to the Chloramine T method [11].

Antisera were raised in rabbits immunized (R#) against different PAG preparations
according to the technique of Vaitukaitiset [12]: R#497 was raised against boPAGg;, [13];
R#780 was raised against ovPAGs,,5, [14]; R#809 was raised against ovPAGs, [15].

The measurement of plasma PAG concentrations was carried out by three distinct
RIA systems (RIA-497, RIA-780 and RIA-809) differing in theantiserum, as described
previously [16]. Briefly, standard and plasma samples (0.1 mL) were diluted respectively
in 0.2 mL and 0.3 mL of Tris-BSA buffer.

The standard curve ranged from 0.2 ng/ml to 25 ng/ml. In order to minimize
nonspecific interference of plasma proteins, 0.1 ml virgin heifer serum was added
to each tube of the standard curve. After the addition of appropriate dilution of antisera
(0.1 ml), the serum samples and the standard tubes were incubated overnight at room
temperature (20—22 °C). The following day, 0.1 ml of I'*-PAG (= 25.000 cpm) was
added and the tubes were incubated for 4 hours at room temperature.

After the tubes had been incubated for 30 min at room temperature with 1.0 ml
the second antibody, a volume 2.0 ml of Tris-BSA buffer was added and the tubes were
centrifuged (20 min at 1,500 X g). The supernatant was aspirated, and a second wash
was done with 3.0 ml of Tris-BSA buffer. After centrifugation (20 min at 1,500 x g),
the tubes were aspirated and the pellet containing the 'I-PAG bound to the antibodies
was counted using a gamma counter (LKB Wallac 126 Multigamma counter, Turku,
Finland).

The minimal detection limit (MDL) calculated for RIA-497, RIA-780 and RIA-809
systems were 0.20 ng/ml, 0.18 ng/ml and 0.16 ng/ml, respectively. Concerning the re-
producibility of the five RIA systems, the intra-assay coefficients of variation RIA-497,
RIA-780 and RIA-809 were 3.5%, 6.1% and 10.6%, respectively. For the inter-assay
coefficient of variation were 6.8%, 14.4% and 20.8%, respectively.
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Assay pregnancy associated glycoprotein concentrations were performed in labora-
tory of endocrinology and animal reproduction in Liege (Faculty of Veterinary Medicine,
University of Liege, Belgium).

Statistical analyses were carried out in STATVIEW (Version 4.55). The PAG con-
centrations measured in the non-pregnant cows were used to calculated mean + SE.

RESULTS AND DISCUSSION

The PAG concentrations (mean £ SE) determined in plasma samples from non-
pregnant (n = 3) during two months of observation are presented in Table 1. In three
cows, mean PAG concentrations measured by RIA-497 remained under the 0.8 ng/ml
threshold used for pregnancy diagnosis (maximal concentrations of 0.57 ng/ml).

Table 1

PAG concentrations (mean £ SE) obtained by three PAG-RIA systems
in three non-pregnant cows during the period observation.
Minimal and maximal values (ng/ml) are indicated in parenthesis

PAG concentration (ng/ml)
RIA-497 RIA-780 RIA-809
Cow 7927 0.20£0.00 0.39+0.06 0.18+£0.02
(n=31) (0.20—0.20) (0.16—2.56) (0.18—0.31)
Cow 5227 0.20+£0.00 0.17+£0.02 0.20+0.04
(n=31) (0.20—0.20) (0.16—0.47) (0.18—0.89)
Cow 7678 0.22+0.03 0.33+£0.25 0.19+£0.01
(n=31) (0.20—0.57) (0.16—1.69) (0.18—0.29)

In RIA-780 and RIA-809, there were high peaks of PAG concentration that reached
2.56 ng/ml and 0.89 ng/ml, respectively. These peaks lasted for duration longer than
3 days in cows 7927 and cow 7678 (Fig. 1 and Fig. 2, respectively). As well, we observed
alone high PAG concentration determined by RIA-809 system above level of positive
(0.89 ng/ml) in cow 5279 (Fig. 3).

PAG (ng/ml)

2.8 - g R|A-497
RIA-780

2,4 1 e RIA-809

2,0 4

1,6

1,2 4

0,8 -

0,4 - A

0,0 : : : ; ; : :

1 5 9 13 17 21 25 29

Observation period (Days)

Fig. 1. Plasma concentrations of PAG (ng/ml) measured by three PAG-RIA systems
during the period post-partum in cow 7927
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Fig. 2. Plasma concentrations of PAG (ng/ml) measured by three PAG-RIA systems
during the period post-partum in cow 7678
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Fig. 3. Plasma concentrations of PAG (ng/ml) measured
by three PAG-RIA systems during the period post-partum in cow 5279

In human and various animal species, a number of hormones and proteins appear
in the maternal circulation by different party of reproduction tracts (e.g. maternal ovary).
Many of these molecules are fetal-placental origin more than of maternal origin [17].

A long time ago, a research team identified a new protein from sera of pregnant
women that was later purified from extracts of full-term placenta [18]. This placental
protein, named pregnancy-specific (SP1), was considered to have no analog in the non-
pregnant adult and to be strictly specific to the placenta. However, further studies have
shown that the glycoprotein is not restricted to placenta or even to pregnant women.

Equal, glycoproteins expressed in the ruminant placenta have been isolated and
characterized during the last three decades: PSPB [19]; Pregnancy-associated glycopro-
teins PAG; (PAG I, bovPAG 1) [10]. Several ovPAG have been purified from 100 Day-
ovine placental [5], as well as from cotyledonary tissue collected between Day 60
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to 100 [15] and after Day 100 of pregnancy [14]. Caprine PAG showed high sequence
identity (from 30 to 81%) with proteins of the aspartic proteinase family like boPAGI1,
ovPAG1 and boPAG2 [20].

Molecular biology investigations showed that there are probably mores 100 PAG
genes in ruminant genome [5] most of them being expressed in the superficial layers
of the placenta. The conclusions by molecular biology explain also, that during certain
stages of pregnancy some PAGs were expressed, whereas others were absent [1].

In this investigation, the RIA systems of PAG measurement were based of antisera
raised against various PAG molecules differing in their molecular masses and species
origin (bovine and ovine).

All non-pregnant cows were under condition of stabling period and the absence
of males. As shown table 1, the PAG concentrations obtained by the use of RIA-497
system during the period of observation were normal values with minimal and maximal
concentration below of threshold 0.8 ng/ml (0.20 ng/ml and 0.57 ng/ml, respectively).
The results presented here are in agreement with the authors’ previous finding [13],
in which the same RIA systems were used to measure PAG concentrations in plasma
samples collected.

Concerning both RIA systems heterologous (RIA-780 and RIA-809), some the PAG
concentrations obtained exceeded the level of positivity (> 0.8 ng/ml) in three cows,
which really does not correspond to the state of reproduction in experimental cows
(i.e. post-partum period)

The period of observation of the cows exceeded 100 days after parturition [13].
The presence of the PAG concentrations in maternal blood could be explained by another
extra-placental origin of secretion proteins (e.g. ovary). Knowing that the females were
old, i.e. cows of reform, their ovaries could be at the origin of molecules secretions
by the presence of new structures ovarian such as a prolonged luteal phase and the
presence of a luteal cyst. Besides, in abstract Zoliet [19] reached to same observations
which the antigen immunologically similar to boPAG67 has also been demonstrated
in testicular tissue and an ovarian extract justifying the objective associated and not
specific given to this glycoprotein. The explanation of PAG concentrations in plasma
might be found in the fact exogenous proteinsmolecular express are recognized by both
heterologous tests.

In conclusion, the data of the present report shows differences RIA systems when
plasma issued from pregnant females were tested over a long period of observation.
Likewise, our results show clearly that there is another source of glycoproteins expression
apart from the placenta in cow. The present study could be a field for future larger studies
on the same subject by exploring deeply other extra structures placental.
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Ienbto HacTosiel pabOTHI OBLIIO CPABHUTENHLHOE OMHUCAHUE TPEX BAPHAHTOB U3MEPEHHUS KOHILICHTPA-
1 bPAGc ucnonbs3oanueM Tpex cucteM RIA B mociepooBoM Iepuojie y HeCTeIbHBIX KOpoB. Tpu
KOPOBBI TOJIIITHHCKO-(QPU3CKOI TIOPOIBI CMEIIAHHOTO BO3pacTa ObUIM AMarHOCTUPOBAHBI KaK HECTENBHEIE.
O0pa31pl KpOBH OTOMPAIMCh U3 XBOCTOBOM apTepHuu B MpobupkH, ¢ nokpsirneM EDTA. O6pasips! cooupaiu
KaK/ble 2 JHS B 2-MECSIYHBIN CTOIMIOBBIN EPUOA B OTCYTCTBHY ObIKOB. I1na3my momyyanu neHTpudyrupo-
BaHMEM Cpasy mocie cOopa U XpaHWIH JI0 Havana aHanmsa npu Temrneparype —20 °C. Konnenrpamuio PAG
B IUIa3M€ U3MEPSUIM C MOMOLIbIO PAJUOUMMYHOJIIOTHYECKOTO aHaIu3a ¢ HEKOTOPhIMU U3MEHEHUSIMHU.
B RIA-780 u RIA-809 HaOmtonasncs BeICOKUN MUK KoHIeHTpanuu PAG, nocruraromuii 2,56 Hr/mi
1 0,89 HI/MJI COOTBETCTBEHHO. DTH ITUKH IPOAODKAIUCH Ooiiee 3 nHeH (J1Ba mociieJoBaTeIbHBIX 00pasLa
6b1TM MONOXUTENbHBIMY). JIpyrue cuctems! RIA nokaseiBanu koHUeHTpauio PAG Hibke MUHUMAIBbHOM
TpaHUIIBI 7SI TIepHo/ia cTeabHOCTH (> 0,8 HI/MIT) M BCerja ocTaBaliCh TakuMU. Haim TaHHbIe SICHO MOKa-
3bIBAIOT, YTO €CTh JAPYTOd NCTOYHUK SKCIPECCUH INIMKOIPOTEUHOB (HAPUMED, SHYHUKH), KPOME ILIAIEHThI
y kopoBsl. HacTos1iee ucciaeqoBaHue Moo Obl CTaTh IpeaMeToM A Oyaymux 6ojee MacIITaOHBIX
HCCIIeIOBAaHUH IO 3TOMY K€ BOIIPOCY, OCHOBBIBAsICH Ha OoJiee TITyO0OKOM M3yYEHHUH JPYTHX CTPYKTYPHBIX
9JIEMEHTOB IUIALIEHTHL.

KiioueBbie ciioBa: HAF, paZ[I/IOI/IMMyHOJ'IOFI/I‘{eCKI/Iﬁ aHaJIn3, HECTCJIbHAas1, KOpOBa
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Abstract. Antenatal malnutrition is a condition characterized by both a weight loss in animals and
a change in the morphofunctional characteristics of the internal organs, particularly the incompleteness
of the thyroid gland structure that will have a direct impact on the further growth and development of
animals. Therefore, the aim of the research was to establish the patterns of histostructure of the thyroid
gland inhypotrophic piglets and piglets after prenatal correction of hypotrophy considering their age.
The study was performed on piglets of the large white breed. The study material was the thyroid gland
of hypotrophic piglets and piglets after prenatal correction with Sedimin at 1, 5, 15 and 30 days of age.
The main methods of study: histological, morphometric and statistical data processing.

According to the research results, a thickening of the connective tissue capsule of the thyroid gland
in newborns and five-day-old hypotrophic piglets was established in relation to fifteen and thirty-day-old
ones. The average diameter of the follicle is at a relatively equal level during all periods of the study, the
colloid acquired a “foamy” appearance on the fifth and fifteenth day. The form of thyrocytes and their
nuclei changed with age from flattened to cubic.

Cell-tissue composition of the thyroid gland of piglets after prenatal correction of malnutrition is
functionally active. On the first and fifth days the capsule of the organ was thinned, by the end of the study
its thickness increased markedly. The diameter of the follicles of the thyroid gland decreased from the neonatal
period to the thirtieth day. Throughout the experiment, the structure of the colloid changed in the follicle
lumen from homogeneous consistency to “frothy” by the end of the experiment. At the beginning
of the experiment, both flattened and cubic-shape epithelial cells were observed in the parenchyma of the
thyroid gland, by the thirtieth day it was stably cubic. The nuclei of thyrocytes are mostly spherical and
hypochromic.

In conclusion, it is worth noting that in hypotrophic piglets in the neonatal period and in the five-day
age, the incompleteness of the structure of the thyroid gland was observed, the further morphological
reorganization reached by the thirtieth day. The medication “Sedimin” had a positive effect on the body
of pigs, reducing the degree of development of malnutrition and contributing to the adequate organo-
and histogenesis, including the thyroid gland.

Key words: thyroid gland, follicle, colloid, thyrocyte, Sedimin, large white breed, hypotrophic piglets,
prevention of hypotrophy

INTRODUCTION

Hypotrophy is a disease of newborn piglets, characterized by underdevelopment,
low live weight and low resistance to adverse environmental factors. The etiology
of antenatal malnutrition is associated with a violation of the norms of feeding pregnant
sows, the occurrence of metabolic disturbances in them causes toxicosis of gestation
and results in fetal toxicosis and hypoxia, metabolic disorders in fetus, weakening of the
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differentiation of the tissues and organs of the fetus, which all in all lead to morphological
and functional immaturity of piglets [1, 2]. Antenatal hypotrophy is characterized by
a lag in the growth of individual organs, the underdevelopment of internal organs can
manifest as a decrease in their absolute mass, and anstructural inferiority of their
parenchyma (cell immaturity, insufficient differentiation), which leads to a decrease
in reactivity, metabolic pathologies and toxicosis [3—5]. One of the important organs
responsible for the growth and development of the fetus is thyroid gland, a cell-tissue
composition of which is directly expressed in its functional ability [4, 6—=&8]. Prenatal
prevention of malnutrition is timely formation of tissues and organs, with their further
inclusion in metabolic processes, such organs include the thyroid gland, whose thyroid
hormones directly affect metabolism [9—11].

The aim of the study is to establish the patterns of histostructures of the thyroid
gland in hypotrophic piglets after prenatal correction of hypotrophy considering age.

MATERIALS AND METHODS

Scientific research was carried out on large white breed piglets on the basis of
APC “Pokrovsky” of the Orenburg region and the Department of morphology, physiology
and pathology of Orenburg State Agrarian University. Two groups of animals were
formed: the first is the control of malnutrition, and the second is the piglets after
the prenatal prevention of malnutrition with Sedimin. The object of the study was
the thyroid gland from piglets at the age of 1, 5, 15 and 30 days. Histological, morpho-
metric and statistical research methods were used.

RESULTS AND DISCUSSION

The histoarchitecture of the thyroid gland of day-old hypotrophic piglets is relatively
homogeneous (Fig. 1). The thickness of the connective tissue organ capsule was —
42.03 + 12.60 microns. In the parenchyma of the gland, spherical follicles were viewed,
with a diameter (@ — diameter) — 5.98 & 0.48 um. In the follicle lumen colloid is pink,
layered, homogeneous consistency. Locally, resorptive vacuoles were observed in the
colloid. Thyrocytes (height — 0.70 £ 0.06 um) are flattened, the structure of the cyto-
plasm is not visualized, the hyperchromic nuclei are flat, the nucleoli are not visualized
(9 —0.38 £ 0.04 um, NPR = 0.54). The vascular bed is filled with blood.

i

Fig. 1. Thyroid gland of day-old piglets of the first experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — arteriole; 5 — capsule
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Histoarchitecture of the thyroid gland of five-day-old hypotrophic piglets is iso-
morphic. The thickness of the surrounding parenchyma of the thyroid gland capsule is
48.33 £ 0.837 microns. In the center of the organ there are spherical shape and smaller
in size follicles (@ — 6.16 £ 0.76 pm), increasing in diameter and acquiring an ovoid
shape to the periphery of the organ. Folliculogenesis processes are observed in the central
part of the parenchyma of the gland. In the cavities of the follicles, the colloidal mass
is red-pink, with the presence of significant resorption zones. Thyrocytes has a flattened
shape (height — 0.64 = 0.06 pm). The nuclei of thyrocytes are flat (@ — 0.34 £ 0.04 pum,
NPR = 0.55), hyperchromic, and the nucleoli are not visualized. The lumens of the blood
vessels of the microvascular bed (MVB) are weakly filled or empty (Fig. 2).

Fig. 2. Thyroid gland of 5-day-old piglets of the first experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capsule

The connective tissue capsule of the thyroid gland of fifteen-day-old hypotrophic
piglets is prominent throughout — 27.0 £ 5.67 pum, the organ parenchyma is distinctly
divided into lobules by trabeculae (Figure 3). Follicles of both spherical and ovoid shape
(9 6.88 + 0.58 um) are encountered. The colloid filling the follicles has a color from pale
pink to pink, “foamy” consistency, with resorption zones. Half-empty and empty follicles
on the periphery of the organ are visualized. The follicular epithelium is from flat
to cubic form (height — 0.98 £ 0.06 pm) with a weakly-oxophilic cytoplasm. Spherical
nuclei of thyrocytesare hypochromic, visualization of the nucleoli is noted (@ — 0.58 *
1+ 0.056, NPR = 0.59). Intense blood filling is observed in microvascular bed.

Fig. 3. Thyroid gland of 15-day-old piglets of the first experimental group:

A — x150; B — x600; C — x1500; Mayer's hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capsule; 5 — capillary
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On the thirtieth day a moderately developed connective tissue capsule is observed
in the histostructure of the thyroid gland — 40.95 + 14.94 microns. The shape and size
of the follicles are variable over the entire area of the specimen, most of them are
spherical and ovoid shape (@ — 6.02 + 0.64 um), with rarely observed triangular shaped
structures. The colloidal component is from pale pink to red-pink in color, the consistency
is homogeneous, lamination is noted. In low prismatic thyrocytes (height — 1.20 +
1+ 0.08 um), a weakly oxidizing cytoplasm is observed, with the presence of vacuoliza-
tion. The nuclei of the thyrocytes has a spherical shape, the color is hypochromic, the
nucleoli are visible (@ — 0.76 = 0.042 um, NPR = 0.62). The intensive metabolism is
observed in the vascular bed (Fig. 4).

Fig. 4. Thyroid gland of 30-day-old piglets of the first experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — venule; 5 — capillary

Histoarchitecture of the thyroid gland of day-old piglets after prenatal correction
with complex medication “Sedimin” is heteromorphic (Fig. 5). The connective tissue
capsule is changed throughout the organ, either thickening or gradually becoming thinner,
an average of 22.86 + 4.77, whose trabeculae divide the parenchyma into lobules. The
follicles are variable, spherical in shape and small in size (@ — 7.56 = 0.42 um),
the formation of new follicles is continued. The colloid is oxyphilic, homogeneous,
layered. Thyrocytes range from flat to cubic cells (height — 0.92 + 0.076 um), moderately
colored, hypochromic, spherical (@ — 0.64 £ 0.04 pum, NPR = 0.69), locally flattened,
nucleoli are well visualized. MVB is moderately filled with blood.

Fig. 5. Thyroid gland daily piglets of the second experimental group:

A — x150; B — x 600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capsule
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The micromorphology of the thyroid gland of piglets of the second group on the
fifth day is heterogeneous (Fig. 6). The thickness of the connective tissue capsule is
10.53 + 5.40 microns. The follicles predominate in spherical shape, smaller sizes in the
center and large on the periphery (@ — 6.94 + 0.94 microns). In addition, follicles of
polygonal form, including stellate, are observed. The follicle cavities are filled with pink,
homogeneous, layered colloid. Resorption sites along the periphery of the follicle cavity
are observed. Proliferation zones of the follicular epithelium indicate offolliculogenesis.
Thyrocytes are from flat to cubic form (height — 0.78 + 0.064), cytoplasm is weakly
oxyphilous, nucleus of thyrocytes has from flattened to spherical configuration (@ —
0.50 £ 0.048 pm, NPR = 0.64), hyperchromic, nucleoli are not visible. The vascular bed
is moderately filled with blood.

Fig. 6. Thyroid gland of 5-day pigs of the second experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capillary; 5 — capsule

On the fifteenth day, the thickness of the capsule is 46.53 £ 7.65 microns. The shape
of the follicle is characterized by variability (@ — 7.02 = 0.42 pum), in the center of the
thyroid parenchyma tissue clusters are small and spherical, large in size and ovoid shape
at the periphery. Colloid is pink, granular consistency, with resorption zones. Processes
of folliculogenesis are observed. Thyrocytes (height — 0.70 £ 0.04 pm) are variable
in shape from flat to low prismatic, cytoplasm is oxyphilic, hypochromic nuclei of
spherical thyrocytes (@ — 0.50 = 0.038 um, NPR = 0.72), nucleoli are visualized.
The vascular bedis characterized by intense metabolic processes in the thyrohematic
barrier (Fig. 7).

Fig. 7. Thyroid gland of 15-day pigs of the second experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capillary; 5 — capsule
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The histostructure of the thyroid gland of piglets on the thirtieth day is characterized
by the presence of a moderately developed capsule (10.58 = 11.25 um). Follicles (0 —
5.42 + 0.38 um) are spherical in shape and smaller in the center, oval and large at the
periphery of the parenchyma of the organ. The colloid is pink, “foamy”, layered, with
the presence of resorptive vacuoles. Thyrocytes (height — 0.90 £ 0.10 um) are cubic
inshape, cytoplasm is weakly acidic, the nucleus of thyrocytes (@ — 0.66 + 0.044 um,
JAPO = 0.73) are spherical, hypochromic, nucleoli are visualized. The MCBis intensively
filled with blood (Fig. 8).

Fig. 8. Thyroid gland of 30-day pigs of the second experimental group:

A — x150; B — x600; C — x1500; Mayer’s hematoxylin and eosin:
1 — follicles; 2 — thyrocytes; 3 — colloid; 4 — capillary; 5 — capsule

CONCLUSIONS

Thus, the analysis showed that on the first and fifth days the hypotrophic piglets
thyroid gland had a thickening of the capsule, a decrease in the diameter of the follicles
and thyrocytes and the flattening of their nuclei in comparisonwith the piglets after the
use of the Sedimin complex medication. By the fifteenth and thirtieth days, the micro-
morphology of the thyroid gland of piglets of both groups was characterized as func-
tionally active, the morphometry of the structural components of the thyroid gland
showed a decrease in the thickness of the capsule and an increase in the size of follicles,
thyrocytes and their nuclei.

The drug “Sedimin” had a positive effect on the formation of the parenchyma of
the thyroid gland of piglets in all age periods. Histoarchitecture of the thyroid gland
of piglets in a state of hypotrophy was characterized as hypofunctionalon the first and
fifth days, but histophysiology was restored to thirty-day age.
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F’MCTOAPXUTEKTOHUKA LUUTOBUAHOMN XXEJIE3bl NOPOCAT
APU TMNOTPOD®UN U HA DOHE EE KOPPEKLUUU

I'.K. buab:xanosa

OpeHOyprekuil rocy1apcTBEHHBIN arpapHbIi yHUBEPCUTET
Openbype, Poccutickas @edepayus, 460014
bilzhanovagulnara@mail.ru

HenocrarouHoe nocTyriieHre NUTaTeIbHBIX BELIECTB ABIISETCS YCIOBUEM, XapaKTEPU3YIOIINUMCS KaK
ToTepel Beca y )KMBOTHBIX, TaK U U3MEHEHHEM MOP(HOPYHKINOHATBHBIX XapaKTEPUCTHK BHYTPEHHUX
OpraHoB, 0COOCHHO HEMOJHOTON CTPYKTYPBI IIUTOBUIHOM KeJe3bl, KOTopas Oy/eT UMETh NpsIMOE BIUSHUEC
Ha JaNbHEWIINA POCT U Pa3BUTHE KUBOTHBIX. [109TOMY LENbIO HCCIIeI0BAaHUS OBUIO YCTAaHOBUTD 3aKOHO-
MEPHOCTH I'MCTOCTPYKTYpPBI IIUTOBUHOM JKEJIE3bl y THIIOTPOPUIECKUX MOPOCAT M TIOPOCAT MOCIIE PEHATAITb-

300 BETEPMHAPHO-CAHUTAPHAS DKCIIEPTU3A



Bilzhanova G.Zh. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 294—302

HOI KOpPEKIMU THIOTPo(duH ¢ yueToM ux Bo3pacta. VceiaenoBanue MpoBOIMIIOCH Ha MOpocaTax OoJbLIoi
6eroii moposel. Mi3ydaeMbIM MaTepralioM Oblla IIMTOBUIHAS JKeJle3a THIOTPOPUIECKUX MOPOCAT U TIOPOCST
rmocJje mpeHaTaiabHOoN Koppekiuu ¢ CenuMuHbIM B Bo3pacte 1, 5, 15 u 30 gaeit. OcCHOBHBIE METOIBI
HCCIIEA0BAaHMSA: THCTOJIOTHYECKAs, MOp(OMETpUYECcKast U CTaTUCTHYeCKas 00padOTKa JTaHHBIX.

ITo pe3ynbraTam ucciieoBaHUs OBUIO YCTAHOBJICHO YTOJIICHUE KalCyJIbl COSAMHUTEIBHON TKaH!
[IMTOBUIHOM KeJNe3bl Y HOBOPOXKIEHHBIX U MATHIHEBHBIX THIIOTPOGUIECKUX MOPOCAT B OTHOIICHUH
MATHAALATH U TpUAUAaTHAHEBHBIX. CpeHuil tuamerp (GoJuIMKyna HaXOJUTCsl Ha OTHOCUTENBHO PAaBHOM
YPOBHE B TEUCHHUE BCEX MEPHOJIOB UCCIIEIOBAHUS, KOJUIOU]] IPUOOPEIT «IICHUCTYIO0» BHEIIHOCTD Ha ISTHIHA
W TATHAAUATBIA JeHb. PopMa THPOLUTOB M WX SAEP MEHSUIAch C BO3PAacTOM OT CIUTIOIMIEHHOTO 10 K-
OHYECKOro.

OyHKINOHATIFHO aKTUBHA KJIETOYHAs TKaHb IIUTOBUIHON KeJe3bl MMOPOCST MOCHe MPeHATATbHON
KOppEKIIHK Heloeanus. B miepBblii U MATHINA THU Karcysla opraHa Obuta pa30baBiieHa, W K KOHILy HCCIIEeIO-
BaHUS €€ TOJIIMHA 3aMETHO YBENUUIAch. /luamerp (hOJUIMKYIIOB IIMTOBUIHOM KENEe3bl CHIKAJICS C HEO-
HATAIBHOTO TIepHoJa 10 TPUALATOro AHSA. Ha mpoTshkeHHM BCEro dKCIEpUMEHTa CTPYKTypa KOJUIOHIA
W3MEHSIACh B TIPOCBETE (OIUINKYJIa OT OHOPOIHONW KOHCUCTEHIIMH JI0 «IIEHICTOTO» K KOHITY SKCIIePHMEHTA.
B Hauwalie sKkcniepuMeHTa B MapEeHXMME NIMTOBHIHOM *kKeje3bl HaOJII01aluCh KaK CIUIIOIEHHBIE, TaK
1 KyOMYecKHe SMUTeNNaIbHbIe KIETKH, HAa TPUAUATHIH JeHb OHH ObUIM CTaOWIIBHO KyOWUecKuMH. SIaphl
THPOIIMUTOB B OCHOBHOM C()epUYECKUE U THITOXPOMHBIE.

B 3akitoueHue cieayer OTMETUTh, YTO Y THIOTPOGUUECKUX MTOPOCST B HEOHATAILHOM MEPHOC
Y B MATHIHEBHBIN Nepruoj HaOI0qamach HETIOJHOTA CTPYKTYPHI IMUTOBUIHON JKeJe3bl, NaabHenmas
MopdoJIorrudYecKas peopraHu3alys JOCTHranach K Tpuaunaromy JHio. JlekapctBo «CeauMuH» oKas3alo
MTOJIOXKUTENIBHOE BIUSIHUE HA OPTaHU3M CBHUHEH, YMEHBIINIIO CTENIEHb PAa3BUTHsI HEJOEAaHUS U CII0CO0-
CTBOBAJIO aJIEKBATHOMY OPTraHO-THCTOT€HE3y, BKIIOYAs IMUTOBUIHYIO JKENe3y.

KuroueBble cj10Ba: MOPOCATA-TAMIOTPOPUKH, IUTOBHIHAS JKeme3a, (DOIITUKYJI, THPOLHMT, «CeTrMIH»
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Abstract. Radioactive iodine is present in atmospheric fallout during the first hours of accidental
emissions at nuclear power plants. It causes damage to the thyroid gland of varying severity. As a result
of lesions with radioactive iodine, pathological changes develop in the thyroid gland, which can affect
the productive indicators and reproduction of farm animals. Physiological changes are also diagnosed
in animals that do not receive a sufficient amount of iodine compound with food or water. This can lead
to pathology of the thyroid gland. Studies of the pathology of the thyroid gland should be carried out
on the basis of structural modeling methods and data obtained experimentally. Analysis of the comparison
of pathological effects allows to systematize information and use it in scientific and practical purposes.

Depending on the intensity and duration of external and internal radiation exposure in farm animals
acute or chronic radiation diseases can be diagnosed. Farm animals with or without signs of radiation
disease of mild severity are left in farms and used for its intended purpose. Long-term effects of radiation
can be manifested as temporary or permanent sterility, metabolic and endocrine status disorders, immuno-
deficiency, increased sensitivity to infectious diseases, the emergence of tumors. Monitoring of the radio-
logical situation on the territory of the livestock complex is of particular importance, as its products are
transported to different regions. Livestock products must meet regulatory requirements. Timely and full
implementation of general and specific rules in the field of radiation safety is aimed at ensuring the safety
of animals and preserving the quality of animal products.

Keywords: thyroid gland, radiating pathology, farm animals, modeling

INTRODUCTION

In 1986, as a result of the Chernobyl accident, a significant part of Belarus, Ukraine
and part of the Russian Federation were affected by radionuclide contamination.
The problem of radiation exposure to farm animals was studied before the Chernobyl
accident, thus a large experimental material was already collected, which allowed to
diagnose radiation pathology of the thyroid gland of different severity [1—4]. Scientific
fundamentals of diagnosis, methods of maintenance and therapy were in demand after
the Chernobyl accident [3, 5—9].

MATERIALS AND METHODS

The aim of the study was to systematize the data of radiobiological studies obtained
as a result of irradiation of sheep and physiological parameters in cattle, which were
in the area of radioactive contamination and evaluate the productivity of irradiated animals.
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Material for the study:

1. The experimental data obtained following exposure of different doses to sheep.

Under experimental conditions, the conditions of radiation exposure were set and
the dose dependence was determined. Experiments were conducted on the basis of
Federal Center for Toxicological, Radiation, and Biological Safety — All-Russian
Research Veterinary Institute (FCTRBS-ARRVI, Kazan). For simulation of radiation
exposure in experiments on sheep, internal lodine-131 irradiation (single or multiple),
external gamma irradiation and combined external gamma irradiation with Iodine-131
or with a three-component mixture of melted radioactive particles were used as a ra-
diation factor. Priming with iodine was carried out in the morning before feeding,
in the form of an aqueous solution of potassium iodide without a carrier, into the esopha-
gus using a polyvinyl tube and a syringe, daily in equal portions for 30 days or once,
on the basis that the greatest intake of it with food in the “young” fission products is
noted in the first 30 days after falling out on the terrain. Doses were selected according
to the norms of contamination of feed by “young” fission products and norms of feed
consumption by sheep.

Sheep were given contaminated with radioactive lodine-131 through feed, the doses
and conditions were different:

1.5 microcurie\kg\days’ 30

4.5 microcurie\kg\days’ 30

45 microcurie\kg\days’ 30

45 microcurie\kg\days’ 30

450.0 microcurie\kg\l days’

1.0 microcurie\kg

300 x-rays (Y)

600 x-rays ()

1000 x-rays (y) + hunger (7 days’)

300 x-rays + 4,5 microcurie\kg\day 30 days’

600 x-rays + 1 microcurie\kg\day + fasting 7 days

1.0 microcurie\kg\day +7 day fasting

Study material: wool; blood (hematological and biochemical parameters); thyroid
hormones. The immunological status and reproduction indices were also studied.

2. Information obtained during monitoring on the radioactively contaminated
territory of Belarus. Cows were examined after irradiation with doses 27—29 krad and
16—18 krad at the farm «Strelichevo» in Hoyniksky region.

Methods:

Experiment. The functional activity of the thyroid gland in sheep was assessed by
the ability of serum proteins (o- and B-globulins) to bind exogenous thyroxine labeled
with radioiodus-125 during electrophoretic separation on paper tapes. Indicator-1/F
assesses the functionality of the thyroid gland and indicates a direct relationship: its high
rates indicate high activity of the gland; low rates indicate low activity.

Methods of system analysis. A block approach was used for system analysis of
information. The information was analyzed in accordance with the structural scheme.
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Methods of logic and information modeling. Using the methods of system analysis
and modeling, the radiobiological parameters of cattle located on the territory of livestock
complexes in the Gomel region were studied.

RESULTS AND DISCUSSION

Radioactive lodine is present in atmospheric deposition in the first hours of acci-
dental emissions at nuclear power plants. It causes thyroid lesions of varying severity.
The thyroid gland is a part of the neuro-hormonal regulation system. As a result of
radioactive iodine damage, pathological changes develop in the thyroid gland, which
can be manifested as a result of direct irradiation of the exocrineepithelium and medi-
ated — through the hypothalamic-pituitary system. The damage of the thyroid gland
causes a violation in the functional activity in other parts of the neuro-endocrine system.
The changes have a phase character and are manifested as a compensatory-adaptive
response to hormonal disorders because of radiation exposure. Changes in the metabolic
activity of the thyroid gland are also diagnosed in farm animals kept in areas with low
concentrations of stable iodine in soil and feed. lodine pathology is diagnosed on
the physiological level in affected animals (Fig. 1, Fig. 2). Endemic diseases of the
thyroid gland are typical for Belarus. After the Chernobyl accident, it was necessary
to determine what pathology of the thyroid gland and what methods of therapy should
be used. On the basis of the designed structural and model schemes, information can
be not only systematized, but also the cause of pathology can be modeled and identi-
fied (Fig. 1, Fig. 2).

Structural modeling

The reason
Factor of environment

lodine
deficienct Feed

Farm animal—> Organ ——> The change —» Consequences of 3 The effects
Cow Thyroid gland lodine deficiency disorders metabolic of exposure

The exterior

1. Exophthalmia

2. Curly hair

3. Folding of the skin

4. Pallor of the mucous membranes
5. The reduction of fatness

6. Dwarfism of bulls

1. Increase in the size of the gland
2. Complete or partial atrophy

The value for agriculture
1. Reduced productivity (meat, milk)
2. Reproductive dysfunction
3. Pathology in the progeny

Fig. 1. Model structural scheme of the study
of the effects of lodine deficiency in cattle
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Environment factor
1. lodine content
in soil < 0.00001%
in drinking water < 10 micrograms per liter

Territory —» Food —>» Animal —» The thyroid gland —>» Diagnostic —» Functions —» The effects

Cow test of the changes
Contains The eating Disease . Direct de- 1. Reduced 1. Violation of
goiter > numbers endemic termination production carbohyd-
substances peas, (enzootic) of bound of thyroid- rate, fat,
peanuts, goiter iodine stimulating mineral
white clover, protein hormones metabolism
cabbage inthe blood 2. Reduced . Slowing
less3mcg/%  synthesis growth and
in the thyroid of thyroxine development
t0 0,3- and triiodo- 3. The decline
0,7 mcg/% thyronine in reproduc-
— inmilk tive function
to 2-2,5 mcg/% 4. Reduction

2. Concomitant:

— decrease in blood
calcium content;

— some increase
in inorganic
phosphorus

of activity of
cellulolitic
microflora of
the stomach

Fig. 2. Model structural diagram of the influence of iodine deficiency
on the physiological indexes of agricultural animals

Results of studies of animals with affected thyroid gland

Chronic radiation disease, which is diagnosed in sheep with Iodine-131, develops
slowly, early diagnosis of severity is difficult. When feeding with contaminated feed
radiation pathologycan is diagnosed in sheep, for example:

— if there is Iodine-131 microcurie 2.0 and above in a feed of the daily diet
of adult sheep;

— in the first 10 days of feeding bymore than 500 microcurie contaminated feed.

In farm animals diagnosed symptoms of general lethargy, increased intestinal
motility, severe diarrhea. The decrease in appetite is observed in the first 5—15 days
from the beginning of feeding with contaminated feed, and there is a significant decrease
in body weight after 15—30 days. Subsequently, leuko-, lympho- and erythropenia is
diagnosed.

Experimental studies on the kinetics of Iodine-131 in the thyroid gland were carried
out in ARRVI, Kazan (Fig. 3) [1]. The kinetics of lodine-131 in sheep in the critical
organ depended on the dose and multiplicity of seeding. As a result of the conducted
experiments, the dependence of the thyroid activity index on the effective dose was
found and the peculiarities of their dynamics were determined (Table. 1, Table 2, Fig. 3).
As a result, on the basis of experimental studies, changes in the functional activity of
the thyroid gland in time for all acting doses were established. The optimal absorbed
dose, causing thyroid tumor in experimental animals is 2.3...16.0 krad; minimum —
0.2 krad. During starvation in experimental animals there is a decrease in the activity
of the thyroid gland. The dynamics of combined effect is similar to the dynamics during
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starvation. In calf-bearing cows, there is an increase in thyroid activity at the current
dose of 45 microcurie\kg\days’ 30 for the entire duration of the study, which corresponds
to chronic radiation disease of II severity. Reduced activity is diagnosed at a dose of
600 rad + 1 microcurie\kg\once a day for adults + 7 days of srarvation, while developing
an extremely severe degree of acute radiation disease for the period from 2 days to
15 days. Increases in activity of 15 days is noted with I degree of chronic radiation
illness in influencing the dose of 4.5 microcurie\kg\day’ 30. For the rest of the treatment
doses that cause radiation disease is characterized by reduction in activity.

Experimental method in vitro
Experimental method

Blood serum

v .

o-, B-the globulin —>
of the thyroid gland

Indicator
=1/F

Dependence
1/F > N, accordingly — The activity
of the thyroid gland > N

The exogenous
thyroxine

Fig. 3. Model scheme of studies increased functional activity
of the thyroid gland in experimental research methodology

Table 1

Indicators of functional activity of the thyroid gland in vitro, irradiated by different doses:
lodine-131 — seed (inter), 300 x-ray radiation dose and 600 x-ray radiation dose —
external gamma-irradiation of sheep, in indicator of 1/F
(description N — an indicator of the physiological norm)

Dose Min N Tendency Effects of radiation.
Type (norm) Degree of radiation
Duration disease
Organism

1.5 microcurie\kg\days' 30 30 days’ no data | 15days' < to30days'— | 3—5 months' — oscillation
chronic increase up to control | <N 9—12 months’ >N
30 days' lambs (5—6 months’) to 1.5—2 months' Chronic, | degree
4.5 microcurie\kg\days'30 outcome | nodata |15days — >N Chronic, Il degree
chronic (—1.5 years)
45 microcurie\kg\days' 30 outcome | nodata |<«to 1.5 months’ Chronic, Il degree
chronic For all.
adults 3 months' >N;

4 months'N;

5—9 months' >N
45 microcurie\kg\days' 30 4 months' | nodata |1.5years«. 4 months-abortion
chronic outcome >N and non-viable lambs
pregnant 2 months' > N;

3 months'.> N;

4 months' < N

5—9 months’.> N;

1.5 years «
450.0 microcurie\kg\day 3 months’ | outcome | « with the outcome <N
chronic (<<N
adults in 3 times

more)
1.0 microcurie\kg 2 days’ >N outcome « from >>N 15 days’
singly 2 days' —to 15days’ |Anacute severe disease
adults >>N
300 x-rays (y) 6 months’ 1.5 « from 2 months' to N lower control limits.
adults <N months’ | 6 months' — to 9— An acute iliness of mode-
N 12 months'to N rate severity
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Table 1 (continued)

Dose Min N Tendency Effects of radiation.
Type (norm) Degree of radiation
Duration disease
Organism
600 x-rays (y) 2 days' (> to 15 =N to 15 days’ Individual differences are
N) days’ characteristic. An acute
illness, severe severity
1000 x-rays (y) 5 days’ no « from 2 days' to Death 13 days' increase
+ hunger (7 days’) adults death <N <N
« from 2 days’, from =~ control, < outcome's
15 days' — an acute iliness of
moderate severity
300 x-rays + 4.5 microcurie\ The end no « from 15 days’ < N An acute iliness of
kg\day 30 days’ adults of the ex- (in 2—2.5 more); moderate severity
periment <« 4—5 months’, >
from 6—9 months’
to control
600 x-rays + 1 microcurie\kg\day | 2 days’ no — from 2 days’ < N An acute illness,
single adults to 15 days' extremely severe disease
+ fasting 7 days — with days’
(in 2 more)
To 1.0 microcurie\kg\day End of the no « with 2 days' 2 times | < N An acute illness,
+7 day fasting experi- more from twice the severe degree
adults ment outcome to the end
(in 3.1 more)

(decrease in metabolism).

Conclusion: there are temporal dynamics of the activity changes at all dose levels; fasting — lowering activity

Designations: 1/F-index reflecting the activity of the thyroid gland, the more 1/F, the higher the activity. « —
decreasing trend from normal (control) N; — — increase

Table 2
The absorbed thyroid dose 8-, y-radiation of lodine-131 at 30-day introduction
of isotopes of the sheep in the experiment
The dose of iodine-131 The radiation disease Absorbed thyroid
gland dose (rad)

1.5 microcurie\kg -30 days Chronic radiation disease of | degree of severity 8 138 + 236
4.5 microcurie\kg -30 days Chronic radiation disease of | degree of severity 14 814+ 849
45 microcurie\kg -30 days Chronic radiation disease of |l degree of severity 25673+ 1090
450 microcurie\kg -30 days Chronic radiation disease of lll degree of severity 29 346 + 1640
300 x-rays + 4,5 microcurie\kg | Acute radiation disease of moderate severity 4812+ 773
30 days
300 P+45 microcurie\kg An acute radiation disease of severe degree of severity 28948 + 2414
30 days

Metabolic features

The decrease in thyroid activity is recorded for high doses and in chronic radiation
disease of II and III severity [6, 7, 9, 10]. Features of the functional activity of the
thyroid gland depend on severity of radiation disease.

1. Chronic radiation disease of I degree of severity is characterized by increased
activity of the gland in lambs and sheep. After 1.5—2 months young indicators of thyroid
activity in the contaminated farms are above the control. After 2 years, there was
a decrease, and then again an increase in activity.

308 BETEPMHAPHO-CAHUTAPHAS DKCIIEPTU3A



Pavlova S.A. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 303—316

2. Chronic radiation disease of the II degree of severity: there was instability of
activity in the first 2 months, depression with increased activity in the next 7 months
and a sharp decline after 1.5 years.

3. Chronic radiation disease of the II degree of severity: a decrease in activity
below control until the end of life.

It was determined that small doses cause increased activity, and large — inhibition
of activity and destruction of organ parenchyma. On the basis of experimental data, it was
found that at high acting doses, a decrease in the sensitivity of the nervous system is
characteristic, which is diagnosed as an extension of the latent reflex time. At the same
time, there is a decrease in productive indicators (Table 3).

Table 3
Indicators of biological effectiveness of lodine-131 in a dose dependent manner
The dose of iodine-131 The radiation disease Absorbed thyroid
gland dose (rad)

1.5 microcurie\kg -30 days Chronic radiation disease of | degree of severity 8 138 + 236
4.5 microcurie\kg -30 days Chronic radiation disease of | degree of severity 14 814+ 849
45 microcurie\kg -30 days Chronic radiation disease of |l degree of severity 25673+1090
450 microcurie\kg -30 days Chronic radiation disease of lll degree of severity 29 346 + 1640
300 x-rays +4.5 microcurie\kg - Acute radiation disease of moderate severity 48121773
30 days
300 x-rays +45 microcurie\kg - An acute radiation disease of severe degree 28948+2414
30 days of severity

Radiation has a direct and indirect effect on the activity of the nervous system
and the processes of regulation. The experiments on sheep determined [1]:

1) chronic radiation disease of I degree of severity: 1.5 months after seeding,
there is a significant acceleration of defensive unconditional reflex reaction;

2) acute radiation disease of moderate severity: unreliable acceleration of defen-
sive unconditional reflex reaction;

3) with all other degrees of severity of acute and chronic radiation disease, there
is a slowdown in the unconditional reflex reaction.

The depth and severity of violations directly depends on the dose. With relatively
small doses, an increase in the sensitivity of the nervous system is recorded. In the
studied animals there are no changes in the productive indicators.

The diagnosed features of hormonal dynamics in cows with radiation damage of
thyroid Iodine-131 may be associated with changes in other physiological systems [9]:

1) hematological parameters: no profound changes. In the radiosensitive system
of erythroid hematopoiesis, a decrease in the number of erythrocytes is diagnosed and
their dose dependence in individual individuals is weakly expressed;

2) the system of hemostasis: activation of coagulation secondary link and the
primary inhibition of vascular-platelet link;

3) changes in the level of cyclic nucleotides in blood plasma: more pronounced
in the spring and less pronounced in healthy cows in the “clean” area, systematically
receiving alcohol-containing feed;

4) hormonal parameters: decrease in the level of T4 and T3 and disturbances
in interhormonal relationships, as well as seasonal variability and a significant increase
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in the content of biologically active free fraction of cortisol due to a decrease in the bind-
ing capacity of blood proteins. The dose direct dependence of changes in the level of
T4, T3, insulin and cortisol is determined, the dependence is direct — the higher
the dose, the greater the change;

5) Changes in the hormonal status of cows with radiation damage to the thyroid
gland cause disorders in the reproductive system (Table 5). In the first group of cows
that received a large dose to the thyroid gland in the polluted farms of the Gomel re-
gion there is a decrease in reproductive capacity:

a) reduced the index of impregnation capacity (in 1987),

b) reduction of service period duration.

For example, the duration of the service period by day in 1987 increases, and
by 1989 in the studied farms decreases, i.e. shortens.

Reproductive performance

The account of reproductive indicators for farm animals is very important for any
animal husbandry, and for those who are in the pollution zone they are of particular
importance. To calculate the index of reproduction (Iv) for one individual, the calculation
of the average value for the lifetime of the individual can be used:

_XFi
D> Iv= S (D)

where Fi — the offspring (lambs); Pj — the sheep that produces it's offspring.

2.Iv — can be calculated for a group of individuals both for the year and for the
time of observation or life of individuals of the group. Statistical research methods
can be applied:

— for carrying out the dispersion analysis between the values of indicators of
individuals in the group, under the action of different doses of radiation on them;

— determination of the confidence interval between different indicators of indi-
viduals, groups of individuals and indicators of their reproduction, etc.

Time component accounting

The time component is taken into account when studying the time dynamics of
both individuals and individuals in the group. At the same time the season, exposure
factors, physiological time, etc. can be seen. In the system information analysis time
allows to systematize the information considering the time of the study or the time period
of the diagnosed changes.

Time dynamics

The change of indicators in time reflects the time dependence of changes in the
studied parameters on the physiological norm and characterizes the stage of development
of pathology (Table 4).
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Table 4
Time dynamics of change of indicators from physiological norm
of the hormonal status on groups cattle of the Gomel area:
Hojniksky area (2™ pollution degree) |, Il group of cows and offspring;
state farm Oktyabrskaya of Oktyabrsky (district control) cows
Year | Quarter | Cows | group Bulls Heifers Cows Il group Cows
(2™ pollution (86 year of birth) from | group (2" pollution (4" pollution
degree) from | group degree) degree)
Triiodothyronine (T3) (nmol\l)
1987 Il <N,N,>N
1l <N, N <N
I\ <N,N <N,N,>N
1988 | <N,N,>N <N N
I\ <N,N,>N >N <N,N,>N
1989 | <N,N,>N N <N, N

Result: Changes in the values of the indicator are recorded in groups of cows from farms in all study periods;
in young animals there is a decrease in heifers from cows of group I.

Thyroxine (T4) (nmol\l)

1986 \ >N
1987 Il <N,N,>N N <N,N
1} <N,N,>N N <N,N IV quarter <N, N
1988 | <N,N,>N N <N,N <N
I\ <N,N,>N >N >N, N N, >N
1989 | <N,N,>N <N <N, N <N,N
Il <N,N,>N >N <N,N <N,N
IV quarter
<N,N,>N

Results: Greatest changes are observed in groups of cows in all study periods; for young animals, the val-
ues are reduced in bulls in the first quarter of 1988.

Conclusion: Dynamics in the values of the indicator relative to the norm is typical for cows, for young recorded
some deviations, mainly in the group of heifers of group I.

Physiological indices in the exposed cows
from contaminated farms

At the farm “Strelichevo” Hoyniksky district study of cows affected with thyroid
revealed some peculiarities [9, 10].

Indicators of immune status:

— No significant differences in the level of infection were found.

— The concentration of lysozyme in the blood serum in the summer was below
the control values.

In cows that received a dose of 27—29 krad, the concentration of lysozyme in serum
decreased by 24%, and in those who received a lower dose (16—18 krad) by 35% —
an inverse dependence on the dose.

— Bactericidal activity of blood serum: in group I cows it was at a sufficiently
low level (26.4 £ 5.6%) (< N), and in group II it was higher (> N).

— Immunological response to A,,/C, anti — vaccination (IV quarter 1988) —
positive, but the temporal dynamics is poorly expressed.
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Studies of reproductive and productive indicators of irradiated animals have shown
that the most pronounced changes in them are diagnosed in farm animals:

— with a higher absorbed dose in the thyroid gland;

— consuming contaminated feed;

— located in an area with a higher density of pollution.

Comparative analysis of productivity in the polluted farm “Vysokoborsky” in Vet-
kovsky district (the maximum degree of pollution) and the Collective Farm of First
of May, Chechersky district, where the animals were fed for 3 years after the accidental
release of contaminated feed above 1.0-10°° Curie\kg, showed that in the long term,
4 years after the accident, there is a restoration of reproductive function and reproduc-
tive performance in cows, including cows with signs of thyroid damage (Table 5).

The calculation of the coefficients relative
to the physiological norm
The conducted researches were based on comparison of the diagnosed sizes with
sizes of physiological norm. The comparison analysis revealed a number of differences,
which are reflected in Table 5.

Table 5

The degree of priority of the indicators (maximum of the diagnosed values in the group)
of thyroid hormones on the physiological norms for the groups of cattle Hoyniksky district
(2™ degree of pollution)

Year | Quarter | Triiodothyronine (T3) Thyroxine (T4) Bulls from | group Sum

(nmol\l) (nmol\l) cows (bornin 1986) Indicators’
(from N)

<N >N N <N >N N T3 T4 per quarter

1987 Il 2 3 1 2 3 1 6+6

11 1 3(0) 2 2 3 1 3+6
[\ 1 3(0) 2 3 + no data

1988 [ 2 3 1 2 2 1 6+5

\Y 1 3 2 1 1 1 >N >N 6+3

1989 [ 1 3 2 2 3 1 N N 6+6
1989 Il 1 3 2 no data + 6

Conclusion: the spread of values from the norm. (3 (0) — the value was diagnosed, but it is 0)

Offspring obtained from cows with radiation damage to the thyroid gland are
diagnosed with abnormalities [9]:

— 1—2 calves monthly changes in coagulogram — hypercoagulability;

— increase in the level of cyclic nucleotides by 1.9—1.5 times;

— decrease in the level of red blood cells;

— platelet content 2 times higher than the control;

— bactericidal activity of serum in young animals obtained from cows of group I —
at a high level (> N): bulls 50.0%; heifers 44.6%; calves 66.6%;

— the dynamics of hormonal parameters does not indicate pathological changes;

— the main causes of mortality of calves received from cows with signs of radiation
damage to the thyroid gland (I, II groups): dyspepsia; bronchopneumonia. Calves of
first generation (F1) 1989 year birth lagged behind in growth — bulls dwarfs, but in the
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future, they gained height and weight, reaching a weight of 400 kg. Cows were resulting
offspring in 1990. Calves born in 1990 (F2) from cows born in 1987 did not differ in their
physiological development from young control and non-polluted farms, dominated by
heifer. 30% of all livestock received in 1989—1990 were bull-calves;

— hormonal parameters in offspring obtained from cows with varying degrees
of radiation damage to the thyroid gland, deviate from the norm. Steers were charac-
terized by the excess rates of T3 and T4 in the first quarter of 1989.Heifers had a decrease
below normal in the second quarter of 1987 and in the first quarter of 1989 because of
incomplete data and the lack of a temporal chronology of diagnosis, based on their
changes obtained from the cows and the dose can not be determined.

Studies of the temporal annual variability of the average indicators of triiodothy-
ronine and thyroxine indicate deviations from the norm. In cows of I group, for example,
in 1987, in the period from the II quarter to IV, an increase in triiodothyronine was
diagnosed, but below the norm (<N). At the same time, the minimum values of deviation
from the norm, as well as the detected elevated triiodothyronine values fall above
the norm. For thyroxine in the same period, the maximum values (average for the group)
are observed for the group — more than the norm (>N), and the minimum values —
norms (N).

The results of statistical studies revealed deviations from the physiological norm
of hematological parameters in heifers (born in 1987) from the I group of cows with
affected thyroid farm «Strelichevo» of Hoyniksky district (2™ degree of pollution) [7, 8].
Deviations were determined in the autumn.

The results of the diagnosis of biochemical blood parameters indicate their devia-
tions from the physiological norm in the offspring obtained from cows with irradiated
thyroid gland. In General, according to the diagnosed indicators in the offspring obtained
from the I group of cows, it is noted:

— for bulls born in 1986 had a decrease relative to the norm;

— for calves — a small prevalence above the norm, but there is a decrease relative
to the norm.

For groups of cows (I and II group) in total, there is a more pronounced decrease
in biochemical parameters in the group that received a large dose to the thyroid gland.
Biochemical indicators can be informative at radiation pathology, therefore it is necessary
to carry out their diagnostics systematically on different age groups of farm animals,
in comparison of producers and their posterity.

A comparative analysis of productivity in the polluted state farm “Vysokoborsky”
of Vvetkovsky district (the highest degree of pollution) and on the Collective Farm of
First of May of Chechersk district, where animals were fed for 3 years after the accidental
emissions by contaminated feed above 1.0-10°° curie\kg, showed that in the long term,
4 years after the accident, there is a positive trend towards the restoration of reproductive
function and reproductive performance in cows with signs of thyroid damage.

CONCLUSIONS

To assess the state of the endocrine system of farm animals located in the contami-
nated area, it is necessary to consider seasonal and age-specific dynamics of hormonal
parameters by age groups and acting doses. Changes in endocrine parameters entail
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changes in other physiological parameters. For livestock management in contaminated
areas, it is important to know how these changes will affect the reproductive and produc-
tive features of farm animals.

The most pronounced pathological changes after the Chernobyl accident were
diagnosed in farm animals left in polluted farms. They were also diagnosed in cows
with an affected thyroid gland. In offspring obtained from cows with the highest dose
of thyroid radiation, deviations from the physiological norm were most pronounced
in the first generation, and in the second generation of pathology was not noted.

When exposed to radioactive Iodine, thyroid damage is diagnosed, which is the
greater the dose absorbed by the gland. It was determined that there are more pronounced
the pathology of the thyroid gland, more pronounced the changes in physiological para-
meters and decrease of reproduction and productivity in farm animals.

Studies of reproductive qualities and productive indicators of irradiated animals
showed that the most pronounced changes were diagnosed in farm animals that were
on the territory with a higher density of pollution and with a higher absorbed dose
in the thyroid gland.

It is advisable to carry out studies to identify changes in hematological, biochemical
and hormonal parameters systematically in groups of farm animals, taking into account
the radiation background of the area and livestock premises, the degree of contamination
of feed. Comparative data analysis is necessary to identify dependencies and patterns.
It should be carried out on different groups of farm animals exposed to different doses
of radiation on the basis of methods of system analysis and modeling. The use of
methods of system analysis and modeling allows not only to systematize the material
of research and diagnosis, but also to predict the situation in the livestock complex.

© Pavlova Svetlana Anatolevna, 2018
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PAOUALUOHHASA NMATONIOTUSA
Y CEJIbCKOXO39NCTBEHHbIX )XUBOTHbIX
C NOPAXXEHHOW LLUTOBUAHOW XXEJIE3OM

C.A. I1aBJi0Ba

Poccniickas AkameMus HAPOTHOTO XO3SCTBA M TOCYJAPCTBCHHOM CITyKOBI
npu [Ipesunente Poccuiickoit denepanuun
Mockea, 119571, Poccus
s_pavlova@mail.ru

PamuoakTUBHBIN HOA MPUCYTCTBYET B aTMOC(EPHBIX BBINAJICHUSIX B IIEPBBIC Yachl aBapHIHBIX
BbIOpocoB Ha ADC. OH BBI3bIBACT MOPAXKEHUS UTOBUIHON JKEIE3bl PA3TUUHON CTEIICHU TSXKECTH.
B pesynprare nopakeHus: paiuOaKTUBHBIM HOIOM B IUTOBUIHOM )KeJe3e Pa3BUBAIOTCS MATOJIOTHYECKUE
WU3MEHEHHUS, KOTOPbIE MOTYT BIUATH Ha MPOAYKTHBHBIE TIOKA3aTENId U BOCIIPOU3BOACTBO CEIICKOXO3SHCT-
BEHHBIX J)KUBOTHBIX. PH3HOTOrHYECKHe H3MEHEHHUS! TMarHOCTHPYIOT U Y )KUBOTHBIX, KOTOPbIE HE MOIyYaloT
B JIOCTaTOYHOM KOJIMYECTBE COEMHEHNUS HOola ¢ KOPMOM MM BOAOW. DTO MOXKET MPUBECTH K IATOJIOTUH
IIUTOBHUIHOM JKEJIC3EI.

OKCIEepUMEHTAIILHO OIPEIEIEHO, YTO MaJIbIe MOTJIONIEHHbIE IIUTOBUIHOM KeIe301 1036l paIialiiy
BBI3BIBAOT MTOBBIICHUE €€ aKTHBHOCTH, @ OOJIbIINe — YIHETeHHUE aKTHUBHOCTHU U pa3pyIeHHIE MapeHXUMBI
opraHa, 4To XapakTepHO JJIsl XpOHUYeCKoii my4eBoii 6osie3nu 11 u Il crenenu Tspxectu.

XpoHMYeCKas JIydeBas GONe3Hb, KOTOpas AMATHOCTHPYETCS y OBEIL IPH HopakeHnn Mozom-131,
pa3BUBAETCS MEJICHHO, PaHHAS JUArHOCTHKA CTCIICHH TSDKECTH 3aTpy/HeHa. Ha ocHOBe SKCIepUMEeHTasb-
HBIX JIaHHBIX YCTAHOBJICHO, YTO JUIS CPEIHEH CTENeHU TSDKECTH JyueBOH OOJIE3HH OTMEUaeTCsl CHIKECHHE
LIEPCTHOM NPOIYKTUBHOCTH U IUIOJJOBUTOCTH M BBDKMBAEMOCTH ITOTOMCTBA.

CucreMHBIH aHANM3 JAHHBIX 110 PAAMOAKTUBHO 3arpsi3HEHHBIM XO3SIICTBaM IO3BOJIII BBISIBUTD
CTENEeHb THKECTH PaJIMAlIMOHHOM MATONIOTHH Y CEITbCKOXO03AHCTBEHHBIX JKUBOTHBIX dKHBOTHOBOTYECKUX
KOMILIEKCOB. MccneoBaHus MAaTOIOTUH IIUTOBHTHOM JKeJIe3bl CIeyeT IPOBOIUTH HA OCHOBE METOIOB
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CTPYKTYpPHOTO MOJICJIMPOBAHUS U JaHHBIX, TOJY4aeMbIX KCIEPUMEHTAIBHO. AHAIN3 CPaBHEHHS IIATOJIOTH-
4ecKHX 3(QEKTOB MO3BOJISET CUCTEMATU3MPOBATh WH(OPMAIIMIO M HUCIIOIB30BaTh €€ B HAyYHO-TIPAKTHYC-
CKpX 1ensix. Ha oCHOBE IPOBECHHBIX MCCIIEIOBAHUN YCTAHOBJICHO, YTO ISl OLIGHKU COCTOSIHUS SHIOKPHUH-
HOM CHCTEMBI CENIbCKOXO3SHCTBEHHBIX XKHBOTHBIX, HAXOMSIINXCSA HA 3arpsi3HCHHOW paJIMOHYKIHIAMHU
TEPPUTOPUH, HEOOXOAUMO YUUTHIBATh CE30HHBIE U BO3PACTHBIE 0COOEHHOCTH IO BO3PACTHBIM IPYIIIaM
¥ C y4ETOM BO3JCHCTBYIOIIEH J103bl. Pa3paboTka U MPaKTHUECKOE HCTIOIb30BAHUE METOIOB MOJICTIMPOBAHUS
MO3BOJISIET HE TOJBKO CUCTEMaTH3UPOBATh COOPAHHYIO MH(POPMAIIMIO, HO M CIIPOrHO3UPOBATH CHTYAIHIO
B XO0351ICTBaX, NOABEPTHYTHIX PaJIMOAKTUBHOMY 3arps3HEHHIO.

KiroueBble cjioBa: UUTOBHUIHAS JKeJIe3a, paJualilMOHHas MaToJIorus, CEJIbCKOXO03SIHCTBEHHBIC
KUBOTHBIC, MOACTTUPOBAHUC
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Abstract. The key challenges faced by many of the existing digital soil mapping (DSM) techniques
are the rigid requirements on the size of soil samples to extract the relationships needed and on the stationarity
of the extracted relationships. These requirements limit the application of these DSM techniques. This paper
provides an overview of the SoLIM approach and an introduction to the operation of SoLIM through
the software platforms available. SOLIM is based on the Third Law of Geography, which calls for
the comparison of similarity in geographic (environmental) configuration of a prototype and an unsampled
location and then use this similarity to predict the value of a soil property at a given location. DSM under
SoLIM approach removes requirements on the sample size and the stationarity assumption. In addition,
the uncertainty computed based on the similarities can be used to improve the efficiency of error reduction
efforts. The SoLIM approach has been implemented in two platforms: SoLIM Solutions and CyberSoLIM.
The theoretical foundation and the availability of software platforms under SoLIM make DSM possible and
convenient over large and complex geographic regions.

Keywords: digital soil mapping, DSM, SoLIM, First Law of Geography, Second Law of Geography,
Third Law of Geography, spatial prediction

1. INTRODUCTION

Smart agriculture, as a way to increase the productivity of agricultural lands while
minimizing the negative impacts on the environment, must base its practices on detail
information about the status of agricultural land and information on how this status
varies over space. Data on the status of soils and its spatial variation across landscape
is an essential part of the information about agriculture lands. Among the many methods
for acquiring information on soil conditions, digital soil mapping (DSM), an emerging
area in this field, is a major approach to soil spatial information gathering [1].

DSM techniques, an application of spatial prediction in soil mapping, are mostly
based on three basic principles [2]: spatial autocorrelation principle (also referred to
as the First Law of Geography [3]), the statistical principle, and the spatial heterogeneity
(also referred to as the Second Law of Geography [4]), or the combination of these
principles (such as the various versions of kriging [5] and geographically weighted
regression [6]). The key challenges to the techniques based on these principles are:
1) the requirement of samples of sufficient size for the extraction of the spatial relation-
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ships or covariate relationships needed for soil prediction; and 2) the stationarity assump-
tion of the extracted relationships [1]. These requirements have limited the application
of this type of techniques for DSM over large and complex geographic areas where col-
lecting a sample set sufficient enough is prohibitively expensive and where geographic
processes are so complex that the stationarity assumption required often does not hold.

In recognition of these limitations faced by the techniques based on above principles
Zhu [7] and Zhu et al. [8] presented a similarity approach to DSM (referred to as the Soil
Land Inference Model (SoLIM) approach). The basis behind this similarity approach is
what now been referred to as the Third Law of Geography [1]. This paper provides
an overview of the theoretical thinking, the implementation and operation of this simi-
larity approach. The next section describes the theoretical grounding of the SoLIM
approach which is then followed by a presentation on how this idea is implemented.
Software realization and operation of the SoLIM idea are presented in Section 4. Future
research issues related to SoLIM are discussed in Section 5.

2. SOLIM AS AN APPLICATION OF THE THIRD LAW OF GEOGRAPHY

The basic idea behind the SoLIM approach is another principle which has been
commonly applied and now referred to as the Third Law of Geography [1]. This law
states that “The more similar geographic configurations of two points (areas), the more
similar the values (processes) of the target variable at these two points (areas)”. The
SoLIM approach exploits the comparative nature of this law in predicting soil conditions
at an unsampled location. With this comparative nature the soil property value at an un-
sampled location can be estimated by the similarities in the environmental configuration
between the unsampled location and a known prototype available (Figure 1). A prototype
in the sense of soil mapping can be perceived as the central concepts of a soil class,
a representative case of the class, or a field sample [9]. Under this notion, the process
of DSM under the SoLIM approach can be accomplished in three steps: First, the simi-

larity in environmental configuration (Sl-’f ;&) between a prototype (k) and the unsampled
location (7, j) is measured. The computed Sl.]fj’ z 15 used to approximate the similarity
(Sl.’f ;) in soil attribute value between prototype k and the unsampled point (i, j). Finally,
the attribute value (V;)) at the unsampled point (i, /) is calculated through Equation 1
below [10]:
n
V= waj-vk, Equation 1
i=1

where 7 is the number of prototypes involved, v; is the soil attribute value for prototype k& and
k
ij
Equation 2 [11].

w; . 1s the weight assigned to prototype k for the unsampled point (7, j) and is calculated using

w; = . Equation 2
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Fig. 1. The comparative nature of the Third Law of Geography used in SoLIM
E, is the environmental configuration at prototype k and Ei,j is the environmental configuration
at unsampled point (i, j). V, is the soil attribute value at prototype k and V,v,,' is the soil attribute value
at unsampled point (i, j). S}fj‘E is the similarity in environmental configuration between unsampled

point (i, j) and prototype k. S,"/ is the similarity in soil attribute value between unsampled point (i, j)

and prototype k. Sf; is approximated by Sf;

Figure 1 clearly shows that under the SoLIM approach the weight assigned to each
prototype involved is based on the similarity of the unsampled point with each of
individual prototypes, which is what the Third Law of Geography calls for. In this notion,
no general relationships need to be extracted and quantified. Instead, the similarity
in environmental configuration, as an individual representativeness of a prototype to an
unsampled location, is captured and thus local variations in soil conditions can be
expressed [12]. This similarity can also be used to compute the uncertainty for each
prediction [13]. This uncertainty can be used to assess the quality of the so predicted
results and be used to allocate future sampling efforts to further improve the quality
of the prediction [12, 14, 15]. The use of individual prototypes and the uncertainty
measure associated with the prediction using these prototypes under SoLIM removes
the requirements on the specific number of prototypes (or samples) needed, the re-
quirement on spatial distribution of these prototypes (or samples), and the stationarity
assumption [1]. The impacts of the SoLIM approach on soil mapping have been
documented in other studies [16, 17] and are not repeated here.

3. IMPLEMENTATION AND DEVELOPMENT OF SOLIM

The key issues to the success of the SOLIM idea as expressed above are the quanti-
fication of prototypes and the characterization of environmental configuration. Thus,
the implementation and development of the SoLIM approach have focused on these
two areas so far.
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3.1. Quantification of prototypes

As stated earlier a prototype can be a field soil sample or the central concept
of a soil class. The quantification of a prototype under the SoLIM approach consists
of 1) the derivation of a set of covariates to characterize the geographic configuration
for the prototypes and 2) the property values of the prototype.

Field soil samples as prototypes: Clearly, the field soil samples are good sources
for prototypes under the SoLIM approach. Each sample has soil attribute values
observed. The environmental configuration of a sample may be characterized in the field
directly but more than often it is done after the fact using geographic information
processing techniques and remote sensing methods based on the (X,y) coordinate values
of the sample location. In other words, the two elements of prototype can be very
conveniently defined with the use of field sample points as prototypes. Thus, samples
naturally fit the use of the Third Law of Geography well with the SoLIM approach.

Central concepts of soil classes as prototypes: For a soil classes we often have
information about the typical values and the ranges of soil properties. In this case
the property values of the prototype representing this class is not difficult to obtain.
The characterization of environmental configuration for the prototype would present
challenges due to the fact that the environmental configuration is often not complete,
sometimes even not available at all in soil survey reports. However, local soil scientists,
particularly local soil surveyors, would normally understand under what kind of envi-
ronmental conditions (or configurations) the soils belonging to a particularly soil class
would exist or develop. This information is very useful in defining the environmental
configurations for soil classes. To obtain environmental configurations of soil classes
from local soil surveyor, Zhu [18] developed a personal construct based approach for
obtaining knowledge from local experts on environmental configuration. The approach
employs fuzzy logic to express the environmental conditions where a soil type will
develop fully (assigned a fuzzy membership of 1) and where the soil type does not
develop at all (assigned a fuzzy membership of 0) and where the soil type develop
at half (assigned a fuzzy membership value of 0.5). This approach of defining a prototype
is available through the SoLIMSolutions software described later in this manuscript.

The other source of knowledge on the environmental configuration for a soil class
is existing soil maps where the spatial distribution of soil classes is portrayed. This type
of maps would implicitly contain the information needed to define and characterize
the environmental configuration for a soil class. Qi and Zhu [19] developed an inductive
learning (decision tree) approach to extract environmental configurations for soil classes
from soil maps. Cheng et al. [20] furthered this effort to make a use of the knowledge
captured at the individual polygon level. This capability is also provided in the SoLIM
Solutions software.

Due to the fact these environmental configurations are extracted from human
experts or from existing soil maps in the form of knowledge rules, soil prediction under
the SoLIM approach using environmental configurations extracted in this way is referred
to as “rule-based”. It must be noted that this “rule-based” is not the same as the relation-
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ships used in the statistical approaches for the following two reasons. The first is that
these “rules” are not expressed in any fixed quantitative form as those in the statistical
approaches. Second, these “rules” are used to describe the environmental configura-
tion, not to relate environmental covariates to soil property values directly.

3.2. Characterization of environmental configuration

Characterization of environmental configuration calls for 1) a comprehensive list
of covariates that can effectively describe the geographic environment relevant to a soil
property; 2) the hierarchy of these variables; 3) the spatial foot prints of the target soil
properties. The current efforts environmental configuration characterization for the
SoLIM approach has been focus on the development of comprehensive list of covariates
with initial research underway on the other two.

In addition to conventional soil covariates used to describe the soil formative envi-
ronment (climatic conditions, topographic conditions, geological conditions, vegetation
conditions), the SoLIM effort has added two new environmental variables into the list.
The first one is the fuzzy landscape positions (fuzzy slope components) characterizing slope
positions (such as ridge top, shoulder slope, backslope, footslope and valley bottom)
in the form of fuzzy membership value [21]. This way of characterizing slope positions
allows the gradation from one slope position to another to be represented in the covariate
dataset and makes the characterization more realistic than the Boolean slope partitioning.

The other covariate developed is referred to as the surface dynamic feedback pat-
terns [22]. This variable describes how the land surface reflectance at a location changes
over time. It is done by constructing a 3D surface describing the change of reflectance
across spectral bands over time at a location using remote sensing techniques (Figure 2).
It has been shown that the difference in reflectance surface between two points is related
to the difference in soil conditions given that other environmental factors are the same [22].
Therefore, it has been effectively used to map spatial variation of soil particle composi-
tion over flat areas [23]. Recent developments in this area were able to relate reflectance
to accumulative evaporation over time [24] and to relate to rainfall magnitude in an effort
to correct the pattern for large area applications [25].

Relectance

Fig. 2. Land surface dynamic feedback pattern of a location
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4. SOFTWARE PLATFORMS AND OPERATIONS

The SoLIM approach has been made available to users through two distinct plat-
forms. One is based on the desktop platform and the associated software is referred
as SoLIMSolutions which is versioned by year. The other is based on the web platform
which takes the advantages of the recent advancement in high performance computing
and the cyber infrastructures. This platform is referred to as CyberSoLIM. Both of them
are available through https://solim.geography.wisc.edu/software. This section provides
an operational overview of these two platforms by first presenting the overall design
of the platform and then by outlining the steps for conducting digital soil mapping using
SoLIM under different circumstances.

4.1. SoLIMSolutions

SoLIMSolutions comes in a zip file. No special installation procedure is needed
to install except unzipping the zip file into a directory where you want SoLIMSolutions
to reside. The package also contains the tutorial data in the directory named Tutori-
al Data as well as the online help file (SoLIMSolutions_Help.chm). There are two sets
of documents to assist users to use SoLIMSolutions for soil mapping. The first, refer
to it as the “Functionality manual”, is on the operation and functionality of the software
which is contained in SoLIMSolutions_Help.chm and can be accessed through Help
menu of the software. This manual is also available at the front webpage of SoLIMSolu-
tions. The second document, referred to as the “Procedure manual”, is on the detail
procedures of DSM using SoLIMSolutions which is only available at the front page
of SoLIMSolutions and it came with its own tutorial data sets. This document and
the associated tutorial data were compiled for various workshops given on SoLIM.
The entrance to SoLIMSolutions is SoLIMSolutions.exe which will lead to the interfaces
shown in Figure 3. A comprehensive description of the functionality through the menus
system shown in Figure 3 is given in the Help system. The steps to conduct DSM using
SoLIMSolutions under major scenarios are described below.

"4 Untitied - SoLIM Solutions u] X
. Project DataPreparation Knowledge Acquisition Sample Design  Product Derivation  Validation  Visualization  Utilities  Help
D & ?
Project Types L
= Rule-based Project
% GIS Database
Bl Knowledge Base
»$ Inference
& Sample-based Project
# "% GIS Database
Eirield Samples

»$ Inference

Item | Value

< >

Fig. 3. Interface of SolIMSolution 2015
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4.1.1. Digital soil mapping based on field samples

Under this scenario users will use field soil samples as prototypes. These samples
may not be well distributed over the area and may be limited in number, which normally
cannot be used with the DSM techniques based on the First Law of Geography or the
statistical principle, but these samples can be used for soil mapping under the SoLIM
approach due to the fact that SoLIM is based on the Third Law of Geography which
does not require samples to be of certain size nor specific spatial distribution.

Step 1: Create a sample-based project
On the main menu of SoLIMSolutions, select “Project->New” to create a new
project. Specify the project to be “sample based”.

Step 2: Add GIS data layers

Spatial data on environmental covariates are used to characterize the environmental
configuration at each sample point. Therefore, spatial data on these set of covariates
need to be loaded into SoLIMSolutions to characterize the configuration. In the left
project panel, you will see five sub-nodes under the “GIS Database” node: “Climate
Layers”, “Parent Material Layers”, “Topographic Layers”, “Vegetation Layers” and
“Other Layers”. The environmental data layers can be loaded through these different
sub-nodes. These sub-nodes are used to specify the hierarchy in the geographic
configuration.

Step 3: Add the samples

Samples are the prototypes for digital soil mapping using the SoLIM approach. Each
sample contains at least four pieces of information (Sample ID, X-coordinate, Y-Coordi-
nate, Attribute). More than one attribute can be added for each point. The environmental
configuration for each point does not need to be included in this sample point file because
the environmental configuration can be easily defined once the location of the sample
point is known and the spatial data on the covariates are loaded. The file containing
the samples can be uploaded into SoLIMSolutions through the “Field Samples” node.
It may be found that the panel on the right side will switch to a blank table correspond-
ingly. Press the “Load Sample Point Table” button on the top to load the samples into
this table.

Step 4: Run inference

Once both the spatial data on the covariates and the sample points are loaded, the
environmental configuration for each sample as well as for any location in the study
is constructed automatically in SoLIMSolutions. With the environmental configurations
constructed, similarity in environmental configuration between each of the samples and
any unsampled location can be computed. These similarities can then be used to predict
the soil property value at the unsampled location by combining these similarities and
the attribute values at the sample points involved using Equation 1. The “Inference”
node will allow to perform the prediction.

Step 5: Result visualization

The results from the inference above can be viewed through the Visualization menu.
The 2D tool is the in-house viewer in SoLIMSolutions but the 3D tool requires the
installation of 3dMapper which is also available at the SOLIM software website.
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Step 6: Validation

For validation, you need a set of independent validation samples which should be
collected independently from the samples used as the prototypes. The validation samples
are stored in a text file using the following format: SamplelD, X-Coordinate, Y-Coordi-
nate, SoilPropertyValue. The coordinate system used to define the locations of samples
should be the same as that used for the spatial data as well as for the prototype samples.
Validation is done through the “Property Validation” under the “Validation” menu.

4.1.2. Digital soil mapping based on knowledge
from soil experts

The steps below describe the scenario when users only have local soil experts
to provide the definition of the prototypes. The procedures given below are based
on the assumption that users have obtained the knowledge from local experts on the pro-
totypes. Figure 4 illustrates an example of such information. In this example, the know-
ledge on the prototypes of 4 soil classes is given. The environmental configuration for
each of them was characterized by three environmental variables (Gradient, Elevation,
and Profile curvature). The values for these environmental variables constitute the con-
figuration. The soil A-horizon depth is the soil property.

Basco:
Elkmound:
Environ. Conflg.: Environ. Config.:
Gradlent < 20% Gradlent > 20%

Elevatlon: > 280 m

Proflle: convex to lInear
Soll property:

A-Horlzon depth: 20 cm

Elevation: 260-290 m

Proflle: linear to slightly convex
Soil property:

A-Horizon depth: 10 cm

Orlon:

Environ. Config.:
Gradlent < 6%
Elevation: <240 m

Councll: Profile: linear to slightly convex
Environ. Config.: Soll property:
Gradient 6-20% A-Horlzon depth: 40 em

Elevation: 240-260 m

Profile: concave / \
Soll property:

A-Horlzon depth: 30 cm

Fig. 4. Example of knowledge on the prototypes of soil classes

Below are the procedures for digital soil mapping based on this knowledge and
the details of the steps are given in the Procedure manual.
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Step 1: Create a rule-based project

To conduct DSM with SoLIMSolutions, you need to create a rule-based project
due to the fact that the knowledge obtained on prototypes is described in the form of
rules. Choose “Project -> new” on the main menu and specify the project type to be
“rule-based”.

Step 2: Create a GIS database for environmental configuration

Users now add the GIS data layers which are used to describe the environmental
configurations. In this example, users need to add the GIS data layers on slope gradient,
elevation, and profile curvature into the project. This is done by right clicking “GIS
Database” under “Rule-based project” and select “Add Layer”. Users can then add each
of these GIS data layers into the project database.

Step 3: Define the prototypes for each soil class

For each class, users need to define the prototype representing this class using
the knowledge extracted from local soil experts (such as these in Figure 4). This is done
through fuzzy membership curve definition by right clicking on the “Knowledge Base”
under “Rule based Project” and choose “Add Soil Type” and then for each soil type users
define the typical environmental condition for this soil to develop under the given
environmental variable, and the condition where the soil class will never develop and
the value where the soil class will be halfway developed. Operational details of this task
are provided in both the Functionality manual and the Procedure manual.

Step 4: Generate fuzzy membership maps of each soil class

Now users can compute the similarity of each location in the study area to the
prototype of each soil class. The similarity is expressed as a fuzzy membership value.
Fuzzy membership values to the prototype of a given soil class for all locations in the area
make up a fuzzy membership map of that class. Generation of fuzzy membership maps
is done through the “Inference” panel. Select the soil types to be inferred and specify
where to save the result and the output format.

Step 5: Generate hardened soil map

If a soil class map is desired, users can achieve that through the “Hardened Map”
hardening function under “Product Deviation” on the main menu. Add the fuzzy mem-
bership maps of the soil classes to be included in the soil class map and specify
the output location. By hardening each location will be assigned a soil type to which
the location has the maximum membership. Through this hardening process uncertainty
maps associated with the creation of this hardened soil map are produced.

Step 6: Generate soil property map

Another product that can be derived from the fuzzy membership maps is soil
property map. A look-up table that lists the typical soil property of each soil type should
be prepared first. A weighted average approach as shown in Equation 1 is used to get
the final soil property for each location. The “Property Map” function under the “Product
Derivation” menu can be used to accomplish this task.
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Step 7: Validation

Property map validation can be done using the step 6 in 4.1.1 Digital soil mapping
based on field samples. For validating the soil class map produced in Step 5 above, you
also need a set of independent validation samples. The validation samples are stored
in a text file in one of the predefined formats (see the Functionality Manual for details).
Validation of soil class map is done through the “Type Validation” under the “Vali-
dation” menu.

4.1.3. Digital soil mapping based on knowledge from soil maps

Under this scenario, users are using knowledge from soil maps to define the proto-
types for soil concepts (such as soil classes). The knowledge needed is characterized
through a spatial data mining techniques [20]. Figure 5 illustrates the general process
of mining knowledge for prototypes from existing soil maps. Due to the fact that
the knowledge used to define prototypes are in the form of rules extracted from the soil
maps, users need to set up the project as the “Rule-based Project” for this.

Spatial Data Mining
—
)

Reverse efgineering

a5 S=f(E)
P N g o (_'~ &
L ! o A
e RESRZ
Soil map Surveyor’s knowledge  Environmental variables

Fig. 5. Spatial data mining for knowledge defining the prototypes
from existing soil maps

Step 1: Knowledge extraction from existing soil maps

The two elements needed for knowledge extraction from soil maps are: 1) a GIS
database containing spatial data on environmental variables for defining the configura-
tion; and 2) an existing soil map from which the knowledge on the prototypes of the
mapped soil classes will be extracted. Once these are ready, select “Knowledge
Acquisition->From Map” to start SoLIM-Knowledge Miner.

Step 2: Analysis of the extracted knowledge

The knowledge extracted from the existing maps may contain noise. The Know-
ledge-Miner in SoLIMSolutions allows the user(s) to increase the quality of knowledge
by removing noises through knowledge analysis and editing. Knowledge analysis is
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normally performed for every combination of map unit (soil class presented by polygon)
and environmental data layer. Go to “Knowledge — Analyze ...” to start the knowledge
analysis interface. When finished with editing, users can save the edits. Right click on
the curve and choose “Save Knowledge Curve”, the curve will be saved in a .txt file.

Step 3: Knowledge import into SoLIMSolutions for soil mapping

The generated curves from step 2 can be imported into SoLIMSolutions for soil
mapping. The import can be accomplished during the definition of a new rule to associate
a prototype with an environmental variable (Step 3: Define the prototypes for each soil
class described in 4.1.2 Digital soil mapping based on knowledge from soil experts).
In order to use the knowledge extracted in step 2 above, the type of the new rules needs
to be “Freehand Rule”. Click “Import From Data Mining Result” and specify the
knowledge curve file (.txt file). The specified curve will be imported.

After all rules needed are added users can conduct inference soil type. The rest
of steps are the same as in 4.1.2 (Digital soil mapping based on knowledge from
soil experts).

4.2. CyberSoLIM

CyberSoLIM is another way to conduct DSM under the SoLIM framework and
is a part of large framework, referred to as Easy Geographic Computing (EGC) contributed
from the SoLIM group (Figure 6). It is a computing platform powered by intelligent geo-
computing and high performance computing techniques. It provides a visual environment
for easily constructing and executing DSM models for non-experts. The goal is to ac-
complish digital soil mapping tasks anywhere and anytime. CyberSoLIM provides
a heuristically driven, visually assisted, high performance computing enabled cyber
environment for digital soil mapping [26]. It exists in cyber space and can be accessed
through the website stated above.

EGC Loghn x
* C D www.easygeoc.org:2080/EasyWe atForm/login.htm

2
mn

Welcome to Easy GeaComputation (EGC)

(Contribution from the SolIM group)

Doat have an account: Sign Up Nows

aryyahere and amytree Your email address:”
—

Password:”

[ A ] Ramsmbar me
« = y Signin | of recoue
- W
-

Fig. 6. CyberSoLIM through Easy Geographic Computing
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At the time of this writing, CyberSoLIM is only capable of conducting DSM using
the sample-based approach and is undergoing a major change in architecture and func-
tionality. The description provided below is based on an earlier version of CyberSoLIM
and includes data management, model construction, and model execution.

4.2.1. Data management

The current implementation of CyberSoLIM is for DSM under the sample-based
approach using the SoLIM approach. Thus, we need both spatial data on environmental
covariates and sample data. Due to the fact that it is based on cyber infrastructure,
CyberSoLIM stores these data (environmental and samples) in cloud. The data manage-
ment functionality of CyberSoLIM manages these data for users. Environmental data
layers are required in “GeoTiff” format whose filename extension is .tif. The spatial
reference (coordinate system) of all data should be consistent (the same). The samples
locations should be in the same coordinate system as well and must be stored in .csv
format. The easiest way to do this is to enter the field sample data into a spreadsheet
and save it as a .csv file. In the table, there are at least three columns: X, Y and soil
attributes and the file should contain a column heading so that it is clear which
column is what.

The data a user uploaded to CyberSoLIM are under the control of the user through
user account so the user can decide how the data are shared under CyberSoLIM. There
are three basic modes for data sharing under CyberSoLIM. The most secure mode is
that a user does not share any data with anyone. In this mode, the user is not able to
access data shared by others except the data that are publically available. The next level
is that a user shares the data with groups of the user’s choice. In this case the user will
be able to access the data these groups share within the group. The third level is that
a user share data with anyone under CyberSoLIM. In this case any data that are shared
by others publically will be available to this user. The level of sharing can be assigned
to individual data set.

4.2.2. Model construction

One of the key striking features of CyberSoLIM is the intelligent and automatic
model building of DSM work flow. With CyberSoLIM users are presented with a map
of the world. A user can navigate to a study area of interest. Right clicking on the area
for DSM will bring the user an interface similar to what shown in Figure 7. Once
“Digital Soil Mapping” is selected, the user will be taken to the model construction
view (Figure 8) where the basic soil mapping structure is presented through the connec-
tion of three ellipses and one rectangle. The ellipse labeled “Property Map” is for the
user to define the output file for the resultant soil property map and the one labeled
“Sample Data” is for the user to specify the file which contains the sample data set
to be used.
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The ellipse labeled with “Env. Layers Management” is for the user to define
the environmental covariates to be used. Once the set of covariates is defined through
this ellipse, the user will be presented with something as shown in Figure 9. Each of

Fig. 8. The model construction view
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the ellipses describes a covariate. The user can associate a data set to this covariate by
right-clicking the ellipse, which will open a dialog box asking whether the user wants
to provide a data set to it or the user wants CyberSoLIM to compute it. For variables
such as TWI, slope gradient, profile curvature and planform curvature CyberSoLIM
will be able to automatically compute them once the user specifies the gridded digital
terrain model. For some of the covariates which use a common set of computing
techniques, CyberSoLIM will automatically connect these techniques in a flow work
(Figure 10). Once all of these covariates have been associated with a proper dataset,
the model can be saved for later use.

Parent TwI 3
Material " ; G%g%ent

¢ \
Temperature \ /
\

N\ \ / Profile
N \ / Curvature

€ 2 C fi  ©159.226.110.183:8080/egc/easybeoConputing. htal w A
DI CyberSoLIM: Easy Digital Soil Mapping PlatForm

] oce)

1| Open Modsl | | Save Model

SCACal

SlopeCal

ProfileCurvCal

PlanCurvCal PitRemoving *_o

| |status
(Copyright © 2013 Irstitute of Geograplac Sciences ard Natural Resowces Reseaxch, CAS. All rights reserved

|

|

Fig. 10. A workflow model for DSM under CyberSoLIM
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4.2.3. Model execution

Once all the environmental data and the soil sample data are set, the DSM model
(workflow) has been constructed and is ready to be executed. The execution of the model
is not done locally. In fact, the DSM model as captured in the work flow is sent to the
high performance computer hosting CyberSoLIM and the work flow is then translated
into executable web services and executed in the order specified in the work flow. This
can be invoked by right-click on “Sample Based Mapping” and select run. The user can
also click on “Operation Parameters” in “the Sample Based Mapping” box to adjust the
parameters of the digital soil mapping model to customize this model. The result from
the model will be presented through a web link once the execution is completed. It can
be downloaded following this link and visualized in CyberSoLIM.

It is clear through this illustration, CyberSoLIM eliminates many tedious tasks for
data preparation through intelligent model construction. GIS data preparation often
becomes the bottle-neck for non-GIS specialists in their efforts in DSM. Under
CyberSoLIM only a few source data layers (such as DEM, temperature, precipitation,
remote sensing and geology) are needed, which dramatically reduce the burden on the
users in data preparation. The other advantage is that computation is done using a high
performance infrastructure which not only improve the speed of DSM but also removes
the worry of maintaining computing hardware from users.

5. FUTURE RESEARCH ISSUES

The SoLIM approach is rather new, not only from the perspective of its methodo-
logical development but more importantly from the perspective of theoretical foundation
(the application of the Third Law of Geography). Many research issues both in methodo-
logical and theoretical developments need further studying. We here highlight only a few
which we think are key to the advancement of DSM under the Third Law of Geography
and extend invitations to anyone who wants to collaborate to advance the research
in these and other areas.

The first research issue is related to environmental configuration. As shown
in Section 2.1, characterization of environmental configuration consists of three basic
aspects. Aspect 1 is a comprehensive lists of environmental covariates which can
effectively describe the environmental configuration for a given soil property. Although
efforts are made in developing new variables [21, 24, 25], research efforts are needed
in fuzzy landform characterization (such as plain, hills), dynamic vegetation growing
conditions, creation of dynamic surface feedback patterns over large area.

Aspect 2 is the hierarchy of covariates for characterizing environmental configura-
tions under the Third Law of Geography. There is little research on this. Research efforts
are desired on questions such as following. What is the impact of hierarchy of covariates
on environmental configuration characterization? How should the covariates be struc-
tured so that the characterization is more effective? Aspect 3 is the footprint for
characterizing environmental configuration at a location for DSM [27]. Questions,
such as: What is the footprint (neighborhood size) of environmental configuration for
a given soil property? Is there a common footprint for all soil properties? — deserve
more attention.
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The second research issue is about sample verification. In SoOLIM under the Third
Law of Geography, the representativeness of a single sample is used. There is no doubt
that this representativeness is extremely sensitive to the quality of this sample. The
research question would be how to evaluate and increase the reliability of the soil
samples under the Third Law of Geography and how this reliability impacts the quality
of predicted soil map [28, 29].

The third research issue is knowledge extraction and integration for prototypes.
Knowledge on environmental configurations about soil prototypes exist in various forms
(paper maps, soil samples, survey reports etc.). Each of these forms has advantages
and disadvantages as to the comprehensiveness and quality of the knowledge [30, 31].
Techniques are needed to extract knowledge from these various forms and integrate them
into a holistic representation [30, 32].

The fourth research issue is the further development of CyberSoLIM. As it can be
seen from above presentation, CyberSoLIM has two defining characteristics: the auto-
matic construction of DSM work flow and the execution of the work flow using high
performance computing. The automatic construction of work flow can drastically reduce
the burden of users for knowledge on DSM work flow and the burden on conducting
the analysis needed in the work flow. Sharing of analytical methods which can be used
as web services are the bottleneck for systems like CyberSoLIM. The execution of DSM
tasks on cyber platforms, particularly over platforms based on cloud infrastructure,
demands new approaches to spatial data management and load management. Collabora-
tive efforts in the deployment of cyber techniques in DSM are much needed.

6. CONCLUSIONS

This paper presents an overview of the SoLIM approach in light of the laws
of geography and statistical principle used in DSM. The SoLIM approach was developed
based on important geographic principle, now referred to as the Third Law of Geography.
With SoLIM DSM does not require soil samples to be over certain size nor to be of
specific spatial distribution. This dramatically reduces requirements for DSM.

The Third Law of Geography calls for the use of similarity in environmental (geo-
graphic) configuration between locations and uses this similarity for soil prediction.
The SoLIM approach implemented the similarity of environmental configuration through
the use of soil prototypes which can be defined by central concepts of soil classes or by
field soil samples. This dramatically increases the sources available for defining soil
prototypes, with the possibility of reducing the burden on collecting extensive new soil
samples. The uncertainty derived based on similarities will also effectively target where
the additional samples are needed to improve the quality of products efficiently.

The SoLIM approach are provided in two platforms: SoLIMSolutions and Cyber-
SoLIM. SoLIMSolution is a desktop deployment and contains more comprehensive set
of functionality for DSM while CyberSoLIM is a new effort to increase the availability
as well as computational efficiency by using cyber infrastructures and intelligent
computing techniques. All of these make SoLIM more applicable over large and complex
geographic areas, easily available to people less savvy in geospatial analysis, and more
efficient in the use of resources.
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KrroueBbiMu nipoGiieMamMu, ¢ KOTOPHIMH CTAJIKUBAIOTCSI MHOTHE M3 CYHIECTBYIOIIHMX ITOIXO0B 11 (-
poBoro kaptorpadupopanus mous (DSM), sBisIFOTCS )KecTKHe TpeOOBaHUS K pa3Mepy Mpod MOYBHI,
HEOOXOUMOH IS MOCTPOSHHUSI COOTBETCTBYOIIMX B3aMMOCBSI3eH U 00CCIICUCHHUS MX YCTOMYMBOCTH. DTH
TpeOOBaHUS OTpaHUYMBAIOT NpuMeHeHne MeTooB DSM. B craTbe npeacraBnen 0630p noaxona SoLIM
U cnenr(rka ero MCIoJib30BaHUS Yepe3 JOCTYIHbIC MporpaMMHbie taTdopmbl. SOLIM 0azupyercs
Ha Tperbem 3akoHe reorpaduu, KOTOPBIH TpeOyeT CpaBHEHHS CXOJACTBA B reorpadMueckoM (IKOJIoruye-
CKOM) TIOJIO’KEHUH MPOTOTHUIA U MecTa 0e3 BRIOOPKH, a HCIOJIb30BaHKsI 3TOTO CXOJICTBA Il IPOTHO3HUPOBaA-
HHS 3HAYECHUS CBOMCTBA ITOYBHI B 3aJaHHOM MecTe. Peanmmsanust nudpoBoro kaprorpadupoBaHus MOYB
B paMkax noaxozaa SoLIM ycrpanseT TpeboBaHue K pa3Mepy BBIOOPKH U yCTOWYHBOCTH B3aUMOCBSI3EH.
Kpome Toro, HeonpeeneHHOCThb, PACCUUTAaHHAs: Ha OCHOBE CXOJICTBA, MOXKET OBbITh UCIIONB30BaHa IS IIO-
BhIICHUST 3()(PEKTUBHOCTH YCHIINH MO YMEHBILEHHIO pa3Mepa ormbok. ITomxon SoLIM peanu3oBan Ha 1BYX
miatdopmax: SoLIM Solutions u CyberSoLIM. Teoperndyeckoe 000CHOBaHHE U HAJMYKE MTPOTPAMMHBIX
wiatdopm anst SOLIM OTKpBIBarOT BOZMOXKHOCTH JJISl HCITOJIb30BaHUSI DSM B GOJIBIIMX U CIIOKHBIX
reorpauIecKuX peruoHax.

KuaroueBsble ciioBa: 1udpoBoe nouBeHHoe kapTupoBanue, DSM, SoLIM, IlepBeiii 3akoH reorpadum,
Bropoii 3akon reorpaduu, TpeTuii 3akoH reorpaduu, MpoCTPaHCTBEHHOE MPOTHO3MPOBAHKE
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BO3MOXHOCTUN UCINOJIb3OBAHUA CIMTYTHUKOBbBIX AAHHbIX
NMPU CEJ1IbCKOXO39UCTBEHHOM CTPAXOBAHUU

N.10.Capun', U.C.Ko3ybenko®

! ArponH>XeHepHBIH JeapTaMeHT ArpapHO-TEXHOJIOIHYECKOTO HHCTUTYTa
Poccuiickuit yauBEpCcHUTET IpyXKOBI HAPOIOB
ya. Muknyxo-Maxknas, 8/2, e. Mockea, Poccus, 117198

*MUHHCTEPCTBO CENBCKOTO X03s1#icTBa PO
Opnukos nep., 1, 2. Mockea, Poccus, 107078
savin_iyu@pfur.ru

IIpoBenen ananu3 BO3MOKHOCTH HCIIOJIb30BAHUS CITyTHUKOBBIX JJAHHBIX /I CTPAXOBAHHUS TIOCEBOB.
VYcraHOBIIEHB! OCOOEHHOCTH M OCHOBHBIE HAaIPaBJIeHHs MCIOIb30BaHMS CITyTHUKOBBIX TAHHBIX IPU CENb-
CKOXO3SHCTBEHHOM CTpaxoBaHWH. [10Kka3aHO, UTO CIYTHHKOBBIE JaHHBIE MOTYT OBITH HCIIOJIH30BaHBI
JUI1 MOHUTOPHHTA COCTOSIHUSI KYJIBTYP, OLIEHKH CTPAaXOBBIX PUCKOB, OLIEHKH ITOTEPh YPOKast, a TAaKkxKe JJIs
KOHTPOJISI COCTOSIHUSI TIACTOMIITHON pacTHTENbHOCTH. OTMEUeHa MEePCIeKTHBHOCTD MCIONB30BAHUS TIPH
CTPaxOBaHMH TIOCEBOB HapsAy ¢ KOCMUYECKUMH M300paKeHUSIMH JTAHHBIX, TIOYy9aeMBbIX ¢ OECITHIOTHBIX
JIeTaTEeJIbHBIX AlapaToB.

KitroueBble ¢j10Ba: CITyTHUKOBBIC JaHHBIE, MOHUTOPUHT 3€Mellb, COCTOSIHUE MTOCEBOB, CTPAXOBaHUE
ypoxast, BIUIA

CrpaxoBass MHAYCTpHUS MPEICTaBISIET COOOW KpPYNHBI PBIHOK B pa3mepe
4,3 tpnuH pomnapos CHIA, unu 6,4 nponienta ot muposoro BBII [1], B To Bpems kak
Ha MHUPOBBIX PBIHKAX CEIbCKOXO3SHCTBEHHOI'O CTPaXOBaHUS UMEETCS! KOJUIEKTUBHBII
cTpaxoBoit houy B pasmepe 12,5 mupz eBpo [2]. U3-3a pa3mepa 3TUX PHIHKOB CTpa-
XOBaHHE MOXXET CTaTh BKHOW 00JACTHIO MPUMEHEHHs JJIS1 JUCTAHIIMOHHOTO 30H/IU-
pOBaHMSL.

[epBbie MOIBITKH UCTIONB30BAHMS TAHHBIX JUCTAHIIMOHHOTO 30HaupoBanus (1/13)
JUTSL Lesiel cTpaxoBaHus NOsIBUIUCH B 1975 roay, korga Towery onucan noTe€HLIUA
a’poOTOCHEMKH M JAUCTAHIIMOHHOTO 30HIMPOBAaHUS B OLICHKE ylIepOa ais yposkas
oT rpaza [3, 4]. B smTepaType 10 IUCTAHIMOHHOMY 30HIUPOBAHUIO COLECPKUTCS MHO-
KECTBO JPYTUX MPUMEPOB, B KOTOPBIX AEMOHCTPUPYIOTCS BO3MOKHOCTH HCIOJIb30Ba-
nus [{J13, Hanpumep, npu orieHke yuiepoa ot moxapa [5], rpaga [6] u 3acyxwu [7].

Ho no cux nop JI/I3 Tak 1 He CTany HaJEKHBIM OPYIUEM B CEIbCKOXO3HCTBEHHOM
cTtpaxoBaHuu. OJHON W3 NPUYUH ATOTO SABISIETCS ONOCPEAOBAHHOCTh MHAMKALIMH
yiep6a mo JIJ13, a Takke OTCyTCTBHE JOCTATOYHO JUTMHHBIX BPEMEHHBIX PSAOB JaHHBIX
C BBICOKOM NMEPHUOJUYHOCTIO ChEMKH.

Kak n3BecTHO, B CETbCKOM XO3SIMCTBE CYIIECTBYET JIBa THIIA CTPAXOBAHUS: KIACCH-
YecKoe, KOI/la CTpaxyeTcsl peabHbIX yIepO, a Takxke HHIEKCHOE, IIPH KOTOPOM CTpaxo-
BOH CITydail HacTymaeT Mpy JOCTIKEHUH BHIOPAHHBIM TIOKa3aTeseM HeKOW (PMKCUpOBaH-
HOH BETMYMHBI (HaIPUMeEp, KOJMYECTBA aTMOC(HEPHBIX OCAIKOB MIIM KPUTHYECKOW TeM-
neparypsl BO3/yXa), HE3aBUCUMO OT pealbHbIX MOTeph. B 000MX ciaydasx Ha Bcex
OCHOBHBIX 3Talax cTpaxoBaHMs UcIoib3oBaHue JI/13 moTeHnnaabHO BO3MOXKHO.
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Tak, mpu onpeneneHuu CTPaxoBOro PUCKa B OOJBIIMHCTBE CIy4aeB peabHBIX
JAHHBIX HEJIOCTAaTOYHO, TIO3TOMY HMCHONIb30Banue JIJ13 moTeHIManbHO JOKHO SBISITHCS
nocratouHo 3¢ dextuBHbIM [8]. Hampumep, B pernoHax, rje HeT NOCTOSHHOTO MOHU-
TOPHUHIA 3aCyX, OLEHUTh UX PUCK MOXHO I10 JaHHBIM MHOroJsieTHero apxusa JI/13 [9].
Ho nipu 5TOM CyIIeCTBYIOT HEKOTOPbIE HEONPEIEIEHHOCTH C TOYHOCTHIO HH(POPMAITUH,
nonyyaemoit o JI/13 [10], 1, kpome TOro, OLIEHKH PUCKOB, Mofyyaemble 1o /13, gomx-
HBI OBITh KaK-TO TIEPECYUTAHBI HA SKOHOMUYEcKue rmotepu. HecMoTpst Ha 3T0, UMEIOTCS
myOJIMKalUK, TEMOHCTPHUPYIOIINE BO3MOXKHOCTH Hcnoiab3oBanus /(3 mis onenku
PHMCKOB BO3JICHCTBHUS Ha MOCEBHI HaBoaHeHwi [11, 12].

JlocTarouHo oOmmpHas HayyHast TUTEpaTypa CyIIECTBYET B 00JIACTH UCIIOIH30Ba-
uust J1J13 11 o1ieHKH HeroCpeICTBEHHO yiiepoa B pe3ybTaTe rHOeH IOCEBOB OT 3aCyXH,
NOXapoB, TPajia, MOPO30B, OOJIE3HEH M BpeAUTENCH. AHAIOTHYHBIM 00pa3oM CyIIECT-
ByeT OoraTas JMreparypa, OIUChIBAIOIIAs IPUMEHEHNE JUCTAHIIMOHHOTO 30HIUPOBAHUS
JUISL OLIEHKH yIiepOa, HAHECEHHOTO CTPOCHUSAM U UHPpacTpykrype. Ho neiictByromeit
OIEpaTHBHOW TEXHOJIOTUH TaK J0 CHX MOp M He pa3zpaboraHo. Tak, Hanmpumep, coodIa-
I0TCSI IPOTHUBOIOJIOKHBIE BBIBOJbI OTHOCUTEIBHO BO3MOKHOCTHU HcIoab30Banus /13
JUTSL TIOAZIEP>KKH CTPaXOBOM OTpaciv B OlLieHKe yiepoa ot rpana. Petersetal [13] mokazan
MIPUTOTHOCTh MHOTOCTICKTPAIbHBIX M300paxeHuit Landsat TM 11 OIICHKHM BIUSTHUS
MCKYCCTBEHHO BBI3BAHHOTO TIOBPEXKACHUS Tpajia B KyKypy3e u coe. Hamporus, 6onee
rpy0oe paspemieHue cryTHUKOBbIX 1aHHBIX MERIS He nano HanexHON OleHKH I10-
I1a/I1 TOBPEXKICHUS YPOXkKasi, OCHOBAHHOI'O Ha CHUMKAX, MOJYUYEHHBIX 3a HECKOJIBKO
IHEH 10 U nocie rpajga B Ansoepre, Kanana [14].

Apan et al. [15] ormeuarot, 4T0, HeCMOTps Ha TO, uTo JI/[3 00magaeT moTeHIMaIoM
JUIS BBIZICTICHUSI YYaCTKOB C U3MEHEHHOW (PUTOMACCOM IMOCEBOB, MO-MPEKHEMY TPYTHO
OTHECTH TaKue MOTepH K yuiepOy, MOCKOIbKY Ha0II0aeMOe H3MEHEHHE MOKET OBbITh
BBI3BAHO U JIPYTUMHU (PaKTOpaMH, HE CBA3aHHBIMU CO CTPAXOBBIM ciydaeM. OmgHaKO
B OTJICJIBHBIX PETHOHAX MOJA00HbIE OIIEHKH BIOJIHE BO3MOXKHEI (puc. 1).

Puc. 1. [Npymep CNyTHMKOBOM OLLEHKN MOCEBOB, NOCTPAAABLLUNX OT BECEHHUX
3amMopo3koB B KpacHogapckom kpae B 2009 roay:

h — YHU4TOXEHHbIE NOCEBbI, | — NOCTpaaaBLUMe NOCEeBbLl, N — He NoCTpaaaBLUNE MOCEBbI
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Heo6x0auMo OTMETHTh, YTO yCHEIHOCTh HCnoib30BaHus /13 cuibHO 3aBUCUT
OT THUIIA UCTIONB3YEMBIX JAHHBIX: X MPOCTPAHCTBEHHOI'O Pa3pelIeHHUs], IEPHOJUIHOCTI
ChEMKH, THIIA ChEMKH, a TAaKXKe OT SKPAaHUPYIOIIEro BIUsAHUA obmayHocTH. Tak, 0e3
COMHEHUs, YeM BBIIIE MPOCTPAHCTBEHHOE pa3pelieHue U300pakeHUH, TeM TOUHee
MO3KHO JJETEKTHPOBaTh U3MEHEHHE COCTOSIHUSA 1oceBOB. Ho /1 oLieHKH BO3AEHCTBUS
HEeOIaronpusTHBIX (PAKTOPOB BAXKHO MMETh M300pa)KEHUs, MOJIyUYEHHbIE HEIOCPe/CT-
BEHHO JI0 ¥ 1ociie coObITus (puc. 2).
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Puc. 2. CnyTHMKOBas oueHka n3aMmeHeHns GrUToMacchl NOCEBOB puca
0o (cnesa) n nocne (cnpaea) yparana B 2010 rogy (KpacHogapckuii kpai)
(4eMm BblLLE YMCIIO B iereHaa — Tem 6osblie Haa3emHasi duTomacca)

W 510 HaknaneiBaeT 0YeHb OOJbINIKE OrpaHUuYeHus. Tak, Hanbojee JOCTYITHBIC
U pacnpocTpaHeHHbIe CHUMKH Landsat MEIOT MepruoaMYHOCTh CheMKH 15 mHel, uTo
JIeNIaeT UX MaJIOTPUTOJHBIMU JUIS 3TUX liesed. boree nmpuroaHsl n300pakeHus, Momy-
gaemble co crmyTHHKOB RapidEyeAG (yacrora cheMkn — pa3 B 2—3 AHSI C IPOCTpaH-
CTBEHHBIM paspernieHrueM okoio 3—35 metpo) [16], WorldView-2 u Pleiades (mHOTO-
KaHaJIbHBIE, BBICOKOTO Pa3pEIleHNs U TAKOH e 4acTOTO cheMKH). Jlis onieHkH yiepoa
Ha OT/EBHBIX MOJISX JIy4llle, 4YeM CITyTHUKOBBIE H300paKeHHUs, MOXKHO HCIIOIb30BATh
JaHHbIE, TIOJTy4YaeMble C OECTIMIOTHBIX JIeTaTeIbHbIX ammnapartos [17].

[Ipu naaexcHoM ctpaxoBaHuu /I3 mo3BONSIOT NMOJNyYaTh OLIEHKU COCTOSTHUS
PACTUTENBHOCTH CEIbCKOXO35MCTBEHHBIX YIOIUN € pa3IuYHbIM IPOCTPAHCTBEHHBIM
pa3pelieHrneM 1 JI0CTaTouHO YacTo. braromaps 3TuM npeumyniecTBaM HEYAUBUTENBHO,
YTO MHJEKCHI JUCTAHIIMOHHOTO 30HAMPOBAHUS HAILIH CBOM MyTh B MHAEKCHOM CTpPaxo-
BaHnu. OTHUM U3 PUMEPOB MPUMEHEHHUSI MHACKCOB TUCTAHIIMOHHOTO 30HIUPOBAHUS
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SIBJIIETCSL CTPAaXxOBaHUE, KOTOPOE MOKPBHIBAET PUCK HEXBATKM KOpMa Ha MACTOMIIIHBIX
yroapsax. CunbHele koppensaimu NDVI n npogyKTuBHOCTH ObUTH ITPOJIEMOHCTPHUPOBAHbI
st mactouny LlenrpansHoit ABctpanuu [18], CeBeproit Amepuku [19], bamxnero
Boctoka [20] u Adpuku [21—23].

ATEHTCTBO 10 YIPABJICHUIO pUcCKaMu MuHHUCTEpCTBA CeNbeKoro xossiicrea CIIIA
(RMA) npennaraer cTpaxoBaHHe MACTOMII U TTACTOMIIHBIX YTO/IWi, OCHOBAHHOE Ha Bpe-
MeHHBIX psinax ocaakoB 1 NDVI [24]. CtpaxoBanue npenHazHayeHO sl 3alIuThl (ep-
MEPOB OT COKpAaIleHUs KOpMOB. BrImuiaTel BO3MeNIEHUs ONPEAEIAIOTCA Ha OCHOBE
OTKJIOHEHHSI OT HOpMBI KOMOMHHPOBAaHHOTO TIoka3aTesst NDVI u konmyecTBa 0caakoB.

B Kenun yacTHbIMU CTpaxOBBIMU KOMITAaHUSAMU TIPEIAraeTcs CXeMa CTPaxoBaHUs
JUIsI >KUBOTHOBO/IOB, OCHOBaHHAas Ha crielnaibHbIX uHAekcax IBLI, koTopbie OCHOBaHBI
Ha CE30HHBIX U IMPOCTPAHCTBEHHO-AarperupoBaHHbIX JaHHbIX NDVI, noxyueHHbIx
co cnytHuka MODIS [25]. CtpaxoBanue npennaraercs JBa pas3a B rof, 3a Mecsll
710 HACTYIUIEHHs Ce30Ha JAOXKJeH (MapT—Maii) 1 BO BpeMs KpaTKOBPEMEHHBIX JI0KAEH
(okTAOpr—1eKadph). BritutaTa mpou3BOAUTCS, KOTJa COBOKYIHBIN nHAeCKC NDVI
MaJlaeT HIKE MOPOrOBOr0 3HAYEHUsI, COOTBETCTBYIOILETO MPOTrHO3UPYEMON CMEPTHOCTH
JoMalHero ckora B 15%.

Jlo cux mop He CO34aHO HU OJHOW CHUCTEMBI MHJIEKCHOI'O CITyTHUKOBOI'O CTPaxoBa-
HHS JJISI IOCEBOB CEIbCKOXO3SMCTBEHHBIX KYJIBTYP, HO Pa3padOTKH B 3TOM HAIPaBICHUN
aKTHBHO BEIyTCS B HECKOJbKUX cTpaHax (B Uuauu [26], B Kazaxcrane [27], B Cu-
puu [28]). Pantakar et al. [29] onmcanu munoTHOe MccnenoBaHue B mraTax Uxarrucrapx
u Aanxpa-Ilpanem B Manum, rae Obit pa3paboTaH U mpeuiokeH hepmepaMm KOMIUIEKC-
HBII MHJIEKC CTPaxoBoro npoaykra Ha ocHose NDVI u ocankos.

AHanu3 cBA3M MEX]y MHAEKCOM ocaakoB U uHaekcoM NDVI ¢ nanHbIMU 110 ypo-
KaWHOCTU KYKYpPY3bl M XJIOTYaTHUKA U3 JIEBIATH paiioHOB 3umbabBe [30] mo3Bonmn
caenathb BBIBOJ O TOM, yTo NDVI Obu1 my4imnm nokasaresem, IOCKOJIbKY OH BBISBUI
OoJiee BBICOKHE KOPPEIALNHN C ypokaeMm, 4eM mokazarenb ocaakoB. C.G. Turvey
1 M.K. McLaurin [31] uccnegosanu nmorenuan NDVI kak nokasatens 1 HHACKCHOTO
cTpaxoBaHus ypoxas. OHU cooOmMIN, 9YTO B3auMocBs3b Mexxay NDVI, ocaakamu,
3KCTpEMAJIbHBIM TEIJIOM M YPOKAHHOCTbIO OUYEHb BAPBUPYET U 3aBUCUT OT MECTOMOJIO-
JKEHUs], U CIIEJIAJIU BBIBOJ O TOM, uTO nipuMmeHeHne NDVI i unaexcanuy KOHCTpyKIUU
CTPaxoBOM MPOAYKIUHU TPeOyeT KaINOPOBKH IO MECTY.

Kpome ucnonb3zoBanus cnyTHUKoBoro nujaekca NDVI ning unaekcHoro crpa-
XOBaHMS, UCCIEIOBATEIN OTMEYAIOT OOJIBIION MOTEHIIMA CITyTHUKOBBIX MHACKCOB
ocankoB [32]. L. Johnson [33] onuceiBaeT, 4TO aBTOMAaTH3UPOBAHHBIE METEOPOJIOTH-
YEeCKUE CTAHIIMU, COCTABIISIONINE OCHOBY CTPaXOBaHMsI MOTOJHBIX MHIEKCOB B KeHun
1 YraHje, CIMIIKOM JOPOTOCTOSIINE JJIsi COACPKaHMsl, U HIMEHHO T10 3TOM MpUYNHE
ObUTM HAYaThl UCCIEAOBAHUS 110 PACCIEAOBAHUIO BOZMOXKHOCTH OIICHKH KOJIMYECTBA
aTMOCc(epHBIX OCAJKOB CO CITyTHHKA. [[0CKONBKY OCaIki UMEIOT BBICOKYIO IIPOCTPAH-
CTBEHHYIO M3MEHYMBOCTb, OCOOCHHO JJII KOPOTKHUX BPEMEHHBIX MacIITaboB, AJIs
co3nanus 3QPEeKTUBHOTO MPOCTPAHCTBEHHOT'O MPEACTABICHUS 0K HEOOXOIUMBI
JIOCTATOYHO IJIOTHBIE CETU MeTeocTaHlui. Korja Takue cetu He CyLeCTBYIOT WU
He 00eCTIeUrBaIOT HA/ISKHYIO JOCTABKY JaHHBIX, CITyTHUKOBBIC JAHHBIE MOTYT YaCTHYHO
BOCIIOJIHUTH 3TOT TpoOes. OHU COCTOST U3 TETIOBU3MOHHBIX HAOIIOIEHUH, B OCHOBHOM
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C TEOCTAIIMOHAPHBIX CITyTHUKOB, a TAK)KE€ aKTUBHBIX U maccuBHbIX CBY HaOmoneHunit
C MOJISIPHO-OPOUTANBHBIX CITYTHUKOB. CyIIECTBYET MHOTO CITyTHHKOBBIX MPOIYKTOB,
KOTOpbIe 00BEIMHAIOT KOMOMHUPOBAHKE JaHHBIX 00 ocaakax u3 pasmuunbix [1J13 [34].

Bce BbIlIeynOMsAHYTBIE IPUMEPBI MHACKCALIMOHHOTO cTpaxoBanus ¢ JIJI3 mpeno-
CTaBJISIFOT MPOYKTHl MUKPOCTPAXOBaHUS, OPUEHTUPOBAHHBIC HA KOHKPETHBIE JIOMOXO-
3stiicTBa. B mocnenHee BpeMsi pacTeT HHTEpEC K CTPaXOBBIM MPOAYKTaM Ha ME30- U MaK-
pOypoOBHE. DTH NMPOAYKTHI HE HAIEJICHBI HAa OTACIBHBIX GepmepoB. OHM HAIICICHBI
Ha areHTCTBA 0 OKAa3aHHUIO TIOMOIIM U PErMOHANILHBIC M HAIMOHATIbHBIC MIPABUTEIbCTBA,
KOTOpBIE 3aMHTEPECOBAaHbl B (DMHAHCOBOU MOJAECPKKE (PEpMEPOB, MOCTPATABIINX
OT CTUXUIHBIX OeicTBHid. Harpumep, B ApreHTrHe U Ypyreae ObUIH POBEICHBI TEXHH-
KO-3KOHOMHUYECKHE UCCIIEI0BAaHUS ME30CTPAaXOBaHMsI, OCHOBAaHHBIC Ha MOKA3aTEIsAX
orciexxuBanus uHaekcoB NDVI g mactoug [35, 36], nmpeaHa3HauYCHHBIX IS CTPaxo-
BaHMS MMOTEPHU JOMAIIHETO CKOTa. DTO ME30CTPaxOBaHUE, €CIIM OHO OYET pealn30BaHo,
MO3BOJIUT MPABUTEILCTBY CBOCBPEMEHHO BBITUIAYMBATEL CPEJICTBA HA TOJICPIKKY Bia-
JIeNbLIEB CKOTA sl MOJIIEP>KAaHUS UX CTaJl B cllydyae CUIbHOM 3aCyXH.

[ToreHansHO MHJEKCHOE CITYTHUKOBOE CTPAaXOBAaHUE MOKET TAK)KE MPUMEHSTHCS
U K MHOTOJIeTHUM KyinbTypaMm. Hanpumep, Lou et al. [37] onuceiBatroT npuMeHeHue
TETJIOBOTO JUCTAHIIMOHHOTO 30HIMPOBAHKS MPYU KOHTPOJIE 32 BO3ACHCTBUEM 3aMOPO3-
KOB Ha IUTAHTAIlUX Yas.

Hecmotpst Ha Gobliiie MEPCTIEKTUBBI CITYTHUKOBOTO WHJIEKCHOTO CTPaXOBaHUS,
CYIIECTBYET PsIi TEXHUYECKUX MPOOIIEM.

[TepBast — 3T0 HEMIPEPHIBHOCTH IAHHBIX HY>KHOT'O TIPOCTPAHCTBEHHOTO pa3peIieHus
¥ BPEMEHHOM NMEePHOJANYHOCTH TIOTYYEHHS, YTO 00ECTICYHUTh B HACTOSIIEE BpEeMs JJOCTa-
TOYHO 3aTPATHO.

Bropas mpobnema cBsizaHa ¢ Ka4eCTBOM JIaHHBIX, UX CHJILHOW 3alllyMJICHHOCTBIO,
BJIMSTHAEM OOJIAYHOCTH M COCTOSIHUEM aTMOC(ephl. JTa mpobjieMa B HACTOSIIECE BPEMsI
JIOCTaTOYHO yCIlelHO pemtaetcs [38].

Eme ogna mpoOnema cBsizaHa ¢ BBIOOPOM WHICKCA, KOTOPBIA OBl MOKa3bIBaJ
BBICOKYIO KOPPEJSIIHUIO C pEeabHBIMH IMOTEPSIMHU, TTOHECEHHBIMHU 3€MJIEBIIAICIIBIIAMHU.

CryTHUKOBBIE JIaHHBIE UMEIOT OOJIBIION MOTEHITUAN JJI UCTIOBL30BAHUS B CEIb-
CKOXO3SIIICTBEHHOM CTpaxoBaHUH. OHH MO3BOJISIIOT OLIEHWBATh PUCKU BO3IEUCTBUS TOIO
WM MTHOTO HEOJIaronpusaTHOTO (haKTopa, OIICHUBATh IOTEPH YPOXKas, a TAKKE OCYIIle-
CTBIISITH ONIEPATUBHBIM MOHUTOPUHT COCTOSIHUSI TTOCEBOB. [[7151 HEOOMBIINX YyIaCTKOB
0osee 3((HEKTUBHBIM SBIISCTCS UCIOJIH30BAHUE JAHHBIX, MOyYaeMbIX C OCCIIIIOTHBIX
JIeTaTeIbHBIX aIapaToB.

Hawn6Goiee 3 peKkTUBHBIM SBIISICTCS MCIIOIb30BAHUE CITYTHUKOBBIX JIAHHBIX MPU
MHEKCHOM CTPaXxOBaHUH MOCEBOB M MACTOUIIIHON PaCTUTEIHLHOCTH.

[TpakTrueckas peannzaiusi UIMEIOIIETOCs MOTEHIMANIA 3aTPYHEHA KaK TeXHUYe-
CKMMH BO3MOXKHOCTSIMH TIOJIYYE€HHUSI JAHHBIX B HY>)KHOE BpeMs U HY)KHOTO KauecTBa,
TaK M UX BCE €Ie BRICOKOH CTOMMOCTBIO.

[lepcrieKTUBHBIM HalpaBlIeHUEM JAJbHEUIINX MCCIIEIOBAHUMN SIBIISIETCS MOUCK
HOBBIX CITyTHUKOBBIX MHJIEKCOB, KOTOpPbIC HAauOOJIEE TOJTHO ObI OTpa)kalld COCTOSTHUE
IIOCEBOB Y IaCTOUIII.
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Abstract. Identifying the main land legislation violations in Volgograd is a prerequisite for
the preservation and rational use of the territory. The measures system development aimed at improving
the effectiveness and efficiency of the municipal land control implementation will contribute to the city
district main wealth preservation. The article presents the activities of specially authorized organizations
and bodies for the land legislation observance. The average workload per 1 specialist in municipal land
control carrying out amounted to 1.4 of inspections carried out for legal entities. The sequence of actions
during the scheduled and out-of-scheduled inspections is given here. The report on the municipal land control
carrying out in Volgograd for 2016—2017 is submitted. According to the land control results in 2016, from
the total number of carried out inspections, 16.5% of them were revealed with violations, and in 2017 —
25.7%. Amount of the prescribed fines in 2017 increased by more than twice in relation to 2016. Violations
of land legislation in Volgograd occurred on the unauthorized occupation of land plots and their parts,
the failure to comply with legal regulations on the violations elimination, the use of land not in accordance
with its permitted use. Municipal land control was carried out in compliance with the general principles,
duties, restrictions and prohibitions in carrying out control measures, as well as the requirements for
processing the results of inspections. On the basis of the material reviewed, suggestions were made
to improve the effectiveness and efficiency of the municipal and state land control implementation.

Key words: municipal land control, scheduled inspections, out-of-scheduled inspections, inspector,
violations of land legislation

INTRODUCTION

In Russia, ensuring land protection and its rational use is the main goal in the field
of land transformations. A necessary tool for performing tasks is land control over
the protection and use of land at various structural levels. For violations in the field
of land relations, a special role is assigned to administrative responsibility, which is
an indicator of the state’s reaction to the land legislation violators’ actions. The essence
of this responsibility lies in the application of administrative measures established and
enshrined in the land legislation, to the guilty subject in violation of legal norms regarding
the protection and land use, as well as the land users, landholders and landowners rights.

The department of municipal land control of the Volgograd administration
municipal property department carries out municipal land control in Volgograd.

There are 8 officials (inspectors) in this department who are responsible for
carrying out inspections in the Volgograd administrative districts. Accordingly, each
inspector is assigned a specific area for the land control implementation at the municipal
level [1].

The goal of the research is to consider and analyze the process of municipal land
control implementation in Volgograd.
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MATERIALS AND METHODS

The land control implementation is divided into several stages, which are the
administrative procedures presented in Figure 1.

Preparation for inspection carrying out

Inspection carrying out

Inspection results on compliance with land
legislation preparation

Adoption of measures stipulated by the Russian
Federation legislation on identified violations

Fig. 1. Scheme of administrative procedures

In order to implement land control, scheduled and out-of-scheduled inspections
are carried out [2]. In Figure 2 we consider in details the organization and rules for
carrying out scheduled inspections.

When carrying out planned inspections, they observe the land legislation in respect
of legal entities and individual entrepreneurs and carry them out no more often than
once every three years.

Scheduled inspections are carried out in accordance with the annual inspection plan.

The regular scheduled inspections inclusion in the annual plan for inspections
of legal entities and individual entrepreneurs is carried out in connection with the expi-
ration of 3 years from the day of:

1) the legal entity or an individual entrepreneur state registration, or the start of
a legal activity;

2) the end of the last scheduled inspection.

In due time, the Federal Service for State Registration, Cadaster and Cartography
and its territorial bodies send annual plans drafts to the prosecutor’s office. The prose-
cutor’s office considers and makes proposals to eliminate the detected comments, and
also makes additional proposals for carrying out joint inspections with the land control
authorities.

The approved inspection plan is communicated to concerned parties by posting it
on official websites or by other available means.

The total duration of the inspection (from the date of commencement to the date
of drawing up the inspection report) may not exceed 20 working days. In relation
to one small business entity, the total duration of a scheduled inspection cannot exceed
50 hours for a small enterprise and 15 hours for a micro-enterprise per year.
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Preparation of the inspections draft annual plan and sending it to the prosecutor's office
(until September, 1 of the year preceding the year of the scheduled inspections)

l

Consideration of the inspections carrying out draft annual plan by the prosecutor's office and
sending proposals for the plan amending (until October, 1 of the year preceding the year of the
scheduled inspections)

l

Amendments to the annual plan, the plan approval by the land control authority head and the
approved plan sending to the prosecutor's office (until November, 1 of the year preceding the year
of the scheduled inspections)

|

Annual plans generalization by the prosecutor's office and sending it to the General Prosecutor's
Office of the Russian Federation in order to form an annual plan for carried out scheduled
inspections (until December, 1 of the year preceding the year of scheduled inspections)

|

Publication of the plan for inspections carrying out in the official source of local authorities (until
December, 31 of the year preceding the year of the scheduled inspection)

l

Preparation of information about the inspection item

l

Decree to carry out an inspection by the land control authority head

l

Sending an inspection notification (no later than 3 working days before the inspection)

l

On-site visit and inspection of the inspection item, drawing up an inspection report, compliance
with land legislation

l

Preparation of a documents package for sending to the state land supervision authority

l

Sending inspection materials to the state land control body

l

Consideration of the case in the state land supervision

Fig. 2. The sequence of administrative procedures at implementation municipal land control
when carrying out planned inspection

In exceptional cases, related to the need for a complex or lengthy research, testing,
special investigations and examinations on the basis of proposals from the Federal
Service for State Registration, Cadaster and Cartography officials carrying out a sched-
uled inspection, the period of an on-site scheduled inspection can be extended by
the Chief Inspector, but not more than 20 working days for a small business, and not
more than 15 hours for a micro-enterprise.
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Grounds for out-of-scheduled inspections

! !

The expiration of the execution term by
a legal entity, an individual entrepreneur
of a previously issued notification for
the elimination of a violation that was
revealed during the previous inspection

Admission of citizens, media,
authorities, etc. statements and appeals
about the following facts to the state
and municipal supervision bodies

v

v

\’

The state supervision body
The threat Causing head decree and on the basis
emergence of harm to the of the prosecutor
harm to citizens’ Consumer requirement to carry out an
citizens’ life, health, life, rights unscheduled inspection as
health, the the violation part of the laws execution
environment environment supervision on the received
and others and others appeals and materials to the
prosecution authorities

Fig. 3. Grounds for out-of-scheduled inspections carrying out

The inspected person is informed about the extension of the inspection period
in writing, as well as by telephone or facsimile, e-mail no later than the day following
the date of signing.

Let us turn to the organization of an out-of-scheduled inspection in Figure 3.

The subject of an out-of-scheduled inspection is compliance with the mandatory
requirements in the activities implementation, compliance with the requirements
of Federal Service for State Registration, Cadaster and Cartography, measures to prevent
harm to citizens’ life and health, the environment, etc.

Applications and appeals that do not allow to identify a person who has applied
to the body of state or municipal supervision, as well as appeals and statements that
do not contain information about the facts, cannot serve as the basis for an out-of-
scheduled inspection carrying out.

An out-of-scheduled inspection is carried out in the form of a documentary inspec-
tion or an on-site inspection.

The procedure for the approval of the state and municipal supervision with the
prosecutor’s office of an out-of-scheduled on-site inspection is established by the Russian
Federation Prosecutor General order.

In Figure 4, we consider a phased procedure for out-of-scheduled inspections
carrying out and documents preparation.

On the day of prescription, the decree to carry out an out-of-scheduled on-site
inspection is sent by registered mail with a statement of receipt or in the form of an
electronic document signed by an enhanced qualified electronic signature on the appli-
cation for an out-of-scheduled on-site inspection approval.

LAND MANAGEMENT AND CADASTRE 347



Caymxuna H.B. Becmnux PY/{H. Cepusi: ATPOHOMUWA Y JKUBOTHOBO/CTBO. 2018. T. 13. Ne 4. C. 344—352

Land legislation
Citizens and other violation fact Follow-up
persons’ appeal and detection by the inspection
application head
v v v
Decree to carry out an inspection by the land control authority head
Legal entity - sending an
Private individual - preparation of application for unscheduled
information about the inspection inspection coordination with the
item prosecutor's office, and then
preparing information about the
v v

Sending an inspection notification (no later than 24 hours before the
inspection by any available means)

v

On-site visit and inspection of the inspection item, drawing up an
inspection report, compliance with land legislation

v

Preparation of a documents package for sending to the state land
supervision authority

v

Sending inspection materials to the state land control body

v

Consideration of the case in the state land supervision

Fig. 4. The sequence of administrative procedures at municipal land control implementation
when out-of-scheduled inspection carrying out

Now let us consider the bodies and organizations that exercise control over the
land use.

Specialists and officials carry out state land control in accordance with the pre-
scribed procedure in the resolution approving the on state land supervision provision [4].
Specially authorized bodies are the Federal Service for State Registration, Cadaster and
Cartography, the Federal Service for the Supervision of Natural Resources and the Federal
Service for Veterinary and Phytosanitary Supervision.

Officials and specialists in accordance with the legislation of the Russian Federation
and the adopted regulatory and legal acts of local self-government bodies carry out
municipal land control.

The specially authorized body exercising municipal land control in Volgograd is
the Department of Municipal Property of the Administration of Volgograd. The main
regulations for this control type implementation in Volgograd is the decision of the city
administration on the administrative regulations for the implementation of municipal
land control [5].
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The average workload per 1 specialist in municipal land control carrying out
amounted to 1.4 of inspections carried out for legal entities, individual entrepreneurs
per year (including: in the first half of the year — 0.8 of inspections for a specialist,
in the second half-year — 0.6 of inspections for 1 specialist).

In 2016, in Volgograd, municipal land control was carried out in respect of 1 legal
entity and 96 citizens. It was not possible to carry out scheduled inspections of 46 citizens
for reasons of the ownership change, lack of attendance and the impossibility of notifying
the inspected ones about the forthcoming inspection (Table 1). In 2017, the department
specialists carried out: 88 scheduled inspections, out-of-scheduled inspections in relation
to individuals; participated in 39 inspections carried out in relation to economic entities;
4911 surveys, land surveys for their actual use.

Table 1
Report on municipal land control carrying out
Inspections Inspections’ results Failed Imposed
(all on-site inspec- fines,
tions) units/rub.
total | sche- | out-of- | without With violations (AOC RF)
duled | sche- viola-
duled tions total | art. 7.1 | part1 part 1 part 1
art. 8.8 |art. 19.5 | art. 19.4.1
2016
Legal entities 1 — 1 1 — — — — — —
Citizens 96 67 29 74 22 13 3 6 6 18/76 700
Total 97 67 30 75 16 13 3 6 6 18/76 700
2017
Legal entities | 13 12 1 10 3 2 — 1 — 1/100 000
Citizens 88 64 24 65 23 17 1 5 6 22/77 900
Total 101 | 76 25 75 26 19 1 6 6 23/177 900

According to the inspections plan for 2017, 76 on-site inspections were approved,
of which 12 are against legal entities and 64 are against citizens. In addition, the Volgo-
grad municipal land control department specialists carried out 24 out-of-scheduled
inspections of citizens and 1 out-of-scheduled inspection of a legal entity, the data are
presented in table 1.

In 2016, following the results of the inspections included in the plan for this year,
22 violations of land legislation by citizens were revealed, most of which unauthorized
occupied the land plot or its part. In 2016, 13 citizens were brought to administrative
responsibility, and fines totaling 76700 rubles were imposed.

In 2017, following the results of the municipal land control in 2017, violations were
revealed in relation to 3 legal entities and 23 citizens, 177 900 rubles were imposed for
the violation of the land legislation.

Violations of land legislation in Volgograd occurred on the unauthorized occupation
of land plots and their parts, the failure to comply with legal regulations on the elimina-
tion of violations, the use of land not in accordance with its permitted use.
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CONCLUSIONS

Municipal land control is carried out in compliance with the general principles,
duties, restrictions and prohibitions in carrying out control measures, as well as the re-
quirements for processing the results of inspections.

In the period from 2016 to 2018, when carrying out the state control (supervision)
and municipal control, no scheduled inspections were carried out with respect to legal
entities and individual entrepreneurs related to small businesses.

The following can contribute to improve the effectiveness and efficiency of the
municipal land control implementation:

1) regular implementation of practical seminars covering issues of interaction
between municipal control bodies and state supervisory authorities;

2) increasing the size of fines imposed for land legislation administrative vio-
lation of.

In order to increase the efficiency of municipal control carrying out, it is necessary
to transfer the authority to draw up protocols on land legislation administrative offenses
to the level of municipalities.
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OCYLWECTBJIEHUE MYHULUNAJIBHOIO
3EMEJIbHOIo KOHTPOJ14
HA TEPPUTOPUUN TOPOAA BOJITOrPALOA

H.B. Caymikuna

Bonrorpaackuil rocy1apCTBEHHBIN arpapHblii yHUBEPCUTET
Boneoepao, Poccuiickas @edepayus, 400002
nadezhda-rakitina@yandex.ru

BrisiBieHMEe OCHOBHBIX HAapyLIEHHH 3€MENBHOrO 3aKOHOMATENLCTBA HA TEPPUTOPHHU ropoaa Bomro-
rpaja sBISIETCs] HEOOXOMMMBIM YCIIOBHEM IS COXPaHEHHS M PaIlOHAIBHOTO UCIIONB30BAHHS TEPPUTOPHH.
Pa3paboTka CHCTEMBI MEPOIPHATHIH, HAIIPABICHHBIX HA MOBBILIEHUE PE3YJIbTATUBHOCTU U 3()(HEKTUBHOCTH
OCYIIIECTBIICHHUS MYHHIUIIATIBHOTO 3eMEIEHOT0 KOHTPOIIS, OyAeT clocOOCTBOBATH COXPAHEHHIO TTIABHOTO
GoraTcTBa rOpoJCKOro OKpyra. B crarbe mpeicTaBieHa JeATeIbHOCTh CHELUAIbHO YIIOJIHOMOUYCHHBIX
OpraHu3alMil 1 OPraHoB 3a COOJIIOIEHUEM 3EMEIBHOIO 3aKOHOaTeNbcTBa. Cpe/Hsid Harpyska Ha 1 crenua-
JIMCTA TI0 MPOBEJCHUI0 MYHHUIIUITATEHOTO 3eMeTIBbHOr0 KOHTPOIIs cocTaBmwia 1,4 mposepku. IlpuBeneHa
II0CJIe/I0BATENIBLHOCTD JSHCTBHIA IIPH IPOBEICHUH IUTAHOBBIX U BHEIUIAHOBBIX IIpoBepok. [Ipesncrapien oTyer
0 NMPOBEJCHUHN MYHUIIUIATIBHOTO 36MEJIbHOI0 KOHTPOJIS Ha TeppUTOpUH ropoaa Bonrorpana 3a 2016—
2017 rouet. ITo pe3ynpTatam 3eMenbHOTO KOHTPOJst B 2016 roay U3 o0Iero 4ucia npoBeACHHBIX MPO-
BEPOK C HapyLICHUSIMU BbIsABIEHO 16,5%, a B 2017 rogy — 25,7%. CyMma npeanucanHbix mrpados
B 2017 roay BBIpOcia Ooblle YeM B JBa pasa 1o cpaBHeHHto ¢ 2016 rogom. HapyiieHus 3eMenbpHOro
3aKOHOJIaTeNIbCTBA HA TEPPUTOPUH Topoia Bonrorpan mpuxoanmick Ha CaMOBOJIEHOE 3aHATHE 3€MEJTbHBIX
YYacTKOB M MX 4acTel, HEBBIIOIHEHUE 3aKOHHBIX IIPEIIUCaHUN 00 YCTpaHEHUU HapyLIeHHH, HCIOIb30-
BaHHUE 3eMEJIFHOTO YYacTKa He B COOTBETCTBHH C €0 Pa3pelleHHBIM HCIIONB30BaHHEM. MyHHIMITATbHBIH
3eMeNbHBIA KOHTPOJIb OCYILECTBISETCSA ¢ COOJIFOICHHEM OOIIMX TPUHIIUIIOB, 00S3aHHOCTEH, OrpaHHYCHUI
U 3aIIpeTOB IIPU IIPOBEICHUH MEPOIPUATUI 0 KOHTPOIIIO, @ TaKXKe TPeOOBaHUN K 0(OPMIIEHUIO Pe3yiib-
TaTOB MPOBEEHHs MPOBepoK. Ha OCHOBaHMM paccCMOTPEHHOTO MaTeprajia IPUBEIeHB! NPENIOKEHUS IS
TIOBBILICHUS PE3YIIBTaTUBHOCTH U 3()(PEKTUBHOCTH OCYIIECTBIICHUS MYHUIMITAIEHOTO U TOCYJAPCTBEHHOTO
3€MEIbHOI0 KOHTPOJIS.

KiroueBble ciioBa: MyHI/IIlI/Il'[aJ'II:HHﬁ 3eMeJIbHBIN KOHTPOJIb, INIAHOBBIC IMPOBEPKH, BHCIIJIAHOBBIC
IIPOBEPKU, HHCIICKTOP, HAPYIICHUA 3€MEJIIBHOTO 3aKOHOJATCIILCTBA
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EFFECTIVE CULTIVATION
OF EXTRA-EARLY SOYBEAN CULTIVAR CV. ‘VNIIOZ 86’
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Abstract. The influence of sowing methods and irrigation regimes on productivity of extra-early
soybean cultivar VNIIOZ 86 has been studied at Russian Research Institute of Irrigated Agriculture.

The use of differential irrigation regimes (70—80—70% and 80—80—70% of FMC) resulted
in 2.42 ... 2.51 t/ha yield and mid-level profitability of grain production (80.6%), which was 0.25 ...
0.34 t/ha more compared to the control (80—80—80% of FMC), as synchronization of vegetative growth
and reproductive development increased grain amount in total biomass up to 36.2%. Differential irrigation
regimes restrained an increase in crude protein level in the seeds (at the level of 35.4 ... 41.2%) compared
with the control (36.5 ... 41%). However, they increased fat content in the seeds (18.1 ... 21.4%) com-
pared to the control variant (16.1 ... 18.6%). Optimization of irrigation regime increased protein (up to
0.68 ... 0.94 t/ha) and fat (0.37 ... 0.46 t/ha) compared to the control (0.64 ... 0.83 t/ha and 0.29 ... 0.35 t/ha,
respectively). The smallest water consumption coefficient was observed in sites with differential irrigation
regimes — 1,174 ... 1,524 m*/t, when in the control site it was 1,651 ... 1,977 m*/t.

Extra-early VNIIOZ 86 plants require 8 ... 14 irrigations at a rate of 190 ... 230 m’/ha. It is enough
to perform 8 irrigations in relatively favorable years (2013), and up to 14 irrigations in dry years (2014—
2015). To maintain a differential irrigation regime, it is necessary to perform 8§ ... 10 irrigations in wet
and up to 10 ... 13 irrigations in dry years.

The highly profitable cultivation of early soybeans (107.9%) was achieved using drilled sowing
(0.30 x 0.042 m) that resulted in significant yield increase (up to 3.02 t/ha) which was 0.41 t/ha higher
compared to wide-space sowing technique (0.70 x 0.024 m).

Key words: soybeans, cultivars, irrigation regimes, yield, growth stages, protein and fat content
in seeds

INTRODUCTION

Increase in protein and vegetable oil consumption, as well as produce of pharma-
ceutical and other industries, defines the relevance of the research aimed at optimizing
reclamation and other agricultural methods of soybean cultivation, ensuring stable grain
yields under limited resource consumption conditions.

Soybean is a light requiring crop with a positive response to irrigation. Its world
cultivation is concentrated in southern countries such as the USA, Brazil, Argentina,
China, and India. Here, natural soil moisture reaches up to 400 mm and growing season
is long enough (up to 180 days) which make it possible to cultivate medium-late
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maturing high-yielding cultivars (up to 3.0 ... 3.5 t/ha) while world yield level averages
2.6 t/ha.

Despite the rapid increase in soybean plantings (2.6 million hectares) in the Russian
Federation, average soybean yields remain low (1.5 t/ha). The insufficiently favorable
natural hydro-thermal conditions for highly profitable soybean cultivation in the main
agricultural regions of Russia impel to use early soybean cultivars characterized by low
yield level (on average 2 t/ha) without irrigation. Hard weather events that periodically
occur during growing season do not contribute to increasing in the seed protein content,
which reaches 30 ... 35% of dry matter while US standard is over 35%).

Soybean has a high positive response to irrigation, resulting in yield increase from
2.5 to 4.5 t/ha and increase in crude protein content up to 35 ... 45% in seeds depending
on the cultivar, agricultural practices [1—3]. However, cultivation process of early
soybean cultivars under various sprinkling irrigation regimes and sowing methods is
not described enough [4—6].

MATERIALS AND METHODS

The experiments were conducted in Russian Research Institute of Irrigated Agricul-
ture in 2013—2017. Seeds of early soybean cultivar VNIIOZ 86 (Volgograd selection)
included in State Register of breeding achievements approved for cultivating in the
Lower Volga region were used [7]. Irrigation regimes (2013—2015) applied were
a permanent one with §0—80—80% of FMC (control) and changing regimes depending
on basic soybean growth stages: 70—80—70% of FMC (emergence — flowering
at 70%, flowering — seed formation at 80%, maturity at 70% of FMC), and 80—80—
70% of FMC (emergence — flowering at 80%, flowering — seed formation at 80%,
maturity at 70% of FMC). We used two sowing methods: wide-space (0.30 x 0.024 m)
as a control and drilled sowing (0.30 x 0.042 m).

RESULTS AND DISCUSSION

The experiments showed that extra-early soybean cv. VNIIOZ 86 requires 2,135 °C
of active temperatures during emergence-maturity (92 days) under irrigation to form
yield. Soybean plants need most heat (26.1%) during seed formation-maturity, and the
smallest heat (9.4%) is required at emergence. In emergence-flowering period the mean
temperature is 22.1 °C, and in flowering — beginning maturity period the mean tempera-
ture approaches 24 °C, therefore, it is important to coordinate improvement of irrigation
regimes with heat availability in crops during different growth and development stages
of particular cultivar, smoothing out temperature extremes.

Analysis of the photosynthetic activity of VNIIOZ 86 plants showed low for-
mation level of the maximum leaf surface area (25.7 ... 31.3 thousand m?/ha), which
is characteristic of early cultivars. The photosynthetic potential (FP) was 1,480 ...
1,880 thousand m? days/ha, the average daily increase in organic matter was 84.6 ...
95.5 kg/ha, dry biomass was 6.92 ... 7.83 t/ha, and yield was 2.17 ... 2.51 t/ha.

The use of differential irrigation regimes resulted in significant increase in VNIIOZ 86
grain productivity (Table 1).
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Table 1
Influence of irrigation regime on cv. VNIIOZ 86 productivity
Irrigation regime, % of FMC Yield, t/ha Deviation from the
control

2013 2014 2015 average t/ha %
70—80—70 2.74 2.5 2.25 2.51 0.34 15.7
80—80—70 2.61 2.46 2.19 2.42 0.25 11.5
80—80—80 2.35 2.13 2.04 2.17 — —
LSD,, (factor A) 0.16 0.03 0.05 0.05
LSD,, (factor B) 0.16 0.04 0.06 0.06
LSD,, (factor AB) 0.23 0.04 0.06 0.06

The yield increase reached 0.25 ... 0.34 t/haor 11.5 ... 15.7% compared to the con-
trol irrigation regime (80—80—80% of FMC). High VNIIOZ 86 yields under changing
irrigation regimes were formed in 2013 and amounted 2.61 ... 2.74 t/ha, which was
significantly higher than in the control variant (2.35 t/ha).

Analysis of the plant productivity structure showed that irrigation regimes coor-
dinated with the main stages of organogenesis led to increase in plant number —
up to 27 plants/m?, grain mass — up to 9.6 g/plant, grain size — up to 149.8 g/1000 seeds
and grain part in the total biomass — up to 36.2% which contributed to yield increase.

Differential irrigation did not increased protein content in seeds (35.4 ... 41.2%)
compared to permanent irrigation (36.5 ... 41%), since process of crude protein accu-
mulation in seeds is negatively correlated with crop yield, even under irrigation condi-
tions (» = —0.7) [8]. Considering the negative correlation between protein and fat content
in seeds (r = —0.5), we established that the differential irrigation regime increased fat
concentration in the seeds (18.1 ... 21.4%) compared to the permanent one (16.1 ... 18.6%).

Analysis of grain quality characteristics in irrigated soybean showed that it is
important to count protein and fat amount per unit of area harvested. Optimization of
irrigation regime led to increase in gross yield of crude protein up to 0.68 ... 0.94 t/ha
compared to the control (0.64 ... 0.83 t/ha); and fat (0.37 ... 0.46 t/ha) compared to the
permanent irrigation regime (0.29 ... 0.35 t/ha). Therefore, it is important to apply
differential irrigation regimes concerning growth stages of certain cultivar in order
to obtain significant protein and fat levels.

The water balance of VNIIOZ 86 soybean plants is composed of irrigation rate
(62.9 ... 68.2%), precipitation (24.5 ... 29.2%) and soil moisture (7.2 ... 7.9%). When
analyzing dependence of number of irrigations on irrigation regime, weather conditions
and water consumption at different VNIIOZ 86 growth stages, it was established
(Table 2) that soybean plants required § ... 14 irrigations with rates 190 ... 230 m*/ha.
In 2013, which was more favorable, plants required 8 irrigations with rate of almost
190 m’/ha. To ensure differential irrigation regimes with irrigation water, it is necessary
to perform 8 ... 10 irrigations in wet years (2013) and up to 10 ... 13 irrigations in dry
years (2014, 2015).
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Table 2
Dependence of irrigation regime on weather conditions
and growth stages of soybean cv. VNIIOZ 86
Growth stage Irrigation regime Year
% of FMC
2013 2014 2015

1 2 1 2 1 2

Emergence — shoot 70—80—70 20.7 0 26.6 1 21.8 1
development 80—80—70 32.3 1 35.6 2 30.9 2
80—80—80 30.5 1 35.6 2 31.1 2

Shoot develop- 70—80—70 27.8 0 33.1 1 291 0
ment — flowering 80—80—70 40.4 1 43.8 2 40.6 1
80—80—80 40.7 1 47.8 2 40.4 1

Flowering — 70—80—70 46.5 2 48.9 2 421 2
pod formation 80—80—70 46.4 2 454 2 41.9 2
80—80—80 46.8 2 48.8 2 42.0 2

Pod formation — 70—80—70 48.5 2 541 3 64.2 3
seed formation 80—80—70 48.8 2 54.3 3 64.4 3
80—80—80 48.9 2 59.2 3 64.0 3

Seed formation — 70—80—70 33.2 3 34.8 3 40.0 3
beginning maturity 80—80—70 33.3 3 36.3 3 42.6 3
80—80—80 35.6 3 38.3 3 44.0 3

Beginning maturity — 70—80—70 19.5 1 17.5 1 16.8 1
full maturity 80—80—70 19.7 1 18.2 1 16.5 1
80—80—80 34.5 2 34.2 2 33.8 2

Total (emergence — 70—80—70 196.2 8 215.0 11 214.0 9
full maturity) 80—80—70 220.9 10 233.0 13 236.9 12
80—80—80 237.0 11 263.9 14 255.3 13

1 — average daily water consumption, m°/ha; 2 — number of irrigations.

Permanent water regime was maintained by conducting 11 irrigations in wet and
14 irrigations in dry years.

An important characteristic of cultivar in agricultural production is ability to use
moisture sparingly when forming yield. Studies have shown that the lowest water con-
sumption — 1,174 ... 1,524 m*/t — was observed in crops grown under differential
irrigation regimes, while under permanent irrigation regime it was 1,651 ... 1,977 m’/t.

Irrigation is a fairly expensive item in calculation of all production costs (27.8 ...
29.7 thousand rub./ha), which is 29.9 ... 33.3%. Hence, cultivars forming yields at
the level of 2.5 t/ha are characterized by medium profitability (80.6%) and cost value
(11.1 thousand rub./t) ensuring low margins. Therefore, it is also important to optimize
agricultural practices for early cultivars. For light requiring soybeans these are sowing
methods.

Cultivar is an important factor in the discussed question about advantages of drilled
sowing compared to wide-space sowing under irrigation [8—10]. The early soybean
cv. VNIIOZ 86 is characterized by low branchiness and low leaf formation. When crop
density is higher (up to 500 thousand plants/ha) beans are formed higher on plants
(0.16 m), grain losses during harvesting are smaller (by 0.25 ... 0.45 t/ha as compared
to low crop density in wide-space plantings (to 400 thousand plants/ha). Therefore,
the research showed that drilled sowing with more uniform placement of plants in rows
(0.30 x 0.042 m) resulted in 3.02 t/ha, exceeding the yield of wide-space sowed crops
(0.70 x 0.024 m) by 0.41 t/ha. Cost value of grain produced amounted to 10 thousand rub./t,
profitability was 107.9%.
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CONCLUSIONS

Under irrigation conditions efficiency of cultivation of early soybean cultivars
(VNIIOZ 86) is enhanced by optimizing the irrigation regime and plant growing space.
Differential irrigation regimes (70—80—70% of FMC and 80—80—70% of FMC)
resulted in yield increase up to 2.51 t/ha, protein and fat content increased up to 0.94 t/ha
and 0.46 t/ha, respectively. Drilled sowing of early soybean cultivars led to significant
yield increase — up to 3.02 t/ha and profitability of grain production rose up to 107.9%.

REFERENCES

1. Borodychev VV, Lytov MN, Soldaev AM, Pakhomov DA. Soya v Volgogradskoi oblasti
[Soybean in the Volgograd region]. Volgograd: Panorama Publ.; 2008. (In Russ).

2. Danilenko YP. Optimizatsiya tekhnologii vozdelyvaniya sorgo i kukuruzy i soi na zerno
v oroshaemykh usloviyakh na svetlo-kashtanovykh pochvakh Nizhnego Povolzh'ya [Optimization
of sorghum, corn and soybean cultivation for grain under irrigation on light-chestnut soils
of the Lower Volga Region] [Dissertation] Volgograd; 2007. (In Russ).

3. Ovchinnikov AS, Chamurliev GO. Soybean irrigation regime and water consumption under
different tillage methods. Proceedings of Nizhnevolzhskiy agrouniversity complex: science and
higher vocational education. 2015; (2):13—18. (In Russ).

4. Kruzhilin IP. Optimizatsiya vodnogo rezhima pochvy dlya polucheniya zaplanirovannykh
urozhaev sel'skokhozyaistvennykh kul'tur v stepnoi zone i polupustynnoi zonakh Nizhnego
Povolzh'ya [Optimization of water regime for obtaining planned crop yields in steppe and
semi-desert zones of the Lower Volga Region] [Dissertation] Volgograd; 1982. (In Russ).

5. Tolokonnikov VV, Kantser GP, Koshkarova TS, Plyushcheva NM. A new irrigated soybean
cultivar Volgogradka 2. Oroshaemoe zemledelie. 2017; 4:13—14. (In Russ).

6. Chamurliev OG. Rezhim orosheniya i sposoby osnovnoi obrabotki svetlo-kashtanovykh pochv
pri vozdelyvanii soi v Volgo-Donskom mezhdurech'e [Irrigation regime and methods of primary
processing of light chestnut soils in soybean cultivation in the Volga-Don interfluves]
[Dissertation] Volgograd; 2016. (In Russ).

7. State register of selection achievements approved for use [Internet]. Available from:
http://reestr.gossort.com. [Accessed 25 September 2018].

8. Tolokonnikov VV. Teoreticheskoe i eksperimental'noe obosnovanie tekhnologii vozdelyvaniya
i selektsiya adaptirovannykh k prirodnym usloviyam Nizhnego Povolzh'ya sortov soi [ Theoretical
and experimental substantiation of cultivation technologies and selection of soybean cultivars
adapted to natural conditions of the Lower Volga Region] [Dissertation] Volgograd; 2010.
(In Russ).

9. Tolokonnikov VV, Kantser GP, Koshkarova TS, Plyushcheva NM. The main aspects of
agricultural technology for efficient production of soybean under irrigation. Oroshaemoe
zemledelie. 2017; (2):17—18. (In Russ).

10. Chamurliev OG, Tolokonnikov VV. Influence of cultivar characteristics and agricultural
practices on soybean yield under irrigation. Proceedings of Nizhnevolzhskiy agrouniversity
complex: science and higher vocational education. 2015; (3):87—91. (In Russ).

INFORMATION ABOUT AUTHORS
Tolokonnikov Viadimir Vasil'evich — Doctor of Agricultural Sciences, Senior Researcher, Russian
Research Institute of Irrigated Agriculture

Chamurliev Georgii Omarievich — Candidate of Agricultural Sciences, Senior Lecturer, Peoples’
Friendship University of Russia (RUDN University), e-mail: giorgostsamourlidis@mail.ru

RECLAMATION AND MELIORATION 357



Tonokonnnkos B.B. u nip. Becmmuux PY/[H. Cepusi: ATPOHOMUA M ?KMBOTHOBO/JCTBO. 2018. T. 13. Ne 4. C. 353—359

Koshkarova Tat'yvana Sergeevna — Junior Researcher, Russian Research Institute of Irrigated
Agriculture, e-mail: koshkarova_ts@vniioz.ru

Kantser Galina Pavlovna — Researcher, Russian Research Institute of Irrigated Agriculture

For citation:

Tolokonnikov VV, Chamurliev GO, Kantser GP, Koshkarova TS, Kozhukhov IV. Effective cultivation
of extra-early soybean cultivar VNIIOZ 86 under irrigation. RUDN Journal of Agronomy and Animal
Industries, 2018, 13 (4), 207—215. doi:

DOI: 10.22363/2312-797X-2018-13-4-353-359

ArPOMEJIMOPATUBHbIE NPUEMbI
PEHTABEJIbHOIo BO34EJIbIBAHUA
PAHHEIo COPTA COM BHUNO3 86
B YCJIOBUAX OPOLLUEHUA

B.B. Toaokonnukos', I.O. Yamypines?,
I'.Il. Kanuep', T.C. Komkapoga', U.B. Ko:xyxos'

'Beepoccuiickuil Hay4HO-HCCIIEI0BATENBCKMI MHCTHTYT OPOLIAEMOTO 3€MIIEIENHS
Boneoepao, Poccuiickas @edepayus, 400002
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Mocxaa, Poccuiickas @edepayus, 117198

giorgostsamourlidis@mail.ru

Bo BcepoccHiickoM Hay4YHO-HCCIEA0BATENECKOM HHCTUTYTE OPOIIAEMOTo 3eMIICICIIHS H3YYCHO
BIIMSTHAE PEKMMOB OPOILIEHUS M CIIOCOOOB ITOCEBa Ha MPOIYKIHOHHBIN IPOIECC yIBTPACKOPOCIIENIOTO
copra cou BHMNO3 86.

ITpumenenue nuddepeHpoBaHHbIX pexxuMoB oporerus (70—80—70% HB u 80—80—70% HB)
C11ocoOCTBOBAIO (hOpMHUPOBaHHUIO 2,42—2,51 T/ra M NOCTIKEHUIO CpeHero YpoBHs peHTabensHocTH (80,6%)
MPOM3BOJICTBA 3€pHA, YTO cymiecTBeHHO (Ha 0,25—0,34 1/ra) NpeBBICHIIO YPOXKAHHOCTb Ha KOHTPOJIE.
(80—80—80% HB) 3a cueT AOCTHXEHUS CHHXPOHHOCTU BET€TaTUBHOTO POCTAa U PENPOSYKTUBHOIO pas-
BUTHSI M TaKUM 00pa3oM — MOBBIICHUS O 3epHa B 001ei Ouomacce — 110 36,2%. JIpoOHBIE pexkxuMBI
OpOILICHHS CIICPKUBAIIA POCT COACPIKAHUS CHIPOTO MPOTEHHA B ceMeHax (Ha ypoBHe 35,4—41,2%)
0 CPaBHEHHUIO ¢ KOHTposeM (36,5—41%), oHaKo NPUBOAWIN K OOJIBILIEMY YBEITHIEHHUIO KOHIIEHTPALUH
xwupa B cemeHax (18,1—21,4%), uem Ha KOHTpodbHOM Bapuante (16,1—18,6%), Onrumusaims pexiuMa
opoleHHs yBennduBaia Bbixoa Oenka (1o 0,68—0,94 t/ra) u xwupa (0,37—0,46 1/ra) OTHOCUTEIHHO
KoHTpoJst (coorBercTBeHHO 0,64—0,83 1/ra n 0,29—0,35 1/ra). HaumeHbmmM k03¢ HUIHEHTOM BOJONO-
TPEOJCHHUS XapaKTePU30BAIKMCh TIOCEBBI ¢ TU(PPEPECHIIUPOBAHHBIMU PEKUMaMH opotieHust — 1174—
1524 M*/T, O cpaBHEHUIO ¢ KOHTpoJieM — 1651—1977 M*/T.

[ToceBsr ouens ckopocmenoro copra BHUNO3 86 nyxmatorcs B mpoBeneranu 8—14 monuBoB
HopMamu 190—230 m*/ra. B oTHOcuTeNnbHO GraronpusTHbie roabl (2013) 10CTaTOYHO OCYLIECTBUTH
8 nonuBos, B 3acynumisble (2014—2015) — no 14. lna nognepxkanus quddepeHIUpOBAHHOTO pexXuMa
opolieHns: Heo0XoauMo 1aTh 8—10 MOJUBOB BO BlaKHbIe U 10 10—13 — B 3aCyILIHBBIE TOIBI.

BricokopenTabenbpHoe Bo3zenbiBanue paHueit con (107,9%) mocturanock NpUMEHEHUEM PSIIOBOTO
nocesa (0,30 x 0,042 M), cnocoOCTBYIOIIEro 3HaYUTEIbHOMY pocTy (no 3,02 T/ra) yposkaliHOCTH
(ua 0,41 1/ra) OTHOCUTENBHO MIUPOKOPsIHOTO arporieHo3a (0,70 x 0,024 m).

KarueBbie ciioBa: cosi, COpTa, PEXKUMBI OPOLICHUS, YPOXKAUHOCTD, (pa3bl POCTa U PA3BUTHS,
cojiepkaHue 1 cOop OenKa U KHpa B cCeMeHax
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IMPROVED TECHNOLOGY OF CARROT CULTIVATION
UNDER DRIP IRRIGATION

Yu.N. Pleskachev, O.G. Chamurliev, L.V. Gubina

Volgograd State Agricultural University
Volgograd, 400002, Russian Federation
pleskachiov@yandex.ru

Abstract. The article considers technologies of carrot cultivation of Shantene Korolevskaya hybrid
under irrigation conditions on light chestnut soils of the Lower Volga region. Against the background of
various methods of tillage, modern methods of using water-soluble fertilizers have been studied. It was found
that deep chisel plowing with 0.18—0.20 m soil overturning results in 1.25 fold increase in productivity
of edible carrot compared to moldboard plowing and blade cultivation. Using water-soluble fertilizer
NS 30:7 through fertigation increases productivity by 7% compared with ammonium nitrate. Measurements
of soil density showed that carrot yield averaged 1.25—1.32 t/m’ over 2015—2017. In variants after deep
chisel plowing rate of water infiltration during all three research years was the highest and averaged
4.2 mm/min. The smallest water infiltration was observed in variants after blade cultivation. Using ammonia
nitrate during fertigation in 1—4 applications and NS 30:7 fertilizer in 5—S8 applications, and NS 30:7
fertilizer during all 8 applications increased carrot yield of hybrid Shantene Korolevskaya by 4.7—5.9 and
0.5—2.4 t/ha compared to control. In addition, combination of deep chisel plowing with ammonium
nitrate fertigation in 1—4 applications and NS 30:7 fertilizer in 5—8 applications resulted in the highest
carrot yield in 2015—2017 and averaged 90.6 t/ha. The lowest carrot yield over 2015—2017 was observed
in the variant after blade cultivation with ammonium nitrate fertigation and amounted to 77.5 t/ha.

Key words: carrots, drip irrigation, tillage, fertigation

INTRODUCTION

Growing vegetables, both in protected and open ground, is rising to a new quality
level now. Hence, agricultural science has to develop modern technologies based
on the use of high-productive equipment and progressive irrigation methods, such as
combined, fine and sprinkler [1, 2].

Carrots, like other vegetables, respond well to the use of high-quality seeds — first
generation hybrids, innovative irrigation techniques, water-soluble complex fertilizers
and effective methods of deep tillage [3—6].

The high aridity of the territory with light chestnut soils requires obligatory
watering of vegetable crops during the entire growing season [7].

The main reason for fertigation popularity is the effective absorption of nutrients
from irrigation water. The introduction of fertigation, as an innovative way to use water-
soluble fertilizers, can significantly reduce the production costs of their placing. More-
over, synchronizing water and nutrients supply to the roots of vegetable crops leads to
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a significant increase in the efficiency of fertilizer use. Despite the overall positive result,
fertigation requires the use of modern complex water-soluble fertilizers, which can
increase potential productivity of vegetables and significantly improve economic
indicators of their production [8].

Therefore, the use of complex water-soluble fertilizers through fertigation in carrot
cultivation leads to a significant cost reduction and formation of high yields [9, 10].

MATERIALS AND METHODS

According to the results of previous field experiments we found optimum irrigation
regime for carrot, which was adapted to soil and weather conditions of the light-brown
soils subzone. The regime had 80% of FMC differentiated pre-irrigation soil moisture
threshold in 0.2 m soil layer during period ‘seeding — beginning of root formation’,
90% of FMC moisture threshold in 0.4 m soil layer during period ‘beginning of root
formation — technical maturity’ and 75% of FMC during period ‘technical maturity —
full maturity’.

Two-factor experiments including variants of deep tillage and variants of fertigation
were conducted in accordance with generally accepted methods and included in factor
A three variants of deep tillage: moldboard plowing at 0.25 ... 0.27 m, blade cultivation
at 0.25 ... 0.27 m and chisel plowing at 0.38 ... 0.40 m with soil overturning at 0.18 ...
0.20 m. Factor B involved three variants of water-soluble fertilizers applied: ammonium
nitrate; ammonium nitrate at 1—4 applications and NS 30:7 fertilizer in 5—8 applica-
tions; NS 30:7 fertilizer nutrient solution.

Doses of fertilizers were calculated based on projected yield of 80 t/ha and
amounted to: nitrogen — 210 kg/ha, phosphorus — 130 kg/ha and potassium —
110 kg/ha. Fertilizers were added to soil in the following way: 50% of nitrogen, 100%
of phosphorus and 100% of potassium were added during deep tillage, and 50% of
nitrogen was added as additional fertilizing during irrigation.

The polyfactorial experiment had split-plot design with four replications. Size of
first order plots was 396 m? (8.4 x 45 m), sown area of second order plots was 126 m?
(8.4 x 15 m), registration area of second order plots was 64 m* (6.4 x 10 m).

Determination of soil density was performed by the method of cutting rings on
horizons 0 ... 10; 10 ... 20; and 20 ... 30 cm. Infiltration losses of soil moisture were
measused by lysimetric method. Weed infestation was determined by the quantitative-
weighing method.

The experiments were carried out at the territory of Y.Y. Lemyakin farm in the sub-
zone of light chestnut soils. Depending on composition soils can be characterized as
heavy loamy, humus content in 0 ... 0.3 m horizon is on average 1.98%.

Carrots were cultivated according to regional recommendations.

Shantene Korolevskaya edible carrot hybrid was cultivated after winter rye grown
as green manure crop. Seeds were sown at the rate recommended by seed producers —
1 million seeds/ha. We used drip irrigation system of Israeli company Netafim. Venturi
injection pump was used for fertigation.
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RESULTS AND DISCUSSION

In spring soil density was in the range of 1.25 ... 1.32 t/m® over research years
from 2015 to 2017.

During the phase of root formation soil density in plots after chisel plowing was
0.03 and 0.06 t/m’ smaller than in plots after other cultivation methods of deep tillage.
Before harvesting this tendency remained, and topsoil density in plots after chisel
plowing was smaller by 0.03 t/m* compared to moldboard plowing, and 0.07 t/m’
smaller compared to blade cultivation.

Table 1
Topsoil density depending on soil cultivation (average for 2015—2017), t/m°
Variant Before seeding Root formation Before har-
vesting

Moldboard plowing at 0.25—0.27 m 1.28 1.34 1.37
Blade cultivation at 0.25—0.27 m 1.32 1.37 1.41
Chisel plowing at 0.38—0.40 m 1.25 1.31 1.34
with 0.18—0.20 m soil overturning

LSD,, 2015 0.02 0.02 0.01
LSD,; 2016 0.02 0.01 0.01
LSD,, 2017 0.02 0.02 0.02

Rate of water infiltration in variants with deep chisel plowing turned out to be
the highest over the research years and was within 4.2 mm/min. The lowest water
infiltration was observed in variants with blade cultivation and averaged 3.7 mm/min.

Irrigated plots under prolonged vegetable cultivation are characterized by higher
weed infestation, which does not completely eliminate herbicide applications. This
circumstance requires a thorough review of tillage system when growing vegetable crops,
as tillage is one of the effective ways to control weeds in vegetable crop rotations.

In the experiment Stump herbicide was applied to soil before planting carrots.
Deep tillage also influenced significantly weed infestation. Weed number on average
for 2015—2017 in the phase of root formation ranged from 0.4 plants/m?* after chisel
plowing to 2.6 plants/m? after blade cultivation.

The total number of weeds increased before harvesting, and the advantage of
tillage with soil overturning became more obvious. Weed vegetation in variants with
blade cultivation was 2.6 ... 3.3 fold higher compared to chisel plowing with soil
overturning.

Table 2
Effect of tillage on weed infestation during root formation of carrot, plants/m2
Variant 2015 2016 2017 Average

Moldboard plowing at 0.25—0.27 m 0.4 0.6 0.7 0.6

Blade cultivation at 0.25—0.27 m 1.0 1.4 2.6 1.3

Chisel plowing at 0.38—0.40 m 0.5 0.7 0.8 0.7

with 0.18—0.20 m soil overturning

LSD,, 0.08 0.06 0.08
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During research years carrot yields depending on fertigation averaged 84.7 ...
90.6 t/ha after deep chisel plowing, 81.2 ... 85.9 and 77.5 ... 82.4 t/ha after moldboard
plowing and blade cultivation that is 3.5 ... 4.7 and 7.2—38.2 t/ha lower compared
to chisel plowing.

Table 3
Impact of tillage and fertigation methods on carrot yield, t/ha
Tillage Fertigation 2015 2016 2017 Average
Moldboard plowing NH,NO, 79.7 80.5 83.4 81.2
at0.25...0.27m NH,NO, + NS 30:7 84.5 84.9 88.3 85.9
NS 30:7 83.2 84.0 85.1 84.1
Blade cultivation NH,NO, 75.4 77.1 80.0 77.5
at0.25...0.27m NH,NO, + NS 30:7 79.8 81.7 85.7 82.4
NS 30:7 79.4 81.2 85.1 81.9
Chisel plowing NH,NO, 83.1 84.3 86.7 84.7
at0.38...0.40m
with 0.18 ... 0.20 m soil NH,NO, + NS 30:7 89.0 89.8 93.0 90.6
overturning NS 30:7 86.3 87.9 90.4 88.2
LSD,,AB 0.06 0.08 0.08

Application of ammonia nitrate (through fertigation) in 1—4 additional fertilizations
and NS 30:7 fertilizer in 5—8 additional fertilizations increased carrot yield (Shantene
Korolevskaya hybrid) by 4.7 ... 5.9 t/ha. Application of NS 30:7 in 8 additional ferti-
lizations resulted in 0.5 ... 2.4 t/ha yield increase compared to ammonia nitrate ferti-
gation in 2015—2017.

The highest carrot yield was observed when combined chisel plowing and ammo-
nium nitrate fertigation in 1—4 applications and NS 30:7 fertilizing in further 5—38 appli-
cations amounted to 90.6 t/ha in 2015—2017.

The lowest carrot yield was 77.5 t/ha after blade cultivation and ammonium nitrate
fertigation on average for 2015—2017.

CONCLUSIONS

Regarding tillage, chisel plowing at 0.38 ... 0.40 m with 0.18 ... 0.20 m soil
overturning results in the highest carrot yields on light chestnut soils of Volga—Don
interfluve under drip irrigation; the most effective fertigation variant was 1—4 ammo-
nium nitrate applications and following 5—8 NS 30:7 fertilizer applications.
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COBEPLUEHCTBOBAHUE TEXHOJIOTM BO3AEJIbIBAHUA
MOPKOBUW HA KAMNEJIbHOM OPOLUEHUA

IO0.H. Iliaeckaués, O.I'. Yamypines, JI.B. I'yonna
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PaccmarpuBaloTcs IpUeMbl BO3JIEIIBIBAaHHS MOPKOBH CTOJI0BO# Tibpua «Illantens Koposesckas»
B YCJIOBHSIX OPOIICHHUS Ha CBETJIO-KAIUTAHOBBIX MoyBax Hipkaero IToBomkbs. Ha doHe pasnmuyHbIX crioco-
60B 00pPa0OTKH MOYBHI H3yYATUCh COBPEMEHHBIC METO/IbI MCIIOJIL30BAHUS BOJJOPACTBOPHMBIX YI00pEHHUH.
Bb110 ycTaHOBIEHO, YTO ITy0oKOe un3eneBanue ¢ o0oporom miacta Ha 0,18—0,20 M yBenuuuBaer
B 1,25 pa3a npogyKTHBHOCTH MOPKOBH CTOJIOBOW B CPABHEHHH C MEHEE IITyOOKHMH OTBAIBHBIMH H IJIOCKO-
pe3HbiMu 00paboTkamu. Mcnonb3oBaHue BomopactBopumoro ynoopenus NS 30:7 B Bune depruraiuu
HOBBIIIACT MPOIYKTUBHOCTh B CPABHEHUH C aMMHAYHOMN ceTUTpol Ha 7%. VI3MepeHHs INIOTHOCTH MOYBBI
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MOKa3aJy, 4To B cpeHeM 3a 3 roaa, ¢ 2015 mo 2017 rr., BecHO# OHa Haxoauach B mpenenax 1,25—
1,32 7/™*. Ha BapuaHTaX rIy60OKOro YH3eNbHOTO PHIXJICHHS CKOPOCTh HHGUIBTPALMH BOABI BCe TPH ToAa
HCCIICIOBAHUI OKa3bIBaJIaCh HAHOOJBIIICH U B CPEAHEM HAXOIHIACh B mpenenax 4,2 Mm/MuH. HanmenbInast
MHQUIBTpanUs BOABI OTMEYAJACh Ha BapUaHTaxX INIOCKOPe3HOoil oOpaboTku. [IpuMeHeHne Bo Bpems
Gepruranu MOPKOBU aMMHAYHOM CEJIUTPBI B NepBble 4 MoAKopMKU U ynobpenust NS 30:7 B 5—8 noa-
kopMKkH U ynoopenus NS 30:7 Bo BpeMs BceX 8 MOJKOPMOK 110 CPAaBHEHHIO CO CTAHIAPTHOM (pepTuranmeit
aMMHUAYHOM CEeJIUTPOIl MOBBIIIATIO0 YPOXKAWHOCTh MOPKOBH cTOJIoBOM TnOpuaa «llantens Koponesckasy
B cpenHeM Ha 4,7—5,9 u 0,5—2,4 1/ra. Taxke OTMEYEHO, YTO MPHU COYETAHUU IITYOOKOTO YU3EIBHOTO
PBIXJICHHUS C MCTIOJIb30BaHUEM BO BpeMs ()epTUTAIIMM aMMHAYHON CEJTUTPHI B MEePBbic 4 MOJKOPMKH
u ynobpenus NS 30:7 B 5—8 noaxopMmku B cpegueM 3a 2015—2017 rr. Habmonanack HanbonbIas
YpOKaliHOCTh MOPKOBHU CTOJIOBOHM U paBHsIach 90,6 T/ra. HauMeHbIas ke ypoaitHOCTh MOPKOBHU CTO-
JIOBO# B cperHeM 3a 2015—2017 rr. HaOmMoanach Ha BApHAHTE TUIOCKOPE3HOH 00pabOTKHU ¢ IPHMEHEHHEM
BO BpeMsl (hepTUraly IUTaTeIbHOI0 PacTBOpa ¢ aMMHA4YHON CeNUTPoi U cocTasisia 77,5 1/ra.

KiroueBble cj10Ba: MOPKOBb CTOJIOBAs, KalleJIbHOE OpOLIEHHE, 00paboTKa MOUBBI, (hepTHranus
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RICE LODGING RESISTANCE
E.R. Avakyan, R.R. Dzhamirze
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Krasnodar, 350921, Russian Federation
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Abstract. The main direction of breeding grain crops is to increase yield and improve grain quality.
For maximum crop yield, it is necessary to develop cultivars with high productivity and quality potential,
resistant to biotic and abiotic environmental factors. One of the main characteristics is lodging. Resistance
to lodging is determined by well-defined morphological traits: plant height, diameter of the lower internode,
panicle length, angle of leaf plate, etc. Short plants are more resistant to lodging than tall ones. Short straw
trait can be used when evaluating cultivars for lodging resistance. The ratio of plant height to the diameter
of the lower internode is an objectively reliable indicator of rice lodging resistance. The value of this ratio
in non-lodging cultivars is less in comparison with lodging ones. The article presents the results of studying
morphological traits of different rice cultivars, determining resistance of rice plant to lodging. In the experi-
ment, cultivars differing in height was grouped into three groups (I — tall; Il — medium and III — short).
Short stem forms were established to be more resistant to lodging. Accents in breeding high-yielding rice
cultivars with the lowest risk of yield loss resulting from lodging were identified. The correlation analysis
revealed a positive relationship (r = 0.877; 0.945 and 0.500, respectively, in groups) between grain mass
per plant and diameter of the lower internode. This indicates a close genetic relationship of the traits
studied.

Key words: lodging, morphological traits, characterizing resistance trait, productivity

INTRODUCTION

Lodging is a complex process that expresses the response of a plant to the effects
of biotic and abiotic environmental factors. It leads to significant, often to irreversible
losses and may occur due to reasons of an objective and subjective nature. The latter
include cultivation technology violations (even insignificant; unbalanced mineral nutri-
tion (excess nitrogen supply, leading to intensive vegetative growth, tissue softening,
stem thinning; poor checks layout, untimely flooding and discharge of irrigation water,
high contamination, high plant density, wrong herbicide treatment, etc.). Weather
conditions (rain, wind, hail, extreme temperatures) during the growing season can also
lead to lodging.

The main of the reasons should be considered a hereditary genetic trait of the cul-
tivar, due to the level of endogenous gibberellins (GA). GAs are specific phytohormones
of rice capable of being incorporated into rice metabolism and causing a wide range
of responses. In particular, the increased content of GAs in the plant initiates internode
lengthening, plant height, thinning of the stem diameter, and susceptibility to diseases
and pests, which causes lodging due to pathogens and insects injuries of lower inter-
node [1]. A prerequisite for the successful development of lodging resistant cultivars is
knowledge of distinctive traits that characterize non-lodging and lodging cultivars.
Lodging resistance of cultivars depends on plant architectonics, in particular, the angle
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of leaf deviation from the stem: the smaller this angle is, the more the cultivar is resistant
to lodging [2—4]. Lodging occurs because the plant cannot balance its growth under
certain conditions [5]. Lodging should be considered as a plant reaction affecting certain
aspects of the metabolism, in particular, substances that make up mechanical tissues
of the stem [6]. Structural polysaccharides protect tissue cells and organisms, give them
shape and support it. Resistance to lodging is caused by the content and distribution
of mineral elements, silica, in particular, and cellulose in various plant organs. Mineral
silicon in rice tissues is present mainly in the form of silica gel, filling aperture in cellu-
lose micelle of cell walls, forming a silicon-cuticular double layer. The layers of silica gel
are bound to the layers of cellulose in cell walls, mainly in external and mechanical
tissues. A close correlation is noted in epidermis, sclerenchyma, vascular bundles, straw
internodes and leaf sheaths [7].

As lodging resistance is a complex trait, including the qualitative and quantitative
characteristics of plants, morphological characteristics were studied. For this, the plants
selected after full ripeness were used to determine plant height, diameter of the lower
internode, head length, ratio of head length to diameter of the lower internode, number
of filled and non-filled grains, mass of 1000 grains, and yield. Semi-dwarf (medium
growth) cultivars have the most favorable combination of these characteristics [8].
The direct dependence of plant height and lodging was revealed. Depending on straw
length rice forms are divided into dwarf (up to 50 cm), short (51—80 cm), medium
(81—110 cm), tall (111—140 cm), very tall (more than 140 cm). Floating rice plants
can have a straw up to 500 cm long. Such a difference in straw length leads to a different
location in space [9].

The stem of rice straw is formed by sheaths of leaves, reaching different lengths.
The straw is divided by stem nodes into internodes with a thickness of 0.4—1.5 cm.
A single layer of epidermis is on straw surface. The outer wall of epidermal cells is
thickened and enriched with silica. Layer of intercellular parenchyma has ring of scleren-
chyma fibers with thickening around the circumference where collateral closed con-
ductive bundles occur. Cavity formed after death of parenchyma cells is in the center
of the straw.

Short stem forms are more resistant to lodging than tall stem plants. The trait of
a short straw can serve as an indicator (in combination with others) for selection for
plant resistance to lodging. The lower internode is shorter in lodging resistant plants
than that of the lodging ones [10].

All the above stated made it possible to formulate the purpose of the study —
to study the morphobiological traits of various rice genotypes that contribute to lodging
resistance.

MATERIALS AND METHODS

Rice cultivars of Russian Rice Research Institute collection were studied. They were
previously grouped by plant height:

1) tall (111—140 cm) — Aromir, Fisht and Nafant;

2) medium (81—110 cm) — Privolny-4, Kumir and Favorit;

3) short (51—80 cm) — Ryzhik, Mavr and Sonet.
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The experiment had four replications. Each plot size was 7.2 m? (5.19 x 1.4 m)
having eight rows, distance between the rows was 15 cm, distance between the plots
was 40 and 50 cm. Mineral fertilizers were applied in soil before sowing — N,,,P¢ K,
and in tillering stage — N,,,- Soybean was a precursor crop. The research work was
carried out in accordance with GOST 15.101.80 ‘The order of research work’ and the
methods developed in Russian Rice Research Institute [11] and the methodology of
experimental work on breeding [12].

The experimental part of the research was carried out in field conditions in rice
irrigation system of experimental production department of Russian Rice Research Insti-
tute. Sowing dates were end of April to beginning of May. Samples (10 plants from
each replecation) were taken during full ripeness to determine morphological charac-
teristics. The main anatomical and morphological, and lodging traits were measured:
plant height, diameter of the first internode, grain mass per plant, productive tillering.
Ratio of stem height to diameter of the lower internode was calculated, and correlation
of the described traits was determined [12, 13].

RESULTS AND DISCUSSION

Phenological observations and biometric analysis showed that the strength of rice
straws is limited by plant height, diameter of the lower internode and mass of genera-
tive organs (grain formed). The experiment was optimal in combination of these traits
in cultivars with different plant height (Table 1).

Table 1
Anatomical, morphological and biometric traits of different rice cultivars
Group Cultivar Plant Productive Grain Diameter Ratio of the stem
height, tillering, mass per of the lower height to the diam-
cm, (h) stems plant, g internode, eter of lower inter-
cm, (d) node, (h/d)
Aromir 118 1.8 4.8 0.54 218.5
Fisht 122 1.6 5.7 0.60 203.3
Nafant 117 1.5 5.5 0.56 209.0
Il Privolny-4 90 2.1 4.4 0.50 180.0
Kumir 87 2.0 4.7 0.52 167.3
Favorit 92 2.0 4.6 0.52 177.0
11 Ryzhik 70 3.1 4.5 0.48 145.8
Mavr 73 3.3 4.1 0.47 155.3
Sonet 80 2.8 4.4 0.51 156.9
LSD,. 5.7 0.81 0.08

The data presented show that lodging resistance is different for the cultivars studied.
Non-lodging cultivars had a smaller value of this indicator in comparison with lodging
ones. The cultivars studied are resistant to lodging, however, the results obtained
demonstrate their susceptibility to lodging in stressful environmental conditions. So,
cultivars of the I-th group (Aromir, Fisht and Nafant) are potentially lodging, since
the value of the resistance index exceeds 200. Cultivars of the second group (Privol-
ny-4, Kumir and Favorit) are less susceptible to lodging and cultivars of the third group
(Ryzhik, Mavr and Sonet) have the maximum resistance to lodging.
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cv. Aromir cv. Fisht cv. Nafant

Fig. 1. Lodging of tall rice cultivars, 2018

Table 2
Correlation of traits of rice plants of different varieties
Group Trait Mean Disper- Plant Produc- | Grain Diame-
value sion height, | tive till- mass | ter of the
cm (h) ering, per lower
stems plant, g inter-
node,
cm, (d)
| Plant height, cm, (h) 119.0 2.646
Productive tillering, stems 1.6 0.153 0.000
Grain mass per plant, g 5.33 0.473 0.520 -0.854
Diameter of the lower internode, 0.57 0.031 0.866 -0.500 0.877
cm, (d)

Ratio of stem height to diameter 210.3 7.679 |-0.655 0.756 | -0.986 |-0.945
of lower internode, (h/d)

Il Plant height, cm, (h) 89.7 2.517
Productive tillering, stems 2.0 0.058 0.115
Grain mass per plant, g 4.57 0.153 |-0.434 -0.945
Diameter of the lower internode, 0.51 0.012 |-0.115 -0.999 0.945
cm, (d)

Ratio of stem height to diameter 174.8 6.638 0.804 0.683 | -0.884 |-0.683
of lower internode, (h/d)

] Plant height, cm, (h) 74.3 5.132
Productive tillering, stems 3.1 0.252 |-0.761
Grain mass per plant, g 4.33 0.208 |-0.016 -0.636
Diameter of the lower internode, 0.49 0.021 0.858 -0.986 0.500
cm, (d)

Ratio of stem height to diameter 152.7 6.000 0.816 —-0.246 | -0.591 0.403
of lower internode, (h/d)

Cultivars with index exceeding 200 are characterized by relatively moderate
resistance to lodging, however, they may be susceptible under adverse environmental
conditions or non-compliance with agricultural technology (high doses of nitrogen
fertilizers, wrong irrigation regime, high plant density, etc.) (Figure 1).

Nature and closeness of correlation of economically valuable traits in the studied
rice cultivars indicates specificity of plant metabolism in each group, due to the geno-
type (Table 2).

The resulted obtained show that diameter of the lower internode positively correlates
with height (» = 0.866 and 0.858) in cultivars of I and III groups, respectively. It indicates
an increase in the values of one trait with a similar change of the other one. In plants
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of group II, this correlation is mediated and insignificant (» = —0.115).The negative
correlation of straw diameter with productive tillering of the groups presented indicates
the biological regularity of assimilates distribution and the growth of vegetative organs,
1.e. the diameter of each stem decreases with an increase in the stem number.

It was found that grain mass per plant correlates positively with straw diameter
in all groups. Cultivars of I and II group had close correlation of these characteristics
(r = 0.877 and 0.945, respectively) that indicates increasing in straw diameter with
an increase in productivity at genetic level. And there is an average correlation of these
characteristics (» = 0.500) in short rice cultivars. This suggests the potential for increasing
grain mass per plant with a constant straw diameter or — that these traits are indirectly
related.

In conclusion, it should be noted that breeding of new rice cultivars should be aimed
not only at increasing yields and technological characteristics of rice grain quality, but
also at keeping formed yield when adverse environmental conditions occur (rains, gusty
wind, etc.) during harvesting.

CONCLUSIONS

The quantitative values of the studied traits in cultivars and their role in lodging
resistance were presented.

It was established that cultivars of I and II group were in the zone of rice yield loss.
In this connection, the breeder in his work should select parental forms not only with
high productivity and quality of grain and milled rice, but also with a complex of
morphological traits: with thickened internodes, a large number of internodes, high
silicon content, etc., which give additional mechanical strength to the stem.

Short stem forms (group III) were more resistant to lodging, which was due to
morphological traits and the ability to not only form a high yield, but also to keep it.
The results obtained allow breeders to work on increasing yield of short stem cultivars
without any lodging risk.

A positive correlation between grain mass per plant and diameter of the lower
internode was established; it indicates a close genetic correlation between these traits.
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YCTOUYUBOCTb PACTEHUN PUCA K NMOJIEFTAHUIO
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I'maBHBIM HaIpaBJEHHEM CEJICKIIMH 3€PHOBBIX KYJIBTYpP SIBISETCS YBEIHMYCHHE YPOXKAHHOCTH
1 yJTydllIeHne KaueCTBEHHBIX MoKa3aTenei 3epHa. [t hopMUpOBaHKS pacTeHUSMH MAKCHMAIBHOTO YPOXKast
HEOOXOIMUMO CO3JJaHUE COPTOB C BEICOKHUM ITOTEHIIMAIIOM MPOIYKTHBHOCTH U Ka4eCTBa, YCTOWYUBOCTHIO
K OMOTHYECKUM U aOMOTHYECKUM (akTopaM OKpyxKaromen cpeabl. OQHOW U3 OCHOBHBIX XapaKTEPHCTHK,
UTPAIOLINX BaXHYIO POJIb, SBJSIETCS MOJNIETaHUE. Y CTOYMBOCTD K TMOJIETAHUIO 00YCIIOBIMBAETCS BIIOJIHE
oIpeIeNIeHHBIMH MOP(HOIOrMYECKIMH TIPH3HAKAMU: BHICOTON PACTEHHsI, AMaMETPOM HIDKHETO MEXOY3IIH,
JUTMHOW METEJNIKH, YIJIOM PacIOJIOKEHHsI JIMCTOBOM IUIaCTHHBI K cTeOmo U T. a1. Huskopocisie popmbl
OoJiee YCTOMYMBEI K MOJIETaHHUIO, HEXEIN BBICOKOpOCIBIe. [IpH3HaK KOPOTKOW COIOMHHBI MOXKET OBITH
HCIIOJIb30BaH MPH OIIEHKE COPTOOOPa3IOB Ha YCTOMYMBOCTS K 1oJieraHui0. OTHOIIEHHE BBICOTHI PACTECHHS
K IMaMEeTpy HIKHETO MEXKA0Y3/IHs — OOBEKTUBHO HAJICKHBIN MOKA3aTeNb YyCTOHUYMBOCTH PAaCTEHUS pUca
K THOJIETaHuI0. BenndnHa 3TOro OTHOLICHHUS Y HEIOJIETaloUIMX COPTOB MEHBILE B CPABHEHUH C IOJera-
oMMy, B 1aHHO cTaThe NMpecTaBlIeHbl pe3ysbTaThl U3y4eHHs MOP(OJIOrHUECKUX MPU3HAKOB PA3HBIX
COPTOB pHCa U CTENEHb X B3aMMOCBS3H, ONPEICIISIONIas B EJIOM YCTOMYMBOCTh PACTEHHS pHCa K TOJIe-
raHuio. J{ns mpoBeneHns 3KCIepruMeHTa copTa, Pa3Indaronuecs 10 BBICOTE pACTEHUS CIPYIITUPOBAHBI
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B Tpu rpynnsl (I — Bbicokopocisle; II — cpennepocinsie u III — HU3KOpOCIBIE). Y CTaHOBIEHO, YTO
KOpOTKOCTEOENbHbIE OPMBI O0Jiee YCTOWYMBBI K MOJIETAHUIO U UMEIOT IMOTEHIINAIBHYIO BO3MOXHOCTh
copMHUpPOBaTh U yAEPXKaTh Oojiee yBECUCTYIO (IIPOAYKTHBHYIO) MeTeNKy. Onpe/ieneHbl aKIeHThl B CeleK-
MM BBICOKOYPOXKAWHBIX COPTOB pHca C HAUMEHBIINM PHCKOM IOTEPH YpOXKasi B Pe3yJIbTaTe MoJIeTaHus
pacteHuii. MeTo1oM KOppEISIHMOHHOTO aHAJIN3a BBISBIICHA MOJIOXKUTENbHAs cBs3b (7 = 0,877; 0,945 u 0,500
COOTBETCTBEHHO IO TPYIIaM) MEXIy Maccoi 3epHa C PaCTeHUS M JUAMETPOM HMKHETO MEXKI0Y3IHs.
OTO CBUIETENBCTBYET O TECHOM I'€HETHYECKOI CBA3H U3yUYCHHBIX MPU3HAKOB.

KiroueBble ciioBa: noseranyie, MOpQOIOruuecKue NMpU3HaKy, OTIIMYUTENIbHBINA NPU3HAK YCTOWYN-
BOCTH, IPOJYKTHUBHOCTb
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Abstract. The article analyzes the Common Agricultural Policy of the European Union (EU), reforms
and consequences in agricultural sector of Greece. Since its inception, the Common Agricultural Policy has
been the subject of many reforms that are being developed to meet the changing needs of society, market
and competition of the European Union’s (EU) rural economy with other alliances around the world.
Of particular interest is the development of agricultural sector in Greece in the last 36 years, following
its entry into the European Union. The contribution of agriculture (including agriculture, forestry and
fisheries) in the Greek economy over the last 15 years has been significantly reduced. Data show a small
trend in concentration of production and an increase in agricultural crop yield. There is an imbalance,
which is reflected in large fluctuations in types of agricultural products. This applies to the volume of
basic food production, which is governed by the economic policy of the European Union, expressed
in product quotas and their production volumes. This leads to gradual decline in production, which is
reflected in the need to meet domestic demand for plant and livestock foodstuffs, such as common wheat,
legumes, sugar, lemons, more animal products and mainly meat. At the same time, imports of similar
products from EU Member States are increasing, exacerbating the negative trade balance between the EU
and the Republic of Greece. It is noted that the volume of subsidies in the EU remains at the same level,
additional subsidies for farmers are gradually decreasing and the system of linking subsidies with production
volume has been partially eliminated. The most effective support mechanisms for farmers will minimize
the negative impact on the reduction of the overall financing in agricultural sector. The money saved as
a result of reduction in subsidies will be spent on development of rural areas and improving effectiveness
of structural policies. Also, comparative data are presented for other states of the European Union.

Key words: Greece, EU common agricultural policy, agro-food sector, European Agricultural Fund
for rural development

INTRODUCTION

Creation of the Common Agricultural Policy (CAP) in the European Union (EU) —
Basic Principles and Objectives: The creation of the Common Agricultural Policy (CAP)
is reflected in the Treaty of Rome, signed in 1957 by the six founding members of the
European Economic Union (EEU) ) (France, Germany, Holland, Belgium, Luxembourg,
Italy). In particular, Article 33 of the Treaty of the European Community (formerly
Article 39 of the Treaty of the EEU), which includes the main objectives (CAP):

a) increasing agricultural productivity by developing technological progress,
ensuring the rational development of agricultural production and the optimal use
of resources, in particular labor force;
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b) ensuring a fair standard of living for rural population, in particular by increasing
the individual earnings of agricultural workers;

c) stabilization of markets. Ensuring supplies;

d) ensuring reasonable prices in provision of goods to consumers.

The same article indicates that during CAP implementation it is necessary to
consider:

a) the specific nature of agricultural activity as a result of the social structure of
agriculture and structural and natural differences between different agricultural areas;

b) the need for gradual implementation of appropriate adjustments;

c) the fact that in the member states agriculture is a sector that is closely related
to the entire economy [1—5].

Article 34 of the European Union (EU) Treaty provides that achievement of the
above objectives requires creation of a Single Market Organization (SMO). Depending
on SMO products, it can take the form of general rules of competition, or the form
of mandatory coordination of various national market organizations or the form of
organization of the European market. Each SMO includes the whole range of measures
necessary to achieve the objectives, in particular, price regulation, production support,
marketing and other storage mechanisms and general mechanism for stabilizing imports
and exports [2, 3].

The agro-food sector in the European Union affects the economy and, consequently,
the society of its countries. The population increases with aging and decline of the rural
population, due to the migration of rural youth into the cities where there is a strong
urbanization phenomenon, with the result that many areas remain unused. The reasons
for this phenomenon are low returns for farmers, lack of resources to cover the costs
associated with agricultural production, quantity and quality of products. However,
production has increased due to improved environments and technologies. Until 1992,
agricultural spending represented 49% of the EU budget [2, 3, 5, 6].

In addition, the accession of new countries to the Union has a serious impact on
the adopted policy. EU enlargement in 2004 augmented the number of farmers from 7
to 11 million, increased rural land by 30% and production by 10—20%. New countries
that joined in 2004 immediately got access to price support measures for export financing
and intervention purchases. New countries have access to a rural development fund with
a budget of 5 billion euros. The meaning of the Common Agricultural Policy (CAP) is
to use market mechanisms in conjunction with government regulation [5]. The policy was
based on the following principles: organization of agricultural market, establishment
of uniform prices for most types of agricultural products, high degree of protection
of internal agricultural market and price regulation, providing workers employed
in the agricultural sector with a decent standard of living comparable to other economy
sectors [2, 7].

A number of factors predetermined successful functioning of the CAP until the end
of the 70s. The most important result is that the Community has achieved self-sufficiency
in agricultural products. The CAP largely reflects the EU’s leading role in global food
production and trade in agricultural products. Today, the EU accounts for 17% of world
food exports; The EU is ranked second as a global exporter of dairy products and pork
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and third place as an exporter of poultry and grain. According to the FAO, in 2013
the European Union exported agricultural products worth 151.2 trillion dollars [4].

The original goals of the European Community have already been achieved.
A single domestic market for agricultural products has been created, self-sufficiency has
been achieved. However, agrarian policy had significant drawbacks. If at first the CAP
was based on fairly rigid mechanisms, then in the new conditions these mechanisms
and especially amount of financial resources and their distribution needed to be revised
[1, 7—9]. Thus, in order to improve the unified agrarian policy, a series of reforms
were carried out: the first reform — 1984, the second — 1992, the third — the end
of the 90s, the fourth in 2003 and the last reform of the CAP— in 2013. Within its
framework, the following tasks were set: Implementing single payments to farmers,
regardless of production, but observing environmental standards and ensuring food
safety, strengthening policies for rural development, reducing direct payments to large
farms and creating the European Agricultural Fund for Rural Development (EAFRD) and
the European Agricultural Guarantee Fund (EAGF) in accordance with the regulations
on financing of the CAP on June 21, 2005 [10]. It was proposed to change the principle
of issuing subsidies, which made it possible to optimize the pan-European agro-budget
in connection with entry of new countries into the EU. Creating a common domestic
market without any trade barriers should provide new opportunities for rural producers.
In general, the reform is aimed at organizing agriculture in the European space that would
satisfy market and consumers requirements [2].

The gradual redirection of funds from subsidies to environmental protection
measures should lead to elimination of crisis of overproduction of agricultural products
and the excessive use of natural resources due to the use of chemicals and fertilizers [2].
The idea of reforming the CAP is also to move from a “productive” agrarian policy
model to a more environmentally friendly and based on qualitative criteria. Therefore,
a system of single direct payments is introduced, depending on environment preservation
and safety of products, humane attitude to animals, and increase in employment. It was
planned that volume of subsidies in the EU will remain at 42 billion euros, and their
annual growth should not exceed 1%, offsetting the effect of inflation. Additional
payments for farmers have gradually been reduced (by 3% in 2005, 4% — 2006, and
further by 5% per year) [7].

The European Union pursues two goals: first, to reduce the budget expenditures
on the CAP and increase the costs of other areas (in particular, scientific research);
secondly, because of agriculture, negotiations in the WTO, which deal with a much wider
range of problems, do not complicate.

Thus, the main conclusions in the evaluation of the EU agrarian policy are: the
multiplicity and ambiguity of agricultural programs carried out within framework of
the EU agrarian policy, the complicated process of obtaining subsidized funds leads
to the development of bureaucracy and does not contribute to the growth of competitive-
ness among agricultural producers. The CAP has already come a long way of becoming
in the 20th century, and now it has the opportunity to truly become the European agricul-
tural model of the 21st century [7]. It is worth emphasizing that since 2014, the EU
has been implementing a new phase of the common agrarian policy, the main priorities
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of which are: improving the competitiveness of agriculture: sustainable management
of natural resources, as well as combating climate change; achieving a balanced territorial
development of the rural economy, creating and maintaining employment. The specified
priorities of general agrarian policy for the program period 2014—2020 reflect the con-
tinuity of previously identified priorities.

In essence, the MFS illustrates EU policy priorities in various areas of funding.
The costs will be directed to financing Pillar 1 (CAP) for the period 2014—2020 and
amount to current prices of 317.2 billion euros, while Pillar II will require a total of
101.2 billion euros. About 17.1 billion euros will be added to these year expenditures,
not provided in the MFS, which will increase the total budget for agriculture 2014—2020
to 435.6 billion euros. The resources that the CAP ultimately absorbs account for 37.7%
of the total EU budget, which is reduced in comparison with the period 2007—2013,
which was 41.7%. The multi-year financial structure (MFS) defines the resources for
financing European policy, including the CAP, as a rule, for the next seven years. There-
fore, the MFS illustrates the EU's policy priorities in various areas of funding. It is noted
that the development of the European Union (EU) economy will begin to progress but will
remain below 2% per year. After several years of decline in euro price, its currency
ratio is considered to be formed at the level of 1.37 dollars per euro in 2024 [10].

The Common Agricultural Policy (CAP) from its inception to date has been the
subject of many ongoing reforms, developed to meet changing needs of society, mar-
ket and competition of the rural economy of the European Union (EU) with other alli-
ances around the world. More radical reforms are considered to be Ray Mac Sharry in
1992 and CAP in 2003, which established direct payments to producers established
independently of production and type of agricultural products [1, 7].

The general trend shows that CAP development and reforms have a protective
character and interventionism, which characterizes it, gives way to a more liberal model.
It should be noted that these goals have not been replaced and not changed by the
successive reforms of the original Treaty and are an important and integral part of
the Treaties to date.

For Greece, we should not follow the example of rich European countries that
can afford to keep inefficient agriculture through market price support measures. Finan-
cial resources must be invested in know-how, modern technology, management skills
and infrastructure that Greek agriculture needs in order to become competitive. The
greatest attention should be paid to consulting services, village infrastructure, as well
as measures aimed at preserving the environment [1, 2, 7, 8].

MATERIALS AND METHODS

The main indicators of agricultural sector of the Republic of Greece: Agricultural
land in Greece accounts for 31% of the total area of the country, which is 517.8 thousand
hectares [11—14]. Approximately 71% of this area (367.4 thousand hectares) is located
in mountainous or foothill area, and its size has remained stable for many years with
a slight upward trend [13].

According to the Ministry of Rural Development and Products, 54.6% of the total
agricultural land was used for tilled crops, 2.8% for melon and vegetable crops, 32% for
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permanent garden fruit plantations and only 10.6% remain unprocessed in 2014 [14, 15].
The average land size of one farmer in the country still remains very small. According
to statistics, in 2014 it amounted to 4.77 hectares per farm, which is slightly higher
compared to the beginning of the 90s. Studying data from other EU countries we see that
corresponding average land size of a farmer is 22.0 hectares. On average, one Greek
farmer accounts for an area that is four times smaller than the area occupied by farmers
from small EU countries. It is characteristic that the average size of agricultural farm
in Greece remained practically unchanged from 1990 to 2014, whereas in European
countries with high agricultural production and employment of a significant part of
population in the agricultural sector (Portugal, Italy and Bulgaria) the area per farmer
during this period increased significantly. It should be noted that Greece is one of the
few EU countries with a high percentage of fruit trees from the total arable land. In total
agricultural production 19% are vegetables, followed by fruit 18.5%, animal husbandry
14.5%, animal products, milk, butter — 14% grains and olive oil — 8% [13]. The total
value of agricultural products in Greece is 9.7 billion US dollars. Of this amount,
69% is accounted for by the production of plant products [15]. Therefore, production
of plant products occupies a dominant position in the rural economy of the country.

In terms of value, agricultural production in Greece has not changed from 2010
to date. However, in comparison with the EU statistics, it decreased from 2.91 to 2.5%.

According to 2007 data the number of agricultural farms is about 854.1 thousand [12].
The number of farms decreased by 100 thousand in the period 1987—1990, which was
a consequence of the economic policy of the European Union by subsidizing large farms.
A significant part of small farms could not receive subsidies, since their products were
intended primarily for personal consumption and did not create a surplus in the sales
market being an unofficial income for citizens living in urban and semi-urban areas.
A high number of farms are associated with the division of property and possession
between members of the same family in order to avoid taxation or to receive subsidies.
Despite the survival of a very small number of agricultural farms (up to 2 hectares
in area), there is a steady trend of land concentration in larger farms. It is expressed
for categories of farms with agricultural land within an area of 30 to 100 hectares,
and there is also a slight increase in the percentage of farms with a total area of up
to 20 hectares. Thus, the number of farms up to 20 hectares in 1990 accounted for
97.43% of all farms and occupied 76.30% of the total land area, and in 2014 — 95.66%
of the total number of farms, which amounted to 64.35% of the total land area in the
country. Of particular interest is the development of farms based on the form of owner-
ship. The state maintains a form of transfer of agricultural land for hire to third parties.
This trend is obvious, since in 2014 it accounted for almost 32% of the total amount
of land used for agriculture, which is 10% higher than the 1990 figures [12, 13].

The main statistical indicator for studying changes in the structure of farms is the
annual standard gross margin. It should be clarified that this indicator is not an indicator
of the profitability of the farm, as it includes work of farmer and his family members,
someone else’s labor employed by the farmer (variable capital), but also part of the fixed
capital [13].
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Thus, the annual standard gross margin as an indicator allows to evaluate some
general trends, since it is not comparable between different types of farms. For example,
with regard to the cultivation of cotton, a farm of 10 hectares gives about 45,000 euros
and a net income of 5,000 euros, while growing wheat on the area of 40 hectares,
the same 45,000 euros, and a net profit of 12,000 euros. According to the above,
in the first case the net profit amounted to 500 euros, and in the second only 300 euros
per hectare. It has been established that a farm with an annual standard gross margin
of less than 48,000 euros cannot even ensure its simple sustenance [12].

As for livestock, more than 43% of the livestock (in 2007 total number of farms
amounted to 860.2 thousand) belongs to 371.2 thousand farms. Livestock remains with
minor fluctuations at sustainable levels, which indicates its lack of development and
relative stabilization. There is a significant reduction in the number of livestock farms,
as evidenced by data confirming a decrease in the number of farms from 475.6 thousand
livestock farms in 1990 to 371.2 in 2007, which is 23% less.

Based on the available data on the state of livestock sector, the following con-
clusions can be made:

1) presence of a highly time-stable number of small livestock farms, which account
for at least 10% of the total livestock;

2) strengthening trends in the concentration of livestock in larger farms, where
2.4 thousand livestock farms control 22% of the total livestock population;

3) products used as animal feed and cost of its production in Greece are among
the highest in the EU with an increase from 63.6% in 2010 to 76.7% in 2014 [12, 13];

4) gross domestic meat production decreased from 572.0 thousand tons in 1981
to 491.0 tons in 2010. In the same period, there was an increase in meat consumption
from 70.0 kg in 1981 to 83.0 kg in 2010. This growth was fully covered by imports,
so the degree of self-sufficiency in meat declined from 84% to 50% over the same
period [12, 16]. There is a very limited degree of self-sufficiency in beef, 57% in 1981
and 24% in 2010 and relatively high availability of lamb meat — 87% and poultry
meat — 79% in 2010 [3, 6, 8].

Data on employment, total employment of hired labor and self-employment
in rural farms show a clear downward trend in employment in agricultural production
as a whole [11—13].

The participation of the agricultural sector (which includes agriculture, forestry and
fisheries) in the Greek economy has declined significantly over the past 15 years.
The contribution of gross value added (GVA) of agrarian sector to the total GVA
of the country in 2014 was 4.3% from 6.1% in 2000 and 8.8% in 1995. The above
figures should also include contribution of processing industry of food, beverages and
tobacco, which accounts for almost 3.0% of the total gross value added (GVA), while
it accounts for 31% of the total processing industry [10].

The agro-food sector (agricultural sector and food, beverage and tobacco processing
industry) contributed 7.2% of the total gross value added (GVA) in 2014, compared
with 9.1% in 2000 and 11.8% in 1995. Moreover, it accounts for 15% of the total
employment in Greece [10]. In addition, over the past decade, agricultural income
in Greece has decreased on average by 0.4% per year compared with a growth of 1.6%
in the Eurozone countries.
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Since 2007 (EAP) has invested more than 19.53 billion Euros in agriculture and
rural areas of Greece in total costs for direct payments, market and development measures
for rural areas. Most of the funds sent to Greece for the period 2008—2013 from
the CAP, particularly direct payments (77.7%), were higher by 10% on average in the EU
(68%). By 2013, share of the CAP should have been (32%). On the contrary, the share
of expenditures on the Regional Policy in 1988 amounted to 17% of the EU budget,
46.7% of the EU budget was spent on it, 49.8 billion euros in 2006 (more than
48.5 billion euros in 2005), and it was planned to increase to 36% in 2013.

In particular, 12.5% of total employment and 2.7% in food, beverage and tobacco
processing industry work in the agricultural sector. Between 2000 and 2014, the number
of people employed in the agricultural sector decreased by 29 %, while the number
of people working in the food, beverage and tobacco processing sector increased by 8%.
The trade balance of Greek goods in agro-food sector is negative [16]. Almost 69%
of exports went to the countries of the European Union (EU), and 80% of imports of this
category of goods — from EU countries [10]. The largest category of exports of agri-
cultural products in 2012—2014 for fruit and vegetables amounted 34%, followed by
fish — 10.8%, dairy products — 7.9%, vegetable fats and oils — 7.8%, tobacco — 7.6%,
and cotton — 7.1% [10]. The most important products that are of high quality (high
competitiveness at high prices) are: olive oil, olives, pickles, raisins, canned vegetables,
tobacco, tomato paste, yogurt, rice, sheep and goat skins, cotton seed oil and bakery
products. Lower prices are the main comparative advantage of such highly competitive
products as fruit, cotton, sheep cheese, wine and so on. In the case of imports of this
category, the largest percentage relates to livestock products — 17%, followed by dairy
products — 13%, fruit and vegetables — 10%, grain and feed concentrates 9% [16].
Agricultural products are the third largest category of exported products, accounting
for 5.2 billion euros in 2014, or 19% of total exports, representing 14% of imports [10].
Vegetables and horticultural products account for the largest share of exports. The trade
balance of agro-food products is negative. The decline in imports that began in the last
5 years due to the economic crisis, combined with good export performance of agricul-
tural products, led to a reduction in the deficit, which in 2014 was limited to 1.36 billion
euros. Most individual product categories have a deficit balance, with the exception
of fruit and vegetables, fish, tobacco, cotton, vegetable oils and fats, which have a posi-
tive balance.

RESULTS AND DISCUSSION

If we consider contribution of agriculture to the EU and Greece gross value added
of the agricultural sector in Greece amounted to 3.3% of GDP in 2014, compared with
1.4% in the EU. For the period 2012—2014 Greece brought 3.0% of gross value added
in the EU agricultural sector and the countries with the highest participation were Italy —
16.0%, France — 15.9%, Spain — 12.2%, Germany — 10.4%, United Kingdom — 6.0%,
the Netherlands — 5.5%. The value added obtained in agricultural production lags behind
key competitors. From the distribution of value added along the agro-food chain, it seems
that for every 1 euro, the value of primary products in processing sector of food and
beverages adds value of 0.4 euros in our country, when in Spain and Italy this amount
is 1.5 euros.
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In the period 2004—2014 agricultural income in Greece decreased by an average
of 0.4% per year, while in the EU it increased by 3.4% and in the Eurozone countries
by 1.6%. Gross fixed investment in the agricultural sector in Greece as a percentage
of the gross value added of the agricultural sector is more than 10% lower than the EU
average, reflecting a reduction in investment in the agricultural sector and consequently,
inability to modernize farming management methods.

In 2014—2020 the Common Agricultural Policy of the European Union will invest
in Greece more than 19.5 billion euros in agriculture and rural areas. The budget for
direct payments in Greece is about 15.4 billion euros. Thirty percent of direct payments
will be associated with three environmentally friendly farming methods: crop diversifica-
tion, continuous pasture conservation, and 5 % will be channeled towards environmental
interest preservation or measures that are thought to have equivalent environmental
benefits. Greece will allocate more than 4.2 billion euros to measures in favor of rural
areas in accordance with the priorities outlined in the rural development program [10, 15].

CONCLUSIONS

In the development process of agricultural sector, its structure, applied technology,
level of farmer experience, and classical factors of production, such as science, politics,
financing, market, etc., play a decisive role.

In this process, the key point is the accession of Greece in 1957 to the European
Economic Union. The current structure and organization of Greek agriculture and the
composition of its primary production reflect the influence of both the country’s
national policy and the Common Agricultural Policy of the European Union (EU) before
and after Greece joined the EU. The total area of agricultural land remains stable com-
pared to the 1980s. The average size of farms in Greece remains very small. Many small
farms remain without economic activity in order to receive subsidies. The number of
farms with small areas of agricultural land (up to 2.0 ha) is increasing. There is a steady
trend of land concentration in larger farms. The number of farms decreased in the period
1987 to 1990, which was a consequence of the economic policy of the European Union
subsidizing large farms. 12.5% of the total employment are in agricultural sector and
2.7% in processing industry of food, beverages and tobacco. Between 2000 and 2014,
the number of people employed in the agricultural sector decreased by 29%, while the
number of people working in the food, beverage and tobacco processing sector increased
by 8%. In the total agricultural output, vegetables make up the largest part and followed
by fruits and livestock, animal products, milk, butter, cereals, and olive oil. The total
value of agricultural products in Greece is 9.7 billion US dollars. In terms of value,
agricultural production in Greece has not changed from 2010 to date. However, com-
paring the percentage with that of the EU, it has decreased from 2.91 to 2.5%.
69% of this amount is for production of plant products, which occupies a dominant
position in the rural economy of the country. In 2014, the gross value added of the agri-
cultural sector in Greece amounted to 3.3% of GDP, compared with 1.4% in the EU.
The agro-food sector in 2014 amounted to 7.2% of the total gross value added (GVA),
compared with 11.8% in 1995. For the period 2012—2014 Greece brought 3.0% of gross
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value added in the EU agricultural sector. The trade balance of Greek agro-food products
is negative and is the third largest category of exported products, accounting for 19%
of total exports and 14% of imports. Almost 69 % of exports are directed to the countries
of the European Union (EU), and 80% of imports of this category of goods are from
EU countries. Gross investment in fixed assets in the agricultural sector of Greece as
a percentage of the gross value added of the agricultural sector is just above 10%, lower
than the EU average, reflecting a reduction in investment in the agricultural sector and
consequently, inability to modernize farm management practices. The figures given
in this study show that impact of the Common Agricultural Policy of the European Union
on economy of agricultural sector in Greece was insignificant.
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Amnanumsupyercst enriHas arpapras nonmuruka EBponeiickoro Cotoza (EC), pehopMsl 1 ee mocieicTBys
JUTSL arpOIPOIOBOIILCTBEHHOT 0 cekropa I 'petm. EnuHas arpapaas momruka (EAIT) ¢ MomeHTa ee co3manmst
JIO CETOJTHAIIHETO JHsI OblIa MPEAMETOM MHOTHX MPOBOJUMBIX pedopM, pa3BUBANIACh IS YIOBJICTBOPEHHUS
MEHSIOLINXCS TOTPeOHOCTEH 00IIecTBa, phIHKA U KOHKYPEHLUH CElIbCKOM 3KOHOMHUKH EBpormeiickoro
Coroza (EC) ¢ mpyrumu anbsiHcaMu 1o BceMy MUpY. OcoOBbIif HHTEpeC MPEICTaBIISICT Pa3BUTHE arporpoIo-
BOJILCTBEHHOTO ceKTopa B ['peruu 3a mocnenuue 36 ser, mocne ee BcTymuieHus B EBponeiickuit Coro3
VY4acTue cesIbCKOro X03IHCTBa (BKIIIOYAs CEJIbCKOE, JIECHOE X034HCTBO U PHIOOJIOBCTBO) B IPeUeCcKOM
HKOHOMHUKE 32 IocleHHUe 15 JIeT 3HauUTeIbHO COKPAaTUIOCh. JJaHHBIE CBUAETENLCTBYIOT O HEOOIBIION
TEHJCHIMU 110 KOHLEHTPAIMY MPONU3BOJICTBA M YBEIMUCHUH YPOXKAHHOCTH CENIbX03 KYIbTyp. OTMeueH
JCOANaHC, KOTOPBIA BBIPKAETCSI B OOJBINHMX KOJNEOAHMSX IO BHAAM CENbCKOXO3SHCTBEHHOH IPOTYKIIMH.
O10 Kacaercsi o0beMa MPOU3BOJICTBA OCHOBHBIX MPOIYKTOB MHTAHKS, KOTOPBIA PETyJIHPYETCs SKOHOMHYE-
ckoit monutukoi EBponetickoro Coro3a, BEIpaKEHHOH B KBOTUPOBAaHHU BUIIOB MPOIYKIUH U 00BEMOB X
MIPOM3BOACTBA. JTO MOCTENICHHO MPUBOAUT K CHIKEHHIO 00BEMOB IIPOU3BOJICTBA, UTO OTPaXKaeTcsl B HEOO-
XOIUMOCTH 00eCIeueHNs] BHYTPEHHETO CIpoca Ha MPOXYKTHl MUTAHKUS PACTEHUEBOJCTBA M KHBOTHOBOJI-
CTBa, TaKUE KaK MsATKas MILIEHUIa, 0000BbIE, caxap, JIMMOHBI, OOJIBIIUHCTBO IPOYKTOB )KHBOTHOBOJICTBA
1 0cOOCHHO Msica. B To e BpeMs pacTer UMITOPT aHATOTMYHBIX BUIOB MPOIYKIMK U3 cTpaH — wieHoB EC,
YTO YCHJIMBACT OTPHILIATEIBLHOE callbi0 ToproBoro 6ananca mexxay EC u Pecniy6nukoit I'penueii.

Ormeuaercs, 4to 00beMbl cyocunuii B EC coxpaHsSIOTCS Ha MPEKHEM YPOBHE, JOIUIATHI I ep-
MEpOB TIOCTEIIEHHO COKPANIAIOTCS, YACTHIHO JIMKBHIUPOBAHA CHCTEMa MPHUBSI3KH cyOcHaui K 00beMaM
mpou3BoACTBa. boee a3 pekTHBHBIE MEXaHU3MBI MOAAEPKKU HepMepOB MO3BOIAT MUHAMHU3APOBATH
HETaTUBHBIE TTOCTEACTBHS TSI COKpAIEHHUsI 001Iero (PMHAHCHPOBAHUS arpapHOro cekropa. COKOHOMIICHHBIE
B pe3yJIbTaTe COKPAIICHUsI CyOCHANN NEHBIU TOMIYT Ha PAa3BUTHE CENbCKAX TEPPUTOPHIA U TTOBBIIICHUE
9 EeKTUBHOCTH CTPYKTYPHOH MONUTHKH. Takike TPHBENEHB CPABHUTENBHbIE TaHHBIE 0 JPYTUM TOCy-
nmapctBam EBpomneiickoro Coro3a.

Kioueblie cioBa: ['penusi, Enunas arpapnas nonutuka EC, arponpo/10BoJILCTBEHHBIH CEKTOP,
€BPOIEHCKUI CEITbCKOX03HCTBEHHBIHN (DOH/1 TSt pa3BUTHS CENa
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Abstract. Potato is an important staple food crop. Potato tubers require proper treatment before
planting and after harvest to produce high yields and avoid storage losses. Among different techniques
of potato treatment physical methods are of special interest: thermal treatment using hot water and steam,
ultraviolet (including continuous-wave UV using pulsed Xe-lamps) and gamma-irradiation, treatment with
magnetic and electromagnetic fields (including microwaves). The majority of physical methods is envi-
ronmentally friendly and can be applied without special registration and in the developing countries.
In the present paper, for the first time, the scientific papers on physical methods of potato treatment
for the last 35 years are comprehensively reviewed. The review demonstrates that such an approach is
perspective both for pre-planting and postharvest treatment of potato. Physical treatment affects biochemical,
cellular and physiological status of potato. Methods of physical treatment enable to control phytopathogens,
and some methods (ultraviolet and gamma-radiation) even are capable of improving immunity of plants.
The main traits of potato tubers that can be influenced by physical treatment are sprouting (stimulation
or inhibition), susceptibility to rot and black leg diseases, and starch, reducing sugars and ascorbic acid
contents. The tuber response to physical treatment depends on dosage and date of treatment, duration
and temperature of storage, agricultural technology and cultivar. Low doses of treatment may be inefficient
while too high dosage may result in cell deterioration or death and poor immunity, and eventually to
disease development. Too early treatment may damage a tuber since it should pass through suberization
(wound healing) after harvest; too late treatment requires higher doses. The proper adjustment of treatment
is necessary for cultivar and individual storage conditions.

Key words: potato, physical treatment, hydrothermal treatment, steam, ultraviolet, xenon lamp,
gamma-irradiation, electromagnetic microwaves, phytopathogen

INTRODUCTION

Potato tubers require proper treatment before planting, after harvesting and at
storage to produce high yields and avoid storage losses. Different methods are used
to reduce infection, promote sprouting or keep dormancy, maintain required phy-
siological and biochemical status of a tuber.

There are different methods of potato tuber treatment, such as chemical, biological,
breeding, and physical; application of them is determined by the aim and the cost
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of technique. Physical treatment does not require complicated technologies such as
chemical synthesis or development of new potato varieties or new bacteria strains and
can be afforded by developing economies. In addition, it is ecological friendly and does
not affect consumer health. Then, some physical methods may be competitive to genetic
and chemical modifications as they do not require registration or special permission and
may be more effective in certain aspects. On the other hand, such practices as hot dry,
steaming, UV and gamma radiation are far from introduction at industrial scale as
technologies and are still perspective and promising approaches. Moreover, each physical
method if applied at improper dosage can damage or even kill a tuber so it is crucial
to find a proper time and dose in each case depending on the aim of treatment and
cultivar.

The aim of this paper is to review the achievements in physical treatment methods
of potato.

TEMPERATURE TREATMENT

Hot water treatment of potato tubers significantly reduces rot bacteria contami-
nation [1]. Mackay and Shipton [2] did not detect Pectobacterium atrosepticum and
P. carotovorum subsp. carotovorum in tuber peel after dipping naturally infected potato
tubers for 10 min in water at 55 °C as well as no blackleg symptoms were observed
in plants grown from the treated tubers. Similarly, Wale and Robinson [3] and Shirsat
et al. [4] showed that periderm and lenticels contamination can be significantly reduced
by incubation in water at 44 °C for 30 min or at 56 °C for 5 min. However, if insuffi-
ciently dried out, the tubers may rot due to multiplication of survived bacteria. Drying
tubers under forced ventilation with air knives may help to overcome this problem not
only removing water from tuber surface but also keeping heat [5]. Hydrothermal treat-
ment helps to control several fungal pathogens causing gangrene, skin spot, silver and
black scab [6]. Abbas et al. [7] showed that treatment of tubers with hot water at 37 °C
for 2—3 hours reduces Potato Leaf Roll Virus in plants grown from them by up to 37%.
However, hydrothermal treatment may lead to delay in sprouting or even death of tuber
depending on the physiological state and eventually to yield losses [1].

Steam can be used as an alternative to hot water to control fungi and bacteria
especially P. atrosepticum and P. carotovorum present in tuber periderm. Steam
treatment reduced periderm contamination from 26 ... 59% to 1 ... 3% [8]. Bartz and
Kelman [9] observed that external population can be eliminated by hot air dry at 50 °C.
Hot air dries tubers and stimulates wound healing without affecting subsequent sprouting.
However, longer incubation time required for steam treatment compared to hot water can
adversely affect a tuber [1].

Lavrova et al. [10] studied the effect of pre-planting cool treatment on seed tubers
artificially infected with nematodes: sprouted tubers were kept at +5 °C for 2 hours
during 6 days. As a result, yield quantity and quality (starch and ascorbic acid content)
were improved when potato was grown on infested soils. Eremeev et al. [11] showed
that pre-planting heat shock at 30 °C for 2 days with subsequent keeping at +12 ...
+15 °C for 5 days in the light make it possible to get more tubers 5—10 days earlier than
in the control that may be explained by increasing physiological age of the seed tubers.
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SHORT-WAVELENGTH ULTRAVIOLET IRRADIATION

Short-wavelength ultraviolet light (UV-C) has strong antimicrobial effect. It pro-
vokes single and double-strand breaks in DNA, producing thymine dimmers and 4,6-
photoproduct as well as reactive oxygen species. The resulted DNA lesions interfere with
replication and transcription, eventually disabling or killing microorganisms [12—15].
Additionally, the UV-C light results in tryptophan, tyrosine, phenylalanine and cysteine
oxidation with subsequent degradation and DNA-protein bonds that inhibit cell survival
and proliferation [16].

The UV-C rays cover the wavelength range 100—280 nm, in practice mercury-
vapor lamps (Hg-lamps) with a strong emission line at 254 nm are widely used for
disinfection purposes. The UV-C energy is unable to penetrate tuber tissue to reach the
vascular pathogens and therefore can be used for surface microorganisms mainly [1].

The UV-C irradiation at 10 kJ m~ reduces incidence and severity of common scab
by 28% and 62%, respectively, while silver scab is inhibited at 15 kJ m™ by 22%
and 36%, respectively [17]. Ranganna et al. [18] demonstrated that UV-C irradiation
at 15 kJ m* inhibits soft and dry rot in the tubers inoculated with Fusarium solani and
P. carotovorum at +8 °C for 3 months. However, the inhibition efficiency of UV-C
dropped at longer inoculation of the tubers. Rocha et al. [19] observed that the UV-C
treatment at 34.5 kJ m significantly reduced postharvest soft rot incidence by 60%
in potato seed tubers stored at +25 °C for 9 days after inoculation with P. carotovorum
subsp. carotovorum. However, the disease was completely inhibited both in untreated
and UV-C-treated tubers when they were stored under fluorescent light (280 ... 400 nm,
UV-A + UV-B; 1.6 umol m™? s'). The disease inhibition may be associated with
the accumulation of a-solanine and a-chocanine glycoalkaloids in periderm and flesh
in UV-C- and fluorescent light treated tubers. Thus, the UV-C irradiation affects not
only surface microorganisms but also tuber periderm layer changing its biochemical
status, thus enhancing its immunity.

Besides disinfection of tubers the UV-C treatment can be used for potato tuber
dormancy regulation at storage. Conventionally, low positive temperatures and ethylene
are used to inhibit sprouting, but these techniques can give rise to high sugar concentra-
tions reducing the processing quality of potatoes [20—22]. Cools et al. [23] demonstrated
that sprouting inhibition in response to the UV-C treatment is cultivar specific. Tuber
sprouting of the most sensitive to UV-C irradiation cultivars was inhibited at 10 kJ m™
and associated with increase in ascorbic acid level; the strongest effect appeared at 10%
eye movement. However, even at such high dose as 30 kJ m™ authors did not find
sprouting stimulation as it was observed in other experiments [9, 24, 25]. The UV-C
treatment at 3.4 ... 13.6 kJ m? significantly reduced number of spouts in the irradiated
tubers if stored at +20 °C for up to 20 days [26].

The UV-C treatment can affect biochemical parameters of tubers. Hg-lamp irra-
diation at 15 kJ m™ changed neither texture nor color of a tuber as well as did not
damage starch granules [25]. Cools et al. [23] did not found DNA degradation or cyclo-
butane pyrimidins in periderm of the tubers irradiated at 5 ... 30 kJ m™. The total reducing
sugar content in the UV-C-treated tubers was 1.65 ... 2.02 fold lower compared to the
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untreated control after storage at +4 °C for 28 days. Lin et al. [27] suggest that the
UV-C treatment possibly regulates the gene cascade in potato tuber (sucrose phosphate
synthase, invertase inhibitor 1/3, and invertase 1) that reduced accumulation of reducing
sugars and prevented oxidative injury in potato cells.

CONTINUOUS-WAVE ULTRAVIOLET RADIATION

Mercury-free pulsed xenon lamp (Xe-lamps) can be used as an alternative to Hg-
lamp. Xe-lamp is characterized by continuous emission spectrum (190 ... 400 nm, i.e.
UV-A, UV-B and UV-C) that provides bactericide effect to the irradiated objects
independent from the absorption spectrum at a shorter exposition time compared to
Hg-lamp. The efficiency of the continuous-wave pulsed UV-light was proved for water
disinfection [28, 29]. The advantages of Xe-lamps allow them to be widely used for
disinfection purposes in different spheres: food production and storage [30, 31], disin-
fection of surfaces [32], and packaging [33].

To estimate the Xe-lamp irradiation effect on the integrity of DNA of Dickeya
solani, pathogen causing potato blackleg, Kroupin et al. [34] performed quantitative
polymerase chain reaction (QPCR). It was shown that each genomic 100 bp is damaged
by ~10 J m™. The comparison of bactericide effects of Hg- and Xe-lamps demonstrated
that Xe-lamp damages 4.9% of D. solani genome at 10 kJ m* while Hg-lamp only 1.5%
at the same dose; unlike Hg-lamp, Xe-lamp irradiation resulted in protein degradation and
aggregation [35]. The experiments on potato slices showed that Xe-lamp irradiation
at 12 kJ m™ almost totally inhibited the rot development while Hg-lamp irradiation
even at 36 kJ m? resulted in the rot spot diameter three fold larger than that in the Xe-
lamp variant [36, 37]. Further study of Xe-lamp irradiation may show its perspective
in controlling pathogens as well as its effect on physiological and biochemical status
of potato tubers.

Both UV-C and continuous-wave UV-irradiation can be used not only for tuber
treatment but also for hygienic measures such as disinfection of irrigation water,
machines and tools, storage and package.

GAMMA IRRADIATION

High-energy ionizing radiation affects enzyme activity, protein synthesis, metabolic
processes in the cell, cell division, differentiation, hormone balance and gas exchange.
As a result, considerable changes can occur in the tuber dormancy, starch, sugar and
ascorbic acid content and, eventually, technological and custom properties of the tuber.
Depending on the dose gamma irradiation may either induce or inhibit metabolic
processes in the tuber, having some antimicrobial effect.

Stimulation effect of low gamma irradiation doses

Low doses of gamma radiation can be used for potato in vitro propagation to stimu-
late tuber formation. Al-Safadi et al. [38] found that irradiation at 2.5 Gy simulates
microtuber production in vitro by up to 38% in comparison to untreated plantlets without
fear of genetic changes in the used cultivars. Li et al. [39] demonstrated that irradiation

386 O5KOHOMUKA U PAZBUTUE AT'POITPOMBIIIIEHHOI'O KOMIUIEKCA B CTPAHAX EC



Kroupin P.Yu., Semenov O.G. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 383—395

of the potato plantlets in vitro significantly stimulated microtuberization by 116.7% and
34.5% in the studied cultivars compared to the non-irradiated control and increase
in fresh mass. Low doses (2 ... 3 Gy) increased starch content; medium doses (4 ... 6 Gy)
increased protein content; higher doses (6 ... 8 Gy) increased ascorbic acid and reducing
sugars in microtubers.

Moderate doses can be applied to stimulate sprouting of tubers with low germi-
nation ability, e.g. in maintenance of genetic stocks. Salomon et al. [40] demonstrated
the stimulation effect of 20 Gy on germination of botanical seeds while Tikhonov
et al. [41] observed the stimulation effect of 50 Gy on seed tubers.

Inhibiting effect of high gamma irradiation doses

The main goal of storage is to keep dormancy as close to postharvest level as it is
possible. Second task is to keep starch content at the initial level. The sprout of tuber
buds enhances respiration and induces enzymatic hydrolysis of the starch. Low tempera-
ture inhibits sprouting but results in accumulation of reducing sugars (‘cold-induced
sweetening’), which induce discoloration of potato chips or French fries [42]. Ionizing
irradiation inhibits sprouting without using low temperatures at storage. It is especially
critical for south regions with warm postharvest seasons. The third task is to keep tubers
free from rot during storage period. Moderate gamma-irradiation doses may promote
immunity response in the tuber, while too high doses may damage tissues and result
in tuber rot.

The recommended gamma irradiation dose for sprout suppression varies from
40 ... 50 Gy to 120 ... 150 Gy [43—47]. The dose sufficient for sprout inhibition is
apparently cultivar specific. For example, the total inhibition in cv. Lorkh and cv.
Lyubava tubers was observed at dose higher than 18 Gy and 21 Gy, respectively [48].

Moderate gamma irradiation inhibits rot and scab severity. Tikhonov et al. [41]
observed inhibition of silver scab after gamma irradiation at 100 Gy, whereas dose
increase up to 150 Gy resulted in the development of common scab, silver scab and ring
rot that may be explained by the inhibition of the tuber cell immunity at higher doses.
Afify et al. [49] demonstrated that 50 Gy inhibits sprouting without causing rot that
may be associated with high antioxidant enzyme activities (peroxidase, polyphenol
oxidase, glutathione-S-transferase, superoxide dismutase, and catalase) and the lowest
level of lipid peroxidaiton. Mahto et al. [46] suggests that the rot suppression at 150 Gy
may be due to higher polygalacturonase-inhibiting protein activity in non-sprouted tubers
compared to the sprouted tubers.

At higher gamma irradiation doses the cell wall and membrane are disrupted; rot
development, water loss, skin and flesh darkening, bud blackening and tuber softening
are observed. In most studies the destructive processes are shown at doses higher than
1 kGy [44, 50, 51]. Apparently, 500 Gy is the highest acceptable (threshold) dose and
depends on the cultivar and tuber condition [46, 47]. Since bud tissues in eyes are
meristematic and are least tolerant to gamma irradiation, their blackening occurs
at 500 Gy [46]. Tuber lots with high rot potential may not be suitable for gamma
irradiation treatment at all [43].
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The date of tuber treatment (days after harvest, DAH) is critical: periderm is very
susceptible to high irradiation doses immediately after harvesting and tuber should pass
through suberization. The day of treatment influences the accumulation of sugars in tuber.
Dhali et al. [47] showed that 150 Gy 15 DAH resulted in less sugar accumulation during
2 months of storage rather than treatment 30 DAH. Rezaee et al. [45] demonstrated
that the later the treatment (10, 30 and 50 DAH were compared), the more sugar is
accumulated after 5 months of storage both at +8 °C and +16 °C. After 120 days of
storage tubers irradiated 5 DAH contained less reducing sugars than that 30 DAH [50].

The day of treatment determines the dose of gamma irradiation: the latter the
treatment the higher dose is required. Treatment at low dose (40 Gy) on 6 DAH inhibits
sprouting stronger and does not accompanied with shriveling compared to treatment
on day 30 after harvest; treatment at both 80 and 120 Gy 5 and 30 DAH showed good
tuber appearance [50]. Rezaee et al. [45] showed that treatment 10 DAH totally inhibits
sprouting at 100 Gy; the irradiation dose for treatment 30 and 50 DAH should be raised
up to 150 Gy. Dhali et al. [47] observed that weight loss of tubers irradiated 15 DAH is
less than 30 DAH (150 Gy, 2 month of storage).

Temperature of storage is crucial since it is gamma irradiation make it possible
to store potato tubers at moderate-to-high temperatures without accumulation of reducing
sugars as it happens at low temperature storage. The higher the temperature of storage,
the less sugar is accumulated in tubers. Dhali et al. [47] showed that tubers exposed
to 150 Gy and subsequently stored at +6 °C for 2 months contained more sugars
compared to +15 °C. Rezaee et al. [45] found that tubers irradiated at 100 Gy and
subsequently stored at +8 °C accumulated more sugars than that at +16 °C. Ezekiel
et al. [52] demonstrated the response to the storage temperature was cultivar specific:
cv. Kufri Jyoti contained less reducing sugars at +16 °C than at +8 °C by 34%, whereas
cv. Kufri Chandramukhi by 15% (150 Gy, 90 days of storage). Rezaee et al. [45] suggests
that less sugar content at higher storage temperature may be due to higher respiration
rates. In addition, temperature influences weight loss: weight loss was higher if tubers
were stored at +16 °C than at +8 °C (100 Gy, 5 months of storage); these losses can be
compensated by dose increase to 150 Gy.

Gamma irradiation may affect the integrity of starch granules and amylose and
amylopectin molecules and the response of the cell may be cultivar specific [50, 52].
Ezekiel et al. [52] showed that the degradation of starch and, as a consequence, changes
in sugar accumulation and amylose content after irradiation at 500 Gy was specific for
each of three cultivars studied. Mahto et al. [46] found that cv. Kufri Sindhuri is charac-
terized by increase in the textural parameters after irradiation at 500 Gy and storage
at +12 °C for 120 days compared to cv. Kufri Jyoti. Cell wall remained rigid, accounting
for higher textural values registered after treatment at 120 Gy and storage at +22 °C
for 4 months; exposition to 1 kGy induced damage and resulted in more collapsed cells
with less rigid cell walls [50].

The dose of gamma-irradiation affects the ascorbic acid content in tubers. The
increase in irradiation dose resulted in drop in ascorbic acid in tubers when stored
at +15 °C and +16 °C, respectively [45, 47].
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Gamma irradiation leads to rise in amylose content [52, 53]. Lu et al. [53] suggests
that it may be associated with the effect of gamma-rays on the branched molecules
of amylopectin susceptible to low radiation dosage; the newly de-branched amylopectin
chains contributed to the amylose content. At extreme dosage both amylose and
amylopectin molecules are depolymerized and thus the starch shows the decreased
amylose content [54, 55]. Tubers exposed to 150 Gy and stored at +24 °C for 35 days
showed the starch content at the level of the untreated control [51]. Lu et al. [53] showed
that starch content significantly decreased in two studied cultivars irradiated at 100 Gy
and stored at +8 °C for 5 months.

Irradiation dose affects sugar content in tubers: the higher radiation, the higher sugar
content. Apparently, sugar molecules are a product of starch glycoside bonds breakage
by gamma-rays [54]. Frazier et al. [43] demonstrated that a dramatic raise in sugar
content occurs after irradiation at 20 ... 40 Gy and storage at +7.2 °C; then the sugar
content is normalized to the untreated control level in 210 days if stored at +7.2 °C or
in a month if stored at +15 °C. The content of reducing sugars in tubers exposed to 1 kGy
was 1.3 fold lower than at 80 Gy when stored at +22 °C for 120 days [50]; glucose
content in tubers at 2 kGy was 1.8 fold higher than at 150 Gy when stored at +24 °C
for 35 days. The glucose content dynamics through storage is cultivar specific: raise
in glucose content in tubers of cv. F03031 and F03028 exposed to 100 Gy and stored
at +8 °C was 1.5 and 2 fold, respectively; cv. Shepody did not show significant changes
in glucose content [53]. Tubers of cv. Kufti Jyoti and cv. Kufri Chandramukhi treated
at 500 Gy and stored at +16 °C contained 20% and 5% reducing sugars more than
at 100 Gy, respectively.

Thus, the gamma irradiation treatment of potato tubers at moderate dosage (40 ...
150 Gy) should be thoroughly optimized. The main advantages of gamma irradiation
are the inhibition of sprouting, the opportunity to store treated tubers at moderate (15 ...
22 °C) temperature and rot and scab control. On the other hand, the increase in dose
results in raise in reducing sugar and amylose content, loss in starch and ascorbic acid
content, drop in weight mass and specific gravity, rot development due to cell structure
damage. The dosage, date of treatment (day after harvest), and temperature should be
properly adjusted depending on a particular cultivar and storage duration.

MAGNETIC AND ELECTROMAGNETIC TREATMENT

Magnetic field can be used for tuber disinfection to promote sprouting of seed tubers
and for postharvest treatment.

Pre-planting electromagnetic microwave irradiation of seed tubers at 10 kJ m™
decreased significantly the incidence of round rot in the yield by 35%; irradiation
at 1 kJ m inhibited strongly common and silver scab incidences by 30% and 28% and
severity by 40% and 11%, respectively. Postharvest treatment at 15 kJ m ™ reduced
the incidence of round rot by 80% whereas 6 kJ m™ did not affect the disease inci-
dence [17].

Marks et al. [56] observed stimulation of length and number of stems, foliage and
stem mass, and tuber sprouting index by canopy treatment with variable magnetic field.
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Tikhonov et al. [17] found that small dosage of electromagnetic microwaves stimulated
growth of sprouts that became more competitive to parasitic mycelium. Vasiliev
et al. [57] showed the effect of electromagnetic microwave field on yield and starch
content in tubers; the effect depended on the agricultural techniques used in the field
experiments. The dosage of variable electromagnetic field affects the losses of tuber
weight during storage at +25 °C for 16 days: the losses at 6 ... 8 mTs did not exceed
20% whereas at higher doses they raised to 75% compared to 39% in the untreated
control [58].

OTHER PHYSICAL TREATMENTS

There are other perspective methods of potato tuber treatment studied in papers:
helium plasma [59], treatment with modulated low-frequency electric field [60] and
others.

CONCLUSIONS

In conclusion, the following physical treatment approaches have been studied for
the last 35 years: steam and hot water, ultraviolet (UV-C and continuous-wave UV) and
gamma irradiation, magnetic field. High-temperature treatment with hot water or steam
can be used mainly to control blackleg. Treatment with high frequency waves (micro-
waves, gamma and ultraviolet irradiation) is characterized by more complex effect
on tuber: disinfection (especially blackleg, scab and rot), immunity enhancing/suppres-
sion, sprouting stimulation/suppression, changes/maintenance of biochemical compounds
content. The crucial parameters for physical field treatment are the proper adjustment
of the dosage, date and storage conditions. Too low dosage may be insufficient to sup-
press pathogens, while too high dosage may result in cell wall damage and starch degra-
dation that leads to rots and losses. A special attention should be paid to the influence
of treatment on tuber dormancy: sprout stimulation is required for pre-planting treatment
while postharvest treatment should inhibit sprouting. Finally, since UV and gamma
irradiation are cultivar specific, the treatment technology should be finely adjusted for
each cultivar depending on the conditions of growing and storage.
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xpaHeHn#. Cpey pa3iIMuHBIX METOROB 00paboTku KapToders 0codoe MOJIoKEHHIE 3aHUMAIOT (pr3HUdecKie
METOJBI: TeTIoBass 00paboTKa ropsueit BoJoi U mapom, yiabTpadHoIeToBoe (B TOM YHCIe MIHPOKOIIO-
JIOCHO€) M TaMMa-00JyueHne, 00paboTKka MAarHUTHBIMU M AJICKTPOMATHUTHBIMU MOJSIMU (B TOM YHCIIE
CBEPXBBICOKOYACTOTHBIMH). BOMBIIMHCTBO (PU3UUECKHX METOJIOB OTHOCHTEIBHO OE3BPEIHBI TSI OKPYIKa-
IOIIel Cpebl M MOTYT OBITh UCIIONB30BAHBI 0€3 CIIEHATBHON PETHCTPAlli U Pa3BUBAIOIIMMUCS CTPaHaAMU.
B crarbe BepBBIC IPOBECH 0030p HAYYHBIX CTaTeil 3a mocyieqHue 35 JeT, MOCBAMCHHBIX (QH3HICCKUM
MeToAaM 00paboTKH KapTodens (BKIoUYas maTeHThl Ha u3o0pereHus). O030p HayyHbBIX CTaTeil MoKa3al
MePCTIEKTHBHOCTD JJAHHOTO HAIIPABJICHUS KaK ULl IPEANIOCaI0YHON, TaK M OCIeyOopouHOi 00paboTKH
kaprodernsi. Pusnyeckas 00padOTKa OKa3bIBACT BO3ICHCTBHE HA OMOXUMHYECKUH, KICTOUHBINA U (hH3HO-
JIOTHYECKHIA cTaTyc Kaprodens. Metoasl pusnueckoit 00pabOTKH MO3BOJIAIOT KOHTPOJIUPOBATh (HUTO-
MATOTeHBI, a OTHENbHBIE METOAB! (YAbTpaduoneToBas, raMMa-pagianus) gaxe CIIOCOOHBI OBHIIIAT
MMMYHHBIE cBOicTBa. OCHOBHbBIE MApaMeTphl KITyOHEH KapToders, Ha KOTOPbIC BIHSIOT METOBI (hH3HUe-
CKOI 00pabOTKH, — 9TO MPOpPACTaHHE TJIA3KOB (CTHMYILSIUS WM MHTHOMPOBaHKE), TOPayKEHNE THUIIBIO
Y 9€pPHOM HOXKKOM, Co/lepKaHne Kpaxmaia, peaylupyIoIuX caXxapoB U acCKOPOMHOBOM KHUCIOTHL. Peakmus
kiyOHel kapToderns Ha MeTo bl (pu3HUecKoil 00pabOTKK 3aBUCUT OT JI03bI, 1aThl 00OPAOOTKH, CPOKOB
U TeMIepaTypbl XpaHeHHs, arpOTEXHUKN U copTa. Huskue 10361 00pabOTKH MOTYT OKa3aThCs Hedd-
(EKTHBHBIMY, a CIHMIIKOM BBICOKHE MOTYT PUBECTH K IIOBPEKACHHIO MITH THOENH KJIETOK U CHKEHUIO
HMMYHHTETa, 2 B KOHCYHOM CUETE K Pa3BUTHIO 3a0oneBaHui. CIMIIKOM paHHsS 00paboTKa MOXKET
TIOBPEAUTH KIIyOeHb, TaK Kak T0cie YOOpKH eMy HeOOXOAMMO IMPOMTH Iporiece CyOepuHU3aIK (3aKUBJIe-
HHS); IPH CJIMIIKOM MO3HEH TpedyeTcs moBbleHue 103. [1pu Beidope Merona puzndeckoit o0paboTku
HEOOXOUMO TIIATEIBHO ONTHMHU3UPOBATh YKa3aHHBIC MAPAMETPhI JJIsl KOHKPETHBIX YCIOBUI XpaHESHHS
U coprTa.

Kuaruessle cioBa: kaprodenb, pusndyeckas o0paboTka, rungporepMmuyeckas oopadborka, map,
yabTpadHOoNeT, KCEHOHOBAS JIaMIIa, TaMMa-00JIydeHHe, SICKTPOMATHUTHBIC MUKPOBOJIHBL, (PHTOTIATOTCH

J1g nuTupoBaHus:

Kpynun I11O, Ceménos O.I'. dusmueckrue METObI IPEATIOCAT0YHOH 1 moceyOopouHoi 00paboTKH
kaprodens: 0030p // Bectnuk Poccuiickoro yHuBepcurera apyx0sl HapoaoB. Cepust: ATpOHOMUS
n xuBoTHOBOACTBO. 2018. T. 13. Ne 4. C. 383—395. doi: 10.22363/2312-797X-2018-13-4-383-395.
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Abstract. The aim of the present study was to investigate thepotential benefit of hyperosmolar
extender during the freezing-thawing process in rooster sperm. The goal was to minimize the amount of
intracellular water and reduce the impact of intracellular icecrystal during the freezing process. A total
of five 45-week old Hubbard commercial broilers were subjected to bi-weekly semen collections. Collected
sperm was pooled and divided in three aliquots. The control aliquot was diluted with Tris-extender without
further supplementation at 300 mOsm (Control). The two (2) other aliquots were diluted with Tris-
extender at 300 mOsm containing vitamin E (Vit E) or with Tris-extender without Vitamin E but at osmo-
larity of 450 mOsm (Hyper). After incubation at 22 °C for 15 min, all aliquots were cooled and then
frozen in liquid nitrogen. A Computer Aided Semen Analysis (CASA) was used to investigate the impact
on different motility parameters. After thawing, Hyperosmolar (Hyper) and vitamin E extenders showed
the highest values in terms of sperm motility preservation. Hyperosmolar extender (Hyper) showed
particularly the highest values in terms of VSL velocities and progressive motile spermatozoa, known
as indicators of sperm quality. In conclusion, the present results revealed that a significant impact was
observed when using extenders at osmolarity of 450 mOsmin rooster sperm, in the same manner and even
better then when using vitamin E. The positive impact is probably related to the reduction of intracellular
ice formation.

Key words: Poultry, sperm, cryopreservation, hyperosmolar extender, oxidative stress, cold chock,
spermatozoa, intracellular water

INTRODUCTION

It is well-known in rooster that artificial insemination (Al) is routinely carried out
after short term storage at 4°C and it evidenced that fertilizing capacity of freshly col-
lected avian semen is dramatically lost after half an hour [1] compromising consequently
fertility outputs. In addition, fertility success of frozen poultry semen is far lower than
any of the domesticated mammalian species. It has been estimated that post-thawing
chicken semen retains only 1.6% of the fertilizing capacity of fresh semen [2].

Therefore, development of semen extenders, including investigation of different
active compounds, was considered worldwide by research groups to enhance hatcha-
bility results and to protect post-thawed sperm motility. The strategies are essentially
focused to protect cell membrane against cold shock and oxidative stress [3, 4].
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Oxidative stress, targeting cell membranes, has been identified as the main factor
damaging phospholipids in different animal species including chicken [5, 6] and
turkey [7]. Particularly, semen preservation for extended period causes several time-
dependent structural and biochemical damages in avian [8, 9] and other mammalian
species [10]. In avian, related to the high proportion of PUFA [11—13], cells mem-
branes are more subjected to oxidative stress damages [14, 15].

There is also evidence that during cryopreservation, membrane damage caused
by intracellular ice formation in spermatozoa varies to a great extent [16, 17] with the
membrane damage related to cold shock and oxidative stress being [18, 19]. The main
damage caused by cold shock is observed during the cooling process, when membrane
lipids undergo a phase transition from a liquid to a gel state with subsequent disturbance
of the membrane structure [20, 21].

During the cryopreservation phase when there is ice crystal formation, there is
simultaneously excessive generation of reactive oxygen species (ROS) with a minimal
sperm antioxidant capacity existing in the gametes [22]. The first targets of ROS are
membrane lipids, particularly polyunsaturated fatty acids (PUFA), inducing the peroxida-
tion and alteration in membrane fluidity and permeability [23—25].

The current study aimed to reduce intracellular ice formation by subjecting rooster
spermatozoa to hyperosmolarity (450 mOsm) to increase a driving force for water efflux
from the cell. We assume that reducing intracellular ice formation will reduce sperm cells
injuries and consequently will protect sperm motility, known as the major factor condi-
tioning fertility outputs.

MATERIALS AND METHODS

All experiments were conducted in accordance with the legislation governing the
ethical treatment of animals. A total of five 45-weeks old Hubbard commercial broiler
reproductive cocks were used during the experiment. The animals were housed in con-
ventional individual cages under 14 hours of daily illumination, and fed with a standard
commercial food at the rate of 155 g/day/animal.

The roosters were subjected to bi-weekly semen collections by dorso-abdominal
massage as described by Burros and Quinn [26]. The collected ejaculates were then
pooled and analysed. In order to minimize animal stress, the collection was carried
out by the same operator and under the same conditions. Necessary precautions were
taken during collection to avoid contamination by cloaca fluids. Sperm motility was
calculated using a computer-assisted sperm analyser (Sperm class analyser, SCA Mic-
roptic, S.L., Version 3.2.0, Barcelona, Spain).

Motility was assessed using a Computer Assisted Sperm Analyzer (CASA; Sperm
class analyzer, SCA Microptic, S.L., Version3.2.0, Barcelona, Spain). To facilitate the
image capture, the samples were diluted (10—20 - 10° Spz/ml) using Tris-extender.
Subsequently, 5 pl of each sample was placed onto a warmed (37 °C) 20 um Leja®
3 chamber slide (Leja Products B.V., Nieuw-Vennep, The Netherlands). Leja® slide
was placed under a phase-contrast microscope (Nikon E200®-LED microscope) on
a warmed stage (37 °C) and images were captured using a video camera (Caméra Digital
Basler A312 fc Germany) at magnification x10. Four sequences were scanned and
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at least 200 spermatozoa were analyzed. The standard settings were set at 25 frames/s,
20—90 um? for head area and VCL > 10 pm/s to classify a spermatozoa as motile.
Kinetic variables that were assessed were: total motility (TM%), progressive motility
(PM%), movement linearity (LIN%); straightness (STR%); wobble (WOB%); curvi-
linear velocity (VCL pum/s); straight linear velocity (VSL pm/s); average path velocity
(VAP pm/s); amplitude of lateral movement of the head (ALH pm); beat cross frequency
(BCF Hertz), % rapid gametes (fraction of cells moving with VCL > 75 pm/s),
% moderately motile gametes (fraction of cells moving with 45 < VCL < 75 pm/s)
and % slow gametes (fraction of cells moving with 10 < VCL < 45 pum/s). Total motility
(TM) was defined as the percentage of spermatozoa with VCL > 10 um/s, and progres-
sive motility (PM) was defined as the percentage of spermatozoa with VCL > 25 um/s
and STR > 80%.

All samples had a minimum of 70% motile sperm. The sperm samples were then
pooled and divided into three aliquots. The control aliquot was diluted with Tris-egg yolk
extender without further supplementation at 300 mOsm(Control). The two (2) other
aliquots were diluted with Tris-egg yolk extenders at 300 mOsm, containing vitamin E
(Vit E) or with Tris-egg yolk extenders without Vitamin E but at osmolarity of
450 mOsm (Hyper). Tris-extender was composed of 300 mM tris[hydroxymethyl]ami-
nomethane, 95 mM citric acid monohydrate, 28 mM D-(+)-Glucose.

All samples were equilibrated for 2 h at 4 °C and then packaged into 0.25 ml straws
and frozen in liquid nitrogen vapor using a programmable freezer (CryoMed, Thermo
Fisher Scientific, Waltham, MA, USA). Frozen straws were then thawed in a water bath
at 5 °C for 3 minutes and sperm motility analyzed using a Computer Aided Sperm
Analyzer (CASA).

Calculation of means, standard error of the mean (SEM), and statistical analysis
were performed using Statview 4.02 software (Abacus Concepts Inc., Berkeley, CA,
USA). Values for each variable were expressed as the mean + SEM. Variables used for
comparison purposes were the three sperm extenders (control, Hyper, Vit E). Differences
between treatments were assessed using one-way ANOVA, followed by posthoc Fisher’s
test. Values were considered significant when P < 0.05.

RESULTS AND DISCUSSION

Percentages of total motility and progressive motility

The data regarding the effect of different sperm extenders are presented in figure 1.
Compared to the control, the results indicated that Hyperosmolar and vit E extenders
protected all CASA motility variables.

Concerning TM, a significant difference (P < 0.05) was observed between the control
and the two others tested extender (Hyper and Vit E), with means of 11.11, 48.89 and
44.87%, respectively. It’s obvious that the control group frozen by a standard extender
with 300 mOsmshowed the lowest total motility values. No significant difference was
observed when comparing Hyperosmolar (Hyper) and vitamin E (Vit E) extenders.
Concerning the progressive motility (PM), these two treatments showed sensibly the
same values (12.82 and 11.11%), values significantly higher than those of the control
group (2.85%).
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Fig. 1. Percentages (Mean £ S.E.M.) of total motility (TM), progressively motility (PM), curvilinear
velocity (VCL), straight linear velocity (VSL), average path velocity (VAP), linearity lateral movement
of the head (ALH) after cryopreservation of rooster sperm in 300 mOsm extender (control) hyper-
osmolar extender with 450 mOsm (hyper) and extender containing vitamin E (Vit E).
Values are presented as Mean + S.E.M

Kinematic parameters (VCL, VAP, VSL, ALH)

The impact of investigated treatments on VCL, VSL, VAP and ALH are presented
in Fig. 1. The lowest values were observed in the control group with 31.58 £+ 8.35 pm/s,
10.01 £ 4.78 pm/s, 17.01 £ 5.31 um/s and 1.43 + 0.28 um. Among all treatments,
hyperosmolar extender showed the highest values,except for VCL, followed by Vitamin E
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extender with 35.93 + 5.35 um/s versus 39.18 + 2.34 um/s, 13.75 £ 2.69 um/s versus
10.35 £ 1.19 pm/s, (19.59 + 3.53 um/s versus 15.59 £ 1.27 pm/s and (3.33 £+ 0.5 versus
2.510.16 um, for VCL, VSL, VAP and ALH, respectively.

The aim of the present experiment was to improve rooster sperm cryopreservation
by lowering the amount of intracellular water formation through the use of hyperosmolar
extender at 450 mOsm. Two controls were concomitantly used, an isotonic extender
with 300 mOsm and an extender containing vitamin E.

Vitamin E is one of the most potent molecules known to inhibit production of ROS
and LPO. Vitamin E, a lipophilic molecule, is used both as an antioxidant [27], to
combat LPO, and as a stabilizer of plasma membranes [28]. The beneficial effect of
vitamin E on sperm was previously observed [29, 30]. Vitamin E (Vit E) increased
significantly VCL, VAP, ALH and BCF when compared to the control. This is in accord-
ance with the previous reports where vitamin E was found to increase sperm motility
and membrane integrity [31, 32].

The phospholipidic fraction of spermatozoa cell membranes characterized by a high
proportion of polyunsaturated fatty acids (PUFA) [33] is essential to membrane fluidity
particularly in fusion events including acrosome reaction, sperm egg-interaction and
motility [34, 35]. Accordingly, high membrane concentration in PUFA makes sperm
cells more susceptible to lipid peroxidation, especially, during the different stages of
in vitro preservation [36]. In this respect, vitamin E showed in turkey significant positive
effect on sperm mobility and viability during storage for 48 h at 5 °C [37] and enhanced
fertility outputs [38]. As well, similar positive impacts have been observed in avian diet
supplementation with alpha-tocopherol [39]. Similarly, dietary supplementation with
other antioxidants, including vitamin E, selenium, vitamin C and enzymatic antioxidant
systems improved significantly animal health and sperm quality [40, 41].

In the current experiment hyperosmolar extender showed sensibly the same
protective effects as vitamin E treatment. It seems that the rate of water efflux from
intracellular compartment was significantly enhanced in these hyperosmolar conditions
by increasing permeability to the water in spermatozoa cell membranes. Contrary,
in the control group, during cryopreservation the cell may not be able to loseenough
intracellular water; the cytoplasm becomes super cooled and can freeze, which usually
results in a lethal injury as previously demonstrated [42].

The susceptibility of sperm membrane to cold shock and lipid peroxidation (LPO)
depends on cholesterol, a membrane stabilizer at low temperature and PUFA [43]. It is
well established that cryopreservation induces cholesterol depletion from the membrane
which could exacerbate sperm cold shock damage [44, 45], probably by reducing
the amount of intracellular ice formation, such membrane cells alteration could be
significantly avoided.

The current results showed that rooster sperm cells could be preserved in the same
extent by the use of a potent antioxidant molecule (vitamin E) and by reducing intracel-
lular ice formation. Consequently, these results open interesting alternatives in develop-
ing new rooster sperm diluents by a simultaneous use of hyperosmolar solutions
at 450 mOsm and antioxidant molecules, mainly vitamin E. However, further research
is warranted particularly in terms of fertility outputs after artificial insemination.

400 O5KOHOMUKA U PAZBUTUE AT'POITPOMBIIIIEHHOI'O KOMIUIEKCA B CTPAHAX EC



Iguer-ouada Mokrane M., Rebouh Nazih Yacer. RUDN Journal of Agronomy and Animal Industries, 2018, 13 (4), 396—404

CONCLUSIONS

The current results showed that rooster sperm cells could be preserved in the same

extent by the use of a potent antioxidant molecule (vitamin E) and by reducing intracel-
lular ice formation. Consequently, these results open interesting alternatives in develop-
ing new rooster sperm diluents by a simultaneous use of hyperosmolar solutions
at 450 mOsm and antioxidant molecules, mainly vitamin E. However, further research
is warranted particularly in terms of fertility outputs after artificial insemination.
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Lexnpio HacTosIIeH paboOTH! OBLIO MCCIEOBAaHNE MOTEHIHNAIEHOTO MIPEHMYILECTBA THIIEPOCMOIISP-
HOTO HAIIOJHHTEJSI B MPOILIECCEe 3aMOPAKMBAHUS—OTTauBaHUS CIIEPMEI TIeTyXoB. Llenp 3akimroyanach
B TOM, YTOOBI CBECTH K MUHUMYMY KOJIMYECTBO BHYTPUKJIETOUHOIH BOABI M YMEHBILHUTh BIMSHUE BHYTPHU-
KJIETOYHOTO JIbJ[a B TIPOIIecce 3aMOpaKUBaHus. B 00Ie CIOKHOCTH Y TISTH 45-HeAeNbHbIX KOMMEPUECKUX
opoitnepoB kpocca «Hubbardy Oblu B3sSTHI 00pa3Iibl CIIEPMBI B TEUCHUE JIBYXHEICIBHOTO MEPHOAA.
CoOpanHy!0o criepMy 00bEAUHSIIN U AEIUIN Ha TpU paBHble yacTu. KoHTpobHBIN 00pasel pa30aBisiiu
TPHC-HAIOIHHUTENIEM 0e3 JOMOTHUTENBHBIX 100aBoK mpu 300 mOsm (koHTposis). JBa npyrux obpasia
pazbasisin Tpuc-HanonHuTeneM mpu 300 MOwm, copepxkamum ButamuH E (Vit E), nimm ¢ Tpuc-HanoiaHu-
teneM 6e3 ButamuHa E, Ho ipu ocmomsiprocty 450 mOsm (Hyper). ITocne naky6aumu npu 22 °C B TeueHue
15 MuH Bce 00pa3ibl OXJIKAAIN H 3aT€M 3aMOPaKHUBAIY B )KUAKOM a3oTe. [ Mccine1oBaHus BIUSHAS
Ha pa3jMyYHbIC apaMeTPbl MOTOPHUKH OBLI MCIIOJIb30BaH aHAIU3 CIIEPMBI C HCIIOJIB30BAHUEM METO/1a
(CASA). Tlocne orrauBanust Hanoiautenu ¢ Hyperosmolar (Hyper) u Butamunom E nokazanu Hawmydime
3HAYECHHUS C TOYKH 3PECHUSI COXPAHEHHUS MOJBIDKHOCTH CIEPMATO30MIO0B. [ MIIepOCMOIISIPHBIN HAITOJIHH-
tenb (Hyper) mokasan ocoOEHHO BBICOKHE 3HAYCHUS B OTHOIICHHM CKOPOCTH JBMXeHHs VSL u mporpec-
CHPYIOIIMX TTOJBIKHBIX CIIEPMaTO30HM/I0B, M3BECTHBIX KaK MOKa3aTeln KauecTBa crepMel. [IpencraBneHHbie
PEe3yNBTaTHl MMOKA3aJId, YTO MPU HCIIOJIB30BAHUN HATIOJNHHUTENEH CIIEPMBI IIETYXOB IPH OCMOJISIPHOCTH,
paBHOi 450 mOsm, HaOMOAIN CYLIECTBEHHOE YIIYUIIEHHE MOKa3aTeNel CriepMaTo30U10B, KOTOpoe ObLIO
Jaxe JydIle, 4eM IPH KCIoyib30BaHu BuTamMuHa E. [lonoxuTensHoe BIUSHUE, BEPOSITHO, CBI3aHO
C YMEHBIIEHHEM BHYTPUKIETOYHOTO 00pa30oBaHUs JIbAA.

KiroueBble ciioBa: nruia, cnepmMa, KpHOKOHCEPBAIHSL, THIIEPOCMOJISIPHBIN HAIIOJIHUTEINb, OKUC-
JIMTENBHBINA CTPECC, XOJIOAHBIH MOJHOC, CIEPMATO30U/Ibl, BHYTPUKIIETOUYHAS BOJA
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