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From the Supramolecular Structure of Humic Matter 
to a Humeomic Science 

Alessandro Piccolo 
Centro Interdipartimentale di Ricerca per la Risonanza Magnetica Nucleare per l’Ambiente, l’Agro-
alimentare e i Nuovi Materiali (CERMANU). Università di Napoli Federico II, 80055 Portici, Italy. 
alessandro.piccolo@unina.it 
 

Humic substances (HS) represent a class of naturally occurring organic compounds 
and are commonly found in soils, sediments and natural bodies of water. They have an 
effect on physical-chemical and biological properties of such environments, and are 
fundamental for their quality and fertility. The heterogeneous and complex nature of humic 
components represents the main difficulty against the chemical characterization and 
structure elucidation of them. Recent findings have provided significant experimental 
evidence supporting the hypothesis that HS are organized in supramolecular architecture. 
These results were based on a series of experiments which showed that HPSEC profiles 
of humic matter were altered by additions of very small amount of acetic acid, while those 
of real macropolymers were not (Fig. 1). In fact, acetic acid was capable to disrupt the 
weak association of humic molecules, which were then dynamically separated during 
HPSEC elution. Such disruption was not observed for the covalently stabilized polymers, 
which were not affected by the same acetic acid addition.  

 
Figure 1. Variation of HPSEC profile of a humic acid solution by changing pH from 7 

to 3.5 before injection 

 
Other evidence for the supramolecular structure and a molecular weight of humic 

molecules less of 2000 Da will be described here. Moreover, the supramolecular structure 
of HS is composed by relatively simple molecules held together by weak bonds and 
implies that the single compounds to be selectively separated and quali-quanti-tatively 
characterized with appropriate analytical methods, such as NMR and mass spectrometry 
(MS). A comprehensive description of the Humeomic procedure will be presented (Fig. 2), 
together with the analytical identification of molecules comprising the supramolecular 
structure. The understanding of the molecular composition of HS would signify an 
important achievement for research in agricultural and environmental chemistry. 
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Figure 2. Fractionation scheme adopted for Humeomics (RES0 bulk humic matter; 
ORG fractions obtained by solubilization either in simple organic solvents or after ester 
and ether breakage; AQU as in ORG but material soluble in water; RES4 unextractable 

fraction) 
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The General Aspects of the Mechanism of Action of Feed Additives on 
the Organism of the Humic Nature of Productive Animals 

Liliya Stepchenko 
Dnepropetrovsk State Agrarian-Economic University, Dnepropetrovsk, Ukraine, 
stepchenko@rambler.ru 
 

Use of humic substances in the diet of highly productive animals provides an 
increase in the quantity and quality of biological products on the one hand, and on the 
other - activates the mechanisms of their biosafety. Proved that humic preparations from 
peat are not toxic and does not accumulate in the body, they do not have embryotoxic and 
teratogenic effects in animals. Humic substances of nature when ingested animals 
involved in metabolism to form the final product. 

There are different views on the mechanism of participation of humic compounds in 
the metabolic processes in the body producing animals. These hypotheses are mainly 
associated with specific biological properties of humic substances, such as the ability to 
influence the state of biological membranes and their permeability to various substrates, 
as well as their direct participation in the reactions of metabolism and bioenergetic 
processes. We also consider another aspect of the action of humic substances on 
animals, hormone-like mechanism that enables the regulation of the structural and 
functional relationships. However, the mechanism of action of humic substances on 
animals is not fully clarified. This makes it possible to make the assumption that the 
participation of these substances in the regulatory processes activate the synthesis of 
biological production in the body of fertile agricultural animals and increase their resistance 
to disease. In our view, the molecules of humic substances after their inclusion in the diet 
of animals as feed additives in the gastro-intestinal tract may be partially split in different 
parts of the digestive system with digestive enzymes. In this case, both nuclear and 
peripheral parts of the complex heterocyclic molecules of humic compounds are active. 
Experiments have proved that the inclusion in the diet of feed additives humic nature 
without altering their nutritional enhances the activity of hydrolytic enzymes in the chyme 
and mucosa of various parts of the intestine. Furthermore, humic additive actively 
influence the production of digestive enzymes secretory cells of the pancreas. These 
processes are accompanied by the activation of the hydrolysis products of digestion of 
feed substrates that go into the organism. As a result, a change occurs in the intestine of 
control programs by humic substances and their fragments, as well as hydrolysis products 
of feed components. Use of feeding food-producing animals such additives humic nature 
as Hydrohumate, Huminate and Humilid enhances the physiological regeneration of the 
structural components of the digestive organs, primarily the duodenum and other 
intestines and pancreas and liver. This fact is confirmed by a significant increase in the 
qualitative and quantitative characteristics of morphological markers of enzymatic and 
metabolic activity in animals of the experimental groups. Along with these processes in the 
morpho-functional structure of the liver are activated intracellular redistribution 
peptidhydrolases with their localization in subcellular structures. This in turn is reflected in 
the program changes the enzyme-inhibitor and the enzyme-activator interactions involving 
the adenylate cyclase system and changes in the level of calcium. Due to the action of 
certain regulatory mechanisms of the genetic information in the liver activates the 
synthesis of blood proteins. In that case, there is an increase of serum total protein, 
albumin and globulin fractions. When incorporated into the diet of humic substances in the 
blood level of the individual classes of immunoglobulins, especially IgG, as well as 
circulating immune complexes and protein such as fibronectin. This increases the oxygen 
capacity of the blood due to the activation of erythropoiesis and enhanced the antioxidant 
properties of the membrane of red blood cells and plasma. New additional information 
molecules in the blood serum of feedback may provide a new level of homeostasis, which 
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corresponds to a higher productivity of the animals. Additionally, productive animals 
exposed to biologically active substances humic nature increases the natural level of 
nonspecific resistance and immunological reactivity. Proposed mechanism of action of 
humic compounds was developed based on the results of numerous experiments in 
agricultural production in chickens and ducklings broiler-type, laying hens of different 
breeds and crosses, ostriches of different ages, as well as pigs and cows. 
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A Potential Global Model in Order to Integrate the Main Effects of Humic 
Substances on Plant Development 

M. Olaetxea1,2, V. Mora1, E. Bacaicoa1, M. Garnica1, S. San Francisco1, E. Casanova1,  
A.M. Zamarreño1, R. Baigorri1, J. Erro1, O. Urrutia1, J.M. García-Mina1,2 
1Department of R & D, TimacAgro-Grupo Roullier, Pol. Ind. Arazuri-Orkoien, Navarra, Spain 
2Department of Chemistry & Soil Chemistry, University of Navarra, Pamplona, Navarra, Spain, 
jgmina@timacagro.es 
 

The ability of humic substances obtained from different sources to affect plant 
development and mineral nutrition has been reported well established and supported by 
experimental findings (1-3). On many cases these effects may be explained by HS-
mediated improvements in soil texture, microbiota activity and / or nutrient bioavailability 
(2). However, in other cases the presence of some type of direct action on root and 
functionality cannot be ruled out (1,3). 

A number of studies have reported that the effects of HS on root lateral growth and 
root architecture seems to be functionally related to IAA- , ethylene- ABA- and NO- 
dependent metabolic pathways (1,3). Likewise, other studies reported that the shoot 
growth promoting action of HS seems to be related to cytokinin root to shoot translocation 
and CKs-regulated processes (3). Furthermore, these HS-effects are also closely related 
to the activation of genes and enzymes involved in root nutrient uptake and further 
metabolism (1,3). 

However, the functional relationships integrating the HS growth promoting effects on 
both shoot and root remain unclear. 

In this work we try to present a whole model on the coordinated positive action of HS 
on both root and shoot. This model will try to stress some of the main questions that 
remain opening, which, on the other hand, directly influence our ability to develop humic 
science-based products with more efficiency.  

 
 
1. Senesi, N., Xing B., Huang PM. Biophysical-chemical processes involving natural 

nonliving organic matter in environmental systems Wiley & Sons: New York, 2009. 
2. Magdoff, F., Weil, RR. Soil Organic Matter in Sustainable Agriculture. CRC Press: 

New York , 2004. 
3. Mora, V., Olaetxea,M., Bacaicoa, E., Baigorri, B. Fuentes,M.,Zamarreño, AM., 

Garcia-Mina, JM. Abiotic Stress Tolerance in Plants: Exploring the Role of Nitric Oxide and 
Humic Substances. Springer Int : Switzerland DOI: 10.1007/978-3-319-06710-0_15. 2014. 
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Degradation and Progradation of Soil Organic Matter Pools and 
Functions by Land Use 

Yakov Kuzyakov 
Dept. of Soil Science of Temperate Ecosystems, University of Göttingen, Germany 
Dept. of Agricultural Soil Science, University of Göttingen, Germany 
kuzyakov@gwdg.de 
 

Land use is the component of global change that the most strongly affects 
environment, especially soil fertility. Intensification of land use leads in the most cases to 
land degradation, despite high crop productivity may be achieved by use of fertilizers and 
optimal management.  

Degradation processes related to C and N cycles, namely: decrease of input and 
stocks of soil organic matter, especially of fast pools, changes of microbial biomass 
content, composition and activity, as well as cycles of nutrients will be reviewed based on 
examples of land use in Africa (Kilimanjaro), China (Tibet) and Indonesia. The degradation 
processes will be related to one of the key process groups: erosion, decomposition of 
organic matter, erosion, soil compaction and nutrient depletion. New 13C approach to 
separate erosion and decomposition of organic matter will be presented based on 
plantations in Sumatra. 

Losses of available organic matter pools lead to high stability of the remaining C in 
intensively used soils and narrowing of nutrient cycles on very small part of initial organics. 
Adaptation of microorganisms to less C inputs displaces microbial communities preferably 
by r-strategists with fast generation cycles and low carbon use efficiency. This causes 
further acceleration of C and nutrient cycles, discordance between nutrients mineralization 
and plant uptake and so, catalyzes further nutrient losses. Consequences of C losses for 
large scale water cycle will be presented based on studies in Tibet. 

Progradation of soil properties will be discussed on example of succession of natural 
vegetation on 45 Mio ha of agricultural lands in Russia abandoned after collapse of soviet 
farming system. This was the most widespread and abrupt land use change in the 20th 
century in the northern hemisphere. The average C accumulation rate in the upper 20 cm 
soil was 0.96 ± 0.08 Mg C ha-1 yr-1 for the first 20 years after abandonment. The 
progradation rates of several soil properties and soil organic matter pools will be discussed 
and compared with the degradation rates in various climatic zones. 

Concluding, land use is the main anthropogenic factor leading to degradation of soil 
properties and consequently ecosystem functions. However, careful management as well 
as periodic recovery to (semi)natural vegetation may enhance and progradate soil 
properties and increase C and N stocks, and so lead to long-term sustainability of soil 
functions. 
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Sustainable Use of Organic Wastes in Agricultural Soils 

Nicola Senesi 
University ofi Bari, Department of Agroforestal and Environmental Biology and Chemistry,  
Bari, Italy, senesi@agr.uniba.it 
 

Nowadays recycling of organic residues and wastes as soil amendment is a very 
common and efficient agricultural practice. However, these materials need to be properly 
processed previous to soil application in order to obtain a mature and stabilized organic 
material in which the humification process has developed adequately. In particular, much 
attention is paid to evaluate the composition, the chemical and  molecular structure and 
the reactivity of HA-like substances in the organic amendment and its effects on the 
chemical status, environmental role and fertility functions of native soil HAs. The HA-like 
components in composts are generally characterized by a larger aliphatic character and 
molecular heterogeneity, smaller amount of oxygenated and acidic functional groups, and 
smaller degrees of aromatic polycondensation and humification than native soil HAs. 
Aliphatic, polysaccharide and lignin structures and S- and N-containing groups of the HA-
like materials have been shown to be partially incorporated into native soil HA thus 
modifying at various extent its composition, structure and chemistry.  However, with 
increasing time from compost application these modifications become less and less 
apparent and tend to approach the molecular properties typical of native soil HA. This 
important result supports the fundamental objective of recycling partially humified organic 
waste materials as beneficial soil amendments. Nowadays, manufactured nanoparticles 
(NP) are increasingly proposed to be used for soil decontamination thus posing increasing 
serious concerns for human and environmental exposure. The intrinsic chemical and 
physical properties of HS qualifies them  as natural NPs. Adsorption of the polycyclic 
aromatic hydrocarbons (PAHs) pyrene and fenantrene  has been studied on four soils with 
various content of organic carbon (OC) and on the same soils added with either 5% of the 
NP fullerene (F), or 1% of a compost (C), or 1% of a humic acid from compost (HAC). 
Results show that: (a) in any case, the adsorption data best fit into a Langmuir-type 
isotherm; (b) as expected, the adsorption capacity for the two PAHs is a function of the 
intrinsic OC content of the substrate; (c) for any soil, the adsorption capacity for the two 
PAHs increases in the order: original soil<soil+F<soil+C=soil+HAC. These results indicate 
that the content of native soil OC is the most important factor influencing the soil 
adsorption capacity for PAHs and that addition of compost or HAC is more efficient than 
that of fullerene in enhancing the adsorption capacity of soil for PAHs. Thus, the compost 
amendment practice should be preferred to the use of synthetic NPs for soil 
decontamination purposes. 
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Can Humic Products Become Mainstream Amendments for Improving 
Crop Production? 

D.C. Olk1, O.S. Yakimenko2, W.R. Kussow3, D.L. Dinnes1 
1USDA-ARS, National Laboratory for Agriculture and the Environment, Ames, IA, USA, 
dan.olk@ars.usda.gov 
2Department of Soil Science, Moscow State University, Moscow, Russia 
3Department of Soil Science, University of Wisconsin, Madison, WI, USA  
 

Introduction 
Humic products are produced from any of multiple sources, including immature coal 

(lignite and leonardite) deposits, composts and sediments. They have been used for 
decades in production agriculture to promote crop growth and increase economic yield, but 
only by small proportions of farmers. Evidence for their field efficacy is much sparser than 
desired for farmer adoption as a common input.  Here we present a plan for a science-
based evaluation of humic products to help promote their wider use by farmers. 

  
Reviews of Greenhouse and Field Evaluations 
Major reviews of humic substances and plant growth have described plant responses 

in growth, physiology, biochemistry and genetics, but have been based almost entirely on 
greenhouse or growth chamber studies. Examples include Chen and Aviad (1), Nardi et al. 
(2), Canellas and Olivares (3), and Rose et al. (4).  Olk et al. (5) reviewed field evaluations 
from U.S. university publications, the Russian-language literature, and on-line journals. 
Economic yield increased in two-thirds of the studies across many crops and soils.   

No study attempted to describe the effects of environmental factors and crop 
management practices on humic product efficacy, although the efficacy of all agricultural 
inputs will vary with soil type, landscape position, cropping history, and other field 
variables. In-season plant growth measurements were uncommon, and the acquired data 
did not allow any conclusions regarding mode of action. 

In a field study of maize, Olk et al. (6) found a humic product increased grain weight 
in 70-80% of 30+ farmers’ fields in each of three years, primarily due to longer ear length. 
Leaf area increased in mid-season, and later root growth increased.  Crop senescence 
was delayed. Grain weight increased across a range of soil types and locations, but less 
consistently in a dry year. Limited evidence suggested that maize responded less on wet 
soil than on equivalent drained soil. An associated field study found maize yield response 
varied with soil type. These results question the value of greenhouse studies or single-year 
research station field trials as the sole means for evaluating humic products. 

 
Knowledge Gaps 
Farmer use of humic products will be promoted by filling key knowledge gaps.    
 
When and where products promote crop growth. No agricultural input increases 

economic yield in all cases, which is not considered in debates of humic product efficacy.  
Field studies should have treatments and measurements that continue across years 
having different weather patterns and across multiple locations or soil types.  In-season 
crop measurements at key growth stages are needed to understand how the yield 
increase develops and expresses itself through yield components.  

 
Mechanisms for stimulating crop growth. Vendors often attribute the effect of humic 

product to known benefits of soil organic matter, although product application rates are 
negligible compared to soil carbon stocks. In contrast, researchers have focused on plant-
based mechanisms for stimulating growth.  The causes of increased yield—both the  plant 
or soil processes that lead to crop growth and also the causal compounds in the products--
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must be identified for humic products to be accepted by the research community and those 
agricultural sectors that look to researchers for leadership—extension workers, crop 
consultants, government agencies, and some farmers. Industry has shown little interest in 
determining these mechanisms. Yet their resolution could enable better products and 
better identification of suitable crops and field settings for humic product use. 

 
Improved quality control of humic products.  The humic product market is 

unregulated. It lacks widely recognized standard procedures for measuring the humic acid 
and fulvic acid contents of products and also any rapid assay for establishing product 
efficacy. Thus the consumer cannot ascertain product concentration or source material, 
nor discern between reputable products and other dark materials of questionable value to 
agriculture, including molasses, lignosulphonates, and hard coal. Therefore sales of humic 
products typically occur through word of mouth or first-hand experience gained by the 
consumer, compelling a local approach to sales and marketing of humic products.  

 
A Call for Future Action 
We call for local collaborations between industry and researchers to enable rigorous 

field evaluations, including adequate replication and statistical analyses. Description of 
crop development would help identify mechanistic explanations for product efficacy.  Local 
collaborations are needed to address the bewildering array of products (varying in source 
material, extraction method, and post-extraction processing), crops, field management 
practices, and soil types.  Dialogue among such collaborations will help develop oversight 
on factors of product efficacy. Collaboration between crop physiologists and soil scientists 
will be essential to determine whether the underlying mechanisms are soil- or instead 
plant-based. Finally, researchers should collaborate with industry to develop standard 
procedures for measuring the contents of humic products and discerning effective 
products from inert frauds.  Such procedures would give the consumer more confidence in 
the authenticity and reliability of marketed products. 
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Abstract 
Compost maturity and/or stability reflects the degree of decomposition of the organic 

matter (OM). Since stability of natural OM is a relative term, defining it is not a trivial 
challenge. A series of chemical, physico-chemical, spectroscopic and biological 
determinations is required to assess compost maturity. Biosolids obtained from a 
secondary sewage treatment plant, after anaerobic fermentation, were composted in a 
mixture with woodchips and the OM transformations during the process were studied, 
using 13C-NMR, DRIFT, FTIR and dissolved OM (DOM). 

Introduction 
In Israel and around the world the preferred solution for problems related to sewage 

sludge (biosolids; BS) obtained in Sewage Water Treatment Plants (SWTP) during the 
reclamation process is application on agricultural land.  Composting may be the most 
appealing process, under the Israeli conditions, thus achieving sludge stabilization prior to 
field or greenhouse application. This process results in about 50% volume reduction while 
drying BS from over 85% (w/w) water to about 55%. Other physical processes used for 
drying the BS are high in energy requirement. In addition, composting will reduce the 
organic component, which accounts for about 80% of the solids in the sludge and will 
improve its quality and its agricultural applicability.  Of all potential treatments composting 
is most economical. It is the cheapest process which brings the BS to type A quality as 
required by the regulations concerning the use of municipal sludge as soil amendment. 

Results and Discussion 
In this study we examined the changes occurring in the organic component of the 

sludge during the composting process and its enrichment with humic substances (HS). 
This study proves, as reported earlier for other compost types, that spectral analyses are 
efficient tools for determining the organic matter (OM) characteristics in compost, its 
maturity and suitability for use as agricultural soil additives.   

Sludge composting was tested in two experiments: (i) Compost was prepared in a 
simulation experiment using "RollCom" compost containers. The raw materials included 
anaerobic digested sludge from SWTP Netanya, mixed with pine tree chips and wheat 
straw used as a source of carbon.  The volumetric ratios of the initial components in the 
composted mixture were: sludge:straw:chips 4:15:1. This ratio was chosen in order to 
reach a C/N ratio of 25. The RollCom containers were mixed manually throughout the 
experiment period of 234 days; (ii) Following the conclusions from the first experiment a 
second one was conducted. Compost on a commercial scale was prepared using the 
windrow method (at kibbutz Nachshon).  The initial composting material included 
anaerobic digested sludge from SWTP Netanya and municipal waste cuttings of pruned 
branches in a 2:1 ratio of sludge to branches. The piles were turned and mixed by 
agricultural machinery. The experiment lasted about 360 days and included all composting 
stages. 

During each of the experiments, samples were taken and stored at 4C until the end 
of the experiment. Chemical and physical analyses were then performed.  Biological 
measures were tested immediately after sampling. HS and dissolved organic matter 
(DOM) fractions were extracted from the samples taken from the main (field) experiment 
and analyzed using the following advanced techniques: Cross Polarization Magic Angle 
Spinning Carbon 13 Nuclear Magnetic Resonance (CP-MAS-13C-NMR), and Fourier-
transform infra-red (FTIR) spectroscopy. These two analyses as well as Electron 
Paramagnetic Resonance (EPR) measurements were conducted on all of the compost 
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bulk samples taken from the windrows.  In addition, a bioassay was conducted on these 
samples aiming to determine the composting time required to overcome the suppressive 
effect on plant growth which is characteristic of immature compost. 

The RollCom experiments did not produce a sufficiently mature compost, although it 
reached the temperatures required of typical composting processes. Poor mixing of the 
raw material which tended to form large aggregates was probably the reason. These did 
not allow the material to reach homogeneity and proper ventilation during the experiment.  
The following parameters indicated that the composting was not complete: respiration 
values were relatively low for proper composting; the material did not sufficiently change in 
its physical appearance; there was no indication of reduction of pathogens; a relatively low 
reduction of organic matter was achieved (from 73% to 58% by weight); the C/N ratio was 
not high enough in the aggregates that were created in the center of the containers and 
remained relatively low, because these bulks did not include the majority of the wheat 
straw; the 13C-NMR carbon fractions did not change significantly; the concentration of 
DOM remained higher than 1100 mg l-1 at the end of the experiment; and the pH stabilized 
at a low value. All of these are indicators for incomplete composting, but despite this, the 
concentration was high at the end of the experiment. One may conclude from this 
observation that high NO3

-  concentration can be reached before maturity due to a 
temporary inhibition of the composting process. 

The temperatures reached in the main (windrow) experiment were extraordinary in 
comparison to normal composting processes. The temperature remained in the 
thermophilic range for over 7 months in the pile. Despite this, both the chemical 
measurements and the plant experiment indicated that maturation began from day 113. At 
that time the physical properties of the material were highly favorable for easy distribution 
in the field. The high temperatures were reached due to the high calorie potential of the 
sludge, which contains high levels of lipids, the high input of slowly degrading wooden 
material, and due to the physical properties of the substrate which did not allow sufficient 
ventilation and cooling of the pile. During the composting period the OM decreased from 
50 to 25%, the C/N ratio dropped from 25 to 8.5, the availability of the four major 
microelements increased, the availability of phosphorus and sulfur decreased, the 
concentrations of most heavy metals did not change (due to the removal of metals 
chelated to DOM in the seepage, a process which compensates for the increase in 
concentration caused by the OM decay. In all cases, all of the metals were in lower 
concentrations than the Israeli, European and American regulations for compost. 

The composting process was efficient in exterminating the indicator organisms and 
pathogens which were tested: egg viability or the Giardia and Cryptosporidium parasites 
and the existence of Fecal Coliforms.  Up to the 113th day the compost suppressed plant 
growth due to immaturity. This is because of the release of toxic substances with the 
decaying process of the sludge, and due to the competition of microorganisms over 
oxygen. From day 113 onwards the plant growth did not differ significantly from that of 
plants grown in a high quality peat bed. The competition over oxygen was realized in 
severe chlorosis in leaves of plants grown in samples from the early stages of composting, 
and was noticed throughout the plant growth experiment. 

A steady growth in the 13C-NMR aromatic carbon during the composting process was 
found in all fractions. A small decrease of polysaccharide carbon was observed in non 
fractionated compost samples.  The biggest differences were found in the humic acid (HA) 
fraction, in which there was a sharp drop of the aliphatic carbon, and a slight decrease of 
the polysaccharide carbon. In this fraction the increase of aromatic carbon was highest. In 
the DOM and fulvic acid (FA) fractions there was a decrease of polysaccharides and a 
slight increase of aliphatic carbon with composting time. 

The FTIR analysis was most efficient for the clean organic fractions (HS), and 
reemphasized the results of the 13C-NMR analysis. The major advantage of the FTIR was 
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in pointing out the high abundance of the amidic substance that exists in sludge 
(appearing at wavenumber of 1650 cm-1), and its decrease in concentration as the 
composting process advances.  This method also emphasized the increase in the 
oxidation level of carbon.   The differentiation between the peaks at 1650 cm-1 and 1600-
1620 cm-1 (which indicates absorption of C=C binds in aromatic rings), was proven again 
in this study.  The ratio of the latter peak and the aliphatic peak was in accordance with the 
ratio between aromatic and aliphatic carbon as measured by the 13C-NMR.    

The spectra measurements of EPR or ESR in the compost samples at different 
stages indicated an increase in concentration of free radicals originating from the quinone 
systems (quinone – semiquinone – hydroquinone - hydroxyquinone) during the 
composting process of the sludge. 

The DOM concentration has been suggested by our group as a main or single 
chemical control measure for composting progression.  We think that it is a more reliable 
measure than the commonly used C/N ratio. As in previous studies a high correlation was 
found between the proposed measure and the optical absorption at a wavelength of 465 
nm. It has been proven that this correlation depends on the substance and a specific 
correlation is necessary for each type of compost (based on its source materials) in order 
to estimate the DOM by determining the Absorbance. 

 In the DOM fraction the ratio of organic carbon/total nitrogen (C/N) showed a 
decrease and it stabilized at a level of 1.5. The Mass Specific Absorbance measure 
showed inconsistent changes, and did not have a high correlation with the aromatic carbon 
of the fraction. Of the ions tested, NO3

- and K+ changed due to biological activity. The 
concentration of NO3

- increased dramatically at the end of the experiment when aerobic 
conditions developed during the maturation stages. The increase in K+ concentration 
resulted from a massive decay of the plant material. 

The fraction of HA out of the total OM increased from 10 to 20%. The fraction of FA 
did not change and remained at 9% of the total OM. The humification index, which is the 
ratio of HA to the total HS, increased from 1 to 2, while the other indexes changed 
depending on the extraction method of the IHSS. The atomic ratios of C/N and H/C 
decreased in the HA and FA fractions during the composting process. The correlation 
between the atomic ratios of O/H and H/C in the HA fraction indicates a young attribute 
compared to soil substances. The average molecular size of the HA decreased with time 
from 32 kDa to 10 kDa and reflected the decay processes of the humic molecules as they 
were oxidized and stabilized. In this study, a high negative correlation was found between 
the E4/E6 and the molecular size in accordance with an extensive number of published 
information. 

The benefit of this study to agriculture stems from the confirmation that properties of 
fresh biosolids which may adversely affect soil treated with the material are removed by 
the composting process (odor, flies, organisms pathogenic to humans, and physical 
structure which makes distribution difficult). Composting is the cheapest and most efficient 
method for turning sludge into a type A agricultural additive, free of phytotoxins and 
pathogens. The composting product contains HS that are similar to those of other 
composts which are widely used in agriculture. The BS compost contains a high level of 
plant available N and P and a high level of available microelements, especially Fe. Mature 
BS compost does not contain toxins which can inhibit plant growth and was found to be 
suppressive to soilborne pathogens. The current study proves that advanced spectral 
methods are highly beneficial tools for analyzing composts and for evaluating the quality of 
the final product of the composting process.  
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Nitrogen balance index (NBI) is widely used in agricultural monitoring as an indicator 
of nitrogen content in crops. It is based on the ratio of leaf chlorophyll content to 
polyphenols content in the epidermis. Due to the fact that polyphenols are primary 
antioxidant in plants, NBI can be also used as indicator of oxidative stress. The latter is the 
most common one induced by any kind of unfavorable conditions. Therefore, along with 
nitrogen deficiency, NBI seems to be a universal stress indicator. Our study was aimed to 
estimate humic acids and humic-iron complexes on NBI of wheat plants under iron 
deficiency conditions. 

Leonardite HA and its complexes with iron (5,89% Fe) were used for the study. Iron-
humic complexes were synthetized according to [1]. 20-day Triticum aestivum L. seedlings 
were grown in solutions with iron (+Fe) or without (the other variants). Then plants were 
transferred in the treatment solutions containing Fe-EDTA (Fe resupply) or HA (HA) or 
iron-humic complexes (Fe-HA). Nutrient solution without iron was used as negative control 
(-Fe). Iron content, when added, was 25 µM. After 5 days of growing NBI was determined 
using DUALEX (FORCE-A, France). 

Our results demonstrated clearly significant decrease in NBI value under iron 
deficiency conditions (table 1). This phenomenon resulted from marked decrease in 
chlorophyll content due to suppressed chlorophyll synthesis in the lack of iron. Indeed, 
when plants were resupplied with iron chlorophyll content increased from 21 to 27 mg/sm2. 
Considering only slight decrease in polyphenols content, increased chlorophyll content led 
to higher NBI values. 

Table 1. Influence of HA, Fe-HA and Fe-EDTA on chlorophyll and polyphenols 
contents and NBI of wheat plants under iron deficiency conditions. 

Treatment Chlorophyll, mg/sm2 Polyphenols, mg/sm2 NBI 
+Fe (blank) 35 0.35 101 
-Fe (negative blank) 21 0.32 65 
Fe resupply 27 0.31 90 
HA 24 0.29 83
Fe-HA 29 0.29 104

Of special interest was the finding that introducing both HA and Fe-HA also resulted 
in NBI growth. In case with HA, however, no significant increase in chlorophyll content was 
observed. So, one can conclude, that HA caused lowering polyphenols content. 
Polyphenols are well known to be effective antioxidants. Relatively low of polyphenols in 
plants treated with HA might be indicative for HA antioxidant activity. Lack of iron, 
however, excluded promotion of chlorophyll synthesis and NBI value did not reach that for 
Fe resupply treatment.  When plants were treated with Fe-HA, polyphenol content was 
also low, but the observed NBI value was as much as for blank because of high 
chlorophyll contents due to iron introduction into the nutrient solution. Therefore, both iron 
supply and antioxidant activity of Fe-HA were seemingly to cause growth of NBI of wheat 
plants under iron deficiency conditions. 
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Low effectiveness of prevention of bovine tuberculosis associated with imperfect 
methods of disease diagnosis including bacteriological methods. 

Since Koch, there is always the problem of choice of optimal nutrient medium for the 
cultivation of mycobacteria. Tuberculosis mycobacteria are quite demanding to the content 
of nutrient medium, conditions of cultivation. Through the efforts of scientists a large 
number of synthetic and dense nutrient media with different degree of effectiveness had 
been created. 

Some researchers indicated the influence of certain substances of humic nature on 
the reprodution of mycobacteria, that improves the quality of laboratory diagnostics of 
tuberculosis. Drugs of humic nature enhance growth, development and reproduction of 
certain types of microorganisms and the degree of stimulation can be quite high depending 
on the dose, the nutrient medium and environmental conditions. 

In works of L. Hrysteva (1977) has been shown that humic acids, due to presence of 
quinoid and polyphenolic groups, enhance the redox- processes in plant cells and 
influence the cellular respiration and affect protein and nucleic acid metabolism. 

In the present work the effect of hydrohumat on the intensity of M. bovis reproduction 
on nutrient Mordovskiy’ medium was investigated. 

Materials and methods. M. bovis museum strain "Shakhtar" was used in the present 
work. The determination of the effectiveness of Mordovskiy’ medium with different 
concentrations of hydrohumat was done by various investigations. Solutions with a 
concentrations of 0.001, 0.0015, 0.002, 0.004, 0.008, 0.03, 0.06, 0.125 and 0.25%, 
hydrohumat that was added to the Mordovskiy’ medium have been used. The conventional 
Mordovskiy' medium with pH 6.5 was used as control. Cultural and morphological 
properties of mycobacteria were determined by the usual technique. 

First colonies appeared after 13 days on media with the concentration of hydrohumat 
0.125 and 0.25%. Growth of colonies on media with lower concentrations of hydrohumat 
has been observed in more remote period. Smear microscopy revealed short, red, 
granular rods with rounded ends. Growth of colonies in the control was observed after 32 
days. The highest average number of colonies – 8,5±2,10 (n=4) was observed after 10 
days of growth on medium with 0.125% of hydrohumat; in control – 3,0±0,40 (n=4) that in 
2.83 times (P>0,95) less than on the investigated medium. 

Colonies on media with various concentration of hydrohumat morphologically differ 
from the initial culture of M. bovis of strain "Shakhtar". They were larger in size (medium 
and large). The appearance of R- form colonies was observed in addition to S-forms of 
initial strain. 

Hydrohumat significantly affect the intensity of reproduction of M. bovis of the 
museum strain "Shakhtar". 

Adding of hydrohumat to the artificial nutrient medium at a concentration of 0.125% 
increases the appearance of first colonies (at 2.46 times) and number (to 2.83 times).  

Modified Mordovskiy’ medium with the addition of 0.125% solution of hydrohumat 
reasonably can be used in veterinary medicine to improve laboratory diagnosis of 
tuberculosis. 
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For instance, organophosphorus compounds such as thiophos and other 
dialkylthiophosphosphate derivatives have a wide range of uses from agriculture as 
pesticides. The principal disadvantage is high toxicity for warm-blooded animals. 

We have received derivatives of lignocellulosic material prolonged action based on 
technical lignins by the mechanochemistry method [1].  

O,O'-diethyllignothiophosphates received due this method contain up to 5 % P and 
up to 8 % S and possess high insecticide activity (paralysis/flies mortality in 5-45 minutes). 

It is a well-known fact that significant nitrogen quantity of imported in soil mineral 
fertilizers is lost in a form of gaseous products (nitrogen-oxides (NOx) due to biological 
processes of nitrification and denitrification [2]. Nitrification related to nitrifying bacteria 
activity is possible to neutralize or limit now by taking some agents inhibiting the 
nitrification process of ammonium nitrogen in soil.  

It is known that carbon disulphide is applied as soil nitrification inhibitor [2]. 
Alkilxantogenates of alkali metals have a long-term effect on nitrifying bacteria, e.g. KEtX. 
It inhibits nitrification within 4-5 weeks [2]. It was also pointed out that cellulose xanthogen 
could be applied for the same purpose. However, due to the rapid hydrolysis in soil, 
duration of their activity does not exceed 6 weeks [2]. Thus, as an analysis of published 
reports shows, nitrification inhibitors based on spirits xanthogenates (or cellulose 
xanthogenates) do not have prolonged action by inhibiting of soil nitrification.  

Products of interaction of timber and carbon disulphide can be such chemicals which 
do not possess above mentioned disadvantages.  

We offer to use hard products of interaction of lignin-carbohydrate materials and 
carbon disulphide [3] containing up to 6 % connected with S2 which degrade in soil 
releasing carbon disulphide for efficiency increasing of plants’ nitrogen fertilizers use by 
nitrification inhibiting due to maintaining definite carbon disulphide concentration in soil for 
long period. 

As implemented research shows, use of some agent parallel to ammonium sulphate 
contributed to increasing of wheat crop in the first year after use – by 15 %, in the second 
year – 9 %, in the third year – 19 % in comparison with the control group (no fertilizers). 
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Recently biologically active feed additives humic nature of peat are used not only in 
plant but also in animal husbandry. Due to their environmental safety and pronounced 
adaptogenic action humic nature feed additives are used as growth promoters and 
development of animals (Stepchenko L.M. t al., 1995-2014). Ostrich farming allows 
receiving valuable dietary ostrich meat, eggs, feather and ostrich leather. The use of 
adaptogens in industrial breeding for ostriches could influence the effectiveness of this 
industry in connection with their recent domestication. The aim was determine the 
effectiveness of the use of biologically active feed additive from peat "Humilid" (TU U 15.7-
00493675-004:2009) for the industrial growing of black African ostriches in the conditions 
of Steppe of Ukraine. 

Investigations were carried out in the conditions of PJSC "Agro-Soyuz" 
Dnepropetrovsk region on the base of one of the largest in Europe industrial complex in 
growing ostriches. For the experiment formed a similar group of ostriches: control and 
experimental, in the amount of 100 animals in each group at the beginning of the 
experiment. For the experiment used ostriches from daily to 11 months of age 
(slaughtered age). Terms and feeding groups were the same. Ostrich experimental group 
when watering to general ration was added to the optimal dose " umilid" during three 
periods of growth (3-day to 2 months of age, with a 4- to 6- and 8- to 10-months of age). In 
ostriches study groups every two months (starting at 2 months of age), blood samples 
were taken to determine the homeostasis parameters. After slaughter ostriches control 
(5 animals from a group) studied the level of their meat production. For this the muscles 
have been selected for from all categories of meat of ostriches, namely Fillet premium, 
Fillet classic, Steak and Drum steak. In them was determined the chemical composition 
and biological value of standard practice. Received results of researches were processed 
statistically using the Student t-test. 

It was established that when introduced into ration of ostriches bio-active feed 
additive from peat "Humilid" there is an increase weight of the bird throughout the 
experiment to slaughter age (11 months) on average by 16.4% (p≤0,001) and is 96.05 kg 
(Stepchenko L.M., Galuzina L.I. 2011-2013). At the same time, in the experimental group 
experimental period for the birds preservation is increased by 27.4%, compared with the 
control. Thus on background of the application of the additive "Humilid" due to its high 
adaptogenic properties ostriches improves their natural resilience. The same time in the 
experimental group of birds meat yield and mass of all categories with a one carcass 
muscle is increased by 12.3% (p<0.05) and 15.4% (p<0.01), respectively compared with 
the control. Determined that ostrich meat experimental group authentically increases the 
protein content, the fat content decreases and cholesterol by an average of 26% (p≤0,001) 
and 12.5% (p≤0.05). The biological value of meat, which is determined as the ratio of 
tryptophan and oxyproline, against application of Humilid increases in muscle fillet 
category on average by 2.6 - 6.0% (p≤0,01), and steak on 11.9% (p≤0,001). Under the 
influence of Gumilid meat all categories experienced bird authentically increased amino 
acid content on average by 3.0 - 4.2% (p<0.01) to a greater extent due to the nonessential 
amino acids such as glycine, alanine, asparaginic and glutamic acids, histidine, on 
average from 9.2 to 28.1% compared with the control. At the same time, the muscles 
category Fillet premium and Steak content of saturated fatty acids is reduced by 22.5% 
(p<0.001) and 30.0% (p<0.001) respectively, regarding the control. The total content the 
unsaturated fatty acids in poultry meat experimental group increased on average by 
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12.0%. In ostrich meat in the control group the ratio of saturated to mono-unsaturated and 
polyunsaturated fatty acids is defined as 1:1:1 only in the category muscle Fillet premium. 
This relation is fatty acid (1:1:1) is an important indicator of with a dietary standpoint. After 
applying Humilid this relation in the muscle tissue of poultry carcasses experimental group 
of all categories (Fillet premium, Fillet classic, Steak and Drum steak) approaching the 
1:1:1. 

When growing ostriches in Ukrainian conditions bio-active feed additive from peat 
"Humilid," activating the level of metabolism in the organism of ostriches, helps to increase 
the level of their meat productivity on average by 16.4%. At the same time improves the 
quality of meat products from them by increasing the in meat protein content, reduce the 
fat content and cholesterol. Also, ostrich meat increases the total amount of unsaturated 
and decreased content of saturated fatty acids, increases its biological values. 
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Application in Plant Growing and Animal Industries 
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Chemical processing of coniferous wood greenery (a large-capacity withdrawal of 
wood felling) with the purpose of obtaining of biologically active compounds is perspective 
trend of wood chemistry.  

One of directions of Institute of Chemistry Komi Science Center of Ural Division of 
RAS innovative activity is development of technology of plant raw material processing by 
ecologically safe emulsion the way without application of organic solvents and obtaining of 
new biological products. 

The aim of the presented work is research of efficiency of biological products isolated 
by the way of emulsion extraction of coniferous wood greenery in plant growing and animal 
industries. For this purpose the problems in studying biological activity of preparations 
obtained are solved and recommendations for consumers of fungicidal preparation “Verva-
spruce” and fodder additive “Verva” are developed. These preparations are made on pilot 
enterprise of Open Company «The Scientifically-Technological Enterprise of Institute of 
Chemistry of Komi SC of UD of RAS». 

The natural compounds which are contained in these preparations raise stability of 
plants to extreme influences of an environment. Processing by the preparation “Verva-
spruce” of seeds and vegetable cultures has rendered positive influence. So, for example, 
energy of germination of carrot seeds has raised on 3.5 %, and pathogenic microflora 
contamination has decreased on 4 %, vegetation periods of plants growth have 
decreased. Processing of seeds and plants during vegetation promoted increase of early 
productivity on 12 % and the general productivity - on 6 %, to decrease in the maintenance 
of nitrates in root crops on 32 % in comparison with the control and to accumulation of 
carotene, has had protective an effect from illnesses during winter storage. 

Fodder additives from Abies wood greenery promote raise the productivity of animal 
and a bird. During researches positive influence of fodder additive “Verva” on a gain of 
alive weight of heifers in the dairy period is revealed. At addition in a diet of the fodder 
additive of 4 ml the gain of heifers weight for a month has made 1.4 kg. The pure gain of 
alive weight of heifers received 4 ml/goals/day of the fodder additive has made 18 kg for a 
month that on 4 kg it is more than in the control. 

Testing of fodder additive “Verva” on pigs-sire are carried out. A preparation added to 
the basic diet of animals in a doze 5 g on a head in day within 30 days. It is established 
that introduction of fodder additive “Verva” in the pigs-sire basic diet promotes 
improvement of parameters of a sexual reflex, increase of biological quality and quantity of 
sperm. 

Thus, biologically active preparations obtained from coniferous wood greenery by 
ecologically safe way of emulsion extraction can effectively be applied in plant growing and 
animal industries. 

Work is executed at financial support of the project 12- -3-1004 of program of basic 
researches of branch of chemistry and sciences about materials of the Russian Academy 
of Science. 
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Variety of medicinal drugs to treat viral diseases is extremely limited. Therefore, 
searching and studying natural low-toxic substances with antiviral activity to RNA and 
DNA-containing viruses are important and critical task of modern virology. 

The goal of this work was to study antiviral activity of water-soluble fractions of humic 
substances obtained from brown coal of Kansk-Achinsk field. 

Soluble fractions of humic substances were obtained according to method described 
in [Patent RU 2044757; Patent RU 2091430]. Maximum studied concentration of drugs in 
toxicity test was 2000 mcg/ml. Study was carried out with suspension cell culture MT-4 
and monolayer culture MDCK. Toxicity of humic substances (CD50) was evaluated in MTT-
test. 

Antiviral activity (ID50) against influenza A virus was detected in MDCK cell culture; to 
herpes simplex virus of type II and Newcastle disease virus – in VERO cell culture with the 
use of cell staining by neutral red 3 days after infection with virus in a dose of 100 TCID. 
Antiviral activity against human immunodeficiency virus of type I was tested in MT-4 cells 
using inhibiting p24 protein production 4 days after cell infection. Amount of p24 protein 
was detected by immunoenzymatic method using test system produced by “Vector-Best”. 
Index of selectivity (IS), or therapeutic index, was detected as relation of drug 
concentration toxic for 50% cells (CD50) to drug concentration protecting 50% cells against 
virus activity (ID50): IS = CD50  / ID50. 

All studied substances showed low toxicity: CD50  > 300 g/ml. 
The most active fraction of humic substances showed significant antiviral activity 

against pandemic influenza virus A/California/04/09 (H1N1 pdm09): ID50 = 3.75 g/ml, IS = 
266; against highly pathogenic avian influenza virus A/Commongull/Chany/06 (H5N1): ID50 

= 9. g/ml, IS = 105; against herpes simplex virus (HSV II): ID50 = 3.5 g/ml, IS = 285; and 
against Human immunodeficiency virus I (HIV I): ID50 = 2.7 g/ml, IS = 370. None of 
studied fractions showed antiviral activity against vaccine strain of Newcastle disease virus 
(NDV). 

Thus, it was shown that fractions of humic substances have significant activity 
against viruses with different genome structures. For instance, influenza viruses are RNA-
containing viruses with negative fragmented genome; HIV-1 is RNA-containing virus that 
has reverse transcriptase and incorporates into host cell genome; herpes simplex virus is 
DNA-containing virus. There are common features typical for these pathogens: they have 
envelope obtained from host cell; certain stage of virus reproduction passes in cell 
nucleus. It should be noted that Newcastle disease virus is RNA-containing virus with non-
fragmented negative genome, it has envelope, but the whole reproduction cycle passes in 
cell cytoplasm. 

Further studies with the use of broad range of pathogens are needed to reveal 
mechanisms of antiviral activity of humic substances. 
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Molecular Approach to Understanding Mode of Action of Humics on 
Biota: a Case Study with Basidiomycetes Trametes maxima 
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1A.N. Bach Institute of Biochemistry of RAS, Moscow, Russia 
2M.V. Lomonosov Moscow State University, Moscow, Russia 
 

Humic substances (HS) represent the major reservoir of carbon (C) in ecosystems, 
and their turnover is crucial for understanding the global C cycle. Although basidiomycetes 
clearly have a role in HS degradation, much less is known about the effect of HS on fungal 
traits. We studied the alteration of physiological, biochemical, and morphological 
characteristics of Trametes maxima in the presence of leonardite HA as well as HA 
association with fungus using tritium labeled preparation. To go deeper inside effects of 
HA on fungus, humics induced alteration of proteome was analyzed and differential 
expression of genes encoding enzymes related to carbohydrate metabolism was 
examined. 

Both complete medium and minimal (C-limited) medium mimicking natural 
environmental conditions were used. Adding HA led to increased biomass yield, but under 
C-limited conditions the effect was more apparent. This finding correlated rather well with 
our data showing higher penetration of humic material into the cell interior under C-limited 
conditions. The amount of HA inside fungal cells grown without a readily-available C 
source was twice as much as that in cells grown in complete medium. 

HA induced ultra-structural changes in fungal cells, especially under C limitation, 
including reducing the thicknesses of the hyphal sheath and cell wall. In the minimal 
medium, cellular respiration increased nearly three-fold under HA application, while the 
corresponding effect in complete medium was lower. In addition, in the presence of 
inhibitors, HA stimulated either the cytochrome or the alternative pathway of respiration, 
depending on presence or absence of glucose in the medium. Our results suggested that, 
under conditions mimicking the natural environment, HA may play three major roles: as a 
surplus substrate for fungal growth, as a factor positively affecting cell morphology, and as 
an activator of physiological respiration [Klein et al., 2014]. 

Proteome analysis demonstrated HA could be involved in fungus metabolism 
resulting in accelerating glycolisis. The latter was in accordance with real-time PCR 
analyses where HA-regulation of four genes encoding enzymes related to carbohydrate 
metabolism (eno, pgd, aco and gapdh) was observed. To our knowledge this is the first 
report of molecular evidence of HA effect on Basidiomycetes. 

 
Klein O.I., Isakova E.P., Deryabina Yu I., Kulikova N.A., Badun G.A., Chernysheva 

M.G., Stepanova E.V., Koroleva O.V. Humic Substances Enhance Growth and Respiration 
in the Basidiomycetes Trametes Maxima Under Carbon Limited Conditions. Journal of 
Chemical Ecology, 2014, 40:643-652. DOI 10.1007/s10886-014-0445-x. 
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It is known that humic substances are biosafety feed additives of natural origin. They 
are now widely used in the poultry industry as growth promoters, hepatoprotectors for 
metabolism correction as adaptogens, immunomodulators, antioxidants, stress-protectors 
and their scope is expanding every day. Ostrich industry has become an industrial recently 
and needs supplements is a course of action to biosafety properties. 

One of the systems that determine the growth and development of the organism, is 
digestive, lability which in turn is related to the level of activity of the enzymes and their 
localization in the gastro-intestinal tract. In the context of the problem laboratory of humic 
substances on them. prof. Khristeva LA Dnepropterovsk State Agrarian University of 
Economics and an industrial complex for growing ostriches PJSC "Agro-Soyuz", an 
experiment was conducted on the use of biologically active feed additive "Humilid" for the 
ostriches in the "critical" period of growth from hatching to 60 days of life. For this study 
were divided into two groups ostriches on 136 animals each. The animals of the second 
group (experienced) with water desoldering "Humilid" (TU 15.7-00493675-004: 2009), the 
optimal amount of daily. 

The work of the digestive system was judged by the activity of digestive enzymes, 
which are determined in extracts the contents of the intestines of individual small and large 
intestines at 3, 30 and 60-day-old ostriches. Α-amylase activity was determined by the 
method Karaveya; proteolytic activity by the method of Erlanger modification Shaternikova; 
lipolytic - screening method using a non-specific substrate - tributyrin; celluloselytic - 
GOST R 53046-2008 using NaCMC.  

The activity of α-amylase extracts chyme duodenum, ileum and blind sprouting in the 
treated group at 30 days of age was higher by 7%, 45% and 2.2 times, respectively, 
compared to animals in the control group reached and, and in some cases exceeded (in 
the blind processes of 2.2 times) the corresponding figures in 60-day-old animals in the 
control group.  

Proteolytic activity in the experimental group ostriches 30 days of age was higher in 
duodenum 4.1 times lean - 49% iliac - 58% and appendix 7.4 times compared to control 
animals. The level of activity of the proteolytic enzymes in the duodenum from experienced 
ostriches in 30 days of age reached the level of the corresponding index in the control 
group at 60 days of age. A measure of proteolytic enzymes in the blind processes of 30-
day-old ostriches experimental group exceeded this figure in 60 - day ostriches control 
group by as much as 66.5%. The presence in the diet "Humilid" promotes activity of 
amylolytic and proteolytic enzymes in different locations of the alimentary canal ostriches, 
activating cleavage of feed components and absorption of the cleavage product. As a 
consequence, the weight of 60-day-old animals in the experimental group was higher than 
12.5%, and the average was 7,17 ± 0,17 kg, while the average weight of control group 
ostriches - 6,37 ± 0,22 kg.  

The experiment also revealed that ostriches born with very high lipolytic activity in the 
gastro-intestinal tract. So in the duodenum and jejunum in 3-day ostriches compared to 
30-day-old she was taller than 8-10 times. By 30 days of age the level of lipolytic activity is 
sharply reduced. In animals treated with "Humilid" level of lipolytic activity in the gastro-
intestinal canal is at a higher level as compared with animals that did not use additives: in 
the duodenum activity - 75% in the jejunum - 9% in the ileum - 15% of blind sprouts - 39% 
compared with the control. The presence of "Humilid" in the diet contributes to an increase 
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in activity of lipolytic enzymes in different locations of the alimentary canal ostriches and 
increase interest lipolytic enzymes of the colon (the blind processes) in the process of 
digestion of lipids.  

Level elyulozolitic activity, due to which the process of digestion of fiber, to 30 days 
will be doubled, and to 60 days by 2.4 times compared with previous periods. The animals 
of the experimental group in the 30 days of age elyulozolitic activity was higher by 42%, 
and 60 days of age by 35.8% compared to control animals. This is due to increasing the 
number of registration obligate microflora.  

Thus, the feed additive "Humilid" affects the processes of digestion of feed 
components, activating them. High level of activity of digestive enzymes can be regarded 
as an adaptive physiological mechanism, the operation of which is aimed at a more 
complete breakdown of carbohydrates, proteins, lipids, the final products which are used 
intensively developing organism.  

Adding "Humilid" in the diet contributes to the activation of enzymes, amylolytic, 
proteolytic, lipolytic, and that it is important cellulolytic, which allows the following 30 days 
of age to replace part of the diet of ostriches roughage. 
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The Effectiveness of Methods of Processing of Seeds and Vegetative 
Plant Japanese Millet by Gidrogumate 
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According to Privalov F.I. (2007), studying of fiziologo-genetic bases of use of 
environmentally friendly preparations natural and a phytogenesis is topical issue. At the 
same time it should be noted absence of scientific information on features of use of 
regulators of growth and development of plants for the purpose of increase of efficiency of 
Japanese millet. In this regard the task during 2011-2013 years to study influence of 
processing of seeds a hydrohumate (10 percentage of aqueous solution; 0,2 liter per 
tonne) and the growing of plants was set by the same preparation (10 percentage of 
aqueous solution, 2 liter per hectare), and also processings of seeds before crops by a 
combination of preparations benomil (50 percentage of wettable powder, 2,0 pounds per 
ton) and hydrohumate (10 percentage of aqueous solution, 0,2 liter per tonne) on 
efficiency, structure of productivity and sowing qualities of seeds of Japanese millet on the 
skilled field EI "GSAU" in the conditions of cespitose and podsolic soils of the average 
level of fertility. 

Use of a hydrohumate and combination benomil and hydrohumate had essential 
positive impact on field viability of seeds of Japanese millet in comparison with control 
option (processing by water) which on average in three years increased for 11-15 
percentage. Essential distinctions between control and the studied options of experiment 
on a number of productive shoots per plant which increased with 3,5 to 3,9-4,2 are noted. 
The analysis of survival of plants depending on processing seeds the indicated regulator of 
growth showed reliable advantage of experienced options in comparison with the control: 
on average in three years when using a hydrohumate the survival of plants increased on 
2,2; and only in 2012 year this indicator didn't exceed the value received on control. The 
high survival of plants was noted when using a combination of preparations for processing 
of seeds combination benomil and hydrohumate (97,3-98,9 percentage). In 2011 and 2013 
years of essential distinctions on height of plants depending on application of a preparation 
and a combination of preparations for the treatment of seeds it wasn't observed.  

When studying use of regulators of growth for processing of seeds and during 
vegetation at average productivity of grain for years of researches of 22,7-25,9 quintals per 
hectare. Its maximum increase is noted in option with application of a hydrohumate – 
respectively 2,3 and 3,0 quintals per hectare whereas processing combination benomil 
and gidrogumate provided an increase of productivity of only 1 quintal per hectare. 

The greatest mass of 1000 grains was noted in option with application of a complex 
of preparations benomil and gidrogumate (4.1 gram). The mass of seeds from one panicle 
in experience with application of a hydrohumate was in limits of 9,1-9,5 gram, and its 
maximum values are noted in options with application of a combination benomil and 
gidrogumate  (10,3 gram). When studying sowing qualities of seeds of a Japanese millet 
the seeds received at application for processing of sowing material of a hydrohumate and 
a combination benomil and gidrogumate had the greatest laboratory viability (92-94 
percentage). When processing plants a hydrohumate during vegetation laboratory viability 
of the received seeds of a  Japanese millet was 80,8-92,4 percentage. Both options with 
application of the specified preparation regardless of a method of their application had 
essential advantage in comparison with the control. 

Literature. Privalov F.I.  Biologization of receptions in technologies of cultivation of 
grain crops: monograph / F.I. Privalov. – Nesvizh: Nesvizhskaya Enlarged Printing of S. 
Budny, 2007. – Page 48-49, 8-11. 
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For resistance to the effects of stress are commonly used natural adaptogens, which 
do not accumulate in the body and does not pollute the environment. Promising in this 
respect are the humic feed additives made of peat, which are involved in the regulation of 
metabolism, have antioxidant properties, the ability to absorb heavy metals, radionuclides 
and other toxic compounds, contributing to the stabilization of homeostasis and increases 
the resistance of the organism. The purpose of work was an estimation of physiological 
and biochemical indexes for rats with doxorubicin-induced cardiopathy on a background 
application of antioxidants, what has a complex protective effect on the myocardium and 
the organism as a whole. One of them was selected Humilid. It is preparation on the basis 
of polifenol complex, got from peat. 

The experiment was performed on male albino Wistar rats weighing 210 ± 50 g were 
divided into groups of 8 animals each: group 1 - intact animals, group 2 - the rat induced 
cardiomyopathy (ICP), that one time per week for 4-weeks were administered doxorubicin 
at a dose of 1 mg / kg of body weight, 3 group - animals that received 0.01% solution 
Humilid (TU 15.7-00493675-004 2009) with drinking water throughout the 5-week 
experiment. Biochemical parameters in the plasma of animals was assessed by analyzer 
VA-88 Mindray (China) using kits Elitech diagnostics (Seppim S.A.S, France). The activity 
of all enzymes were determined by kinetic methods using the appropriate substrates. The 
concentration of cholesterol and triglycerides were determined enzymatically by 
colorimetric methods, total protein - biuret method, albumin - using bromcresol green. Data 
processing was carried out using programs Statvin and Excel and using the non-
parametric U-test Vilkolsona (Mann-Whitney test). Differences were considered statistically 
significant at p ≤0.05 

According to published sources, the body weight of the experimental animals is 
significantly reduced in the case of doxorubicin. At animals of 2 groups by an average of 
19-30% reduced relative weight not only of the heart, but also of liver and kidney, testes  
index fell by an average of 40%. At the same time, the relative weight of the heart in rats 
Group 3 was 88%, and the testes did not differ from this figure in the animals of group 1. 
With the introduction of Humilid there was a significant decrease in the activity of marker 
hart enzymes compared with rats with the ICP, but there was a sharp increase in the 
activity of LDG. This fact can be explained by the reduced level of urea, which is a natural 
inhibitor of LDG. When applying Humilid identified reduction in total protein compared to 
the control group and the reduction of hypoproteinemia. With a lower concentration of 
albumin in the group 3, these results may be explained by the change of the plasma 
protein fraction. When the ICP is almost 2 times increase in plasma cholesterol 
concentration and 11 times - triglycerides compared to the intact animals group. Humilid 
influenced decrease of these parameters on average by 20%. Perhaps Humilid exerts 
regulatory effects on lipid synthesis, reducing its strength.  

Doxorubicin-induced cardiomyopathy in rats is accompanied by a decrease in the 
relative weight of the heart, liver and testes, increased activity of hart muscle-specific 
enzymes AST and LDG levels of lipid metabolism, hypoproteinemia. Using of Humilid 
against application of doxorubicin  leads to the improvement of biochemical parameters, 
which may indicate a reduction in cardiotoxicity of anthracyclines under its influence. 
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Since 2008 the interdisciplinary research team of GASU and TSPU has been carried 
out the study on the resource potential of peat raw materials in the Altai mountain range. 
The use of the preparations based on the deep processing of peat in Altai Republic will be 
profitable in producing fodder additives and veterinary preparations for the Republic animal 
farming, and also the balneotherapeutic and health improving preparations which are in 
demand in spa medicine.  

As a result of the complex expeditions which were carried out in Altai Republic the 
industrial peat deposits in Northeast Altai (NEA) were detected. The analysis of the group 
composition of peat in Ynyrginsky, Choisky and Tourochaksky deposits have shown a 
considerable amount of humic substances within 40-58 %. 

According to the data of the element analysis it is necessary to note a considerable 
amount of C and  in the analyzed humic acids (HA) of the sedge lowland peat in NEA: 
68,0 -70,1 %;  6,1- 6,8 % accordingly, a narrower interval of the amount of O: 17,9-28,2 % 
in comparison with the West Siberian peat, and also a high amount of nitrogen within 2,6-
3,8 %. An average relationship of /  makes up 1,11; the above mentioned facts 
characterize the presence of educed aliphatic structural fragments in the macromolecules 
of the HA. The spectral quotients, calculated according to the IR-spectroscopy, have 
shown the prevalence of carbohydrate fragments ( 1030/ 1628), the hydroxyl groups 
( 3400/ 1628), and alkyl substituting groups ( 2920/A1628) in the composition of HA concerning 
aromatic fragments.  

In the composition of profile HA a relative amount of aliphatic Carbon (0 – 65 ppm) 
decreases within 49-37 % against an invariable aromatic component – 37-39 % (160 – 90 
ppm). The amount of Carbon in polysaccharide fragments (65 – 90 ppm) makes up from 5 
% up to 14 %, Carbon – the COOH group (160 - 200 ppm) as a part of profile HA is 
characterized by an insignificant spread, and its amount does not exceed 10 %. The 
identification of peculiar features of the composition structure of HA in the peat of a 
concrete deposit and a certain depth of a peat deposit is necessary for the establishment 
of interrelation with the display of the direction of a biological potency of humic 
preparations.  

On the basis of the HA peat a humic preparation was worked out, whose use in 
maral-deer economy of Altai Republic as a fodder additive for antler maral-deer has shown 
a positive influence on biochemical indicators of blood and on the amount of macro- and 
micronutrients. The increase in antler productivity of young maral-deer on all quality 
classes was revealed. 

The work was done with the financial support of the Ministry of Education of the 
Russian Federation by government order № 01201458966 (GASU); the Ministry of 
Education (government order of TSPU № 174) and Grant of the Russian Research 
Foundation (№ 14-17-00038). 
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Abstract. The products of metabolism bacterial strains Pseudomonas sp. and 
Agrobacterium sp. in combination with trace elements positive influenced on biochemicals 
processes of plants, on quality of vine samplings. 
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It is known that growth regulators broiler chickens, which contain in the structure of 
humic substances of nature, when they are added to the basic diet as a feed additive 
influence on the processes of protein metabolism, activating both anabolic and catabolic 
phase. New feed additive Humilid was obtained by activation of humic substances with 
acid-alkaline hydrolysis of peat, which was selected using a screening assessment system 
raw peat toxicity and a wide range of biological effects, developed in the laboratory of 
humic substances to them. prof. LA Khristeva Dnepropetrovsk State Agrarian University of 
Economics. The composition of the feed additive Humilid than sodium salts of humic acids 
include peptides, amino acids, polysaccharides, quinones, oxidized phenols, carboxylic 
acids, some micro-and macronutrients.  

The purpose of the study - evaluation of the introduction of a feed additive "Humilid" 
in the diet of broiler chickens in terms of protein metabolism and level of productivity. 
Investigations were carried out in large poultry farms "Dnipro" Nikopolskogo district of 
Dnipropetrovsk region chickens-broilers cross Cobb-500, which were grown in poultry 
houses floor method. Control group of broiler chickens differed from experienced only by 
the fact that the latest in the diet along with the water injected feed additive humic nature, 
dosing it with medicator. In each group the number of animals (24.8 thousand. Chickens), 
tribal characteristics, conditions, feeding and treatment and preventive measures are the 
same. The level of protein metabolism judged by blood biochemical parameters (total 
protein and its fractions), as well as the balance of amino acids. The productivity level was 
determined by the zootechnical performance.  

The experiment found that by the end of the period of growing chickens average 
weight  body of one chicken in the experimental group treated with water Humilid on 
average increased by 5.5%, and the gross growth, which amounted to 45877kg was up 
5.9% compared with the control group. The average daily weight gain in broilers fed with 
water dietary supplement humic  nature, has increased over the entire period of almost 2.5 
g The number of dead birds has decreased in the experimental group by 12%, and 
stamping down 6%. At the same time in the blood of experimental chickens were reported 
increase of quantitative characteristics as total crude protein on average by 15%, and 
there fractions. 

In addition to the experiment, 17 amino acids in feed and litter control and 
experimental chickens fed with water Humilid. Found that the total amino acid content in 
the litter on the balance of experimental broilers was lower by 10% compared to the 
number of amino acids in the litter from chickens not treated with diet dietary supplement. 
This fact may indicate a better absorption of amino acids experienced feed the chickens. It 
may be noted that the total quantity of essential amino acids has also decreased by 10% 
and replaceable by 9.4% compared to the control. However, uptake ratios of individual 
amino acids were varied over a broad range. In the gastro-intestinal tract of chickens fed 
Humilid became more assimilated aspartic acid, serine, alanine, an average of 8-11%. Of 
the essential amino acids in the internal environment of broiler chickens became more 
absorbed isoleucine, leucine, phenylalanine, methionine - an average of 5-7%, histidine 
and threonine - an average of 9-12%. Thus Humilid added to the basic diet as a feed 
additive effect on the digestibility of the individual amino acids by the body of broiler 
providing a higher level of exchange of proteins, which in turn leads to an increase in yield 
on average 5-6%. 
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Nowadays enzymes used for fodder treatment account for a significant share of 
manufactured industrial enzymes because provision of high quality feed compounds 
underlies sustained development of vital agricultural sectors, like farm stock and poultry 
breeding. A broad spectrum of fodder-oriented enzyme products with diverse range of 
action from various manufacturers is represented at the market yet demand for novel more 
efficient enzyme preparations with improved properties remains to be met in full scope. 

Application of exogenous enzymes degrading plant cell walls and  hydrolyzing 
starch-free polysaccharides raises forage nutritive value and substitutes digestive 
enzymes of animals and birds. Cleavage of major natural polymer in plant kingdom – 
cellulose and its derivatives to glucose is catalyzed by cellulolytic enzymes, or cellulases 
referred to hydrolases (EC 3.2.1). A critical role in cellulose decomposition is played by 
endoglucanases (EC 3.2.1.4) often assayed for enzyme activity via their impact on 
carboxymethylcellulose. 

Earlier strain Trichoderma viride BIM F-578G was selected as a promising source of 
cellulase enzyme complex, nutrient medium composition and optimal conditions for 
submerged fermentation of the fungus were defined, regimes were optimized for 
ultrafiltration concentration of cultural filtrate on the hollow fibers (retention limit 10 kDa). 
Main physical-chemical characteristics of Trichoderma viride BIM F-578G extracellular 
cellulase were established: pH and temperature optimas of action (pH 4.5-5.0 and t 40-50 
°C), pH and thermal stability (pH 4.0-6.0 and t 30-50 °C).  

A key criterion for successful introduction of enzyme preparations into practice is 
their stability determined by resistance of catalytically active protein structures to adverse 
effects of various denaturing factors. Destabilization of enzyme protein is correlated with 
conformational changes in its tertiary structure. It should be noted that solution of 
stabilization problem is likely to enlarge considerably application area of enzyme 
preparations. Most common method of enzyme stabilization envisages supply of protein-
fortifying supplements. To prevent inactivation and microbial contamination, mineral salts, 
polyols, polyelectrolytes, sugars, sugaralcohols, enzyme substrates, conservating 
chemicals are added to enzyme preparations. 

Aim of this research was to choose stabilizing and conservating substances to 
promote long-term preservation of enzymatic activity in Trichoderma viride BIM F-578G 
cellulolytic preparation. Desalting, concentration and partial purification of cultural filtrate 
derived from strain-producer of polysaccharide-degrading enzymes was conducted by  
ultrafiltration technique. Cellulase activity was estimated by colorimetric method based on 
analysis of reducing sugars released by enzymatic action on the substrate - sodium 
carboxymethylcellulose.  

The completed investigations assessed influence of stabilizers (glycerol, sorbitol, 
polyethyleneglycol with MW 6000; calcium chloride, sodium carboxymethylcellulose) and 
conservating agents (sodium chloride, sodium benzoate and merthiolate) on activity and 
stability of Trichoderma viride BIM F-578G cellulase. It was found that stabilizing effect 
depended on the level of tested substance, pH of concentrated cultural filtrate and 
temperature of storage. The obtained data evidence that sorbitol (15 %) and sodium 
benzoate (0.25 %) may be efficiently used to secure stability of enzyme preparation and to 
guarantee its storage during 3 months in temperature range +4 ° to +10 °C. The obtained 
results will be used in biotechnology of manufacturing enzyme preparation for fodder 
processing. 
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Humic Substances Alter Uptake of Nanodiamonds by Wheat Plants 

Ivan Myasnikov, Maria Chernysheva, Gennadii Badun, Viktor Korobkov, Natalia Kulikova 
Lomonosov Moscow State University, Moscow, Russia, myasnikov751@gmail.com 
 

Rapid development of nanotechnology results in increasing inflow of nanoparticles in 
the environment. Nanodiamonds produced by detonation are of great interest for surface 
grafting and biological applications. Thus, it necessarily study their interaction with 
environmental components and living systems. Humic substances are among the most 
reactive components of all kind of the environment and can influence on all aspects of 
compounds behavior in the environment including uptake by biota. The goal of this study 
was to develop a quantitative technique of nanodiamond determination in plants and to 
assess effect of HS on this process. To this end we used tritium labeled nanodiamonds 
and two methods of registration of beta-particles: autoradiography and liquid scintillation 
counting. 

Tritium label was introduced in nanodiamonds by means of tritium thermal activation 
technique [1]. Six-days old seedlings of wheat were transferred into the suspension 
containing tritium labeled nanodiamonds (15 mg/L) and HS (50 mg/L) for 24 h. Then plants 
were taken out from the suspensions, divided into roots and shoot sections and were dried 
under press for about a week. Dried sections were subjected to autoradiography analysis 
using tritium sensitive film produced by Kodak. Film developing, fixing, and washing were 
performed according to the procedure recommended by the manufacturer. After imaging 
obtaining both roots and shoots were completely decomposed in nitric acid following by 
radioactivity measuring by means of liquid scintillation counting for quantitative 
determination of nanodiamonds in corresponding section. 

Our data show that nanodimonds adsorb on the surface of roots and penetrate into 
shoots. In the report we will discuss the peculiarities of the distribution of nanodiamonds in 
the plants sections and how different types of HS isolated from different sources influence 
on this process. 
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Investigation of the sorption capacity of humus acids is the task of practical 
significance. Humus acids can bind metal ions to stable complex compounds  and show a 
protective action, which is very important, for example, for the remediation of soils with 
high technogenic pressure.  

The object of study was the samples of peat bogs of Arkhangelsk and hydrolytic 
lignin from the landfill Onega hydrolytic plant. Were isolated preparations of humic (HA), 
fulvic (FA) and gimatomelanic (GA) acids from this samples using well-known techniques. 
The isolated acids were studied for sorption capacity with copper ions (Cu2+) at pH values 
from 3.5 to 6.5. Determination of the equilibrium concentration of Cu2+ in the solution after 
adsorption was carried out by extraction-photometric method according to GOST 50684-
94. Were used mathematical models of Langmuir and Freundlich to evaluate the sorption 
capacity of humic acids.  

In general, the highest efficiency of Cu2+ sorption was found for HA and GA of lignin. 
Thus, in the molecules of these acids will increase the number of sorption centers 
(maximum adsorption 45mg/g and 60mg/g, respectively) with pH increase, against which 
decreases the number of FA (maximum adsorption 20 mg/g). There is an increasing Cu 
binding activity to GA peat preparations at pH 6.5 to 90 mg/g, which may be caused by 
increase in the molecules of these acids phenolic hydroxyl groups of the total number of 
functional groups.  

All drugs of humus acids of the lignin characterized the highest values of the ratio of 
the Cu2+ adsorption intensity (n)  in the whole range of the pH values. With increasing pH 
is increase this indicator for HA both of the investigated objects and FA of lignin to 1.2 - 
2.5. For the other drugs acids n values decrease with alkalization.  

Maximum adsorption selectivity for all humus acids is present at pH = 3.5, the values 
of the Kp coefficients are in the middle reach 2.5·106 – 3.5·106. The adsorption selectivity 
humus asids of peat and lignin decreases with increasing pH, but the highest value of the 
Kp Cu2+ is present HA of lignin (Kp = 0.8 · 106).  

   Evaluation of the affinity of humus acids drugs to Cu2+, showed an increase of the 
affinity degree for HA of peat and FA of lignin with increasing pH from 2.2 and 5.7 to 50.8 
and 73.0 respectively. The affinity of the other studied samples of the humus acids with 
respect to copper is reduced with at the alkalization of the solution. Humus acids of can be 
arranged in a descending series peat in terms of their selectivity for copper: HA> GA> FA 
and humus acids of lignin is series: FA> HA> GA.  

The binding strength Cu2+ of GA of the all investigated samples and HA of lignin is  
increasing with the alkalization of the solution.  

From the obtained data it can be assumed that the introduction of lignin in soils will 
facilitate the binding of copper in the slow-moving connection with HA and GA in the upper 
layers and the removal of Cu2+ of migration flows. Thus, lignin largely performs sanitizing 
function when incorporated in copper contaminated soil compared to peat. 
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Iron is one of the most common elements in the Earth`s crust. It plays an important 
role in the life activity of plants. The deficiency of iron is a limiting factor of plant growth. 
Iron is present at high quantities in soils (2-3%), but its availability to plants is usually very 
low. The Fe2+ form is physiologically more significant for plants. The way to prevent the 
Fe2+ form oxidation is its stabilization with chelating agents (EDTA, DTPA, amino acids, 
humic-fulvic acids). Recently, a positive effect of high dispersed magnetite (Fe3O4) on the 
germination and growth of wheat has been showed [1]. Chitosan (Ch) is another chemical 
that has been recently used in agriculture. This biopolymer (a cationic polysaccharide 
mainly obtained from waste materials from seafood processing) has antiviral, antibacterial 
and antifungal properties. When Ch is applied to plant seeds, their germination index is 
enhanced, the mean germination time is reduced, root length and plant height increased 
[2]. In our work we decided to examine joint action of high-dispersed magnetite and 
chitosan on the seed germination and growth of wheat (Triticum aestivum L.) seeds.  

The investigation of seed germination and plant growth was made by the method of 
miniatures. Ch (Mw 300 kD , with a deacetylation degree of 85%, BioProgress 
Technology Ltd, Schelkovo) was prepared in chloride salt form. Its concentrations were 
varied from 0 to 0,04%, and the concentration of magnetite was constant (20 g/l). 
Magnetite was prepared by reaction of ammonium hydrate with the mixture of ferric 
chloride and ferrous sulfate under intensive mixing in water solution [3]. The mean particle 
size determined by LALLS was 400 nm. Collected wheat seeds (0,035 ± 0,003 g) were 
placed in 10 ml bulbs where 3 ml of magnetite suspension and different quantities of 
chitosan solutions were added. The bulbs were put aside for 4,5 hours. The seeds were 
planted in soil (Chernozem of Kursk Nature Reserve) and watered with 10 ml of water. The 
influence of conditions on the seed germination was estimated by seeds viability in three 
days. The estimation of shoot height, root length and weight of plants were made in a 
week after planting seeds for each variety. The planting was at room temperature. The 
estimation was made on the base of average value with respect to three planting.     

It was shown that joint action of chitosan and magnetite is 1,3 times more effective in 
seed germination, comparatively to control test. The seed treatment with chitosan gave 
practically the same result but the treatment with magnetite did not show positive results in 
seed germination. All methods of the seed treatment (chitosan, magnetite and joint action 
of magnetite and chitosan) show an increase in plant growth, root length, and weight of 
plants. This increase is extremely depended on the concentration of chitosan. Further 
investigation for the optimization of chitosan/magnetite proportion for improving seed 
qualities is required. 

 
1. Kudryavceva E.A., Anilova L.V., Kuzmin S.N., Sharygina M.V. Influence of various 

forms of iron on germination of seeds of Triticum Aestivum L. // Vestnik OGU, 2013, № 3 
(155), p. 46–48. 

2. Shao CX, Hu J, Song WJ, Hu WM. Effects of seed priming with chitosan solutions 
of different acidity on seed germination and physiological characteristics of maize seedling. 
// J Zhejiang Univ Agric Life Sci. 2005, v. 31, № 6, p. 705–708.  

3. Gerval’d A.Yu., Prokopov N.I., Shiryakina Yu.M. Synthesis of superparamagnetic 
magnetite nanoparticles. // Fine Chemical Technologies (Vestnik MITHT), 2010, v. 5, № 3, 
p. 45–49. 
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Parasitic cyst root nematode Heterodera schachtii Schmidt is dangerous pest that 
damages sugar beet and oilseed rape plants in world’s developed countries. The annual 
and cumulative damage of world agricultural production due to nematode infestations are 
estimated at over 125 billion USD. The currently existing methods for controlling the 
distribution of nematodes and the reduction in the yield of important crops are soil 
fumigants, nematicides and insecticides of synthetic origin. Their use is practically 
restricted in most countries because of their high toxicity to humans and contamination of 
the environment. Traditional methods include genetic engineering and breeding methods, 
and various biocontrol technologies, i.e. application of various organic soil fertilisers and 
industrial waste of vegetable or animal origin, compost, the changes in the soil pH, 
introduction of antagonistic and competitive microorganisms in the soil, the crop rotation 
with the development of cultures resistant to nematodes, application of essential oils of 
various herbs with an anti-nematodic effect. Unfortunately, a combination of the above 
listed methods can only depress the high viability of this pest class.  

The discovery of small regulatory RNAs (si/miRNAs) that play a key role in 
Posttranscriptional Gene Silencing (PTGS) has allowed to realize gene expression control 
and to increase of plant resistance to this parasitic nematode. In our researches we 
elaborated and proposed new alternative strategy for nematode disease management that 
is based on application of new ecologically safe polycomponent biostimulants Biogen, 
Regoplant and Stimpo for increase of resistance of sugar beet and oilseed rape plants to 
nematode Heterodera schachtii through the inducing of synthesis of immune-protective 
si/miRNAs in the plant cells.  The main components of these biostimulants are: 
antiparasitic antibiotic aversectine C produced by soil streptomycete Streptomyces 
avermitilis and metabolism products (i.e. aminoacids, fatty acids, polysaccharides, 
phytohormones, and microelements) produced by micromycete Cylindrocarpon 
оbtusiuscuilum 680 that is isolated from Panax ginseng root system and cultivated in vitro. 
In the experiments conducted in the field and greenhouse conditions we found that these 
biostimulants considerably increase resistance (up to 74-98 %) of sugar beet and rape plants to the 
parasitic nematode Heterodera schachtii. The maximal reduction (~on 75-80 %) of amount 
Heterodera schachtii larvae in the sugar beet and rape roots occurred at application of 
these biostimulants at concentrations of biostimulants: Biogen  - 1 g/ml, Regoplant - 1 

g/ml and Stimpo - 5 g/ml.  
In the laboratory molecular-biological experiments we studied genetic indexes of 

increasing of resistance of sugar beet and rape plants to parasitic nematode Heterodera 
schachtii Schmidt under impact of biostimulants Biogen, Regoplant and Stimpo. Using 
Dot-blot hybridization method we revealed considerable increase of difference in the 
percent of homology (up to 23-27 %) between the populations of cytoplasmic mRNA 
isolated from control uninfected and untreated plants and small regulatory si/miRNA 
isolated from experimental infected by nematode and treated with biostimulants plants. 
Testing inhibitory activity of isolated si/miRNA preparations on the templates of own plant 
mRNA and nematode mRNA in the wheat embryo cell free system of protein synthesis we 
found increasing of silencing activity (up to 58-65 %) of si/miRNA preparations that were 
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isolated from experimental infected by nematode and treated with biostimulants plants. 
The lowest silencing activity (up to 10-15 %) was observed for si/miRNA isolated from 
experimental infected by nematode and untreated with biostimulants plants as compared 
to activity of si/miRNA isolated from control uninfected and untreated plants. Obtained 
results testify that polycompositional biostimulants induce synthesis in the sugar beet and 
rape plants of small regulatory si/miRNA with specific anti-nematodic activity; as a result 
plant resistance against parasitic nematode Heterodera schachtii considerably increases. 

Using method Northern-blot hybridization of si/miRNA isolated from rape plants with 
the amplificated by PCR cDNA fragment of conservative region 8H07 gene Heterodera 
shcachtii we revealed the presence of high homology between si/miRNA isolated from the 
plants and this cDNA fragment. Today it is known that 8H07 gene codes one important 
secretory protein of esophageal glands of this parasitic nematode. We showed that 
compositional regulator Regoplant increase resistance of rape plants to nematode 
Heterodera shcachtii by inducing synthesis of si/miRNA, specific to the cDNA fragment of 
conservative region 8H07 gene Heterodera shcachtii. This amplificated cDNA fragment 
was used for creation of recombinant gene with complementary antisense dsRNA 
sequence with further Agrobacterium tumefaciens-mediated genetic transformation of rape 
plants and increasing of their resistance to parasitic nematodes.  
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65



10,7% (  о и о ) и 8,7% ( и  ),  о  о , 
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Application of Humic-Mineral Nutritious Mixes is Main Procedure of 
Biological Correction 

Alexander Popov 
Saint Petersburg State University, Saint Petersburg, Russian Federation, paihumic@gmail.com 
 

The increase in productivity of agricultural plants and plant protection against 
diseases and wreckers are the central questions of modern agrobiology. An elucidation of 
application points of the some factors, limiting plant productivity process, is one of the 
main directions in the field of crop regulation. The better the conditions for growth and 
development of agricultural plants, the higher a crop. The crop size is result of their 
existence in concrete soil climatic conditions. 

A regulating of biochemical and physiological processes in plants can is carried out 
by application of biological preparations and complex humic-mineral nutritious mixes. 
Application of these mixes is realized by folia treatment of plant crops. 

Field tests were conducted at working environment at some regions of the Russian 
Federation by LTD “Neftegazkontrakt”. The author thanks this company for pleasantly 
given results of the field tests of 2013-2014 (Table 1). 

 

Table 1. Results of field tests (2013–2014). 
Area, ha Crop, tons/ha №№ 

Agricultural 
cultures 

Physical 
location Control Test Control Test 

Increase of crop 
tons/ha (%) 

1 Potatoes 2 2 38.0 52.5 14.5 (38.2) 

2 Sugar beet 60 10 42.0 54.6 19.2 (30.0) 

3 Spring barley 

Tambov 
Region 

1 1 1.60 1.98 0.38 (23.8) 
4 Carrot 2 2 28.8 48.0 19.2 (66.7) 
5 Potatoes 1 1 24.6 31.4 6.8 (27.6) 
6 Potatoes 1 1 22.0 25.0 3.0 (13.6) 
7 Potatoes 1 1 18.0 21.0 3.0 (16.7) 
8 Potatoes 1 1 16.0 18.0 2.0 (12.5) 
9 Spring barley 

Volgograd 
Region 

4 4 1.77 2.31 0.54 (30.5) 
10 Melon Astrakhan 

Region 
5 3 1.8 2.5 0.7 (38.9) 

11 Green lucerne 
mass 

Krasnodar 
Krai 

60 5 2.26 30.2 7.6 (33.6) 

18 2.95 0.26 (9.7) 12 Spring wheat 
18 

18 
2.69 

3.17 0.48 (17.8) 

20 4.13 0.62 (17.7) 13 Spring barley  
20 

20 
3.51 

4.32 0.81 (23.1) 

20 2.59 0.25 (10.7) 14 Spring barley 
20 

20 
2.34 

2.66 0.32 (13.7) 

15 Spring barley 25 25 3.00 3.90 0.90 (30.0) 
16 Winter wheat 

Orel Region

25 25 5.00 5.80 0.80 (16.0) 
17 Winter wheat 20 20 5.93 7.00 1.07 (18.0) 
18 Soya bean 

Kursk 
Region 20 20 1.87 1.98 0.11 (5.8) 

The folia treatment of plant crops was carried out by the liquid fertilizer "Extract of 
Humic Acids “NIVA”" (number of the state registration: 245–13–284–1). The author of this 
paper is one of developers of the fertilizer “NIVA”. 
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Humic substances (HS) and macro- and microelement (N, P, K, Mg, Zn, Cu, Mn, Fe, 
B, Mo, Co and I) compounds went to make up to the fertilizer “NIVA”. Humic substances 
were extracted from a vermicompost by certain salt solution. In this case HS did not 
contain lipids, which are toxic for plants. This fertilizer had pH = 6–8. From summarizing 
the experience of industrial applying of the fertilizer “NIVA” solutions, it can be pointed that 
they have the positive influence on all tested agricultural plants (Table 1). 

Besides, fertilizer “NIVA” is well combined with biological phytosanitary products: 
insecticides, fungicides and bactericides. Experimental results at Krasnodar showed that 
the biological insecticide (Lepidocid) together with “NIVA” was very effective against larvae 
of mining insects (in particular, Cameraria ohridella Deschka & Dimic). 

 

 

Figure 1. The influence of HS on plants. 
 
The folia treatment of plants by the nutritious mixes, containing HS, is one of effective 

and economically sound methods of biological correction, which allows compensating a 
deficiency of mull humus in arable soils. The biological activity is one of the important 
properties of HS. Humic substances have multiple effects on the biophysical and 
biochemical processes, proceeding in plants (Figure 1). 
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Influence of Preparations the Humic Nature on the Formation of Crop 
Yields 

Mikhail Rumbakh, Liliya Stepchenko 
Dnepropetrovsk State Agrarian-Economic University, Dnepropetrovsk, Ukraine, 
stepchenko@rambler.ru 
 

The ecological role of humic substances in the biosphere is enormous, and includes 
such important components as the part in the stabilization of disturbed man-made factors 
balance in ecosystems. Against the background of increasing anthropogenic load is 
particularly relevant problem of obtaining pure crop production. Agricultural production in 
the conditions of anthropogenic impact is complicated by problems of violations of the 
physiological state of plants and animals, their resistance, contamination of crop products. 
One of the ways to improve the situation is to use environmentally friendly adaptogens, 
which include widespread humic substances in soils, peat, sapropel, brown acne.  

Based on years of research on the Problem Laboratory humic humic substances to 
them. prof. L.A. Khristeva so far developed and the technology of production of biologically 
active humic substances I and II generation. The resultant preparations exhibit, 
immunomodulatory, adaptogenic, anti-stress effects. Besides technological schemes of 
application of biologically active substances humic nature: plant - under different cultures 
and in different conditions.  

Humilid, humic preparation, was obtained by activation of humic substances of peat 
with acid-alkaline hydrolysis. For the production of the drug is usually used with a degree 
of lowland peat decomposition and mineralization of not more than 25 and 30%, 
respectively. The drug other than sodium salts of humic acids, also contains amino acids, 
peptides, polysaccharides, quinones, oxidized phenols, carboxylic acids, certain macro 
and micro elements.  

Analysis of the results of two and three-year field study winter wheat shows that the 
use of Humilid simultaneously with seed treatment and making it in the period of 
vegetation leads to increased profitability on 11,6-14,7% per hectare of crops as compared 
to the underlying technology. Along with an increase in the yield of winter wheat in 
experiments using Humilid was established to improve the quality of grain. Thus, grain 
protein content increased by an average of 2,1-4,3% and the gluten - to 5,7-8,9% 
compared to the control. Application Humilid seed treatment of winter barley in conjunction 
with the introduction of biologically active substances humic nature during the growing 
season in options on the background of full or partial mineral nutrition of plants helped 
increase yields by an average of 0.8-1.6 t / ha. Making a further Humilida soil yields of 
winter barley increased by 2.4 t / ha compared with the control.  

Humilid drug use when making the soil before planting (1 l / ha) and a single 
application of it in the vegetation period (0.1 l / ha) contributed to higher yields of silage 
corn by an average of 24.1 centners per hectare on the option without biologically active 
preparation of the humic nature. In a field experiment at sunflower cultivation using Humilid 
crop yield increased by 2.1% compared to the control.  

Thus, the findings suggest that the positive impact on growth, development and the 
formation of the structure of yield of major crops when grown in No-till biologically active 
preparation of the humic nature Humilid using it directly in the ground or in a combination 
of this method with seed treatment and foliar treatment plants. The greatest effect of humic 
fertilizers on crop productivity at the same time was recorded in the case of a joint 
application of all of the above methods of drug effects on soil, seeds and vegetative plant. 
This process of increasing the yield of crops was always accompanied by the improvement 
of the quality of produced agricultural products. Thus, in the grain cereal crops in the 
background of the drug Humilid increased total protein level, increases the total amount of 
free amino acids, including the essential and especially sulfur. 
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Institute of Microbiology, Belarus National Academy of Sciences, Minsk, Belarus, 
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Global tendency of rising forage prices inevitably leads to increased manufacturing 
cost in farm stock breeding. It appears natural therefore that development  and application 
of innovative technologies in fodder formulation allowing to cut unit feed ration expenses 
and to raise fodder conversion rate is a priority problem. Introduction of bioactive 
supplements, especially enzymes into animal diet will enable to meet this challenge via 
increasing productivity of farm stock and poultry by 25-30%. 

Currently global market of fodder-oriented enzymes exceeds 1 bln US dollars, with 
phytase share reaching 450 mln US dollars. It is determined by the fact that phytates are 
problematic vegetable components in terms of digestion access. They reduce activity of 
pepsin and trypsin, make up complexes with starch and proteins, form insoluble salts with 
macro- and microelements making them, like phosphorus element in phytate, not available 
for assimilation. Moreover, P constituent of the manure is accumulated in soil and surface 
waters leading to eutrophication of aquatic reservoirs and considerable ecological 
damage. 

Various commercial phytase brands are manufactured by leading companies from 
Europe and America and recent years have seen growing competitive drive from Chinese 
firms. So far phytase preparations have not been produced in Russia and Belarus, 
emphasizing the relevance and urgency of basic and applied research focused on 
biotechnology of manufacturing these knowledge-consuming high-tech products. 

Earlier bacterial strain identified as Bacillus amyloliquefaciens subsp. 
amyloliquefaciens was isolated from soil and recommended as producer of extracellular 
phytase and donor of gene encoding enzyme protein. It was also found that phytase 
derived from recombinant strain was distinguished by thermal stability, activity in a broad 
pH range and efficient hydrolysis of phytate-ingredient of rye grain and soya cake. 

Aim of this paper is engineering of phytase-producing recombinant strain and 
elaboration of biotechnology for production of enzyme preparation intended for feeding 
purpose. 

The conducted studies resulted in amplification of phytase gene (phy) from Bacillus 
amyloliquefaciens subsp. amyloliquefaciens using the constructed primers, its isolation 
and cloning under tac-promoter control in homo- and heterologous systems. Genetically 
stable strain B. amyloliquefaciens subsp. amyloliquefaciens PHY selected among the 
produced recombinant variants exceeded the parent strain in phytase biosynthesis 
efficiency by 12.0-13.1 times. 

Composition of industrial nutrient medium and physical-chemical conditions for 
fermentation of recombinant strain B. amyloliquefaciens subsp. amyloliquefaciens PHY – 
phytase source were optimized. Also procedure of enzyme recovery was defined, 
parameters of concentrating enzyme protein by ultrafiltration technique were established, 
stabilizers and conservation agents were revealed. 

Based on the obtained findings a package of technological documentation describing 
phytase fabrication process is being prepared, a series of laboratory tests is carried out 
and pilot-plant trials are planned to demonstrate its efficiency in diets of farm stock and 
poultry. 

 
Studies were carried out within the framework of projects 2.1 and 2.17 financed by 

International Task Program of Eurasian Economic Community “Innovative 
Biotechnologies” (2011-2015), subprogram 1 “Innovative Biotechnologies in Belarus”. 
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Inhibiting Effect of Humic Acids of Peat of Khanty-Mansi Autonomous 
Okrug on Lipase 

M.P. Sartakov1, V.V. Leonov2 
1Yugra state university, mpsmps@bk.ru 
2Khanty-Mansi state medical academy 
 

Modern technologies of the cultivation of crop use very often different kinds of 
biostimulants based on humic acids. Humic acids functionates effectively on the 
membrane permeability of cellules, where, as a rule, the lipid layer falls under the influence 
of different external unfavorable factors. On the territory of Khanty-Mansi region (the 
territory next to the middle of the river Ob) this factors are caused by the wetting excess 
and by the low temperature during the vegetation, as a result there is the composition of 
the peroxides of lipids, which live very long time and they are very toxic for plants. The 
lesion of molecules of lipids, their oxidation and  the obtaining  of  peroxide lipids happen 
under the influence of different stresses. In the nature world plants feel many times the 
condition of stress under the influence of extreme temperatures, deficit or excess of 
humidity. Membranes are always damaged by the accumulation of lipase, it's enzyme 
which destroys the lipid layer [1, 2]. Determining the repression of lipase it's possible to 
talk about the character of the effect of humic acids on plants, about the character of 
bioactivity.      

It were studied the inhibitory effect of alkaline solutions of humic acids with the 
concentration 0,001% on the enzyme lipase, which there is into the test preparation 
TRIGLYCERIDES GRO-PAP method/liguid, fabricated by the enterprise Chonolab AG 
(Sweden), this preparation can split triglyceride of the standard solution.   

The determination of the inhibitory effect of humic acids on lipase is made by the 
spectrophotometric method. For the inhibition it used alkaline solutions of humic acids with 
the concentration 0,0001%, which were removed from peats of the different botanic 
composition and the level of decomposition. The activity of lipase without humic acids was 
determinated  by the relative of the concentration to the time of incubation (table 1).   

Table 1 - The inhibition of the activity of lipase  
The type of peat  R, % The activity of lipase, 

mmol l-1min-1  
Without humic acids – 0,53 
Eriophorum-Sphagnum peat 65 0,22 
Eriophorum peat 55 0,16 
Menyanthes peat 60 0,25 
Arboreal peat 45 0,16 
Sphagnum peat 15 0,26 
Herbaceous  15 0,26 
Sphagnum (fuscum 100 %)  5 0,10 
Arboreal  10 0,21 
Herbaceous Sphagnum  35 0,14 
Arboreal 25 0,19 

Remarque: R – level of decomposition 
 
This findings show that the activity of lipase falls with the presence of humic acids. 

The preparation of humic acid removed from the sphagnum peat (100% of brown 
sphagnum with the level of decomposition 5%) made the biggest inhibitory activity on 
lipase.   

The humic acid of this peat compared to other preparations is characterized by the 
special chemical structure which we studied before [3] - it's smaller level of benzenoid and 
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condensing of molecules, the big part of aliphatic fragments and the concentration of 
paramagnetic centers.  
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Leached Chernozem and Accumulation of Toxicogenic Fungi in Beet 
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Influence of main tillage methods and fertilizer backgrounds on phytotoxic properties 
of leached chernozem in beet agrocenosis was studied. Soil phytotoxicity was determined 
by method of soil plates, garden-cress being as test crop.   

It was determined that, when applying full doses of mineral and organic fertilizers, in-
crease in number of phytotoxic fungi species and soil phytotoxicity was observed (Table 
1). When applying only organic fertilizers, fertilizer background increase caused decrease 
of the phytotoxicity in variants with chisel tillage, and its increase in variants with mold-
board plowing and combined tillage. But with medium fertilizer backgrounds, the phytotox-
icity was minimal or absent. So, variants using moldboard plowing and combined tillage 
and with medium fertilizer background (N45 45K45 + 5,5 ton of manure per 1 ha of crop ro-
tation area) should be recognized the best for development of plants (without inhibition). In 
this case, phytotoxic properties of soil were minimum exhibited (0-2 %). The greatest soil 
phytotoxicity was shown in variants with chisel tillage (42-64 %). 

In 2012, phytotoxicity correlated with number of Fusarium genus fungi (r=0.83–0.86) 
as follows: the strongest correlation was observed for F. oxysporum species (r=0.75) in 
July, and for F. solani species (r=0.93) in September. There was a great correlation de-
pendence upon the number of Aspergillus flavus (r=0.75). In 2013, phytotoxicity correlation 
coefficient was the greatest for Fusarium sp. at the end of vegetation period (r=0.68). Soil 
phytotoxicity enhanced with increasing sum of precipitations during the investigated pe-
riod. In 2012 (July and September), less rainfall provided phytotoxicity level of 20.4-36.4 % 
on average. With more rainfall in 2013, the phytotoxicity increased up to 36.1-45.1 %. 

и  1. Phytotoxicity of leached chernozem and number of toxicogenic fungi  
2012 2013 

July September May July September Tillage 
Back-
ground 

I II I II I II I II I II 
1 6 93,6 8 78,2 43 64,1 50 67,8 41 80,2 
2 2 140,7 0 78,7 0 83,3 0 166,5 2 80 

Moldboard 
plowing 

3 40 160,8 11 110,8 64 109 60 171,1 64 100 
1 60 121,2 24 104,1 72 77 61 151,9 72 105,3 
2 60 126,7 48 137,3 56 116,1 56 181,4 56 111,3 

Chisel 
tillage 

3 73 174,9 54 144,1 27 136,4 18 225,5 59 143,8 
1 18 107,3 10 78 35 57,8 26 123,8 35 66,6 
2 20 127,2 14 97,8 20 102,7 0 185,5 16 93,2 

Combined 
tillage 

3 49 120,5 15 117,7 59 122,8 54 203,5 61 99,7 
1 – without fertilizers, 2 – N45 45K45 + 5,5 ton of manure per 1 ha of crop rotation area, 3 – 
N62P62 62 + 11 ton of manure per 1 ha of crop rotation area; I – soil phytotoxicity (%), II – 
number of toxicogenic fungi (thousands of colony-forming units /1 g of absolutely dry soil) 

75



И о а ио е о  о е и  а о о е а и оки о  
а и е о о и и о о о ои о е ия 

. . о , И. . о о , . . о о , . . о я 
 о и и  о-и о и  и и  о и ии и и  

. . я и и о , о , о ия, elgen@mail.ru 
 

 о ии  о  и и  о я  о ия  о о  и о и о  
 о и  и и  о ия и  о о о . Э   
о и , о и  и о  о о  о ,  о  

и о и и о о ия и  и  о  и  о  и 
о и , о и  и и  и   о ия  о   и 

и   о о  о ии. о о, и о ия о о 
о и  и о ио . 

и  1. и и ия о и   о о  и о и о  (  ИИ 
о и ии) 

и  о и  о о   
о о  

и ия 
и о и о  

и о   ( и я  и 
  и ) 

и  
и о и  и и  

о ия о  о о  я о о и о  и  
и о и  

и о   ( и я   и 
  и ) + и о  

( ) ( о о о ) 

и  
и о и  

и о   ( и я   и 
  и ) + о  
и о о  ( ) 

и  
и о и  

 о и  о о о и + о  
и о о  ( ) 

и  
и о и  

 о и  о о о и + NPK и  
и о и  

 о и  о о о и щ о о  
и о и  

 о и  о о о и + и о  
( ) ( о о о ) 

щ о о  
и о и  

 о и  о о о и + о  
и о о  ( ) 

щ о о  
и о и  

о  о о  я о о и о  щ о о  
и о и  

о-
и  
о ия 

о  о о  я о о и о  + о  
и о о  ( ) 

и  
и о и  

и  и   о , о и о ио  о ия  
о о  и о и о  и я о и о о  , о о  и ия 
и о и о , о  о-, о-  и и о о ,  ио о и и- и  

о и и  щ  ( о и и  и . .), о о о  ( и о и и , и ), 
о ящи  и  я; о о  и ия ( . 1) (Pacuta 2009, Liu 2013, Jie 

2008, Vesela 2009). 
 о и и  о о я я о ия  о о  и о и о  и  и о о 
я: и о    и я   и ,  о и  о о о  

и . . и и я и о о о ои о ия: о  о о  я о о и о  и . ., 
о и  о  и о о и о и .   о о и  
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о и  о о я  о   о и  о-, о-, и о о   и  
о и и  о  и и  о  о .  

 о  и и   и  о о я   
о и о о о о  и  и о  и о о и о  и ия и  
о и . 

о е ия а о о е а и оки о  (и  я а и е о о 
ои о е ия) 
И ия, о  о и и о  о и   и  

я о о  о  и , о и, о и и  о ия и о и  ( е  о аво  
а о- и и оэ е е ов) я о о  о о и я  и о о  
о о и о о о и и о  ия и   о и о  . 
о о  и и о о и и  о  и о ии 

о о  о о и я   о  0,5 /   и о  о о о  и  
о и  и о и   о  0,6 и 1,0 / . и о и и 3,1 и 2,9 / , 
оо о, и о о и  о о  19,5 /  (  ИИ  
о о ии, 2011 ).  

о  о о и и  и  о и о  о  « о о я-56» 
о и  и  ( е  о аво  а о- и и оэ е е ов)  о ия  о о о  

о и о и о о и о  ия и   о и о  .  и  
о и о  и  о  ия и  о ия и и  и  о о  о 8,5 , 
и     о  ия, о и  7,8   о о , о  о  о  
о о о о о  о и  о о о  и о и    о о , и о  

 ,  о о о о   и  ия о и и   о  3,5 /  
о и  1,39 ,  о о   о о и о  о и  1,11 . 

  о о ия и  о и о    и  и  и о  
( и  - 3,5 / ) о и  42,4  о и  38,8   о о   о о и. 
о о   и и ии о ия и  и  о  ия 
о о  о  5,14 /  и о  1,5 /  о 5,38 / , и о  о ия 3,5 /  и и 

 2,2-7,0% ( о о   о о  – 5,03 / ) о и  о и , 
оо о, о и о  20,0-20,8%,  о о о  и  о  о и 

  о  19,5%. и    о  и о  о  
о ия - 3,5 /  (  о о и  ИИ  « и о » о о ии, 

2010 .). 
 о  о и о я о о  и  я о о  и  о  

Э и  о и  о  и о и  (+ о е с и оэ е е ов) о  
о о и о  ия и   о и  и о  и ,  я  

ия  и и  о о и о о о о ,      1 
и  и  о о . о о  я о о  и  о  о и  

о ия о и  32,0-33,4 / ,  о о о о и  –  4,1-8,5% 
( о о   о о  30,8 / ). о и    о  и  о о  о 
и и  и о я о 12,2-12,4%; о и  – 31-31,4%. 
И ия, о  о и и о  о и  и  я о о  о  

и , о и, о и и  о ия и о И  (+ о е с 
и оэ е е ов) я о о и я  и о о  о о и о и о 
щ  и о  о я  я о о  и   1,7-4,0 / . и  

 о  о  и о о ия о  о  (0,1 / +0,2 /  и 0,1 / +0,3 / ) 
(  ИИ  о о ии, 2011 ).  

 и и   о ия  о о о я о и, о 
о  о о и я о и о и  И о -  и о (+ о е с 

и оэ е е ов) о о о и о и  о о и  о  и  о 
о о и   о о    6,7-14,2%. и о  и о  о  3-  

я о о  о и   о  3,0 и 5,0 / , и  о и  1,29 и 2,92 
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/ , оо о, и о о и  о о о  и  28,38 / . 
И о о и  о ия И о -  и о я о  о о о   
я о и и о и о  и и    о   5,1-13,1 ,  о ия 
о и о о  и о   о   0,5-0,9 /100  и о  о о  и  
о о  (  о- и  о  о-и о и  и и  
о о  и и о  о о ии, 2011 .).  

о е ия а о о е а и оки о  и  я и о о о ои о е ия  
 и и , о   о ия  о о о  о и  

 о  о  о я о о я я 52 о и, о о  и  
о  о о  о о и о и  - о  о и  ( е  

о ав е ия а о- и и оу о е и ) о о  и  о и о и (  
 и ия о ия и  о и и я и) и и  о  74 ./  

о 78 ./ . и о  и я о  оо о и   о о о  и о  о  0,4 
о 0,5-0,6,   о о  и и я о  333  -  о о  о 383-427  -  

и  и . и и  - о  о и  я о  
о о о   о  2,0 /  о о о о и и  о о и  2,0 /  (11,4 

%),  о  3,0 /  -  2,8 /  (15,9 %),  о  -  4,0 /   3,7 /  (21,0 %) и 
о о и  о о  17,6 / . и о  о  о  17,4 % ( о о ) о 

18,0-18,4% и и ии о ия. о    и   и и  
о ия о и  3,6-3,8 / , о  о о я  0,5-0,7 / . и  
о и и  и   о о  и ия 3,0 / ,  о о о 
о о о  - 20,0 /  (  о о я  15,9 %), и о  о   0,9 

% и о    0,6 /  (  ИИ  , 2010 .). 
 о  о и о я о о  и  и  я о о  о  
 о и  и о о  ( е  о ав е ия а о- и и оу о е и ) 

о о о  о и  о о и и   ио  о и  13-69  
./ 2, и и  о и  о и   –  4-68 ./ 2; о и  

о о о   о о  –  1-2 ., и    о о  –  1-7 .,  1000  
–  0,4-1,2 . о о  и  о и   0,4-1,6 /  и и 3,0-11,9: и 
о о и  о о  13,4 / . о и  о и  и    
о и о   0,2-3,0% и 0,6-1,5% оо о. и о и  о и 
о и о и  и о  и и ии о ия  о  2,0 /  

(  и  ИИ  о о ии, 2012 .). 
  о  о  о о и о и  -  о  ( е  

о ав е ия а о- и и оу о е и ) о и о и и о  ия и   
о и о  . и  о я о о  о и  32,3-52,6 /  и и 

10,2-16,6%, и о о и  о о о  и  317,4 / . и о  о и  
о  о о  о  (370,0 / ) о о о  ( о и   о : о о 
щ  – 5,0%,  – 3,3%, и и   – 22,5 /100  . - ,  о о  – 

3,2, 2,6 и 18,0 оо о) о  и о  о о  и  
о  о и  -  о   о  0,8 / . 

о я о о  и  о  о и  о- и ( е  
о ав е ия а о- и и оу о е и ) о о о  о и о и  о о 
и  о о  (12,0-13.4 ./ ) о   о  ( и  – 4,7-4,8 ,  
о о  – 4,4 ;  – 65,92-67,39 ,  о о  – 60,80 ). и  
о о и о и  47,0-58,7 /  (14,8-18,5%) и о о и  о о  317 

/ . и о  и  и о  о о  о  о и  
о о  о о и  о  0,2 / . 

   о о о  о и  о о  о о и о и  
 ио  ия о и о и о  ощ  и , я   и и  
о  (43,0-46,0 ,  о о  – 39,3 ), и и  о  и оо о ия 

(1111,8-1215,8 2,  о о  – 998,4 2), и и   о о  ( и  – 
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4,0-4,4 ,  о о  – 3,7 ; и  – 7,2-8,1  и 6,4 ) и и   (91,52-110,38 
и 83,86  оо о). и  о я о и  26,2-31,1 /  (11,7-16,5%) 
и о о и  о о  223,8 / .  о  о  ( о о и  
о о щ , , и и  ),    о о  и о  
о и о и   и   о и  о  о о  о о и 
о и   ио   о  5 /   (   « и  , 2011 .). 

и  и о о щ и   и ио  и и   о и  5  
о и, о о ия  о о  и о и о   о и и и  о о  

о-, о- и и о о , о и  о и  и о и 
и о о ия и  и  о  и  о  и о и , и и  
и и  и   о ия  о  , и,  и , 
о и  о и о и о о я   и и   
о ии. 

 
и о  и о о о  и  
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о ия  о о  и о  и о , я  о о  о о о -
я  и о  о и ия, о ящи   о  о и о о щ  о  и 

 о и  и о  (Hassett 1998, Lobartini 1992, Nardia 2002). Э и 
о ия и и о о  и и   о  о я , и и   о о о и  

и о ио  о .  
о ия и я о и о о  , о о  и ия, о  

о-, о-  и и о о  и о о  и ия ( . 1).  

и  1. и и ия о и   о о  и о  и о  (  
ИИ о и ии) 

и  о и  о о   о о  и ия 
и о  и о  

о  о я ия + и и  
о ия и о о  ( ио ) о я ия 

 о  щ о я ия 
о  щ о я ия 

о  
щ о я ия +  

 
о  щ о я ия 

и и  о  щ о я ия 
и о о  ( ио ) щ о я ия 

о + о  щ о я ия 
о + и о о  

( ио ) 
щ о я ия 

и и о щи  о о  
и  о о о  оо -

щ  о о и 

о и и о- и о и и я 
ия 

о и -
 о -
ия* 

и и о щи  о о  
и  о о о  оо -

щ  о о и 
о о  о  и о  

и и .   о и  и и  о ия о-, о- и и о о  
 

и  и о о щ и  и о  и о и  о и, о о ,  о-
и о и  и  и о  о  ( я, о , о  о о и , о и и  
о о о  и .),   о о о  и  , о  и о  -

и  о  и о  щ  и о о о я.  
и  и о  о и и  о о о и о  ио  и о о 

я ия ио и и и  о о ,   и о о ии и  о и  
ои ия и  о  о  – и  и о о , и  о   о , 
 о  о  
Э  и о  щ  и и  о  и о и  я, о ии 

и о  и о   о ии. и о  и и  я я о о о и 
и о  щ  о  и о  и  о и . 

о  о о о  ои о  и о  о и  я я я 
о о  щ о о  и о и   , о и , о , 
о я, и о я  о о , и о о  ( ио ), и о 

о , и о   и о о о  ( ио о )  о о и и и  
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о щ  о о о    и ио  о  ( ) и о -
и  и и  о ия о-, о- и и о о . Э и и о  
о ия о о я я   о о и  о ия . ,    

о о и  и о  о и  о о я я о  и  
и и о щи  о о о  и  о о о  оо щ  о о и, 
о и я о и и о- и о и и о  ии и и  о и  
о о  о  и о . 

 о и и  о ия  о о я я и о  о ия и  и о о  
( ио ), и о о , и о   и о о о  ( ио о ), о , 
ои о и   и о ия и о  и о  о о   о щ  

о о о   и ио  о  ( )  о ия и  
о о о .  

о о и  и о ия о и, о и и и ии о  о  
о и  о я  ия, о о  о о   о  
о и , я я я о я щи и и о  ио о и о  и о и: 
о ,  и о и и я, о о  и ия о о о о щ о щ , 

и я о , о о  и ия, о  о . 
 о  и и   ия ( о  , щ о я 

ия)  о ия  о о о я о и, о о и и  я 
о  о о о  о о  о   о о о о о и  
о я  о о о  и  о и о  -  3,3 /  (6,1%) и 
о о и  о о  53,8 / ; я я о и о о –  3,2 /  (6,2%) и 
о о и  о о  – 51,7 / ; я я я о о о –  2,3 /  (9,3%) и о -
о и  о о  24,7 / .    и  о я  о и  

3,3 /  и и 5,0% и о о и  о о  65,8 / . о  я  
о о и  о о   0,9 /  (5,7%)  и о о и  о о  – 15,9 / , 
о     и и я  7,3%. о  о о и и  ои 
о  ия о о о и о и  о я я   2,4 /  (12,8%) и 

о о и  о о  18,7 / , о     и и я  14,6%. 
о о   о о о  о   о и   11,7 /  и и  17% и 
о о и  о о  245,0 / , о     и и я  19,7%.  
о о о   и  о я о о о  о и  20,3 /  (15,5%) (  о -
о  130,9 / ),  о о и – 39,2 /  (18,3%) (  о о  – 214,8 / ).  
о  и  о я  о и  20,0 /  (16,5%) и о о и  

о о  121,1 / .  о ощ   о  о и  о  о о о  
и  о я о о  о и :  о  – 46,2 /  (16,3%) и о о и  
о о  284,0 / ;   о о – 49,8 /  (19,3%) и о о и  о о  

257,8 / ;   – 57,8 /  (14,5%) и о о и  о о  397,8 / ;  
о  -   21,2 /  (12,7%) и о о и  о о  166,6 / ;   

о о о  – 40,5 /  (20,6%) и о о и  о о  196,7 /  (  
 , 2006 .). 

  2010 о ,   о ия  о о о я, и и   о и и  
и   и  ( о  , щ о я ия)  о  и и  

о о о о и и ии о о  и о оо о  о о . 
  о  ( и и  я   о о  и о щи  

о  о о и и ) о о о и о и о и  о о и  
о о    (  13%) и,  и ,  и и  о  о о     

42% о и   о о . о   и и я   152 /  (50,4%) и 
о о и  о о  300 / . и о  и о и о  о 
о о ,  о  о о о о и  о о щ ,  и и и  . 

и и  и  я о о  о о и я  и о о  
о о и о о  и  о о о о  и и  о  и   о , 
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о о  о о- и и оо о ия, о и  и и я о   и я  и 
 и   о и и,  и , о и  о о и и  . 

и  о я о и  6,1 /  (8,0 %) и о о и  о о  76,7 / , 
о и о   о и   2%, о  и щи о о  и и и  

 0,5% (   , 2010 .). 
и ио  и ия о ия и о о о и о о « » 

( о  – и ио  о )   я о о о я я и я о о  и , 
о   о ия  я о  о и о и, о о я о о  
я  о  о о и о  ия и   о  о  и и  
о ия я   я я  2,0% и 2,7% и  и  –  1,5% и 2,6% 
оо о.  о  о и  о ия ио  о ия  
о и я о  1 о 3-   -  я о о  я  и о  1 о 4-   -  я о о  

и . И о о и  и о о о о ия о о и о и и   
 о и о о и.  я  о и о о и   

и и о  –  26-58 ./ 2, и о   о о  –  0,3-0,7 .,  1000 – 
 1,0-2,7 ;  и  –  8-18 ./ 2, 3,0-3,3 . и 2,2-2,4  оо о. 
и  о я ,  ии  о о ,  я  и и  –  2,6-

3,1 /  и и  9,6-11,4%, и о о и  о о  – 27,1 / . и  
и о  о    и   о  о о о  (  + о я 

о о  и ). о и     я я я о о о  и   
о  о о о  о и  и о и о 9,75%, о  о о я 

 0,81%. 
 и  о о  и и   2,5-2,8 /  и и  11,6-13,0%, и 

о о и  о о  21,6 / . и я и  о я   
о  и о  о о  (  + о я о о  и ). 

о я о я о и  о о о  о  о и  о ия 
о и   2,6-5,2% (    и . о , 2011 .). 

 и и , о   о  о и    я о о  
и  о  я 36, о и, о о  о и  и о о о о ия 

« и и о  о о о и » ( о  – и ио  о ) о я о  и  
о о и и   и ия   1-2 я. о  о  о  

о и о и о о и  о ия  о  5 /  ( ) + 3 /  ( ия) – 87 %, 
о и о о о   16%.  

и о о  о и  « и и о  о о о и »  о  5 /  ( ) + 3 /  
( ия) и о  и о о о о  о и о и   

о  о я: о и о о и   о и о 404 ./ 2, 
о и о о о о   о о  – 13,5 , и о   о о  - 23,6 . и  

1000  - 51,9 , о о о и о о и о   о и о и . и 
о ии о   я о о  и  и и я  1,0-3,0 /  (3,1-9,2%) 
и о о и  о о о  и  – 32,6 / . и я и  
о я и и  о и   ( о и , о ) и о  и 

ии о ия  о  5 /  ( ) + 3 /  ( ия) (  и  
ИИ  о о ии, 2011 о ). 

 и о и  и о  (о о  оо щ  
о о и, о и и о- и о и и я ия)   2011-2012 .  
и  о о я   о и, о  о о  и ия 

и о о о ия  о и о и и о  ия и   о и о  и  
и о о ии.   ои и и  и о  о     и 

   я о о  о о и я  и о о  о о и и  
о о о о о и  о о и я   4,0 /  (15,2%) и  3,6 /  

(13,6%) оо о и о о и  о о о  и  26,4 / .  
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о о и   я : и и  о ия     4,1-
4,7% и и  –  2,0-2,3%. 

 о   о  о о и и о о  о о и и о и  
и  о я о  75,2 о 83,8 /  (18,0-20,1%) и о о и  о о  - 

417,2 / . о   и и я  1,8-2,1 / . щ  и и   
и и  о о. 

о я о о  я  и  и о о  и    и и  
 о о  и о  и    о о о о о и  о я  

 10,8 /  (16,3%) и о о и  о о  – 66,1 / . о и   
и о  и и о о о  и ии и о  о     и 

  . и  о я о и  10,7 /  и и 16,2%. щ о о и и  
о и  :   и и   52-54 / ,  1000  

–  1,9-2,0 , о и о  –  7%, щи о о  и и   5,3-5,4% (  
 и  , 2012 .). 

и и  о ия  /Na  и о и ( ио , щ о я 
ия)   о  и и   о ия  о о о я   

о о о и и о  ия и   о и о  и  и о о я. 
и и  я  о   о о  и о щи  о  о о и 
и  о и  о о о и о и о и  о о и  о о   

 (39,4 .,  о о  – 33,8 .) и,  и ,  и о  и и  
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The study of the functional state of sows during gestation and lactation is important to 
determine their reproductive characteristics and productivity. It is important to note that the 
functional state of pregnant sows it in the first month, which is critical in regard to the 
formation and preservation of embryos depends on getting in the future of a healthy young 
and improving animal productivity. Continuous change in the reproductive cycles of sows 
may be manifested in the reduction of their adaptation possibilities, prolongation of 
recovery of metabolic processes and mechanisms of homeostasis, which in turn may 
adversely affect the productivity of the animals. Biologically active substances humic 
nature, are known to have regulatory effects and can contribute to the correction of 
biochemical processes in the body's immune protection, resistance and adaptation of 
animals, which causes an improvement in functional status and quality reproductive sows 
[Stepchenko L., Shvetsova O., 2013 y.]. Therefore, a study was conducted by media 
humic nature to change the level of steroid (estradiol-17β, progesterone) and thyroid (TSH, 
T4) hormones in serum (plasma). Hormone levels is strongly correlated with morphological 
and functional and biochemical parameters of blood, which is a reflection of the functional 
state of sows and their reproductive traits. Experiments were carried out on sows hybrid 
breeds Large White × Landrace (parent form F1) in different periods of pregnancy and 
lactation. It was created by two groups (control and test) by similar groups each had 20 
sows after the first farrowing. Sows during gestation and lactation, a 2-week courses 
desoldering drinking water biologically active food additive "Gumilid" (TU 15.7-00493675-
004: 2009) in the optimal dosing. According to the scheme of the experiment, blood 
samples examined in selected morphofunctional and biochemical parameters by 
conventional methods, as well as to determine the level of steroid and thyroid hormones 
by radioimmunoassay. It is known that steroid hormones in relation to thyroid hormones 
are a very important link in the process of implementation of the regulation of different 
types of metabolic processes that necessarily displayed on the functional status of the 
animals. It is found that the ratio of the steroid and thyroid hormone changes and 
correlates with indicators that characterize the functional state of the animals. We discuss 
the importance of individual hormones in the blood serum of sows in different periods of 
pregnancy and lactation, as well as changes in the functional status and reproductive 
characteristics in conjunction with these hormones in the application of humic feed 
additives. 
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Varieties of Potato 

N.A. Starokozhko, P.N. Balabko, T.I. Khusnetdinova, D.V. Karpova 
Lomonosov Moscow State University, Moscow, Russia, georstar@mail.ru 
 

As the long-term studies, the use of humates not only leads to environmental 
improvement and detoxification of contaminated land, but also to improve the productivity 
of plants and improve their quality. We investigated the effect of humates different 
manufacturers on the yield and quality of different potato varieties. Experience laid in 2008 
in Solnechnogorsky district of Moscow region on the territory of training experimental soil-
ecological center of Moscow State University on sod-podzolic cultural medium loamy on 
moraine deposits soil. This area belongs to the Non-chernozem zone. The main part of it is 
occupied by a sod-podzolic soils, which have a low level of fertility by natural features of 
their genesis. These soils are poor in organic matter, therefore, have limited capacity to 
meet the needs of plants in nitrogen from its own resources. There is little phosphorus, 
potassium and other plant nutrients in it. 

The goal of our study is to investigate the effect of non-traditional organic fertilizers 
(humates) on yield and quality of potatoes. 

To achieve the goal we have been identified the following tasks: 
To determine the yield of the following grades: "Bryansk novelty", "Santa", "Lasunak";  
Assess the impact of humate fertilizer type on the quality of potato tubers of these 

varieties. 
Humate 1 (G1) - the name given VNIIUA Pryanishnikova created by KUBOST, is 

environmentally friendly humate fertilizer; stimulates an increase in roots, guarantees a 
yield increase by 15-20%, reduces the vegetation periods of annual crops in the 
Nonchernozem zone of 2-3 weeks. 

Humate 2 (T2) – belongs to a development of the Research Institute of Agricultural 
Development in Vladimir (drug name Regros C), which is made of goose vermicompost, It 
is characterized as a high quality, environmentally friendly drug that can speed up the 
ripening period of cultures for 2 weeks. It is the most effective in conditions which are 
deviated from the norm, excessive moisture, drought, etc. 

Humate 3 (PP) - belongs to the firm HUMATE in Irkutsk contains not less than 80% 
of potassium and sodium salts of humic acid is readily soluble in water to form a 
suspension of small quantities of mineral components. Easily absorbed by the plant, it 
mobilizes the immune system, stimulates the development of a strong root system. 

The arable layer of soil characterized with p  sol - 5.8; P2O5, - 43.03 mg / 100g; K2O -
49.0 mg / 100g. The humus content was 6.00%. 

When applying fertilizer humate type Sante showed the highest yield cultivar in 
interaction with humate 2 (Vladimir Agricultural Research Institute) - yields – 53,9 tons ha-

1, growth was 33.4%. 
Slightly lower, but relatively high yields – 47,6 tons ha-1, showed grade Lasunak with 

humate 1. Sort Bryansk novelty showed a maximum yield with the use of humate 3 and 
the yield was 33,8 tons ha-1, increase - 16%. 

Under the influence of humates on potato varieties (humate 1 - varieties "Bryansk 
novelty" and "Lasunak" humate 2 - on grade "Sante") increased potassium and protein in 
the tubers. 
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In December 2014 marks the 107 th anniversary of Professor Lydia Khristeva, vice-
president of the International Commission IV Peat Society, an outstanding scientist and 
founder of the scientific school of research activities and practical application of biologically 
active humic substances. Her life's path was thorny, but fruitful, full of creativity, 
enthusiasm, open to new scientific ideas and hypotheses. She built a brilliant career and 
left a generous scientific heritage. 

Its way to humates Lydia Assenovna Khristeva beginning in 1928 after the end of the 
Kharkov Agricultural Institute. After graduation, Lydia Assenovna worked in various 
agricultural enterprises, research and higher educational institutions of different regions of 
the Soviet Union (Voronezh, Ufa, Voroshilovgrad, Kherson, Dnepropetrovsk). In 1936, the 
first publication in the journal "Applied Chemistry", which dealt with the biological activity of 
the compounds of humic oil shales. 

Since 1956, the longest and most productive period of creative way L.A. Khristeva 
associated with the Dnepropetrovsk Agricultural Institute (now Dnepropetrovsk State 
Agrarian-Economic University). Lydia Assenovna, leading the first Department of Botany 
and Plant Physiology, was able in 1959 to organize the problem laboratory for humic 
fertilizer, which in some years worked from 50 to 100 employees. Lydia Assenovna 
already a recognized a talented and energetic scientist in this period gathers around itself 
young researchers created a scientific school that would later become world famous 
school of professor Lydia Khristeva to study the biological effects and the use of humic 
substances in agricultural production. 

Having headed problem laboratories, Lydia Assenovna directs the efforts of the 
collective simultaneously as for basic research, and applied at resolving problems on the 
practical use of humic substances. It is equally a scientist interested in the problems 
genesis of humic substances, their chemical structure and physico-chemical properties of 
diverse physiological effects, the creation of technologies for the production of humic 
preparations and implementation. 

In addition, her research has focused on the different mechanisms of the biological 
action of humic substances on agricultural crops, such as: 

� features the metabolism of carbohydrates and redox processes in cells; 
� activation of the processes of photosynthesis and electron transport in chloroplasts; 
� induced synthesis of DNA, RNA, proteins and enzymes; 
� anti-stress and adaptogenic effect; 
� cool-  and drought resistance; 
� Reducing of pesticide residues. 
Professor L.A. Khristeva has published more than 400 scientific papers. Scientific 

heritage of Lydia Khristeva is reflected in 9 volumes of collections of scientific articles 
"Humic fertilizer. Theory and practice of their application. " 

Led by Professor L.A. Khristeva been developed and defended two doctoral and 45 
master's theses. The results on the biological properties and functions of humic 
substances have been featured in many scientific and industrial the seminars for scientists 
and specialists of agriculture. 

Her new ideas and research results she presented at numerous scientific 
conferences and congresses in the Soviet Union (Moscow, Leningrad, Ufa, Minsk, Vilnius, 
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Riga, and others.), Czechoslovakia, Bulgaria, Germany, Finland, Poland, the USA, Ireland 
and the Vatican. 

Scientific hypotheses prof. L.A. Khristeva is a program for further in-depth study of 
humic substances. Especially farsighted and relevant views were Lydia Assenovny 
regarding ecological role of humic substances in the biosphere. Scientific heritage of L.A. 
Khristeva and currently remains a source of ideas and creative research program for its 
followers to study one of the most valuable treasures of the Earth - humic substances. 
Since the second half of the 90`s scientific school on humic fertilizer and the problem 
laboratory headed by Professor I.I. Yarchuk, and since 2002 - Head of the Chair of 
Physiology and Biochemistry, a member of the International Society of peat and humic 
substances, Professor L.M. Stepchenko. 

The followers of and students of Professor L.A. Khristeva the Dnepropetrovsk State 
Agrarian-Economic University carefully and reverently preserve heritage Lydia Khristeva 
developing the basic provisions of its theories on the biological action of humic 
substances. Research Laboratory, which has created L.A. Khristeva, in the year of the 
100-th anniversary of the birth of Teachers was given her name. 

Currently established regulatory mechanisms of action of biologically active 
substances humic nature, which appear in the immunomodulatory, adaptogenic, anti-
stress, and hepatoprotective effects enzimostimuliruyuschih on living systems. 

Developed a screening system for assessing the biological activity and toxicity of 
peats as a theoretical basis for the creation of biologically active preparations humic 
nature. 

Biological activity and toxicity evaluation of peats different geographical zones of 
Ukraine was conducted. On the basis of this was created Biokadastr of peats Ukraine, 
which serves as a reference and allows the use of peat in the various sectors of the 
economy. 

The efficiency of the use of biologically active substances humic nature of agricultural 
production: 

- in plant growing - in order to increase the yield of agricultural crops and increase 
their resilience to shocks in terms of risky agriculture; 

- in animal production - in order to increase the productivity of animals (cattle, pigs, 
sheep, poultry and ostriches) by improving the functional capacity and reactivity to adverse 
environmental conditions. 

In the Research Laboratory Professor L.A. Khristeva prepared to register a number 
of promising drugs and feed additives humic nature with a view to their application in 
various branches of agriculture. 

Scientific heritage of Lydia Khristeva and now remains a source of ideas and creative 
research program for its followers to study one of the most valuable resources of the Earth 
- humic substances. Therefore sketch of Lydia Khristeva, a talented scientist, a great 
teacher, a man of brilliant erudition, sensitive friend and bright personality - I would like to 
finish it the same words that have become winged - "Duty of the scientist to land was clean 
and well-fed people." 
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In field experiments, influence of humic compound Humimax (compound on the basis 
of potassium humate, produced from peat, contains nitrogen, phosphorus, potassium, 
boron, zinc, copper, magnesium, cobalt, manganese) on productivity of sugar beet and 
development of diseases was studied. Treatments with humic compound Humimax at the 
stage of crop closing, and with fungicide Benomil 500 (0.6 kg/ha) when first symptoms of 
powdery mildew appeared (1 decade of August) were used.  

It was determined that single application of humic compound Humimax at the stage 
of crop closing in dosage of 0.2 l/ha and with working solution consumption of 300 l/ha 
maked spore load of Erysiphe communis Grev. f. betae Jacz. conidia 32 times less as 
compared to control (Table 1). 

Level of powdery mildew development was 26.6% for the variant with humic 
compound Humimax treatment, 46% for control, 7% for treatment with chemical fungicide 
Benomil 500, and 1.7% when they were used together. 

Biological efficiency was 41% with single application of humic compound Humimax, 
and 96.3% when applying humic compound Humimax and fungicide Benomil together. 

A synergetic interaction of humic compound Humimax and fungicide Benomil 
appeared as increase of root yield by 4.2 ton/ha and sugar yield by 1.1 ton/ha was 
revealed. 

So, to enhance biological efficiency in controlling leaf apparatus diseases, using of 
potassium humate (Humimax) and fungicides together can be recommended. When 
insignificant level of disease development is predicted, it is possible to confine application 
to single treatment with humic compound Humimax at the stage of crop closing. 

Table 1. Influence of the humic compound on productivity of sugar beet and 
development of diseases 

Spore load 
Powdery 
mildew 

Biological 
efficiency

Yield 
Sugar 

content 
Sugar 
yield 

№ Variant 
number per 

cm2 
P, % R,% % ton/ha % ton/ha 

1 Control  12813 100 46  46.9 17.67 8.29 

2 
Benomil 
(500 g/kg)  

154 56.4 7.0 84.6 47.2 18.31 8.65 

3 
Humimax, 
Benomil 

153 17.1 1.7 96.3 51.1 18.30 9.36 

4 Humimax 396 98.8 26.6 41.5 47.3 18.06 8.54 
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Bacteriophages – viruses of bacteria widely spread in the world. Some authors 
estimate total quantity of bacteriophages in the biospher  as approximately 1031 and about 
108  of different genotypes [1]. Natural bacteriophage community - is an immense pool of 
genetic diversity which has not been studied yet. It has been shown that lytic 
bacteriophages may play a fundamental role in cycling nutrients and organic matter in sea 
water [2]. Also, viruses provide genetic exchange between communities [3,4]. It has been 
shown for 4 different exotoxins encoded by prophages that phage infection in soil, 
seawater and seabed sediments contributes to the spread of pathogenic strains of 
microorganisms and the emergence of new pathogenic forms [4]. One of the most relevant 
examples of genetic adaptation (following Lamark‘s mechanism - the inheritance of 
acquired features) are recently discovered systems of bacteria immunity to the mobile 
elements such as plasmids and bacteriophages - the so-called CRISPR/Cas system. 
CRISPR/Cas systems were found in the genomes of vast majority of eubacteria and 
archaea [5]. Horizontal gene transfer carried out by bacteriophages and plasmids, plays an 
important role in the cell‘s life. For example, it provides a common resistance factor to 
various antibiotics among the pathogenic bacteria. It was shown that many bacterial toxins 
(virulence factors) are encoded by prophages, such as botulinum toxin C1 and G 
(Clostridium botulinum), Diphtheria toxin (Corynebacterium diphtheriae), Shiga toxin 
(Escherichia coli), streptococcal toxin produced by the causative agent of scarlet fever 
(Streptococcus pyogenes), and some others. [6]. Thus, bacteriophages provide an 
important factor in genetic exchange and evolution of bacteria, get involved in the 
formation of biofilms, and participate in the pathological process in some bacterial 
infections. Any changes in the ability of foreign DNA to penetrate of into bacterial cells 
have a direct influence on the genetic adaptability of prokaryote. umic acids (HA) in soil 
can be one of the factors of such alterations.  lot of researchers report on the role of 
humic substances in interaction with various chemical toxicants  on microorganisms 
[7,8,9], but evidences of their interaction with „living systems“ including bacteriophage, is 
still lacking. We have previously shown that a lot of soil bacteria adsorb HA on the surface, 
with different intensity and  quantity [10]. Some researchers, who studied the behavior of 
bacteria and bacteriophages in lakes with a high content of organic matter, assumed that 
humic substances were able to bind bacteriophages directly  in water [11]. Other 
researchers demonstrated that HA prevented the sorption of phageson at the surface of 
mineral particles [12]. In this work we aimed to measure the adsorption rate of 
bacteriophages to host cells coated with HA, according to the classical method [13], as 
well as to study of the role of free HA in the binding of phages in solution. 
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С и ае ся, о я о и с ва у у ы  ас е и , а о а ова ие 2,5 

. cу о о вещес ва ас и е о  ио ассы, и и ас о уе ся о и о а а 
во ы ( у ы  ас ё  о а ывае , о 800  оса ов в о  о ес е ива  
и ос  ио ассы, в с е е , о  2 о 5  с 1 в. .). 

о и о ови а все о сос ава ас и е о о вещес ва и о и ся а 
у е о . и э о , с иса  с а е ие ас е и  у е о о  во у а е вы о и : 
и ея о оси е а, в о е  а  и ео ия а ви а, а  и е овые 
е о о е ия Э е а ав о яв я  есос оя е ос  и аво  
а ы е ии. “ ы ое со е а ие С 2 в во у е о е е ся о  0,02% о 0,03%. 
и о а ы  ус овия  э о сос ав яе  0,589  С 2 в 1  во у а. ос о у 

и  1  асси и и ова о  С 2 о а уе ся 0,682  о ы, о я о а ова ия  1  
о ы у о а а и   о и ес во С 2, со е ащееся в 2500  

во у а…”( у и  .А. Фи ио о ия ас е и . Ч.1., М., 1954, с.236). Э о  о ё , о 
все у о е у, е е  ис ово  а а а  ас е ия ещё ео о и о и о а а . 
и э о , а у ив все а о ы е о и а и и.  

е у а ы о ы ов а -Ге о а, у а ыва  а е и с ве ы  ис о и  
у е о а. И э о - во а. 

е е е ы  о о е о  все  о а и ес и  сое и е и  яв яе ся 
у ево о о ая у а С 2. И е ся все ос ова ия с и а , о в а ес ве 
о о о и  о о е ов во а со е и  и е о э у э е е а у  у у С 2. 

а се о я и вес о, о о е у я ы  вес во ы е соо ве с вуе  
сущес ву ще  о у е - 2 .  о ее высо и , е  э о с е уе  и  ас ё ов. 
ыс а ыва ся е о о е ия, о во а а я у с ос ы и о е у а и 2  
со е и  о ее с о ые о е у ы, сос ав о о ы  о е  ы  вы а е  о ще  
о у о  ( 2 )n, е “n” е о о ое е ое ис о. Мы е ис о и  и  
е о о е ия, о её о ее высо и  о е у я ы  вес о с ав е и  с о у о  

2  оис о и  в е у а е о а ова ия ас е ов во ы с в е ие  
у ево о о о  у ы С 2. о о о, и е о о ые а о ы а э о я о 
у а ыва , о а са ая, о о у ая  у а С 2 и яв яе ся а о о , е  
а о ы  вес и о и ся вы а а  е со а о  о у о  4 +2. а о, ес и 
асс а ива  а о  а  у у С 2, е а  э е е , а а  о е у у, о яс о, 
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Effect of Ultra-Low Doses of Humic Substances and AgNO3 on the 
Germination of Wheat 

Vera Tschukina1 

1Dokuchaev Soil Science Institute, Moscow, Russia, vera.tschukina@gmail.com 
 

In studying the effect of ultra-low doses of plant growth regulators have been 
identified multiphase nature of "dose-effect" dependence [1]. This phenomenon is called 
the effect of ultra-low doses (10-5-10-30 mol L). The mechanism of this effect is not fully 
understood. It can be explained by the fact that each of these substances corresponds to a 
specific target and the individual mechanism of signal amplification, and the response is 
formed in a non-equilibrium ligand binding to the receptor. The effect of ultra-low doses of 
different types of substances on crop  can manifested in the doubling of yields as well as in 
the increase of resistance to pathogens. Research on the effect of ultra-low doses in crop 
production today is especially important in connection with the transition to green 
chemistry and organic farming.  

The aim of this study was to investigate the influence of ultra-low doses of 
commercially available potassium humate (HA), as well as silver nitrate on the germination 
and growth of wheat.  

Objects: winter wheat (L15, Timiryazev Russian State Agricultural University, 2011), 
ultra-low doses AgNO3, prepared by the homeopatic method (Willmar Schwabe) at a 
concentration 10-12 mol L, 10-30mol L and solution of commercially available potassium 
humate "Sakhalinsky" (dissolved in 0.1M KOH and then adjusting the pH to 5.5) at 
concentrations ranging from 10-3 to 10-30 mol L.  

Seed germination and root elongation test was carried out in plastic Petri dishes 
(200X15 mm). Each dish contained 10 mL of solution or distilled water (control), and ten 
seeds of wheat. The Petri dishes were then  placed on thermostat and maintained for 72 h 
under dark conditions at 25 °C. Each treatment had six replicates (6 Petri dishes of 10 
seeds for each solution).  

The results of research are presented in Figure 1.  

 

Fig.1. Effect of ultra low concentrations of potassium humate (HA) and AgNO3 on the 
length of the roots of wheat seedlings.  

97



 

The obtained data has shown that: 1) inhibitory effect of ultra-low dose of silver 
nitrate on the germination of wheat was found at 10-30mol L; 2) the decrease in the mean 
root length of 61% of control (15 ± 4 mm in a solution of silver in water vs. control 39 ± 4 
mm);  3) potassium humate in the ultra-low dose showed no statistically significant effect 
on wheat compared to the control. The experimental results confirm the agrohomeopathic 
rule about the negative impact of ultra-low doses of homeopathically prepared drugs on 
healthy plants. Whereas diseased plants at ultra-low doses should give a positive 
response. That requires further study. Also further research is required for the  study the 
influence of the same drugs in the same doses on diseased plants for their resistance to 
pathogens in order to create cheap and harmless means of plant protection. 

The results obtained can be used in refining the standards and maximum allowable 
concentrations of toxicants, herbicides, and biologically active substances, including silver 
nitrate.  

 
[1] - Sukul NC, Sukul A. Potentized Cina reduced root-knot disease of cowpeas. 

Enviroment Ecol 1999; 17: 269–273 
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Application of Commercial Humic Products in Russian Federation: 
Results of Field Trials (a Review) 

Olga Yakimenko 
Soil Science Faculty, Moscow State University, Russia 
 

Today a boost in production of commercial humic preparations (HP) has occurred 
world-wide, and in Russia the results of field tests have been published mostly as 
conference proceedings and reports. Unfortunately this information and the vast 
experience that has been gained with HP field application are mostly unavailable for the 
international scientific community. Therefore the aim of the present paper is to give a brief 
review of results from HP field tests   that have been conducted in Russia. 

Crop responses to HP have varied widely among studies, due to the diversity of 
climate and soils in Russia, specific traits of plant species and cultivars, multiple modes  of 
HP’ application, and variable  properties of HP themselves. Humic products are applied 
through several techniques: pretreatment of seeds or potato tubers with HP-solutions; one 
or more foliar applications on vegetative biomass; application in combination with plant 
protection products or inoculants (for legumes); and combination of these modes. Soil 
application is not widely practiced. Application rates also vary, although low rates (0.001-
0.010% solutions) are showed to be more effective, while higher rates are considered to 
be less profitable and sometimes even toxic. The kind of HP is also very important. Today 
dozens of different HP are registered in Russia. They are manufactured using specialized 
technologies from lignite, peat, bottom sediments and some organic materials (for 
example, lignosulphonate). Since all of them may have comparable yet still different 
compositions, qualities and efficacies, source materials are also discussed.  

To form generalized conclusions on factors of HP efficacy other than crop, the study 
focuses on cereals, potato, soybean and sugar beet.  For cereals results of field 
experiments with spring and winter wheat, spring and winter barley and rice are reported. 
Combined seed and foliar applications were the most effective, as the yield response 
ranged from 6-15% up to 28-54% increase. In most cases besides the productivity gains, 
positive changes were documented in yield components and grain quality: increase in 100-
grain weight, number of productive stems, number and mass of grains per ear, as well as 
trends in increased gluten and protein contents. Often the benefits of the HP on individual 
plant traits were insignificant, but sometimes their combined effect allowed the grain 
production to be ranked in a higher grain category.  

Potato yield response varied similarly to that of wheat, from insignificant response up 
to 10-20% increase, in certain cases even higher depending on application technique, 
weather conditions and cultivar. A phenomena sometimes observed was a decrease in 
fungal diseases of potato due to HP application, especially so if they were applied in 
combination with low rates of pesticides. Similar trends occurred for sugar beet: yield 
increased by 6-20% with a slight increase in root sugar content (1-13%) which resulted in 
11-24% additional sugar yield per hectare.  

Reported results for soya bean show similar yield responses to HP: from insignificant 
up to 10% increase for seed treatments and 8-27% increases for foliar and combined 
applications. Under unfavorable dry conditions, solely seed treatment resulted in a 
decrease in leaf area and the yield response was insignificant, whether combined 
application of HP together with herbicide and inoculant’s strain promoted a yield increase 
of 14% and an increase in leaf area by 53%. 
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Anti-HIV Activity of Different Fractions of Natural Humic Substances 

Yury Zhernov1,2, Svetlana Grinkina2, Fedor Mosckaleychic2, Irina Perminova3,  
Nadezhda Avvakumova4, Galina Kornilaeva1,2 and Eduard Karamov1,2 
1NRC Institute of Immunology FMBA, Moscow, Russia  
2Ivanovsky Institute of Virology, Moscow, Russia 
3Lomonosov Moscow State University, Moscow, Russia  
4Samara State Medical University, Samara, Russia 
 

Since 1996, despite the wide application of highly active antiretroviral therapy 
(HAART), the number of HIV-positive patients continues to grow steadily. Approximately 
35.3 million people are living with HIV globally. Of these, approximately 17.2 million are 
men, 16.8 million are women and 3.4 million are less than 15 years old. There were about 
1.8 million deaths per year from AIDS. An important fact is that all currently used antiviral 
resistant mutants detected HIV. This shows an urgent need for a directed search for new 
antiviral drugs against HIV. 

The purpose of this study was to investigate the anti-HIV activity of humic substances 
fractions isolated from different natural sources including low-grade brown coal (leonardite) 
and low-mineralized silt sulfide muds against laboratory strains of HIV-1. The humic 
substances were isolated from lignites as well as from peloids (fresh water muds). The 
corresponding HS samples were humic acids from coal, fulvic, hymatomelanic, and humic 
acids from peloids. Anti-viral activity of compounds was assessed by means of modeling 
HIV-infection using laboratory adapted HIV-1 strains (HIV-1 BRU, HIV-1 899A) and T-
lymphoblastoid cell lines (MT-4, CEM-SS). The level of virus reproduction in infected cells 
in the presence of tested compounds was detected with p24 HIV-1 antigen ELISA. 

The results showed that the humic acid and hymatomelanic acid fractions exhibited a 
distinct antiviral activity within the concentration range from 0.78 ug/mL to 100 ug/mL with 
respect to HIV-1, while fulvic acids showed much less activity. The ED50 values ranged for 
humic acid and hymatomelanic acid fractions from 3 to 10 ug/mL. All fractions of HS from 
peloids within the studied range of concentrations (from 0.78 ug/mL to 100 ug/mL) did not 
display pronounced cytotoxicity. 

Thus, the HIV-activity depended strongly on the source and fraction composition of 
HS. The HS fractions isolated from different natural sources can be considered as 
promising precursors for developing powerful antiviral drugs with low cytotoxicity. 

100



Creation and Introduction of Highly Effective Ecologically Safe 
Regulators of Plants Growth for Increase of Productivity and Quality of 
Agricultural Crops 

. . Zhilkibaev1, A.P. Aueshov2, K.T. Arynov3, . . Kuralbaeva1, G.B. Serik1, 
S.A. Shoinbekova1  
1al-Farabi Kazakh National University, pr. Al-Farabi 71, Almaty, 050060 Kazakhstan, 
zhilkibaevoral@mail.ru  
2Auezov South Kazakhstan State University, pr. Tuake khana 5, Shymkent, 160012 Kazakhstan 
3bJSC “ span-Tau Ltd,” ul. Seifullina 29, Almaty, Kazakhstan 
 

Kazakhstan is the agrarian country but in spite of the fact that in agriculture have 
been engaged for a long time, still there are unresolved the problems connected with 
increase of efficiency, increase of stability to environmental conditions, weeds, illnesses, 
insects. In process of an intensification of cultivation of grain crops there is a necessity of 
application of great volumes of protection frames that leads to considerable rise in price of 
production.  

One of the perspective ways of providing increase of efficiency is application of 
regulators of growth of plants (RPG). Kazakhstan being in great need in preparations of 
different function for plant growing, them now does not make, and import. RPG to 
Kazakhstan are delivered from 14 countries of the world. Among the CIS countries are the 
Russian Federation and Ukraine. A constancy of deliveries Ukraine, Germany, Switzerland 
shown by the Russian Federation. For six years to Kazakhstan 1272 tons , on the 
average on 212 tons per year are delivered. In 2011, only France has delivered to our 
country 353 tons of plant growth regulators. Import also stably grows in dollar expression 
and for last 3 years growth averages 71 %, and in total expression - on the average on 37 
% annually. As a whole, market RPG probably one most fast-growing markets in 
Kazakhstan. The data cited above specifies in perspectives of researches in the field. 

Kazakhstan, being the agrarian country, and being in great need in preparations of 
different function for plant growing, now does not make them, and import. In Kazakhstan 
14 regulators of plants growth are brought in the list resolved for application in agriculture 
of pesticides (weed and pest-killer chemicals) only. Over them only 3 are domestic, but 
have passed only a registration stage on vegetable cultures and are not finished to 
application (because of not adaptability to manufacture, i.e. complexity of 
reception).Though, Kazakhstan is the important exporter of grain in the international 
market and sown area of grain crops occupies over 80 % (16.5 million hectare of 21.5 
million hectare) of area under agriculture crops are not present any resolved to application 
in Kazakhstan a domestic regulator of plants growth for grain crops. 

Therefore, creation of original domestic preparations of plants protection raising 
productivity of crops and improving quality plant-producing of production, and also working 
out and introduction of low-cost-based and highly effective new technologies on their 
creation acquires a special actuality.  

For realization of this problem, using a technique of thin organic synthesis, 
combinatory synthesis by a variation of an aromatic radical and quaternizating tertiary 
atom of nitrogen piperidine rings of the agent are synthesized for the first time by us 12 
new acetylene piperidols of ZhOT series. By screening of their water-soluble forms, on 
wheat and barley seeds preparations ZhOT-4 and 7, surpassing in biometric parameters 
as control, and standards – known phytohormones, as heteroauxin, BAP (6-
benzilaminopurin) to 30 % for the further tests for increase of productivity, acceleration of 
growth and wheat and barley development are selected.  

Spent profound laboratory and demonstration (finely plot) comparative tests ZhOT-4 
and 7 on grain (wheat and barley), vegetable (potatoes, carrots, cabbage, cucumbers, 
tomato) and other cultures have shown high efficiency of application of new synthesized 
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preparations ZhOT -4 and 7 which exceeded indicators of the resolved to application in 
Kazakhstan a known reference preparation – "Agrostimulin" (Ukraine). 

Currently, our products are tested for growing of seedlings of grapes. Now we also 
work in the field of preservation of the environment. Preparations ZhOT-4 and 7 have been 
tested on germination, growth and development of seeds of a Tien Shan fur-tree (Picea 
schrenkiana) in KazSRI protection also quarantine of plants and the Ile-Alatau state 
national natural park. The conducted laboratory and field tests have shown that new 
preparations stimulate growth and development of organs (needles, a crone, a stalk) Tien 
Shan fur-trees Picea schrenkiana. The air-dry weight of an elevated part of seedling in a 
skilled variant also exceeded control (on 19 %) and has provided 98 % seeds germination. 

Competitive advantage is high efficiency, a wide spectrum of cultures, good solubility 
in water, a low dose of application - 0.0001 % on operating substance (1g per 1t of water) 
or 13-50 mg on hectare, comparable with natural phytohormones, long periods of storage, 
safety. 

Manufacturability is a high exit of target products, consecutive carrying out of 3-
stages of reaction in one reactor.  

 
Researches are spent with support of the Grant of KN MES RK № 924 (№ Gov. 

Registration 0112 00750). 

102



ия ие и о о о о  а а о е ие и ка а и а ко о 
а я и е ё о о о е а ( и а и) 

. . и о1, . . и о1, о  о и 2 
1 и о и и  ио  о о о и и  и и , и , 
vladzinchenko@rambler.ru 
2darostim –  и и  и о  ио о о ии, ия, info@darostim-de 
 

Э ия ио  я я я о о о  о я щ  о о о я о  
и и и . о о и  ои  и  , о о   и 
и   и и  о  ио   о я ии 

и о о и.  и о  о  я и   я я я 
и  и и  ( . и и  × . о о ) - Miscanthus × giganteus JM 

Greef & Deuter ex Hodk & Renvoize, ио  о о о о  и  о   
и о о  о о  и и . и я о о  о и  

о  и  о     я о о- о  
о о и [1, 2]. о о и о  и и ии о я  о о о 20 
, о о о щи ия о о о 17 . ио  о  о и я 
о о.  о о о   о  и  о о о и  25-35  о  

  о  и щ  о   о о о  о    ио  [4]. 
и  и и  – и ои  и о  о о о о о и о. 

И  и о о  и о о о ия: и, о и и  
 in vitro, и  о ищ, о и  и и ( и  

о о ) [3].  
И   и  о о о  о ия и о  о  

я я я о и  я и о о о  ( и и), о о  о и  
о о   о о ии о о о о  и о о о ия я 
о  о о о ия о  и  и  и о о. 

ек  и е о ика о е е ия и е о а и . о   о  о о и и 
и и и, о и  о ия  я и  (1- о, 

2- о о и )  и о о и  о  о о  и о о о о   я  
о  о щ  : 

 о  1: 1. о о  ( о ),  2. Э о-  - 0,02%,  3. Э о-  - 0,01%, 
4. Э о-  - 0,005%. 

 о  2: 1. о о  ( о ),  2. umifirst - 0,02%,  3. umifirst - 0,01%,  4. 
umifirst - 0,005%. 

о и  о   о о и и  о о  о  о . 
и  и и  и и  о  и  3- о  ии  о  1 

и 2- о о ия и я и .   Э о- о    о   и о : 26.06.2014 
( ия о о  240-245    6-  о ия и), 4.07.2014 ( ия о о  310-
315   6-7 о ия и), 16.07.2014 ( ия о о   330-340   9-10 

о ия и).   umifirst  о    о : 4.07.2014 ( ия о о  
310-315   6-7 о ия и ), 16.07.2014 ия о о   330-340   9-10 

о ия и). о и и я и и и   о    20-21 . 
е а  и е о а и . о   о  и о ия  

о о я  о о о  и о и и о о ия о о  Э о-  я 
о щи ия и о  о  и  о и  и  и о о. о и  

 о о  ( о ) о  о я и и о  о  о  и  о о   
о  и . и   о и я и и о о ии о  
Э о-  о и  0,02%  о , о  24.06.2014. о о и о 
о и , о и  и  1- о о ия  ии  и и и  2- о о ия, 

 о о и о и и о и и о и и о  и . 
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и о щ   о   11  (4.07.2014) я о  
и и о  и и  о о  и  и о о , о о о  и о  и  2- о 

о ия. о яя  о   23 я (16.07.2014) о  
оо о  и о о ия и о  и  о о о ия и о  о и  

о  и о  и о о  о ии Э о- .  о  я  
 о   о и  о и о о ия ия  и и  и о  и  2- о 

о ия.  
и о  о о , о щ  и и о    и 

о  и о и  и о о о  . , и о  о  
 о  о  и и и и и  о ии Э о- , и  

 о  и и о о ии и о  и  2- о о ия, о,   я , 
о   я о  о о  ия и  и , щ и  и 

и  и и  щ . 
о  Э о- о   и   ( о  я ) umifirst. 

о о о  , о о , о и и  о  и о  
и   о  и и о о ии о  о и  о и   

и  1- о о ия, о о  и и о о о и  о  и  и о  
и о   о о  о и   и и, о и и  2- о о ия. 

и о  о  о     ия, о и и и о о ии 
Э о- , ио и    о о  и о  и  2- о о ия. 

и и  и   ( о о  и  о  22.07. и 4.08.2014), 
о    umifirst и Э о-  о и и   и о  и  
о  и ия  о   о и  0,02% и о  и  1- о о ия, 
о о   о  и и о  о о о ии и и о  о и  
о  о о о .  о  я  о ия и  о  и о  
о  о  (4.08.) и о   и ии и о  и  1- о о ия, о 
и о о о и  и и о  о  и и  о о  и  ( и .1,2,3,4,5,6) и, 

 и , и  и о   о   и и и . 
о  и и о   20-     о  о о о и , о я  

и и о    и о , о  и  2- о о ия, и  и  
о ия  о  ( .1).  

 

и  1. ия и  о  и о о  и о   и и о  и о  
и  и о о 

о ия  и о о о   о о о  и и  
и  

 и и 
и о   
о  о о - о  0,02% 0,01% 0,005% 

и , о  и  1- о о ия ( Э о- ) 
14.07.2014 100 100 60 60 
22.07.2014 60 60 80 40 
4.08.2014 60 0 80 80 

и , о  и  2- о о ия ( Э о- ) 
14.07.2014 20 40 80 80 
22.07.2014 0 100 100 20 
4.08.2014 100 80 60 80 

и , о  и  1- о о ия (Humifirst) 
22.07.2014 60 20 40 80 
4.08.2014 60 0 20 60 

и , о  и  2- о о ия (Humifirst) 
22.07.2014 0 100 40 60 
4.08.2014 80 100 100 80 
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 о и и и  и  и  1- о о ия и о  

о ия  и о  о и  о  о и. о о  о о о о и , о 
о ия и о о о  и о  ия  о и я  и и о и 
о  о  о о и и о  и и  о щ  и  о . о  о и  
о ии о и о о  и о  и  о   и  о о 

о ия,   и и  о  и     и  и  
2- о о ия. 

и и я ия и  и  о   и и  и  
и , о  и  и о , и о, о о  и  и  о   
о  и  ия  и  о и о  и  и о о  о 

и   о  о и и о и и  о   о и о  о  
о о  – 1 я  ( .2.) и и  Э о-   о ия  0,02 – 

0,01% о о о о и и  о  и  и о и  и  ( ия 
о  и  и о  1- о и 2- о о и ) и и  о  и о 

и   о о . 
и о  о и  о  и о и    о  и ия 

 Humifirst  и  о ия  0,01 – 0,005%.  
 

и  2. ия и  о  и о о  и о   и о  и о и о 
и   и о  и  и о о о  и  о  (  1 я ) 

о ия   и о о о   о о о  и и  
и  

о о - о  0,02% 0,01% 0,005% 

 
и и 
и о   
о  

и о , 
   

- о 
и . 

и о , 
   

- о 
и  

и о , 
   

- о 
и  

и о , 
   

- о 
и  

и , о  и  1- о о ия ( Э о- ) 
14.07.2014 47,6 5,8 53,8 6,4 67,7 6,7 33,7 5,3 
22.07.2014 36,6 5,3 32,3 7,3 42,8 5,5 41,5 6,5 
4.08.2014 39,0 5 - - 27,5 4 21 3,8 

и , о  и  2- о о ия ( Э о- ) 
14.07.2014 36 5 53 6 40 5,3 31 3,3 
22.07.2014 - - 33,6 4,2 22,4 4,2 19 6 
4.08.2014 26,4 4,6 23 4,3 29,3 4,5 22,2 5 

и , о  и  1- о о ия (Humifirst) 
22.07.2014 46,3 5,3 28 5 25,5 4 39,5 6 
4.08.2014 39,7 6 - - 53 7 41 6,3 

и , о  и  2- о о ия (Humifirst) 
22.07.2014 - - 36 5,5 21 3 31,5 3 
4.08.2014 26,8 4,6 35,3 5,7 45,4 6 37 5 

 
и о о, о и и и  о ия  (0,005%) 

о о и  о  о , о о  о о и  и о о 
о и  о  о о о . 

о . о  и о  и ия и о о о о  и о о  
и о  Э о-  и umifirst и о ии  и  и о о я и 

о о  о  ( и и). 
я и и о  и о   и и ии о   

о ии 0,02%  и  о  и о  и   о и  
о  и  и  о о  240-245  и  о ия  
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о  (0,01 -0,005%) и о  о и  о  и и о о ии и о  и  
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и  о и о  и  и о о  о и   о  о и и 
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Pharmacological Study of the Complex Humic Acid Type of Lowland 
Peat of Tomsk Region 

Maria Zykov 1, Mikhail Belousov1, Rafik Akhmedzhanov2, Sergey Krivoshchekov1,2, 
Mehman Yusubov1,2 
1Siberian State Medical University, Tomsk, Russia, gmv2@rambler.ru 
2Tomsk Polytechnical University, Tomsk, Russia 
 

In a previous physicochemical study of the humic acids (HA) derived from different 
peats of Tomsk region, we have identified a promising destination – HA of lowland wood-
grass type of peat deposit "Klukvennoe" (HA-Kl). It distinguished by a large content of 
active oxygen containing functional groups (carboxyl, quinoid, phenolic hydroxyl), nitrogen 
and higher concentrations of the paramagnetic centers. Features of HA-Kl suggested a 
high degree of molecular tropism for cells of the biological structures (receptors, active 
groups of enzymes, etc.) and therefore more pronounced pharmacological effects.  

Humic acids (HA-Kl) extracted with 0.1 M NaOH solution, without heating, 
precipitated from the extract solution of 10% HCl, washed with water until neutral pH and 
dried at room temperature.  

Received intragastric introduction of HA-Kl in laboratory animals (mice) were of low 
toxicity (related hazard class IV). When administered intraperitoneally were determined 
lethal dose (LD50 = 532.89 mg / kg). Pathological study showed that introduction of lethal 
doses of HA-Kl comes from congestive heart failure resulting from ischemic myocardial 
dystrophy. Acute hemodynamic instability and the subsequent death of the animals may 
be due at the same time as a decrease in the electrical stability of the heart, so the 
influence of HA-Kl on the rheological properties of blood.  

Revealed significant differences in the concentrations of HA-Kl daily profiles in serum 
of animals with different methods of administration (intraperitoneal administration of HA-Kl 
concentration in the blood is much higher and they take longer to circulate in the blood). 
Differences in daily concentration profile HA-Kl may indicate a very pronounced effect "first 
pass through the liver" (after oral administration), or low bioavailability of macromolecules.  

Humic acids (HA-Kl) showed high antioxidant activity under CCl4-hepatitis occurred 
reduction of malondialdehyde concentration in rat liver homogenate to 6 times, compared 
with a group of untreated animals. Investigated HA-Kl showed pronounced 
hepatoprotective activity in acute CCl4-hepatitis, normalizing functional-metabolic and 
morphological parameters of rat liver, and significantly reduced the intensity of lipid 
peroxidation. Effect of HA-Kl similar effect of the drug was superior to the comparison - 
Carsil.  

Humic acid under hypoxic conditions showed a pronounced antihypoxia action, 
significantly increasing the life expectancy of experimental animals and reducing their 
mortality from hypoxia. Under the conditions of hypercapnic hypoxia HA-Kl prevent 
uncoupling of oxidative phosphorylation, normalizing the activity of succinate- and NAD-
dependent processes of energy production in the mitochondria of brain and liver, which 
may be one of the possible mechanisms of their action antihypoxic. Antihypoxia action of 
HA-Kl did not yield effects in the reference product - dihydroquercetin in the brain and 
superior to it in the liver. Identified under the influence of humic acid normalization of 
oxidative phosphorylation in the mitochondria of brain and liver, probably due to the 
protective properties of HA-Kl that could prevent free radical damage to cells and 
organelles in hypoxic conditions. 
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Effect of Humic Fertilizer BioDon on the Microbiological and Enzymatic 
Activity of Ordinary Carbonate Chernozem 

Olga Bezuglova1, Andrey Gorovtsov1, Elena Polienko2 
1Southern Federal University, Rostov-on-Don, Russia, lola314@mail.ru 
2Don Research Institute for Agriculture, Rassvet, Russia 
 

The intensification of agriculture traditionally involves the application of high doses of 
mineral fertilizers, but their use is limited by the lack of crop varieties, highly responsive to 
fertilizer. There are also negative effects on the environment, including loss of humus and 
heavy metal pollution of soils. The increase of doses of mineral fertilizers often becomes 
biologically and economically impractical, because the additional yield from crops stops 
growing at some stage. In this regard, the alternative methods of improving soil fertility and 
crop yields have appeared, that are called collectively "biological farming". One promising 
area is the use of preparations containing humic acids. The aim of this work is to study the 
effect of humic preparation BioDon on soil biological activity.  

Objects of study and experimental design. Humic preparation BioDon represents 
an extract of dry Biohumus "Donskoy" - the product of processing manure and straw by a 
technological worm population. Microbiological analysis of fertilizer Bio-Don has shown, 
that the biological product contains cultures of microorganisms, valuable from an 
agronomic point of view. The bacteria growing on nutrient agar were the most numerous, 
with 78% of them belonging to the genus Bacillus, which are involved in the decomposition 
of fresh organic matter. The rest of cultures were identified as gram-positive cocci, 
presumably belonging to the genus Rhodococcus, or genus Micrococcus. However, the 
total titer of the bacteria (104) was significantly lower than that typically characteristic of 
known microbiological fertilizers. Nevertheless, considering the combined effect of the 
biologically active components of humic fertilizers and a set of soil microorganisms, a 
stimulating effect of fertilizers on the development of beneficial microflora in soil could be 
expected. The biological activity of soil after years of application of mineral fertilizers and 
pesticides is unacceptably low. Field experiment was laid on ordinary carbonate 
chernozem, on a 48 hectares experimental field. The experimental setup consisted of 6 
variants: 1) Background + seed treatment with growth regulator Vigor Forte; 2) 
Background + seed treatment with BioDon; 3) Background + preplant treatment of soil with 
BioDon;  4) Background + 2-fold treatment of crops with BioDon (at tillering and booting 
stages); 5) Background + preplant treatment of soil with BioDon + 2-fold treatment of crops 
with BioDon (at tillering and booting stages); 6) Background (treatment with fertilizers 
according to the regional recommendations).  

Methods of research. The number of microorganisms belonging to different eco-
trophic groups was determined by the standard method of sowing soil suspension dilutions 
on solid nutrient medium [6]. The quantity of the following groups of soil microorganisms 
has been determined: bacteria that use organic forms of nitrogen (copiotrophic bacteria) 
on peptone and meat extract containing nutrient agar; bacteria using mineral forms of 
nitrogen in the environment on starch-ammonium agar (ISP-3); bacteria developing at the 
expense of substances of the soil (pedotrophic bacteria) on soil agar; diazotrophic and 
oligonitrophilic bacteria on Ashby nitrogen-free medium; soil fungi on Czapek agar 
supplemented with streptomycin. Actinomycetes were also quantified, as the 
microorganisms involved in the synthesis and decomposition of humic substances. They 
were quantified separately on starch-ammonium agar and  Hutchinson medium with 
cellulose (cellulolytic actinomycetes). The activities of two soil enzymes - catalase and 
invertase were also measured by gasometric and colorimetric method respectively 
(Galstyan, 1974). 
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Results and discussion. A comparison of the studied parameters was performed for 
different variants of the experiment. The data are plotted as a percentage of change in 
relation to control (Figure 1).  

 

Fig.1. Changes in the numbers of microorganisms belonging to different eco-trophic 
groups under the influence of "BioDon" humic preparation 

(* differences significant at p <0,05). 

Preplant treatment of soil with the preparation (variant 3), especially in conjunction 
with the treatment of plants (variant 4) contributes to the biological activity of the soil. 
Stimulation of soil microflora population reached more than 150% for some groups of 
microorganisms (e.g., fungi and cellulolytic actinomycetes). The development of these 
groups may be important for successful mineralization of crop residues in the autumn-
winter period. But in the overall picture of the biological activity of soil these results should 
not be underestimated. The determination of enzyme activity indicated that in the variants 
including  treatment by biologically active substances, the activity of catalase and invertase 
has increased in comparison to the background. These enzymes are involved in the 
decomposition of hydrogen peroxide, and in hydrolysis of polysaccharides. The increase of 
wheat yield after using Bio-Don fertilizer ranged from 6.9 to 12.8 cwt / ha, that is up to 35% 
compared to the background - mineral nutrition, according to the regional 
recommendations.  

Thus, the agricultural use of fertilizers and preparations based on humic substances 
is an innovative direction, requiring close attention to these new, complementary to 
natural, means to improve the productivity of agricultural plants and improve the soil 
quality. A promising method for producing humic substances, characterized by the 
presence of strains of beneficial microorganisms in the composition, is their extraction from 
vermicomposts. 
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The Effect of Organic Fertilizers on Humic Substances of Derno-
Podzolic Sandy-Loam Soils 

Elena Bogatyrova, Taisiya Seraya, Olga Biryukova 
Institute of soil science and agrochemistry, Minsk, Republic of Belarus, seraya@tut.by 
 

Humic substances represent a complex multi-component polyfunctional system, 
which being a largest accumulator of solar energy in biosphere, determines not only the 
energy potential of soils and their suitability resource, but also the ecosystem stability in 
whole. One of the most significant directions in assessing the generation and functioning 
of humic substances is the study of transformation of their active components effected by 
agrogenic load. Despite a large number of investigations devoted to this question area, in 
this aspect the issues touching upon the dynamics of changes in the active part of humic 
substances effected by organic fertilizers for a short period of time remain to be 
underinvestigated. 

The investigations were conducted based on the Held trial laid in 2010-2011 in two 
fields of the Experimental Base named after Suvorov State Enterprise, Minsk region of the 
Republic of Belarus on derno-podzolic sandy-loam soil (pHKCl 5.5-5.6, organic matter 
content – 2.21-2.41%, P2O5 – 155-205 mg/kg, 2  – 227-246 mg/kg of soil). The 
investigations were conducted in the crop rotation link: corn – spring rape – winter triticale. 
The dozes within the experiment were equalized by nitrogen at the rate of 150 kg of active 
ingredient N/h . The organic fertilizers were applied for the first crop of the crop rotation 
link (corn). For revealing the directionality of changes in the qualitative and quantitative 
factors of humus ingredients for a short period of time the soil samples were selected in a 
year following applying the organic fertilizers. When monitoring the content of the humus 
active part for extracting labile humic substances ( о .) there was used 0.1  NaOH-
extract followed by determining humic and fulvic acids; the optical dense was determined 
at wave length being equal to 430 nm.  

A minimum content of labile humic substances (4473 mg/kg of soil) was noted in the 
variant containing no fertilizers while fulvic acids dominated in the labile fraction the 
quantity of which was 1.7 times higher than that of humic ones (Table 1).  

Table 1. The Effect of Organic Fertilizers on the Content and Composition of Labile 
Humic Substances in Derno-Podzolic Sandy-Lime Soil  

о . ha fa 
Variant 

gen.,  
%  mg/kg 

% о  
о щ. 

mg/ml mg/kg 
% of 
gen. 

mg/kg  
% of 
gen.

ha/ fa

With no fertilizers (control) 1.28 4473 35.0 6.03 1652 12.9 2821 22.1 0.59 
Cattle litter manure, 60 t/h  1.36 5733 42.1 5.85 2424 17.8 3309 24.3 0.73 
Cattle liquid manure, 75 t/h  1.35 5934 44.1 5.33 2075 15.4 3858 28.7 0.54 
Effluent, 30 t/h  1.35 5339 39.7 5.92 2405 17.9 2934 21.8 0.82 

05 0.09 536   214  325   
 
The applied cattle litter manure significantly effected the lability activation of soil 

humus by increasing the content of the labile fraction in absolute terms by 1260 mg/kg, in 
relative terms – by 7.1%. The accumulation of labile humic compounds in a greater degree 
was conditioned by humic acids a growth of which relative to nil treatment was equal to 
47% as compared to 17% relative to fulvic acids. The data obtained prove a humate 
directionality in the changes in the quantitative composition of the labile fraction of soil 
humus as indicated by the extension of the ratio ha/ fa from 0.59 in the variant with 
fertilizers up to 0.73 against the background of applying the litter manure. One could 
observe a reduced extinction coefficient in labile humic substances mg/ml, which, 
probably, was conditioned by the generation of «young» humic compounds with a 
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developed peripheral structure due to soil enrichment with a greater quantity of plant 
residues and bringing some quantity of «finished» humic substances against applying litter 
manure while increasing the bioactivity of the derno-podzolic sandy-loam soil by 72%. 

For the humic substances separated from the derno-podzolic sandy-loam soil, in the 
variant with applying cattle liquid manure the picture is quite different: the substantival 
composition of labile humic substances reached a maximum level (5934 mg/kg), which is 
equal to 44.1% of a total soil carbon. In the system of humic compounds effected by 
applying liquid manure a dominance belongs to fulvic acids as distinct from the variant of 
applying the litter manure. When comparing the two variants against each other it was 
found out that the content of this fraction increased by 549 mg/kg while the quantity of 
humic acids credibly reduced by 14%. On the fraction level of humic substances such 
increase in labile fulvic acids in this variant might be caused by more intensive course of 
the decay and neoplastic processes in humic substances due to the activation of soil 
microflora metabolic activity (the bioactivity level of sandy loam soil reached 194%). In so 
doing in the soil comparatively «young» humic substances were generated, which are 
characterized by less fused aromatic ring with a branched aliphatic structure. The 
prevailing participating stake of fulvic acids in the total amount of humic substances and, 
as consequence, accumulation of less humified substances are indicated by the factors 

ha/ fa (0.54) и mg/lm (5.33), the value of which reached a maximum level a posteriori. 
Another regularity was obtained when applying the effluent. Such fertilizers procured 

a meaningful increase in the content of labile humic substances (by 19%) relative to a 
control. In so doing as compared to the variants when the litter and liquid manures were 
applied, the level of accumulation of such fraction in a sandy loam soil was characterized 
by a minimum factor. As far as the changes in the qualitative composition of labile humic 
substances effected by the effluent it was found out that the content of fulvic acids virtually 
did not change as compared to the variant with no fertilizers. The content of labile humic 
acids reached 2405 mg/kg, and this is commensurable with their content in the variant 
when litter manure was applied. Such increase of share of humic acids in a total labile 
fraction amount was determined by the ratio ha/ fa, for which in this variant a highest 
rate was obtained – 0.82. However, it is apparently untimely to ascertain that of all organic 
fertilizers applied the effluent in a greatest degree fosters the humus formation process 
flowing in humate direction. The biological diagnostics has demonstrated that when 
applying such fertilizers a maximum biological activity of the sandy loam soil was noted. In 
this connection it can be assumed that against the background of most intensive 
microbiological activity one could observe intense mineralization of chemically less 
complex compounds (in such case fulvic acids), the fraction of which turned to be least 
stable, which is to some extent proves zero changes in this fraction content as compared 
to the variant with no fertilizers. Resulting from soil microflora activation on the one hand 
overmineralization of more “mature” humic acids is probable due to which they are losing 
their active aliphatic fragments when enriched by inert aromatic structures. On the other 
hand, the cutaneous new growth of chemically «immature» humic acids with a shortcut 
structure, which by their properties are close to fulvic acids. From the agronomical point of 
view neither of them possesses a high value. 
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The waste products of the ore mining and processing industry usually dispose to 
landfield where they are oxidized by atmospheric oxygen and microbial activity in the 
presence of water, forming acid mine drainage (AMD) with potentially high concentrations 
of SO4

2-, Fe, Al, Zn, Cu, Cd, Pb, Ni, Co, Cr and other elements (Nordstrom and Alpers, 
1999; Lottermoser, 2007; Nordstrom, 2011). AMD is the largest environmental problem 
facing the world mining industry. For instance, AMD discharging into streams, rivers, lakes 
and the ocean causes serious degradation of water quality and kill or stunt plants and 
damage other aquatic organisms (Nordstrom 2011). 

The given work focused on solving the fundamental problem of environmental 
geochemistry and material science related to developing a new environmentally safe and 
potentially cost-effective method for AMD remediation and extraction of strategically 
important metals using new humic agent derived from peat. A liquid peat-humic agent 
(PHA, Bogush and Voronin, 2011), developed by mechanical, chemical, and thermobaric 
treatment of peat from the Krugloe deposit (Novosibirsk region, Russia), can effectively 
neutralise acid mine drainage and treat it from potential pollutants (e.g. Fe, Al, Zn, Cu, Pb, 
Cd, Ni, Co and Hg) forming metal-organic residues. Organic matter can be removed 
completely from metal-organic residues by heating at the temperature range (450-500oC). 
The metal-concentrated residues after thermal treatment generally contained aggregates 
with different size range (20-350 m) mainly composed of metal oxides and sulphates. 
Thermal decomposition of organic matter contained in the PHA and metal-organic 
residues was an exothermic process with significant calorific value (9-15 kJ/g).  

A new schematic technological process for metal recovery from AMD using the peat-
humic agent with subsequent solid/liquid separation and thermal treatment of solid metal-
organic residue was proposed, which is economically and ecologically preferable to 
general AMD remediation (patent N2011139274, RU). This new method can solve three 
problems: 1) effective treatment of AMD from potential pollutants (e.g. Zn, Pb, Cu, Cr, Ni, 
Cd, etc., 70-99% recovery); 2) production of treated water which can be reused in mining 
industry; 3) extraction of strategically important metals (Cu, Zn, Pb, Ni, Co, Ag, Au, etc.) 
from AMD. 

This research was financially supported by the Russian Foundation for Basic 
Research (grant 11-05-12038-ofi-m-2011) and OPTEC LLC. 
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HS are obligatory participants of not only terrestrial and water ecosystems in small 
biological circle, but also and in the big geological circle at a level biosphere and 
geosphere as a single whole. Although quantitatively they compose a little more than half 
of soil organic matter content in soils and ground waters, their role in functioning of 
containing them ecosystems immeasurably exceeds their quantitative participation. 

HS are the unique natural accumulator of the biochemical energy created by green 
plants during the uptake the of Sun energy due to photosynthesis. In this connection the 
problem of estimation of evolutionary trends of HS is important not only for soil science, 
but also for a lot of related subjects: biology, geology, etc. 

We carried out researches of soils HS structurally functional parameters in soils of 
natural climatic belts from taiga up to a forest-steppe and steppe. Investigations have been 
compiled both in natural, and antropogenically altered soils - arable and buried. The data 
about HS molecular structure obtained by 13 -NMR and ESR) and the results of studying 
the important functional parameters of HS (Chukov 2001; Orlov, Chukov 2004), allow to 
formulate the basic stages of their evolution in soils. 

According to the Prigozhin’s theory nonequilibrium the  noise induction transitions 
with formation of the spatial dissipative structures arising in the fluctuating circle and with 
use of a conceptual framework of supramolecular chemistry it was allocated  three stages 
of formation of a spatial lattice of the self-organizing systems (in our case of HS).  

First "template" stage of small-scale fluctuations. Formation and disintegration of 
simplest "short-liveding" of associates from atomic clusters or molecules. The minimum 
extent of complementary binding of the monomers occluded by the hydrophilic part on a 
surface of a mineral matrix. 

Second stage of "self-organization" of system (mid-scale fluctuations). Formation of 
stable cluster ensembles of pro-humic substances in the form of short chains, microlayers 
and microframeworks on low-energy not covalent bonds. In case of larger molecular 
systems occluded on a surface of a mineral particle – complementary form from molecules 
of two - or three-dimensional associates in a look the supramolecular  ensembles.  

Third stage of "self-assembly" (large-scale fluctuations and autocatalysis 
phenomena). Complementary three-dimensional condensation or free radical 
polymerization of cluster superpredecessors or   supramolecular  ensembles of HS. 
Formations of global macromolecular structures of HS - process "actually hymifications". 

The third stage of HS evolution is connected with processes of the further 
transformation and humification the frame structure of "raincoat" in a direction of selection 
of biothermodynamically steady products. These processes are especially accelerated in 
conditions of sharp deficiency of fresh residues and lead to strong polycondensation of 
macromolecules, formation of polyaromatic systems, growth of interface to simultaneous 
increase in quantity free electrons. Formation and relative accumulation of such 
polycondensed structures of coal type was observed by us at studying spectra 13 -NMR 
humic acids in arable and buried soils (Orlov, Chukov 2004). For structures of such type 
appreciable decrease in biochemical and physiological activity is tipical. 

It is possible to draw a conclusion, that at this evolutionary stage properties of HS are 
determined not so much by functional groups, but the general features of redistribution of 
electronic density in molecular structure of HS. 

On the basis of the analysis of processes of evolution and definition of a level of HS 
biothermodynamic stability it is possible to create correct forecasts of their behavior during 
the change of biohydrothermal conditions of humification which can be result of change of 
land use or global climate change. 
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Soil humic acid is a natural component that permits us to diagnose of environment 
state and human impacts, as well as to fix climate change by using their composition, 
structure and properties. This is possible because the soil humic acid is a natural open 
self-regulating system. Soil humic acids respond to external influence and reflect them in 
the composition and structural changes. They have the ability to restore the properties 
inherent to them before exposure.  At the same time they can to preserve encoded in the 
composition, structure and properties the information about the conditions of their 
formation for a long time even in the active surroundings condition. Any structural features, 
configuration, availability and value for the individual and other reactive groups, the 
composition and the ratio of the elements, optical, chemical, physic-chemical and other 
properties of humic acids that adequately reflect the specifics of the environment or its 
components (vegetation, climate, individual climatic characteristics etc) can be a source of 
information about the state of the environment. J. Ellington (1974) pointed out that the 
information source may be a molecule or part of it, the latter may lie in the overall 
structure, and in the stereo chemical configuration. 

Analysis of humic acids behaviour at change of their functioning ecological conditions 
was based on a database of ecology-humus relations. The database contains information 
on the composition, structure and properties of several thousand units of humic acids 
formed with different combinations of ecological parameters of environment. Ecological 
conditions of formation and functioning of humic acid are presented primarily information 
about climatic characteristics at specific points in the location of each individual section. 
Climatic indices were calculated according to established relationships with their height 
above sea level (taking into account the exposure). The database also contains 
information on the parent material, the situation in the relief and absolute age obtained by 
the radiocarbon method. The volume of data in the database has allowed selecting to 
realize one of main principles of ecology: the analysis of monofactorial lines. Monofactorial 
series were chosen for revealing variability of humic acid composition, structure and 
properties in connection with influence of separate parameters of a climate, economic use 
or time 

Laws of humic acid behavior have a common orientation in relation to climate change 
in the annual cycle and long-term trends. Quantitative changes of soil humic acid 
characteristics arid and humid areas are significant differences under the same influences. 
Gradations of considered signs of humic acids on their significance for identifying changes 
in ecological conditions at various levels are proposed. 

The most convenient, express and reliable parameters of humic acid composition, 
structure and properties for the decision of the questions connected to their behaviour in 
the ecological environment with varied parameters, are their characteristics precisely 
reacting to local specificity of conditions (spectra in ultra-violet, visible and infra-red areas, 
spectra of fluorescence, 13   and 1  , a ratio of amino acid different groups, a 
degree of hydrolyzability, a saturation nitrogen and others). The set of used humic acid 
parameters depends on the decision of individual questions within the framework of a 
problem of behaviour of this natural component in varying ecological conditions of the 
natural environment 

116



 

Molecular Reactivity of Dissolved Organic Matter in the Lena Delta 

Ivan Dubinekov1, Ruth Flerus1,2, Philippe Schmitt-Kopplin3, Gerhard Kattner1,  
Boris P. Koch1,4 
1Alfred-Wegener-Institut Helmholtz-Zentrum für Polar und Meeresforschung, Bremerhaven, 
Germany 
2GEOMAR Helmholtz Centre for Ocean Research, Kiel, Germany 
3Helmholtz Zentrum München, Research unit Analytical BioGeoChemistry, Neuherberg, Germany 
4University of Applied Sciences, Bremerhaven, Germany 
 

Rivers and estuaries are links between land and the Ocean. Terrigenous organic 
matter exported to the seas has a large impact on the carbon cycle. Dissolved organic 
matter (DOM) plays an important role in the regulation of aquatic ecosystems. The Arctic 
Ocean is relatively small (~1% of the World’s Oceans by volume) and receives 11% of the 
world river runoff. Studies on estuarial processes of the arctic rivers have an additional 
value due to changing hydrology of the large arctic rivers and permafrost degradation 
processes within watersheds of these rivers caused by changing climate. Changing 
discharge will potentially affect biogeochemistry of the coastal seas in the Arctic.  

In our study we questioned conservative properties of DOM in the Lena River - 
coastal Laptev Sea transition. We studied 4 transects in the coastal Laptev Sea around the 
Lena Delta. We observed strong stratification of water masses. In studied transects the 
thermocline was located on 5-10 m depths. The transition was often very sharp with 
decrease of ~7°C in temperature and increase of 8 in salinity. We analyzed dissolved 
organic carbon (DOC) and particulate organic carbon (POC) concentrations along 
salinity/temperature gradients in the estuary and dynamics of the compositional changes 
of DOM molecular pool. Molecular characterization was done using Fourier Transform Ion 
Cyclotron Resonance Mass Spectrometry (FT-ICR MS) with its ultra-high mass resolution 
and exceptional sensitivity. 

Quantitatively, DOC showed conservative mixing of riverine and marine DOC with 
hidden consequences of estuarial environmental processes. POC had a tendency to sink 
via precipitation in the low salinity regions of the Lena River Estuary.  DOM molecular 
complexity increased with growing contribution of marine DOM. Magnitude weighted 
elemental ratios linearly changed from 0.55 to 0.52 for O/C, from 1.09 to 1.15 for H/C and 
from 235 to 105 for C/N with increasing salinity. Non-linear multidimensional scaling 
(NMDS) exposed salinity as a good explanatory variable which “shaped” molecular 
complexity of DOM. We characterized linearity of peak magnitude~salinity dependences 
and used it as a measure of DOM molecular reactivity in the river-sea transition. 27% of 
DOM molecular components had strongly conservative behavior, 32% were moderately 
affected by estuarial processes, and 41% were actively involved. 
Thus, transformations of DOM in the Lena River are rather qualitative than quantitative. 
Molecular formulas with non-conservative behavior highlighted biogeochemically active 
organic compounds. These compounds are potential targets in exploration of estuarial 
processes on molecular level. Interpretation of DOM compositional changes as result of 
estuarial processes is the aim of further studies. 
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1. Actuality of organic or bio-agriculture development in Russia and Siberia can be 
determined by several circumstances: 

-  stable growth of demand for high-quality foodstuff by urban population of the 
country, including products with “Bio” mark; 

-  availability of sources for organic or bio-agriculture in mid-latitude and southern 
regions of Russia, that make it possible to scale organizational development of bio-
agriculture; 

-  stable growth of demand for organic foodstuff in the world market, and, first of all, 
in Europe, China and Japan; 

- availability of Russia-invented innovation technologies and agricultural bio-products  
that yield in development of organic or bio-agriculture based on high efficiency and 
production capacity. 

2. Regional localization of organic agriculture is generally determined today as:  
localization of vegetable growing and horticulture in the country, volume of regional needs 
and demand for minimization of logistics costs in the process of organic products delivery. 

3. Basic locations of organic agriculture in Siberia are suburbs of big cities, i.e. 
suburban vegetable gardens and suburban livestock farms. 

4. Specifics of suburban regions of big Siberian cities (such as Novosibirsk, 
Kemerovo, Novokuznetsk, Tomsk, Krasnoyarsk, Irkutsk, Chita, Ulan-Ude) can be 
characterized by distinct ecological problems of the territories, as well as by polluted and 
diseased soils of farmlands. 

5. The main cause for degradation of suburban farmlands of Siberia is closely 
connected with intensive technogenic influence of the cities and energetic represented by 
coal thermal power stations and plants (TPS & TPP) linked to big cities. 

6. Coal energetic is the main source of pollution, first of all, heavy metals and 
radionuclides pollution of the territories linked to big cities within a range up to 150 km. 

7. For example, one average-capacity boiler unit of a thermal power station 
generates up to 8 tons of mercury salts, that are exhausted into the atmosphere in the 
form of smoke and are deposited over the wind rose-range territories. Those are mainly 
territories of suburban farmlands. 

8. The program of organic agriculture of the Siberian regions  supposes application of 
a number of investigations: determination of big-cities’ suburban farmlands condition, 
determination of soil-pollution types, elaboration of sanitation technologies for different 
types of polluted soils (re-cultivation). 

9. Progarms of re-cultivation of suburban farmlands designated for forming-up of 
organic agriculture undertakings  should acquire a status of State Regional Programs. 

10. We suggest to approbate and elaborate methods of farmlands re-cultivation 
based on humic complexes usage as the most effective technology of re-cultivation and 
rehabilitation of pollution-impacted areas (heavy metals, pesticides, herbicides, oil 
products, heavy organics, etc.) Practical experience of soils detoxication by humates is 
extremely encouraging.  
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11. Scientific objectives connected with elaboration of methods of farmlands re-
cultivation and rehabilitation  by means of humic complexes application include the 
following themes: 

- investigation of characteristics in the process of chelation by humic products of 
different types and origin, obtained as a result of different technologies application. 
Identification of humic products with best chelation features for further application of those 
for oils sanitation. 

- testing of technologies application of humic products with best chelation features in 
the process of re-cultivation of territories (aquatic areas) and oils sanitation. 

- elaboration of realization schemes of territories (aquatic areas) and oils sanitation 
on the basis of combination of technological operations of oils (and water basins) humic 
treatment, as well as elaboration of special agrotechnical  measures for organic 
agriculture. 
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Currently, there is an increasing interest in the using of biochars produced pyrolysis 
processing plant residues of different origin as a perspective meliorants. Biochar 
application allows you to simultaneously solve the two major problems of our time: the 
long-term improvement of soil fertility and the need sequestration carbon atmosphere. The 
use of biochar in these aspects determines the need to of develop a set of methods of 
assessing the technical properties that allow to predict the behavior of biochar in the soils 
of different origin. The purpose of this study is to evaluate the possibility of using the 
methods developed for the study of soil organic matter (SOM) for the characterization 
properties of biochars.  

Biochars are made from a variety of woody and herbaceous material, in different 
modes of heating were kindly provided by Dr. M. for Bayan (Department of Agriculture and 
Environmental Sciences, Lincoln University, Missouri, USA). Samples were subjected to 
pyrolysis technology developed by Dr. M. Bayan, in two temperature ranges: «high 
temperature» - 400-600 ˚C, «low temperature» - below 400 ˚C. The total organic carbon 
content in the samples determined by dry combustion varies from 57,2 to 86,3% 
(coefficient of variation is V = 12,7%), total nitrogen content is from 0,17% to 0,90% (V = 
53.9%). Also ratio of gross carbon to nitrogen varies (V = 65,6%), the meaning of which is 
much higher than in the poorest nitrogen plant residues in average. Sampling of biochars 
can be assessed as sufficiently homogeneous according to content of total carbon, but a 
very different quality of SOM content and mineral elements.  

For general characteristics of the properties of biochars they used the method of step 
oxidative degradation by han (Chan et al., 2001), which combines the method of soil 
oxidation with potassium dichromate at different concentrations of sulfuric acid (modified 
method of Walkey-Blake) with the determination of total carbon content of dry incineration. 
The method involves the allocation of 4 fractions of OM by exposure oxidizability. 
Fractions 1-3 are calculated from the difference between the content of organic carbon 
oxidized with potassium dichromate at concentrations of H2SO4 12 N, 18 N and 24 N. 
Faction 4 is the difference between the total carbon content determined by dry 
combustion, and carbon is oxidized with potassium dichromate at a concentration of 24 N 
H2SO4. To characterize the labile fraction of biochar samples they used method of 
extraction with hot water extract (Korschens et al., 1990), and rapid method for the 
determination of organic carbon extracted with a mixture of Na4P2O7-NaOH (Kononova, 
Belchikova, 1961). All used methods have been modified and adapted to the 
characteristics of the physical properties of biochars.  

Analysis of the data shows that the content of readily degradable OM (fraction 1 by 
the method of Chan) and srednerazlagaemogo (fraction 2) is the maximum in the samples 
obtained by pyrolysis at low temperatures of herbaceous plant residues and willow. The 
content of these fractions in the samples obtained at high temperatures (> 600 ˚C) is 
approximately at the same range, but is also highly variable. The coefficient of variation 
calculated on the options «high temperature» is for a fraction 1 is 55,8%, for a fraction 2 is 
34,9%, indicating a high degree of dependence of the content of the active fractions of 
SOM in the form of biochar from the source material. Any laws could not be detected on 
the content of fraction 3 (hardly OM). The low content of non-oxidizable by potassium 
dichromate in 24 N H2SO4 (fraction 4) of the biochar is typical for the samples obtained by 
pyrolysis at low temperatures of herbaceous plant residues and willow. In biochars 
produced from the same material at high temperatures (> 600 ˚C), the fraction 4 is 
significantly increased and becomes comparable with other biochars. The coefficient of 
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variation calculated on the options «high temperature» is for the fraction of 4%, which can 
be regarded as a lack of significant effect on the content of potassium dichromate non-
oxidizable fraction of OM and properties of the raw material using high technology pyrolytic 
treatment.  

The results of determination of carbon content extractable with hot water and 
extracted with a mixture of Na4P2O7-NaOH of biochars of different origin show that the 
content of labile OM is maximum in samples obtained by pyrolysis at low temperatures of 
herbaceous plant residues and willow. In the samples obtained by pyrolysis at high 
temperatures the labile OM is sufficiently homogeneous. It is shown that the organic 
carbon content of hot water and extracted with a mixture of Na4P2O7-NaOH is closely and 
statistically significantly correlated with each other and with a content of fractions 1 and 2 
obtained by the method of Chan. There is a statistically significant inverse correlation of 
content between tight carbon emitted by boiling and by treatment with Na4P2O7-NaOH with 
the content of non-oxidizable fraction (fraction 4 by the method of han). 

Conclusion. han method developed to evaluate the oxidizability of SOM, can be 
modified to assess the oxidizability OM biochars. Separation of OM into 4 fractions (easy-, 
medium-, and hardly a non-oxidizing) can be informative, and used for the technical 
evaluation of biochars of different origin as promising components for application to the 
soils. The results of the analysis may be useful for predicting the behavior of biochars in 
high biochemical activity of soil microflora, since it is assumed that the treatment of SOM 
oxidizing reagents can be considered as an imitation of biochemical degradation, which 
largely is also an oxidation process. The content of organic carbon extracted from biochars 
with hot water and a mixture of Na4P2O7-NaOH, which has a close correlation with the 
content of OM fractions determined by the method of Chan, can be used for indirect, but a 
quick and easy procedure feasible evaluation of various properties of biochars. 

The part of this work was performed according to the Russian Government Program 
of the Competitive Crowth of Kazan Federal University and the part of this work was 
supported by the Russian Foundation for Basic Research (projects № 14-04-01599). 
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The Features of the Humus Substances of Natural and 
Anthropogenically Transformed Soils in Urban Landscapes 

S.N. Gorbov, O.S. Bezuglova, S.A. Tischenko, M.N. Dubinina  
Southern Federal University, Rostov-on-Don, Russia, gorbow@mail.ru  
 

Humus is the basis for the formation of the soil body. It has considerable dynamism 
and the ability to respond to any changes in the environment or to human interference. At 
the same time, the humus is a fairly conservative integral part of the soil that is capable to 
a certain extent withstands external influences. But for all that it retains its protective 
function. From this point of view the study of organic matter in urban areas provides a 
unique opportunity to rank soil types in a series of diverse human impacts - from simple 
mechanical mixing of genetic horizons, to fully saturate with chemicals of natural soil. 

The research was made at the territory of Rostov agglomeration which includes 
Rostov-on-Don, Aksay, Bataysk and Azov cities. In these cities were made 50 soil full 
profile pits in different functional city zones and selected of soils samples. Determination 
basic soil diagnostic parameters were carried out by standard methods adopted in the 
Russian Federation. In some typical soil profile were determined a humus structure and 
elemental composition of humic acids additionally.  

In urban sealed and buried soils was observed a significant transformation of the 
humus content and humus structure due to changes in the conditions of soil formation. 
Reducing of humus content is characteristic feature of these soils. In buried layers a sharp 
decrease of mobile fractions of humic acids with depth was obtained. In the buried 
B horizon these fractions are absent as in buried and sealed chernozems. Whereas the 
contents of the non-hydrolyzed part of humus decrease, the share of calcium humates was 
increases. This is for the buried soil is, apparently, a general rule. The humic acid 
elemental composition of sealed soil is characterized by a greater content of carbon in 
comparison to arable soil. The humic acid of UR horizon of urbostratozem is characterized 
by a lower content of carbon due to its anthropogenic origin and unfavorable for the 
humification of the situation caused by the sealing. 

In woodland park substantial humus growth (the average value 7,0 ± 0,9 %) in topsoil 
is observed. This significantly exceeds the humus content of arable chernozems of an 
agricultural region (3.5-4 %). The humus profile acquires similar characteristics as in forest 
soil: a sharp reduction of humus content with depth is noted. The change of fraction-group 
structure was obtained too. The decrease of the calcium humates of top horizons and the 
reduction of amount of humic acid were observed. The content of fulvic acids in this 
horizon is significantly higher. The ratio of CHA: CFA is lower unit. In the humus composition 
the high content of alkali-soluble forms, especially fulvic acids, polymeric related to HA-1 
was marked. Down the profile the share of acid-soluble forms (FA-1a) increases while the 
ratio of CHA: CFA increases more than 1.5 times and then sharply decreases. It is 
reminiscent of the humus profile of gray forest soils. The humic acid elemental composition 
is characterized by a lower proportion of the aromatic part, and, respectively, more 
developed peripheral part of the molecule. Transformation of plant residues is 
accompanied by the processes of methylation of humic acids. Humic acids of chernozem 
of city recreational areas are distinguish also a higher enrichment by nitrogen and sulfur. 
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Impact of a Subsoil Tillage and Zero Technology on the Black Soil of 
Organic Matter Soils of Northern Kazakhstan 

Zheksenbay Kaskarbayev, Nataliya Zueva 
A.I. Barayev, SPC for grain farming, Kazakhstan, tsenter-zerna@mail.ru 
 

Studies were conducted to determine the effects of cropping systems of pea in the 
soil conditions of southern black soil, which are located in northern Kazakhstan. In A. I. 
Barayev center, four options for cropping systems was studied: deep subsoil tillage (1) 
which consisted of a deep fall tillage on 25-27 cm + a spring harrowing and sowing planter 
with a cultivator paw of the subsoil tillage fine (2) – a small subsoil tillage processing 12-
14cm + a spring harrowing and sowing planter with cultivator paw, minimum (3) - slotting 
autumn + spring + glyphosates seeding drill seeding and seeding (4) (+ glyphosates spring 
sowing drill zero technology).  

The final draft of the Strategy to combat a global warming by reducing carbon dioxide 
emissions into the atmosphere separately awarded the task of reducing the area of clean 
steam (Rattan Lal, 2007). According to S. Steggenborg, C. Rice (2006), one of the 
measures of sustainable agriculture is the use of systems no-Till and least - Till use crops 
that give a lot of leftovers, and the reduction of clean steam. According to 
M.K. Suleymenov (2009) in Kazakhstan for the future direction of the main resource 
farming systems should combine the following farming practices: crop rotations, the 
permanent ground cover plants or residues, minimum or zero tillage.  

We have identified the indicators of soil fertility: the total humus, detritus and a 
qualitative composition of carbon. Studies have shown that a variant of zero technology of 
pea cultivation, the total amount of carbon in the layer 0-20 cm was the highest in all the 
years of the research and varied in the range 1.65 - 2.09% by the weight of soil. The 
content of a total soil carbon at the deep subsoil tillage was the least, and varied in the 
range of 1.48 - 1.76% by the weight of soil. An intermediate position in the total content of 
carbon occupies the options with a minimal technology of cultivation and processing 
subsoil tillage shallow, 1.50-1.75 and 1.58-1.79% by the weight of soil, respectively. 
According to Rolf Derpsch (1993) states that in no-Till, the way of the formation organic 
substances considered differently that alters the dynamics of accumulation of organic 
matter in the soil and nitrogen cycle. Therefore, after 5 years of no-Till offers to take 
samples from a depth of 0-10 cm, but no deeper than 0-20 cm. Due to this, we have 
carried out studies on the accumulation of organic matter in the soil 0-5 cm, 5-10 cm and 
10 20 cm at the three technologies of cultivation after harvesting peas. It was found that 
the total carbon content was the highest in the soil 0-5 cm regardless of the technologies 
of cultivation and ranged from 1.61 to 2.14% by the weight of soil. There is some a 
differentiation in the horizons 0-5cm and 5-10 cm, with a gradual decrease in the 10-20 cm 
of the soil layer. The higher the rates of the total carbon were at zero cultivation 
technologies that can be attributed to the large accumulation and gradual decomposition of 
plant residues. The maximum accumulation of carbon occurs in the upper 0-5 cm layer, 
where the largest number of plant residues and mort mass.  

The most active fraction of soil organic matter is the detritus, which are not 
completely humified fragments of plant and animal origin. Studies have shown that deep 
subsoil tillage processing in the cultivation of peas accumulation of detritus in the layer 0-
40 cm 0-20 cm and was the smallest. Its amount ranges between 0.24 - 0.35% and 0.18-
0.36%, by the weight of soil, respectively. Accumulation of detritus was the highest at zero 
cultivation technology, somewhat less at the minimum and subsoil shallow tillage, 
cultivation technology for all its accumulation in the upper layer (0-5 cm) of the soil was the 
largest to 0.31 - 0.72% by weight of the soil. On the rate of decomposition of organic 
residues and primarily affects detritus complex causes it and the chemical composition 
and structure of plant residues, as well as the degree of hydration and aerobiozise. In a 
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relatively wet year of 2013 had marked the lower levels of detritus, as precipitated in the 
summer rainfall that accelerated in the process of mineralization of soil organic matter 
easy to mineralize. 

According to the research a quality of the organic carbon in crops of peas showed 
that the soil has a fulvate-humate type of humus (Cha/Cfk 1.0-1.5 [Eskov et al., 2005]) for 
all the versions of cultivation technology. According to the content of the labile humic 
substances of subsoil tillage options with a deep and minimal technology of pea’s 
cultivation in the 0-20 cm of a soil layer characterized by an increase in its share of the 
composition of humic acids and was 0.36-0.43% and 0.34-0.42% by the weight of soil. 
When a humification of plant residues, nitrogen-rich, mineral elements, easily degradable 
organic matter is produced more substances such as humic acids. In the upper layers of 
soil humic substances is decomposed more intense than in the lying below of the horizon, 
despite the large supply of fresh organic residues in the upper part of the soil profile.  

 
Work had performed under the grant funding of MES RK. 
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Influence of Humic Preparation "Extra" on the Absorption and Migration 
of Copper in Soil 

K.A. Kolchanova, V.A. Kiseleva, A.A. Stepanov, N.Yu. Barsova, M.M. Karpukhin, 
G.V. Motuzova 
Moscow, Lomonosov Moscow State University, kolchanovakseniia@yandex.ru 
 

One of the modern ways to improve the state of metal contaminated soils is handling 
their preparations  humates. There are published many works showing the positive 
detoxifying effect of humic substances on plant growth and condition of the biota. The aim 
of this study was to study the effect of humic preparation "Extra" on nonbiotic absorption 
and migration of copper in the soil. There were carried out  series of model experiments. 
The object of the analysis  was artificial organic substrate (engineered soil) Field 
experiments were carried out in 10-liter plastic containers, stand under the open sky. 

In the first experiment the substrate served as the basis for the upper horizon of 
loamy sod-podzolic soils of the Moscow region. The substrate was prepared from a 
mixture of loam, sand and organic material (vermicompost), taken in the ratio 1:1:1 by 
volume. The components used to construct artificial substrate experiments, which had a 
slightly alkaline reaction. They are their pH levels : loam - 8.25; sand - 8.36; vermicompost 
- 7.33. Under the substrate a layer of loam was placed. Below lay a layer of gravel beneath 
them was posted lysimeter. 

Prepared organomineral  substrate served in the experience with the control variant. 
Artificially contaminated with copper variants were obtained by depositing copper sulfate 
(CuSO4*5H2O) in an amount of 17 g per vessel in a dry pulverized state in the upper layer. 
This dose of copper corresponds to 15 critical levels of Cu for neutral loamy and clayey 
soils. It was an option "control + Cu+”. The third option was "control + Cu+ humic product 
(GP)." Humic preparation  (potassium  humate "Extra")  was introduced in liquid form by 
spraying the substrate with the surface 250 ml GP on the vessel. Each version of the 
experiment performed in duplicate. 

The first model field experiment was conducted from July to October 2013. in the 
natural moisture of vessels with samples precipitation, the second experiment was carried 
out from July to October 2014 with additional simulated precipitation due to the dry 
summer and fall. Determination of copper content in the extract 1N. HNO3 and extract 
ammonium acetate-buffered saline (AAB) at pH 4.8, from soil samples of the first field of 
modeling experience has shown, most of the copper is introduced into the contaminated 
soil in the loosely bound state. But, despite this, 73 - 96% of introduced copper found in 
the hood of 1N HNO3 in the upper layer, and only about 9% - in the lower layer. Analysis 
lysimetric table indicates that 3.5 months of experience in lysimeter water received trace 
amounts of copper (they are hundredths of a percent of copper from its payment amount). 
Statistically significant effect on the migration of humic preparation of copper in the first 
field experiment was revealed. For the second model experiment was used samples with 
weak acid and neutral pH The pH H2O loam - 5.34; peat -5.50, -7.4 sand.  

In the second field modeling experience from other pH and the content of copper in 
lysimetric waters (Table 1). The highest concentration of copper was in lysimetric water 
option with the introduction of humic preparation. These samples had a high chromaticity, 
especially in vessel No. 6. Almost all the copper in them is connected with water-soluble 
organic substances. 
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Table 1. Content of Cu and pH levels in the first portion of the   lyzimetric  waters of 
the model experiment of 2014 year. 

Cu2+ Cu total № 
Vessel 

Variant  
/  

1 6.86 0.012 

2 
Control 

6.80 
<0.01 

0.018 

3 6.14 0.03 0.22 

4 
Cu 

5.73 0.13 0.46 

5 5.63 0.03 1.00 

6 
Cu +  

5.90 0.02 3.14 

 
Second portions lysimetric water color water and the copper content of the vessels 5 

and 6 is slightly reduced. In laboratory conditions were carried out tests on the assessment 
of the absorption capacity in relation to copper substrates used in the bookmark field 
experiments. For this purpose, 300 g of substrate (loam and mixed organic substrate) 
were incubated week with the addition of water (control) and humic drug (dose similar to 
that which was in the field experiment). After drying, sieving through a sieve of 1 mm 
mixing, the soil sample was brought into equilibrium with solutions of copper sulfate at 
concentrations of 50 and 250 mg/l After 12 hours of standing was determined by the 
copper concentration in the equilibrium solution.  

The results of laboratory experience in good agreement with the field results. For 
samples of soils that have a weakly alkaline reaction (first experience)due to the presence 
of carbonates in source components (loam, sand and orcomposite) influence of SE on the 
uptake of copper have been identified. The range of values of pH of about 8.0 favorable for 
the resultant deposition rates of copper sulfate in difficultly soluble form (copper 
hydroxide). soluble potassium humate in such a situation partially transformed into soluble 
calcium humate. 

For samples of soil with a slightly acid reaction (second experiment) the presence of 
soluble humate potassium contributes to the conservation of copper in the liquid phase of 
the soil. Copper concentration in the equilibrium solution after interaction with the original 
solution C (50 mg/l) Cu 2.5 - 4 times higher than that in versions with application of humic 
drug compared to the control variant. 

 
Conclusion 
Slightly alkaline environment is the determining factor in the absorption of copper by 

soil  In the  first variant it provides the low migration ability of copper. In slightly acid 
substrates  the influence of humic drug on absorption and migration of copper  takes place 
This conclusion is worrying since the increased migration ability of copper under the 
influence of humic drug posses the  threat of groundwater contamination. 
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Microbiological Activity and Humic acids of Alluvial Meadow and 
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Fertility and ecological stability of soils depends not so much from the quantitative 
content of organic substance how many from qualitative characteristics. Therefore 
question of study of microbiological activity of soils and physical and chemical parameters 
of humus matters in soils of delta of the river Selenga, the main waterway of the lake 
Baikal, has the special actuality for the estimation of their capacity for implementation of 
water-protection functions.  

In this regard, the goal of our study - to assess the microbiological activity of the soil 
and to identify the structural features of humic acids of soil of delta of Selenga, using 
modern non destructive methods. 

Preparations of humic acids (HA) are abstracted from humus horizons of the probed 
soils (layer of 0-20sm) extraction of 0,1 n. NAOH on the method of D.S. Orlova – L.A. 
Grishina. Elemental composition of HA was probed on the automatic element analyzer of 
ChNS/O Perkinelmer 2400 Series II, the content of oxygen is calculated on a difference. 
The content of acidic functional groups were determined by A.F. Dragunova’s method. 
Spectrums of nuclear-magnetic resonance 13S-NMR were taken off on the spectrometer 
of Brucker of AM-400 with frequency 100,614 Mhz.  

Microbiological researches were conducted on the generally accepted methods 
(Zvyagincev and others, 1980). Used the followings nourishing environments: microbal 
incurrence – MPA; aktinomicety – KAA; mushrooms are an environment of Chapeka.  

Were used the following culture media: total microbial number - IPA; actinomycetes - 
KAA; mushrooms - Chapek. Intensity of decomposition of cellulose in environmental 
conditions was determined an oplikacionnym method.  

Microbiological and biochemical indexes of soils, llying to basis of their potential 
fertility, considerably below, and parameters of their vibrations higher as compared to the 
analogical types of soils of other territories, that predetermines the unstable level of 
potential fertility. 

Despite the different figures the total number of microorganisms, group composition 
and their content in humus studied automorphic and hydromorphic soils, enriching them 
with microorganisms on graduation Zvyagintsev (1978) for organic food sources is 
estimated as the average for the mineral springs feeding predominantly poor and very 
poor. 

Microbiological transformation of organic matter in these soils occurs with varying 
intensity, which is reflected in the composition and structural characteristics of humic 
acids. 

Humic acids of studied soils of the delta of part of the Selenga River on element 
composition are similar to similar soils of Western Siberia. The amount of acidic functional 
groups reflects the degree of reactivity and adsorption properties of HA. Humic acid 
alluvial meadow and meadow-swamp soils are characterized by high total content of these 
groups, which is 775 and 828 meq/100 g, respectively. 

A considerable proportion (504 and 435 meq / 100 g, respectively) is on in the 
carboxyl groups is typical for most mature black soil HA (375-530 mEq/100g). 

The considerable share of reactive functional groups as a part of group of HA gives 
to soils a high adsorption capacity and is a defining factor by their consideration as 
biogeochemical natural drens in the delta of Lake Baikal. 
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The study of composition and properties of humic substances is important to quality 
assess of anthropogenic changed soils and establish acceptable norm of pollutants to 
provide soil system performing its natural functions. Among the parameters of humus, 
reflecting the the soil condition and fixing processes initiated by anthropogenic loads are 
the total organic carbon content and humus composition. Humic acid (HA), being a part of 
humus, are characterized by specificity composition, structure, properties (Orlov, 1974; 
Dergacheva, 2008), reflecting biothermodynamic soil conditions that potentially allows to 
use them as an indicator to establish the stability soil limit (Kovaleva, Dergacheva, 2001) 
and limit capacity of anthropogenic load. 

The objective of this work was to study HA, extracted from sod podzolic gley soils (0-
20 cm) with different level of contamination, derived from the municipal solid waste landfill. 
Main pollution substances, entering with filtrate waters from landfill body to adjacnt 
enviroment, are compounds of chrome, zinc, copper, lead, manganese, ammonium, 
chloride, nitrate, phosphate and sulfate ions (Kavaleva and et al., 2012, 2013). Element 
composition and pollutants, found in filtrat, were determuined in HA of studied soils under 
condition of waste landfill impact and its background analogues. Likewise, HA, extracted 
from sod podzolic gley soils columns of model experiment were studied. Soil columns 
were poured with filtrate of different concentrations in amount equal to annual precipitation, 
modelling entering pollutants of landfill body.  

The HA carbon content of polluted soils has changed in compare with the 
background one. The ratio of H/C in HA of background and polluted soils are 1,0-1,3, that 
indicates to low share of aromatic part in their composition. The oxidation degree of HA 
has decreased with increasing of pollutant concentration in soils, varying in the range of -
0.7 to -1.1, reflecting the biochemical environment deterioration. Graphic and statistical 
analysis by Vang-Krevelen showed that the reaction providing the HA composition change 
can be a molecules decarboxylation. HA participate in interactions with heavy metals and 
the obtained data has shown that pH plays a very important role in their mobility. The 
largest share of HA associated with metals was characteristic to copper (up to 25%). It can 
be confirmed that that copper is bound mainly in the unavailable form. The obtained data 
about HA composition and properties is significant additional information to chemical and 
biological parameters that allow to find the limit capacity of anthropogenic load. 

 

134



Humic Substances of Floodplain Soils of the European North-East of 
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E.M. Lapteva 
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Properties, composition, and ratio of humic to  fulvic acids in soil determine  soil 
fertility and closely correlate with living parameters of soil microorganisms. The study 
covered a large range of floodplain soils formed in river valleys of the taiga zone of the 
European North-East on carbonate-free alluvial deposits (the Pechora River, the 
Vychegda River and their first- and second-order tributaries). Virgin floodplain soils formed 
in middle and north taiga zones have strongly specific zonal features. They are (1) high 
acidity; (2) base unsaturation; (3) domination of fulvic acids over humic acids ( HAs: FAs 
= 0.3 – 0.9). We have estimated composition, structure, and properties of humic and fulvic 
acids to be closely dependent on alluvial soils genesis, hydrological regime, and 
vegetation cover characteristics.  

Humus resources in floodplain soils overlaid by grassy vegetation (at floodplain 
meadows) vary within 60-220 t·ha-1 depending on soil type and ecological soil forming 
conditions.  Soils in the centre of floodplain possess the highest resources of soil organic 
matter. They are most mature and well-developed floodplain soils of the whole spectrum of 
mineral alluvial soils. Humus resources in soils of floodplain asp-birch forests are 1.6-1.9 
times higher than those in soils of floodplain meadows.    

Having studied the structure and properties of HS preparations using up-to-date 
physical-chemical methods we have identified that alluvial soils and zonal podzolic soils 
have common features. In both alluvial and zonal soils, humus formation results in a 
system of humic acids (HAs) which includes hymatomelanic (4-10%) acids and brown (90-
96%) HAs. The absence of grey HAs makes alluvial soils and podzolic soils formed on 
watersheds similar by humus composition. Regardless of soil genesis, all HAs are surely a 
reduction product (oxidation degree varies from -0.14 to -0.41). Excessive moisture 
content and low biochemical activity of alluvial soils (formation of alluvial soils in inter-ridge 
depressions of floodplain terraces) are accompanied by easing HA molecular structure, 
decreasing the portion of aromatic components, and increasing the portion of periphery 
structures (amino acids; aliphatic and carbon components) in composition of HA 
molecules. 

Forest growth on flood meadows changes soil formation ecological conditions. Flood 
plain aspen-birch forests have a decreased plant waste mineralization ratio. In contrast to 
flood meadow soils, soil litters under flood plain forests store more energy, carbon, 
nitrogen, and biophile elements. But flood meadow soils undergo a better fixation of humic 
compounds as lime humates and strongly bounded compounds with clay minerals and 
minerals formed of iron and aluminum oxides and hydroxides in mineral soil part. The 
report views how humic substances affect composition of microorganism complexes in 
flood plain soils.   

 
The study was supported by Program of UD RAS, project № 12-T-4-1006 ‘Ecological 

properties of benchmark soils from the European North-East of Russia, their bioorganic 
potential as a soil fertility criterion and support in preparing the Soil Red Book of the Komi 
Republic’. 
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The biological activity of the arable layer of farmland depends on the physico-
chemical properties of plant protection products used in agriculture, and also determines 
the behavior of xenobiotics in soil. We have investigated the degradation of herbicides 
preparations depending on soil properties. Ranking techniques was investigated the 
influence of independent factors (the content of the clay fraction and humus, pH, CEC, 
etc.) On the dependent variable (the change of the rate of decomposition of the herbicide - 
k). The result set different contribution of soil conditions on the degradation of the active 
substances in the soil herbicide formulations (Table 1). 

For imidazolinone herbicides observed binding activity of their protonated molecules 
soil absorbing complex, regardless of the content of humus in acidic soil. Indicator for 
sorption imazamox ranged Kd = 1,5-2,4, and in neutral or alkaline soils not exceed Kd = 
0,5-0,8. For imazethapyr regardless of the acidity of the soil and humus content index Kd 
ranged 0,08-0,76 and determines the differences in the mineralogical composition of the 
soil. Found high rates of sorption for atrazine, imazethapyr and other herbicides in the 
case of worsening of the mechanical composition of the soil (clay mineral content greater 
than 42%). 

In general, increasing the rate of degradation studied herbicides (benzoic acid 
derivatives tiadiazinony, sulfonylureas, imidazolinones, chloroacetamides) associated with 
the value EKO, humus soil and silt. 

Table 1. The values of pair correlation coefficients (r2) for the dependent variable (k) 
on soil properties (Pa = 0.95) 
Active  pH Humus CEC Soil Texture 

substance    clay silt sand 

atrazine 0,02 0,79* 0,63** 0,15 0,83* 0,15 
imazapyr  0,65** 0,61** 0,32 0,12 0,75* 0,37 
imazethapyr  0,04 0,61** 0,08 0,16 0,58** 0,43 
imazamox  0,12 0,67** 0,54** 0,06 0,17 0,12 
metsulfuron-methyl  0,79* 0,67** 0,35 0,03 0,80* 0,39 
chlorsulfuron  0,80** 0,03 0,85* 0,07 0,05 0,07 
acetochlor  0,53** 0,04 0,31 0,04 0,96* 0,03 
metolachlor  0,20 0,81* 0,06 0,35 0,95* 0,48 
bentazone  0,01 0,73* 0,01 0,40 0,79* 0,23 
dicamba 0,76* 0,41 0,85* 0,04 0,50** 0,44 

Note: *primary load factors (r2 ≥ 0,72); **secondary load factors (0,49 <r2 <0,72) 
 
So, especially the influence of different factors on the degradation of herbicides in 

agro-ecosystems is important to know. With the right choice of adaptive strategies of 
agriculture can reduce environmental risks in the system of soil-herbicide. 
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Accumulation of Organic Substance in Soils of the Far North and the 
Arctic 
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Accumulation of organic substance in natural Arctic soil and subarctic soils goes 
slower than in urban soils of Arkhangelsk industrial agglomeration. The main reasons of it 
are low temperatures and that there are fewer sources of receiving of organic substance in 
polar region. 

Depending on the type of the natural landscape of the accumulation of organic 
carbon in the soils decreases in the row: southern tundra > typical tundra > arctic tundra> 
arctic desert. The most content of organic carbon is in the most northern point of samples 
selection. It can be connected with the fact that the samples were taken in good moistened 
places in vegetable associations that were formed for years. In other cases the samples 
mainly were taken in stony and young associations. 

The accumulation of organic carbon in the soils of urban landscapes increases in the 
row: selitable <forest <industrial <meadow. High content of organic carbon in the soils of 
meadow landscape is stipulated by big coming of vegetable remains of meadow grasses. 
In the soils of industrial landscape it is stipulated by bringing of organic carbon which came 
from industry (soot, oil products). In forest soils the process of humusation goes slower 
than in the meadow soil at the expense of lignin-cellulose components of wood plants and 
coniferous fall that decompose slower. The least containment or organic carbon in the soil 
was found in the selitabe landscape. The urban soils are less formed. 

In natural Arctic and subarctic soils the containment of organic carbon does not 
exceed the level of provision of urban soils. It does not depend on the zone. The greatest 
containment of organic carbon in polar zone is much less than minimum level of its 
provision in urban soil. 

The containment of organic carbon reduces along the profile of the soil both in urban 
soils and in natural soils of Arctic and Subarctic. 

It was not revealed that the containment of organic carbon depends on the 
granulometric composition in Arctic and subarctic soils.The greatest accumulation takes 
place in peat soils and the minimum accumulation takes place in clay soils. 

In the soils of Arkhangelsk industrial agglomeration the distribution of organic carbon 
decreases in the row: peat> light loam> sand> sandy loam> heavy loam> clay. 
Considerable differences in accumulation of organic substance in the soils of different 
kinds in polar and urban soils can be stipulated by the different degrees of anthropogenic 
loading. 

Containment of organic carbon in all researched soils of Far North and Arctic 
increases with the rise of their acidity. So, the lower pH the higher the containment of 
organic substance in the soil. 
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Abstract: The paper gives characteristics of geochemical barriers in soils. The 

mechanisms of organic matter interaction with the chemical elements on geochemical 
barriers are described. The spatial heterogeneity of chemical element concentrations on 
geochemical barriers in soils is considered as a function of migration activity of elements. 

Geochemical barriers (GBs) are certain soil-geochemical zones, where the rate of 
geochemical fluxes sharply decreases and remains below the level of migration activity of 
elements of the geochemical background area. In nature GBs most often appear due to 
high concentrations of organic and organo-mineral substances in the soil space. 

The research objective is to study the mechanisms of element concentrations in the 
organic and organo-mineral geochemical barriers. The essential condition for GBs is the 
migration of geochemical fluxes through them and the deposition of certain elements 
carried with these fluxes. GBs efficiency is characterized by the total potential of organic 
matter, capable of: a) mechanisms of deposition of elements (sorption phenomena) or b) 
geochemical transformations (exchange processes, oxidation, etc.). Organic matter is a 
good sorbent, and in relation to heavy metals has the following properties: 

- the ability to absorb heavy metals, as they are easily absorbed by organic matter in 
soil; 

- the ability to form chelate compounds of aggressive fractions of fulvic acids with 
heavy metals in the soil solution and migrate within soil-geochemical fluxes; 

- the ability to form organo-mineral complexes of metals with humic acids 
(heteropolar salts), which are inactive and insoluble in the acidic environment, thus 
promoting the accumulation of heavy metals in the organogenic horizon. 

These properties of organic matter are functionally related to the content of elements 
in soils and were used to identify regularities of soil-geochemical flux formation [1]. 

The downward "reorganization" within the series of the migration activity of elements 
takes place within geochemical barriers.  

If we consider soil-geochemical barriers from the perspective of the molecular chaos 
hypothesis, the parameters of geochemical fluxes in time and space can be estimated with 
point moments of random geochemical fields, characterized by the ratio of elements 
concentrations and their activity.  

The description of actual geochemical fluxes and GBs is often difficult due to the 
heterogeneity in space and irregularity in time of their average characteristics. However, in 
this case, a priori, soil-geochemical fluxes seem to have a number of universal regularities 
described by us [2, 3]. If the average flux rate (Vav.) varies considerably between the points 
m1 and m2 according to the characteristics of differences of filed potentials at two points 
separated by a distance (l), than in this case the structure and composition of a soil-
geochemical flux in space is determined by the average rate of the transformation of series 
of geochemical activity of elements present at the entrance into the GB space (point m1) 
and the GB space exit (point m2). For example, the migration activity of elements in the 
series (point m1) Fe> Al> Cu> Pb> Zn> Co> Ni decreases at GB and at the point m2 
another series of geochemical activity is observed Al> Cu> Fe> Zn> Pb> Co> Ni or Fe> 
Al> Cu> Zn> Pb> Ni> Co. Moreover, the migration activity of elements decreases sharply.  

The barrier potential (G) is the rate of change of soil space parameters at the 
geochemical barrier (change in the concentration of mobile forms of elements or the 
content of bound organic matter) in the direction of migration fluxes: 
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G= [(V1 1)m1 – (V2C2)m2]l, 
 
where l – the length  of the barrier, and (V1 1 ) and (V2C2) – the  rate of a 

geochemical flux at the GB boundaries in points m1 and m2 (before and after the barrier in 
the flux direction). The values of the rate of elements migration activity in the soil space 
are linearly dependent on the redox conditions. 

The transformation of series of elements migration activity can be characterized by 
the degree of geochemical barrier contrasty (S) as the ratio of the values of geochemical 
parameters in the flux direction before and after the barrier:  

 
S= (V1 1)m1 / (V2C2)m2 
 
The intensity of the accumulation of chemical elements in the barrier increases with 

the increase of its contrasty and gradient. 
Mechanisms of element deposition at GBs depend on: 1) mutual molecular adhesion 

of fine fractions of organic matter smaller than 3.2 microns, which causes their coagulation 
and aggregation; in particles less than 1 micron the effect of water sorption is sharply 
evident; 2) chemical transformations in the geochemical flux due to the molecular 
interaction between macromolecular humic substances of acidic character, active chemical 
elements and gravitational moisture, providing dissolution of humic substances and 
elements. Thus, GBs are characterized with the decrease of the chemical activity of 
elements and the rate of their migration and deposition. 

According to the migration flux direction GBs can be lateral and radial. In lateral 
barriers the element migration is horizontal, from one elementary landscape to another. In 
radial barriers elements vertically migrate in the soil space. 

Mechanisms, which support the geochemical cycle of lateral or radial barriers, are 
functionally related to natural factors. Overwatering of soils (e.g., during rapid snow 
melting) facilitates the interaction of polyvalent metals (Fe, Al, Cu, Zn, Ni) with reactive 
humic acids and, under certain conditions, causes the formation of heteropolar salts (a) 
including complex ones (b) and their deposition:  

)  R(OH)(COOH)+ (n+m)M  R(OM)m(COOM)n + (n+m)H+ 
b)  R(OH)(COOH)+ (n+m)M+  [MROHCOOM] (OM)m-y(COOM)n-x+ xyH+. 
Increasing acidity of the solution to a pH<3 facilitates the dissociation of complex 

salts to form in the solution [FeHSO4]+(+2) Fe2+, [CuHSO4]
+ Cu2+, Pb2+, Zn2+, Sn4+ and 

HSO4
-, SO4

=, H2AsO4
4-, AsO4

3-, Sn(OH)4; the intensification of migration fluxes and the 
release of certain bonds to maintain natural barrier cycles.  

In the lateral barriers dissolved elements from acidic solutions, filtrating downwards, 
adsorb on the fine fractions of organic matter or enter into an exchange or complex-
forming reactions and intra-lateral soil fluxes carry them over long distances.  
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In 2002 and 2011 we carried out a bioremediation of two polar bogs polluted with 
accidental crude oil with application of the oil-degrading preparation Rhoder on a surface 
of the bog and the subsequent phytoremediation with a Paw-humus or the humate “Extra”. 
In 2002 (Komi Republic) on a site of ~ 2000 m2 the Paw-humus was applied at the same 
time with the Rhoder on the surface of the oil polluted bog only once. In preliminary 
laboratory experiments the Paw-humus had positive impact on degradation of aromatic 
hydrocarbons and the subsequent phytoremediation by Avena sativa and Timothy-grass. 
In parallel with the Rhoder some other oil-degrading preparations were applied on the 
same bog, but without application of the Paw-humus. 

During the cold and rainy summer 2002 (1.5 months), the level of oil pollution on the 
site, where the Rhoder was applied three times with the Paw-humus, was decreased by 
20-51%, depending on initial concentration of oil (458-738 g/kg of dry matter (DM). During 
2003 and 2004, the Rhoder and the Paw-humus didn't apply any more. Nevertheless, the 
site was covered by 85% and 95% with a green grasses at the end of August, 2003 and 
2004, respectively. And the level of oil contamination was additionally decreased by 29 
and 35%, respectively. Most brightly influence of the Paw-humus was shown in the 
analysis of green material and roots sowed earlier plants in comparison with other 
preparations and methods of bioremediation (fig. 1).  

In 2011 (the Yamal-Nenets Autonomous Distric) a site, about 0,8 hectares, on the 
riding bog divided by high hummocks into two half was chosen for bioremediation with 
application of the Rhoder. On hummocks which practically didn't suffer from oil spill, the 
typical marsh vegetation remained: moss, cloudberries, Labrador tea. Seeds of plants 
(oats and mix of long-term herbs) were seeded after triple application of the Rhoder on 
both half of the bog. The result was a reduction in oil concentration from 32% to 98% 
depending on the initial concentration of oil in the layers of peat 0-10 cm and 10-25 cm. 
After the third introduction of the preparation have sown the seeds of oats and mixture of 
grass treated and not treated with a solution of humate "Extra" in aim to determine the 
phytotoxicity of soil and for phytoremediation. Humate treated seeds were sown on the 
right side of the bog, heavily contaminated with oil, on the left - not treated with humate. 
Two small plots on the right side and on the left side of the bog were allocated and 
covered with non-woven fabric. Six weeks later the seeds (treated and not treated with 
humate) on places with very high levels of oil pollution did not germinated. 

In areas where contamination below 800-900 g / kg DM, not treated with humate oat 
seeds were sprouted to 10 cm and the seeds of long-term grass mixtures almost did not 
germinated. On the right half of the plot, treated humate oat seeds sprouted and humate 
treated seeds grass mixtures sprouted to a greater extent. Grown seedlings grass 
mixtures reached lengths of 7 cm and had a strong turf. On plots under nonwoven 
observed the same pattern. In the left half of the contaminated site (not treated with 
humate seeds) under the cloth grew mostly seedlings of oats, on the right - thick sprouts 
grass mixtures and single seedlings of oats. And oats and grass mixture was well grown in 
places where the level of oil pollution was low. The obtained results suggest that humates 
containing humic substances and fulvic acids have a positive effect on the germination and 
establishment of long-term grass mixture, and virtually no effect (or adversely affect) on 
seed germination and seedling growth of oats. 
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Figure 1. 2004 year. Plants from the sites 1, 2, 4, 9 where various oil-degrading 
bacterial preparations  (1 - petrolan, 2 -  control, 4 - universal, 9 - rhoder) were applicated. 
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И и а ия а о е  о а ко , о е а ие и о е и 
о а и е ко о е е а и е а и а ии и  аи о ее 
а о а е  о  е а и и и е я и я 
к и а и е ки  о ия  (1980–2012 .) 

и  и и о  и о о я 
 «И и  о о ия и о и ии» 
 

 о  и о я я  о и и  и и и  о и   
о  и и и  (1981-2012 .), и и ии 

о  о о  и  и о  о  о  и и  
о и  ио ; и и  о ия о и о о щ  и о я  и 

щ и ии о о о и о о о и о о щ   о  и 
и о  о о я о  и о о ии 

о а о ка о е  
и   и ия и   о о  и ио о   

и о ия и   и и и  о  о о   о  и о  о , 
о и о  и ия  о щ  ,    и о о  ,  и  

и  , о о,  и и  о  и  я ия 
о и  о и и  и и и   и и ии и ии и о о о  
щ   и о .   

 и ия о оя ия и и о  и  и  ия и   
о щ   о о и я  о о  ия  о  и  
о и и и и и и и и и  щи  о ,   
и и и и о и, и и о 30- и  ио  щи  
я о  и .  

о о  о о о и   и  о  о  и о  
и о   и о  и о о о о  о оя и  о : 

о и , о и  и , и,  о о  и 
ио и о и о и о о щ . и о  о оя и  о  
и я   о   о о  о о и  

о о    и ия,    и и и  о  
и о я  я и  о ия и о ии и  и о , 
и о ия о о  о ии  и и о о и о о  

, и  и  и и ия  о  « и и» о .  
 о  – о  и ия ия ия и   о и о 

щи  о  о о  и  и , и и и  
о  о о  и  и о  о  о  и и  ( . 

и ), и и  о ия  и о о о и о о о и о о щ  
и о о и и щ и ии  и  ио  и о и  (1981-
2012 .). 

ек  и е о ика и е о а и  
 о  и о о   о о , и и ии и о я  и 

щ и ии, о   и и и о  ии    «И и  
о о ия и о и ии» ( . и )  1981-2012 .   я  
и  о и о  и  и о о о о и о   и и .  

и и и я ия  «И и  о о ия и о и ии», 
о о   о  и . и  (53051´03´´ N., 27030´26´´ E), о о я  

 и   1980 о  и ио и  о оящ  я,   48  
 и и о , и и и о  о  и  о  о о  о   

и о  о о о о и я 1,0 (24 и и ) и 1,5  (24 и и ).   
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яя и и   о  о о ,  о  о я и  
 о    о о и  ио  1981-2012 .,   я ио о : о (03-

05); о (06-08); о о (09-11); и о (12-02), о о ( -о я ) и 
о о о о ( оя - ), о о и я о о о о и .  

и и и и и  и о и  я я и  о   и о ,  
о и: о о- о о и  о о  о о о и о о 

о , и о   оо о о ; о о-  и о я и о- , 
и о  о  о о и и и  о  о ия и и и о  

ии; о я , и о ,   оо о о ,  и о  о о и и 
и. 

 и и и и  о о  ( и  и  о и , о  
о о я  , о     о и,   и и ио  о  и 

о  о о , о  и  о я о о и и  оо ии  
о щ и я и о и и о о и  и и и и  и о и  и 

о о и   о ия о о я  . 
о  и и и и  о  о о и я о  – о ия о и  и 

о   оо о о , о  и о  – о  и  о и. и   
и и и и  о  и о о  о я я о о о и  и  . ., 
и и о  . . и о и о  . . и .  и и  и и и и  о  и 

о о  о я и о о о и о  о и о  щ о ( ) – о и  [1, 
2]. 

о  о   и и и и  о  о и и  о о о и 
о о  о и о о    и о о  (1980 .) и   5 , 
. .  о  о  о ии оо о о о . о и  и о    о  

( и  и о я )  и и о и  о щи  о и : о щи  
 – о о  И. . и   о и и ии И  (  26213-84); и  
 – о о и   . . о о    о и    о о  и   

о и и ии и о   и .[3, 4].  
и о и и  о и и  ( ) о я я о о  

. . я и о : =Σ /Σ /10; 
 : Σ  –  о о   ио ; Σ  –  о о и   

о   о   ио . 
 и о и  о и  и и и  и о о и  

и ио о о и  
е а  и е о а и  

ия  о о о и и и о ия и о , о о и о 
щи  о  о о  и  о   о  

и и и  и я о   о о ,  и о о  о  и я  
щи  о о о и. 

 и  и и о о ио  1981-2012 ., о и   1961-1990 .,  
 о  и и и  ( и и и я ия  

«И и  о о ия и о и ии», . и ) и о  о и о о о   
о   о   92  (  13,2 %),  и  ио   –  21, и  – 50, о и  

– 18, и и  –  3 ,  о  и    ио  (IV-X я ) –  16,5 %,   
и  ио  (VI-VIII) –  19,7 %, о о  ио   (XI-III) –   2 %. 
и о  о и о о о   о  ио   о о   и  ио  

(33,8 % о  о о о о о и ),  и  и о и  ио  – о о  и о 
 о о  о  (21,2 и 23,8 %), и и о   и и  ио  о 21,2 % (18,0 %  

1961-1990 .). 
 и   о   10 0   ио  ии и   

( - я )  25- и о  (78,1 % ) и  32  и  (1981-2012 .)  
 о о и  и  (1961-1990 .),  о  и   ио  1981-1990 
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. о    51,6 0  и  о о о о я (2272,7 0 ),   1991-
2000 . – и и   86,1 0  и  2001-2012 . –  208,7 0 .  

и о и и  о и и  ( )  5-9 я   о  и о и  
и я я   о  0,62 (1999 .) о 1,84 (2009 .).  о   о о  (  

 1,6) и о  25,0%  (8  и  32  и ); о и   (  – 
1,3-1,6) – 28,1%; о и  (  – 1,3-1,0) – 28,1%; и  (  – 1,0-
0,7) – 12,5% и о  и  (  – 0,7-0,4)  – 6,3% .  о  

о и , и  и о  и  и о и о  46,9% . 
и о и и  о и и     1981–1990 . о и  1,41,  1991–

2000 . – 1,18 и  2001-2012 . – 1,42. 
и и  и и ии о  о о   о  и и  

 о  и о и  (1981-2012 .)  и я  о  и и о и ия 
о о  и о о и , о о и о  и и  и о и о о 
о  о . 

о о, о  о  о  и о о  и о   о и  о о , 
о  и , о и о о  о  и ия и  о и  

о   оо о о о  и и  и и ии о  о о   
о  и и я   и и о и о  и  и о и о о о  
о  ( . 1).  

щи  о  и и ии о  о о   о я     
о  (1981-2012 .):  о о- о о и о  о и и о  о  ( и . 1-2) 90,9 
/ 2,  о   о и и о  о о о о о  ( о , и . 33-34)  – 90,6, 
о оо щ  о о   ( и . 11-12) – 115,2, о и и о , о и о   
и  0,75   о  и  ( и .3-4) – 143,4,  о и и о , 

о и о   0,50   о  ( и .5-6) – 126,6, я о о , 
о и о   и  0,7   о  и о   о о о    о  ( и .7-

8) – 149,0, о о , о и о   и  0,3  и и – 
146,4,  – 212,1 и о я о  (  оо о о ) – 82,1 / 2. и и  
и и и  о  о о   о  о о и   я и ия , о 

 о и , о  ио 1981-1990 . о  и я   и и о и о  и  
и о и о о о  о    о   57,1 / 2 ( о я я) о 192,1 

/ 2 ( я), оо о  1991-2000 . – о  71,7 ( о и и я) о 
204,6 ( я) / 2,  2001-2010 . – о  128, ( о и и я, о ) о 249,1 
( я) / 2. и о   о и , о  о и   я и ия и, 

и щ о,  о , и и ия о  о о  и и  
 57,0-99,8 / 2, о и   1991-1990 .  

 о о  о  и и ии о о  о  и  о  
я о  о  (1982, 1985, 1990, 1993, 1998, 2006, 2008, 2009),  

и и и ия и  о я о  о   (101,8 / 2) и и и  
о  (262,8 / 2). о о я и и ия о о   и о  о  

о    о  175,8 / 2.  я о о о  и и  
и и ии о о   о и  о и ия о  (1984, 1987, 
1988, 1989, 1996, 2001, 2004, 2005, 2010),   о и  (1981, 1986, 
1991, 1994, 1997, 2003, 2007, 2011, 2012) и и  (1983, 1992, 1995, 2000) о 

и   и о и. о я о  и   (1999, 2002),  о 
 о и ия и и ии,   и и о и  

я,   о  о  о я   и и . Э о 
о я я я, о- и и о ,  о о  о и  . 
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и  1 – И и  и и ии о  о о  ( о  1,0-1,5 )  
о  и о  о  о  и и  ( о  

и и и о о о  № 1  «И и  о о ия и о и ии», 1981-2012 
.) 

И и ия, / 2 и  о  
1981-
2012 

. 

1981-
1990 

. 

1991-
2000 

. 

2001-
2010 

. 

+,- 
2001-

2010.  
1981-

1990 . 
1. о о- о о и я и и я, 

и щ я я  о  о и о  
и , и .1,2 

90,9 63,6 71,7 129,9 66,3 

2. о о- о о и я о и и я, 
и щ я я  о  о и о  
и  ( о ), и .33, 34 

90,6 57,6 80,1 128,5 70,9 

3. о оо щ я о о  ( о и  
и о   и  1,5-3,0 ), и .11,12 

115,2 79,3 113,2 146,9 67,6 

4. о о- о о и я и и я, 
и щ я я  о  о и о  
и , о и о   и  0,75   

о  и , и .3, 4 

143,4 103,2 134,3 187,5 84,3 

5. о о- о о и я и и я, 
и щ я я  о  о и о  
и ,   о и о   0,5   
о , и .5, 6 

126,6 82,6 108,9 182,4 99,8 

6. о о- о о и я   я, 
и щ я я    я о  и, 

о и о   и  0,7   о  
и о   о о о    о , 

и .7, 8 

149,0 107,9 137,8 194,7 86,8 

7. о о- о о и я   я, 
и щ я я   о  и, 

о и о   и  0,3    
о , и .9, 10 

146,4 106,0 136,7 195,9 89,9 

8. о о- о о и я я, 
и щ я я  ощ  , и .13-16

212,1 192,1 204,6 249,1 57,0 

о я я 82,1 57,1 77,5 156,7 99,6 
 

и  и   о  и о  о о и о о о оя ия о , 
и я щ о я о  и  и и и  и о и и  и о , я я я 
и и  о ия и о     о  о о я о о 
и о о ия,    о и и о  о о  я о  
ио о и о о о о о  и  о   о ия  и и и ии 

о о я о о ои о . 
о о, о о и  о и о о щ   о  и о о 

и о о ия (1980-2013 .)  и и о , и щ о, о  о   
о  о и о   0,17-1,25%,  и и  о  о и и о о 

( и . 33 и 34) и о я о   (  оо о о , и .23 и 224),  о о и  
и и о .  о о  оя   о  о о и и  о и о о 
щ   0,09-0,47%,  и и о и о  о и о о о  о о-
о о и  о . и и о  о и     1980 . (1,45%),  и  

2013 . (1,92%), о о  о о- о о и о  о  о . оо о 
и о  о о и   о и о   о о- о о и о   
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о , и щ я    я о  и, о и о   и  0,7   
о  и о   о о о    о  (3,78 и 3,95%, и .7, 8) и  

о о- о о и о  о и и о , и щ я  о  о и о  
и  (2,83 и 2,79%, и .33, 34). о о о  и о  о и о о щ  

  ио    о  оя  о о- о о и  о  о и я  
 о  0,005 о 0,038%,   о  о и и о  о  о  

и и я    о   – -0,001% и  о я о  о  –  1,191%, . 2. 

2. – о и  о и о о щ   и о  о  о  
и и  ( и и и и  о  № 1), 1980-2012 . 

о и  , % 
 2 1   

и  о  1980 
(о ) 

2008 
(о ) 

2012 
(о ) 

+,- , 
2012  
1980 

+,-, 
  

 
 о  

1980 2012 +,- , 
2012 

 
1980 

о , и о   о о я о  ои о  
1. о о- о о и я 

и и я, и щ я я  
о  о и о  и , 

и .1,2 

1,50 2,12 2,28 0,78 0,024 0,22 0,59 0,37

2. о о- о о и я 
о и и я, 
и щ я я  о  
о и о  и  ( о ), 

и .33, 34 

2,83 2,76 2,79 
-

0,04 
-0,001 0,56 1,00 0,44

3. о оо щ я о о  
( о и  и о   и  
1,5-3,0 ), и .11,12 

0,36 1,37 1,61 1,25 0,038 0,09 0,44 0,35

4. о о- о о и я 
и и я, и щ я я  
о  о и о  и , 

о и о   и  0,75   
о  и , и .3, 4 

1,59 1,87 2,21 0,62 0,019 0,39 0,48 0,09

5. о о- о о и я 
и и я, и щ я я  
о  о и о  и ,   

о и о   0,5   
о , и .5, 6 

1,60 1,84 2,12 0,52 0,016 0,12 0,47 0,35

6. о о- о о и я   
я, и щ я я    

я о  и, о и о   
и  0,7   о  
и о   о о о    

о , и .7, 8 

3,78 3,92 3,95 0,17 0,005 0,39 0,78 0,39

7. о о- о о и я   
я, и щ я я   

о  и, о и о   
и  0,3    о , 

и .9, 10 

1,72 2,00 2,44 0,72 0,022 0,36 0,50 0,14

8. о о- о о и я 
я, и щ я я  

ощ  , и .13-16 
1,45 1,68 1,92 0,47 0,014 0,14 0,61 0,47

9. о я я (  оо о о ), 
и .23, 24 62,4 45,9 23,1 

-
39,3 

-1,191 – – – 

о , n 6 6 6 – – 6 6 – 
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 , и щи  о и  о и о о щ   о  
и и и о  и о о ия и  и о и и  о и   о  0-50 

 и  о  и я и   и и о и о  и  и о и о о 
о  о .  о о- о о и  о и и  о , и щи я  
и  о и  и   о и и и и   90 (1980 .) о 100 /  (2012 .);   

о о о о о  о о- о о и о  я о о  о  о и  
и и  о   о  о о о 230 / ;  о о  и о  о  

– и и и   19,1 и 17,2 /  и о и и  2012 . 105 и 87 / , оо о. 
о и  о и , и и    и  о  щ  и и  
о о  и   о  о щ о   о и о:  о  о и о  

о о- о о и  о и и  о  18,1 ( о ) – 30,7% о  о щ о 
о ия ,  о оо щ  о о  – 19,4,  я о-, о  

–   25,4,  – 32,6%. оо о,  о о о  о  ( о 50 ) 
и о и о я и  о и и  о  – 22,3-43,4%,  
о оо щ  о о  – 28,7,  – 44,2-49,6,  – 47,6%.  

о и  и о  о о о и  о и и  щ    о  
я я я о и  и  о   « о и о и» о о о . о  я  
и о  о о о и  о  о и и  щ  о  

о о  и ио о  о о о  и о  щ о  ия и   о  и 
и и  и . о   1980-2012 ., о   и и и о  
ии . и , о и о о о и о о о и о о щ  и  оя о  

(1,0-1,5 ) и щ и ии и  о о- о о и  о  и я и   
и и о и о  и о и  и о и о о о  о . 

о о  о о и и щи :  о о- о о и  
о и и  о  ( и . 1, 2, 33, 34, , 12, 3, 4, 5, 6) о и о и и    

о  10,3 о 17,5 / ; я о, и о  ( и . 7, 8, 9, 10) – 20,1-23,2; 
 ( и . 13-16) – 26,7 и о я  ( и . 23-24) – 65,1 / .  

ак е ие 
и  , о   и и и о  ии  «И и  

о о ия и о и ии» ( . и , 1980-2012 .) о , о и и ия 
о  о о  ( о  о  1,0-1,5 ) и о и я о  и  и 
о и о о о  о  и о и  щи  о о ; о и  и 

о и  о и о о щ  (  о  0-50  и о  о  
о  и и ), о и и щ и ии о о о и о о 
о и о о щ ,  щ о и я  и и о и о  и  и 

о и о о о  о  и и  о о я о о и о о ия.  
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Humic-Assisted Synthesis of Gold Nanoparticles: Submicron 
Intermediates and Enhanced Resulting Sol Stability  

Alexander Polyakov1, Vasily Lebedev1, Eugene Goodilin1, 2, Irina Perminova2 
1Department of Materials Science, Lomonosov Moscow State University, Moscow, Russia, 
a.yu.polyakov@gmail.com 
2Department of Chemistry, Lomonosov Moscow State University, Moscow, Russia 
 

Gold nanoparticles (AuNPs) are extensively used in chemistry, physics and 
biomedical technologies due to a set of unique properties. For safety and cost reasons, 
there is a tremendous interest in “green” techniques for AuNPs preparation using harmless 
and eco-friendly chemicals. Recently, AuNPs syntheses based on reduction of AuIII 
species by natural and synthetic humic substances (HS) were reported [1]. Such particles 
were shown to be effective colloidal mediators for SERS detection of eco-pollutants [2, 3]. 
However, the mechanism of AuNPs formation in presence of natural HS is still debatable. 

In the present research, we used in situ UV-visible absorption spectroscopy and 
transmission electron microscopy (TEM) to study formation of AuNPs by direct reaction of 
leonardite HS and HAuCl4 in hot (70oC) aqueous solutions. It was found that evolution of 
SPR peak (corresponding to AuNPs) with the reaction time cannot be explained by the 
well-known LaMer nucleation-growth theory. At the beginning of the synthesis a low-
intensity and wide peak at 540-640 nm range exists only, indicating the presence of large 
intermediates or anisotropic nanoparticles. Then, the SPR peak position shows an abrupt 
leveling off at 523-525 nm. TEM study corroborated the presence of submicron branched 
structures just after addition of HAuCl4 into the hot HS solution (Fig. 1a) as well as gold 
nanoworms (Fig. 1b) until ca. 2.5 h of the synthesis. Finally, spherical AuNPs (15-20 nm in 
diameter) were formed. Steady-state UV-visible absorption measurements of the gold sol 
just after humic-assisted synthesis and 2 month later have shown an excellent stability of 
the prepared colloids which allow their storage and commercial distribution. 

 

 

Figure 1. TEM images of the intermediates formed in humic-assisted synthesis of 
AuNPs: a – submicron branched structures formed just after addition of AuCl4 into HS 

solution; b – gold nanoworms existing during the first 2.5 h of the synthesis. 
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Role of Humic Acids in Morphological Diversity of Maritime Burozems 
of Primorsky Krai (Russia) 

Boris Pshenichnikov1, Nina Pshenichnikova2 
1Far Eastern Federal University, Vladivostok, Russia, bikinbf@mail.ru 
2Pacific Institute of Geography FEB RAS, Vladivostok, Russia 
 

Our research in the past decade shows that the maritime and insular zone of 
Primorsky Krai is characterized by burozems with a deeply and intensely humificated 
profile and with diagnostic features, indicative of humus-illuvial pedogenic process. Humic 
acids (HA) play a significant and rather varied part in burozem profile formation. To 
disclose HA role in morphochromatic differentiation of burozem profiles, we studied humus 
composition and dynamics in burozems of various biogeocenoses within Ostrovnoy Cape 
and the bordering territory (the Japanese Sea coast of the Eastern offshoot of Sikhote Alin, 
43º NL, 133º EL). The burozems under study include 1) cinnamon-brown humus-illuvial 
burozems with a soil profile, comprising genetic horizons A0-AY-BMf,hi-BMC, found under 
secondary oak forests; 2) dark humus-illuvial burozems with genetic horizons A0-AU-
BMhi1-BMhi2-BMC, found under grass-shrub thickets, replacing cut-down oak forest; 3) 
dark humus-illuvial pyrogenic burozems with genetic horizons A0-AUpyr.-BMhi-BMC, 
found under lime forests in fire-damaged territories. The soil nomenclature, used for the 
research, is based on the Classification of Soils of Russia and our own findings. 

Humus composition of the burozems, found under oak forests, is of humate-fulvate 
type (Chumic acid to Cfulvic acid ratio – 0.78), while that of the pyrogenic burozems under lime 
forests and the dark burozems under grass-shrub thickets is of fulvate-humate type. In 
these burozems, Chumic acid to Cfulvic acid ratio increases considerably (1.15 and 1.20 
respectively). The characteristic and distinctive trait of group composition of pyrogenic 
burozem humus under lime forests is fulvate-humate type of humus in structural-
metamorphic humus-illuvial horizon BMhi (Chumic acid to Cfulvic acid ratio – 1.09). In the 
burozems of the other biogeocenoses, humus composition in this horizon is of humate-
fulvate type (Chumic acid to Cfulvic acid ratio – 0.53 and 0.67). 

The burozems of the three biogeocenoses differ considerably in humic acid levels 
and humic acid fractional composition and mobility. The dark humus-illuvial burozems 
have higher absolute levels of humic acids in general and higher levels of humic acid 
fractions – brown humic acids, black humic acids, and black humic acids combined with 
fulvic acids of fraction two. All the said fractions are characterized by high rates of mobility 
as illustrated by profile distribution of their absolute levels. 

The distinctive trait of the burozems of the three biogeocenoses is specific profile 
distribution of black humic acids. In the burozems under grass-shrub thickets, absolute 
levels of black humic acids are high both in humus-accumulative horizon AU (0.35%) and 
in structural-metamorphic humus-illuvial horizon BMhi (0.30%). Also, high levels of black 
humic acids combined with fulvic acids of fraction two are typical for the whole profile of 
these burozems. In the burozems under oak forests, most black humic acids are found 
within humus-accumulative horizon AY (0.20%), while in horizon BMhi the level of black 
humic acids decreases sharply to 0.05%. 

Profile dynamics of humus and humus fractions allows us to explain to a certain 
extent the nature of morphological diversity of the burozems under the different 
biogeocenoses. Thus, in the burozems under oak forests, most humic acid fractions and 
their derivatives with fulvic acids demonstrate accumulative type of profile distribution. The 
cinnamon-brown color of the humus-illuvial horizon is largely due to accumulation of 
aggressive 1a fulvic acid fraction. In burozems under grass-shrub thickets, individual 
fractions of humic acids and their derivatives with fulvic acids demonstrate eluvial-illuvial 
profile distribution which results in dark grey or dark color of the burozem humus-illuvial 
horizon. 
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Soil Modifier on the Base of Modified Peat 

Anna Savelyeva, Elizaveta Maltseva, Natalya Yudina 
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Humic acids (HAs) contained in different environments (natural water, soil, peat, coal) 
have important ecological functions in the biosphere. The interest in the study of the HA, 
which can accumulate nutrients and microelements and form the stable complexes with 
metal ions, is increasing [1, 2]. 

There is a need to transfer the humic substances into a soluble state and increase 
the reaction activity to use HAs more efficiently in plant or industry. Currently, the most 
effective method of processing of raw materials can serve as a mechanochemical 
activation. 

The aim of this work is the study of the influence of mineral additives in the 
mechanical activation of peat on the chemical composition and properties of humic acids. 

Objects of study were the peat HAs of Tomsk region (the degree of expansion is 
10%, an ash content is 5%). Method of mechanical activation (MA) in a laboratory mill 
activator AGO-2C in the presence of biophilic elements and salts of different metals has 
been used to change the composition and properties of HA. Evaluation of the modifying 
action of additives carried instrumental physicochemical methods. 

Analysis of the data showed that the mechanochemical activation of HAs with copper 
sulfate contributes to an increase of the oxygen-containing groups by 1.4 times, which is 
caused by the process of oxidation and the formation of the stable complex with copper 
ions. This composite HA is the carrier of the copper ions which provides bioavailability for 
plants. 

The process of mechanical activation in the presence of reagents containing biophil 
elements increases the total acidity of peat HAs. The exceptions are samples with K2CO3 
and KNO3 where are dominated with the reducing processes. 

The stimulating effect of humic substances was observed at the germination of seeds 
of winter wheat ("Samurai" variety, developed in the Kursk region). This seeds were not 
genetically modified samples. As a result, humic composites stimulated the germination of 
wheat seed, and the maximum number of seedlings observed using HAs-rich sodium 
phosphate. 

Also humic composites containing potassium ions increase the degree of germination 
and root development by 20-25%, which allows us to recommend these substances as 
growth stimulants in agriculture. 

On the base of this results plant growth stimulator “Gumopit” was developed. This is 
an organic-mineral soil modifier increasing soil fertility, productivity, enhancing growth 
properties of plants and protecting the plants from adverse external factors.  

The preparation can serve as a cytokinin and can be used in biotechnology as 
phytohormones for initiation of morphogenetic processes at the cellular level (in vitro). 
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Despite the large number of humic nature preparations for agriculture and medicine, 
unresolved issues remain the lack of standards of the biological activity of the peat used 
raw materials, standardization of preparations  themselves, the differences of resulting 
biological effects. One of the directions areas of standardization may be the use of 
previously developed a screening system of evaluation of the biological activity of raw peat 
and derived himic preparations (2008). This system includes data on the botanical 
composition structure of the raw peat, physical and chemical properties (moisture content; 
ash content; the degree of decomposition; active, exchange and hydrolytic acidity, etc.), 
the humic acids and microelements levels; potential toxicity of raw peat (tests using 
paramecium as a test object, parabiotic test, the content of heavy metals and 
radionuclides) phytobioproductivity (growth-stimulating activity, the effect on biometrics 
plant vigor seeds, germination energy, yeast dough, etc.) adaptogenic properties; 
antistress activity (tests for resistance to temperature extremes); antioxidant activity, 
antitoxic properties; enzymes- and immunomodulatory activity.  Developed screening 
system was used to estimate peats of Ukraine as a basis for obtaining humic nature 
preparations of directed action. The obtained results became the information basis to 
create a fundamentally essentially new type of cadastre - Biocadastre of peats of Ukraine. 

The analysis of the data of Biocadastre confirms that indexes of biological activity of 
peats in different geographical regions and peat regions of Ukraine is largely dependent on 
their botanical composition and physical and chemical properties, which is caused by a 
different set and the ratio of biologically active substances, molded in the genesis of peat.  
Furthermore, different types of biological activity of the same peat can  be significantly 
different in magnitude and even the direction of differently oriented.  Peats can also affect 
both activated factor for some types of activity, and inhibition – for others.  

Currently, the information base of Biocadastre of peats successfully used in the 
development of new humic preparations, such  as  Humilid, Lygnohumate, Lukis-humate, 
obtained in the Laboratory of humic substances of the name of Christeva of 
Dnipropetrovsk State Agro-Economic University. In this case, at the development of 
technologies for the manufacturing of such preparations the most important thing after 
selecting  of raw material  was to select the method of extractions of essential biologically 
active substances from peat. Field tests of the Lygnohumate in crop production and 
Humilid, Lukis-humate in the meat and poultry industry have confirmed their pronounced 
adaptogenic properties.  

We believe that the use of the information base of Biocadastre of peats in the 
selection of raw materials is not only a significant step in the issue of standardization of 
humic substances derived from peat, but also a prerequisite for the creation of humic 
preparations of directed action. 
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Large areas (about 10 %) of weakly drained watershed terraces and lacustrine-
alluvial valleys of South Bolshezemelskya tundra are occupied with peatlands cobered by 
permafrost-affected soils. Terms of soil formation determine the complexity of the soil 
cover of permafrost peatlands where organogenic soils of fens, mounds and peat circles 
are developed. The influence of permafrost affects the processes of transformation and 
movement of substances in the soils. Information about the component composition of 
water-soluble organic compounds (WSOC) in permafrost peat soils is still missing.  

Soil survey was carried out within the permafrost-affected peatland (67º03' N, 62º55' 
E, 100 m a.s.l.). We study oligotrophic peat soils (Soil Classification of Russia, 2004). The 
peat soil of the peat circle belongs to subtype of oligotrophic peat destructive soils (I). 
Further along the trench – oligotrophic soil of the edge zone of peat circle (II) and 
oligotrophic peat soil of the peat mound slope (III). All the soils are characterized as Cryic 
Histosols (WRB, 2006). Soil profiles were studied according to the structure of two-
component system “active layer (AL) - permafrost layer (PL). The samples were taken at 
different depths: 0-10, 10-30 cm (respectively, AL-1, AL-2) and 50-80, 220-250 cm (PL-1, 
PL-2). Mass concentration of low-molecular-weight organic acids (LMWOA) was estimated 
by method of GC/MS, relative error of measuring is +  < 3 %. 

Expressed increase in pHwater values down the profile and pH of active layer is 0.7-
1.0 more in comparison to underlying permafrost (Table). This difference is less marked in 
the soil of the peat circle because of higher decomposition degree of the peat on the circle 
surface. At all four depths from the first profile to the third one the acidity is increasing by 
0.4-0.6 pH units. Thus the most WSOC occur at the early stages of decomposition of 
organic substrate in the surface horizon, and in a higher degree in the soil occupying the 
lowest position. The total carbon content of WSOC is 70-190 mg/dm3 in all the studied 
objects. A single regularity is marked in each profile: a decrease in WSOC content from 
top soil up to a depth of 100-130 cm. A general pattern of gradual decrease in CWSOC is 
disturbed deeper than 2 m and a slight increase of this indicator is revealed. 

Table 1. Characterics of soil water extracts 
Acids CWSOC LMWOA 

Soil 
Horizon, 

cm 
pHwater ρ, mg/dm3 ώ, % 

AL-1 0-10 4.36 0.4 80 0.2 0.3 
AL-2 20-30 4.78 0.2 44 0.1 0.2 
PL-1 105-122 5.20 0.2 40 0.1 0.3 

Peat soil of the circle 

PL-2 201-214 5.46 0.1 68 0.1 0.1 
AL-1 0-10 4.25 5.9 160 2.4 1.5 
AL-2 20-30 4.36 0.3 76 0.1 0.1 
PL-1 106-120 5.30 0.4 48 0.1 0.2 

Peat soil of edge 
zone of the circle 

PL-2 220-240 4.94 0.2 68 0.1 0.1 
AL-1 0-10 3.94 20.3 188 8.6 4.6 
AL-2 10-20 4.12 3.3 172 1.3 0.8 
PL-1 108-127 5.76 0.1 56 0.03 0.1 

Peat soil of peat 
mound 

PL-2 225-241 4.98 0.2 72 0.1 0.1 
Still, the total carbon content of WSOC in PL-2 horizon is invariable within the all 

studied complex (68-72 mg/dm3).This layer was preserved earlier perhaps in the period of 
its formation the territory had similar conditions of peat formation such as homogeneous 
microrelief and similar composition of the biota. In other layers (AL -1, AL-2, PL-1) on the 
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contrary, at the landscape level, significant variability of this indicator is revealed: from the 
first profile to the second one and then to the third one the consistent growth of CWSOC on 
average 1.5-2 times is noted. In active layer this is a consequence of the obvious 
differences in microtopography, hydrothermal regime and composition of the biota. 
Variations of this indicator in PL-1 can be defined by a variety of paleogeographic 
conditions against periodic thawing of the horizon during the subatlantic period. 

The proposed method identified 0.1-20.3 mg/dm3 low molecular weight organic acids 
(0.4-14.5 % of the total carbon WSOS). The exception is the surface layer of the third 
profile where both rates are many times higher. In all the soils hydroxy-propanoic acid (30-
50 %), propanoic acid (10-20 %) and hydroxy-acetic acid (approximately 10 %) are of high 
content. In all the profiles maximum diversity and acid content as well as total carbon 
content of organic compounds, which are for the surface layer decreases down the profile. 
In the soil of peat circle this trend is less seen in contrast to the second and more in the 
third section, in which the total content of certain acids within the active layer is 7 times 
less, then in permafrost 30 times less. Most of spatial variability in the content of acids is 
typical for seasonally-thawed horizons where the content of these compounds along the 
trench from the circle to the slope increases as much as 15. Thus, the acid content is more 
variable characteristic compared to the total carbon content of organic compounds - both 
in time (organic substrate of different age) and in space (microtopography). 

Figure 1 shows a dendrogram of the similarity of soil and permafrost layers. For all 
the profiles the uniformity of all studied characteristics have been obtained at the 
landscape level both for permafrost at depths of 2 m and 100-130 cm, these two strata 
differ significantly. The “lifting” the surface of the underlying peat layers of soil of the circle 
and the “removal” of its surface horizon due cryogenic processes have been evidenced. 
First, the presence in the group horizons PL-1 of three soils of lower active layer of the 
soil. Secondly, the similarity of the AL-1 circle and the AL-2 of the edge zone of peat circle. 
Features of genesis of soil under shrub vegetation contribute to the formation of the 
surface layer, distinct from all other objects. Thus, by the dendrogram on experimental 
data it is shown that the active three horizons of soils find are maximally variability among 
themselves. For these depths is typical frequency of cycles of freezing-thawing, the 
magnitude of the temperature and average annual temperature in organogenic profile of 
peat soils that confirms the previously obtained results.  

 

Figure 1. Dendrogram of the similarity of horizons (A), soil (B),  
E - Euclidean distance. 
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The significant relief-forming role of cryogenesis is shown it determines the direction 
of soil formation processes and has a substantial impact on soil cover structure as well as 
properties of water-soluble organic compounds. Active layer is characterized by the 
greatest contrast in the composition structure of water-soluble organic compounds the. 

Financial support was provided by the RFBR ”Permafrost peatlands of 
Bolshezemelskya tundra: ecological state of soil-permafrost complex under climatic 
warming in XXI century”, № 14-05-31111mol_  and Ural Branch RAS, program 
“Biogeochemical bases of soil acidity in cryolithozone: analysis of scientific heritage 1950-
2010, application of modern applied methods”, № 12- -4-1013.  
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Kobresia pastures of the Tibetan Plateau represent the world’s largest alpine 
ecosystem. Moderate husbandry on Kobresia pastures is beneficial for the storage of soil 
organic carbon (OC), nitrogen (N) and other nutrients and prevents erosion by 
establishment of sedge-turf root mats with high OC allocation rates below ground (Hafner 
et al. 2012). However, undisturbed root mats are affected by freezing and thawing 
processes, which cause initial ice cracks. As a consequence decomposition of root mat 
layers will be accelerated and current sedentarization programs with concomitant 
increased grazing intensity may additionally enhance root mat degradation. Finally, cracks 
are enlarged by water and wind erosion until bare soil surface areas without root mat 
horizons occur.  

We investigated the mineral soil below Kobresia root mats along a chronosequence 
of degradations stages ranging from 1 (intact root mat) to 4 (mats with large cracks and 
bare soil patches). Vertical gradients of 13C values, neutral sugar, cutin and suberin 
contents as well as microbial biomass estimated by total phospholipid fatty acid (PLFA), 
microbial community composition (PLFA profiles) and activities of six extracellular 
enzymes involved in the C, N, and P cycle were assessed. The aim of this study was to 
understand the impact of the root mat layer on SOM stabilization and microbial functioning 
in different soil depths and to predict future changes (OC, N and nutrient losses, soil 
microbial functioning in SOM transformation) by overgrazing and climate change.  

 

Figure 1. 13C values with increasing depth and degradation stage. 
Differences significant at p ≤ 0.05. 
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Soil OC and N contents as well as C/N ratios indicate an increasing illuviation of 
topsoil material into the subsoil with advancing root mat degradation. The incorporation of 
OC and N rich topsoil material into the subsoil with enhanced root mat decomposition was 
confirmed by more negative 13C values (Figure 1) as well as significantly (p ≤ 0.05) 
increasing contributions of cutin derived hydroxy fatty acids to OC in the subsoils from 
degradation stages 1 to 4. PLFA profiles were surprisingly similar in the subsoils of 
degradation stages 1, 2 and 3 although OC contents and composition in the subsoil 
changed progressively from stage 1 to 4. Only the PLFA profiles of stage 4 differed 
considerably from those of the other subsoils, suggesting that PLFA profiles were mainly 
controlled by other factors than carbon and nitrogen contents and SOM composition. 
These findings are also confirmed by the activities of β-glucosidase, xylanase, amino-
peptidases and proteases, which were highest in the subsoil of degradation stage 4 
whereas degradation stages 2 and 3 showed restrained enzyme activities in the subsoil if 
related to soil OC amount and composition.  

 
 
Hafner, S. et al. (2012) Effect of grazing on carbon stocks and assimilate partitioning 

in a Tibetan montane pasture revealed by 13CO2 pulse labelling. Global Change Biology. 
18, 528–538. 
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The field of stationary for the study of crop rotation was founded in Shortandy in 
1961. It initially has studied a double, three-field and quarter-field of the fallow-wheat 
rotations. Later, a fifth-field and six-field of crop rotation was introduced. A continuous 
cropping of spring wheat was studied in the sample without fertilization. In the crop 
rotations the phosphate fertilizers were used since 1961 at the rate of 15 kg/ha P2O5. The 
nitrogen fertilizers began to make a stubble backgrounds at a dose of 35 kg/ha N in 1984.  

A yield of spring wheat was depended not only on the location in the crop rotation, 
but also on the frequency of a fallow. It has increased with lengthening a crop rotation. In 
the first field after a couple wheat an yield of the wheat in the six-field crop rotation 
improved by the comparison to a  two-field of crop rotation by 11%. This can be explained 
by the fact that the frequent fallow applied had led to decrease the soil fertility.  

If we take a control of the alternation of the fallow-wheat, the yield of spring wheat at 
an elongation rotation decreased by only 7%. It has not changed, because the yields of the 
individual fields of crop rotation increased with the extension of the rotation. At the same 
time, a grain yield per hectare of a crop rotation significantly increased as lengthening the 
rotation, reaching the highest level in the permanent crops of a spring wheat in 1961, 
amounting to 188% with respect to the two-field rotation of fallow-wheat.  

At a first glance, the advantage of the continuous wheat over the crop rotations by 
the yield of grain per 1 ha of crop rotation seems to be too large. However, a comparison 
of our data with a data of the Canadian Experimental Station called Indian Head for the 
1958-2007 years, located on the southern border and common black soils, shows very 
similar numbers (Lafond et al., 2012).  

In our experience of over fifty years, the humus content in the 0-20 cm layer in 
permanent crops decreased from 3.90% to 3.26%, and in two-field of crop rotation -wheat 
to 2.48%. This is a reduction of soil fertility and was the main reason falls of the soil 
productivity. For a comparison, the experimental station at Indian Head in 50 years after 
the layout of the experiments of organic carbon in the content 0-15 cm layer in the two-
field crop rotation fallow-wheat and in the crop of continuous wheat was respectively 32.84 
and 38.24 t/ha. 
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The large volumes of produced sewage sludge urban sanitation is a problem of many 
cities. They are often contaminated with heavy metals and other pollutants and contain 
pathogenic microorganisms. Their recycling the most reasonable way - as an organic 
fertilizer - can lead to contamination of soil, surface water and groundwater, plant products. 
Their utilization by other methods associated with a number of economical and 
technological problems. At that time, storing the sewage sludge in the territories of 
treatment facilities creates a serious danger to the environment. 

In this regard, there is an acute problem of finding a new methods processing of 
sewage, allowing to reduce the toxicity and mobility of the heavy metals by the use of 
sewage sludge as an organic fertilizer. 

It is known that getting into the soil, the heavy metals interacting with soil organic 
matter form the complex compounds - chelates. In this case the heavy metals are 
becoming the less available for absorption by plants. The simple organic compounds, such 
as certain amino acids, fulivo and humic acids contained in soils in their natural state, are 
active chelating agents for micronutrients. In the institute of Basic Biological Problems 
RAS has tested the technology of processing of sewage sludge in the organic fertilizer, by 
their detoxication and decontamination by agents on the basis of the amino acids, which 
are then subjected to composting. 

At the treatment of sewage sludge by reagents there is a destruction of pathogenic 
organisms, the heavy metal ions bind in the stable and non-toxic amino acid complexes, 
irreversibly inhibited the toxins, herewith the products of interactions are becoming 
chemically stable. The substrate obtained by processing (organicmineral composition) is a 
good material for the preparation of composts. In composting, neutralized in this method of 
sewage sludge with various fillers are occurs improvement physico-chemical and agro-
chemical properties of the substrate. Herewith formed the fulvic and humic acids, which 
have the added detoxifying and structural impacts and improve the quality of compost. 

The composts obtained by this technology can be used as soil-additive and organic 
fertilizer. However, this raises the question about the influence of amino acid complexes of 
heavy metals, and metal complexes with fulvic and humic acids on the growth and 
development of plants. 

Was carried the estimation the impact of sewage sludge contaminated with heavy 
metals and compost on its basis after treatment with reagents on the plants. The 
estimation was made by the seed germination rapidly growing higher plant by the standard 
procedure. 

This method allows to estimate the effect of the contained ingredients on the growth 
and development of higher plants, and it is a qualitative measure of phytotoxicity of test 
environments. The results of testing on plantlets are presented in the Table. 

Table. Results of testing the organomineral composition on plantlets of cress 

Indicator Control 
Organomineral 

composition,before 
composting 

Compost 

The average length of        
plantlets, mm 

16,7 6,8 17,0 

The average length of the 
roots, mm 

51,8 5,4 22,5 

As a control was used the suspension of gray forest soil. 
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By results of testing established that the compost resulting by organic-based 

composition is not toxic. In seedlings germinated on compost there was no effect in the 
form of stunting in comparison with the control plants.This fact indicates that the 
composting process under the influence of microorganisms, there was no destruction of 
complexes of heavy metals and the release of their ionic forms in concentrations which 
could have a toxic effect. 

In addition to this we also carried out biological testing composts on aquatic 
organisms, soil invertebrates, and identifies genotoxic effects on mammalian cells 
(mouse). It was shown that extracts from the compost do not have acute toxic effects on 
aquatic organisms (Daphnia magna). Survival and fecundity earthworm in treated 
sediments and compost is higher than in untreated. Experiments performed counting 
method the cells with micronuclei of the red bone marrow of mice showed that the 
compost introduced in animals, has no genotoxic effects, while unprocessed sludge 
renders such action. 

The results of tests show that contaminated by heavy metals sediments have toxic 
effect on the test objects while compost prepared from sewage sludge processed of 
reagents based on the amino acid does not possess toxic effects. 
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In recent decades, many countries around the world, including in Russia, some 
companies to obtain and produce a variety of bacterial and humic preparations for 
agricultural purposes have been widely used as a raw material end products of aerobic 
fermentation of organic wastes (composts and vermicomposts).  

At the first blush it does not seem rational, since these substrates in terms of the 
content of the humic substances significantly poorer than the leonardites and the peats. 
However, all these kinds of humic organic materials have been used to produce various 
types (liquid, paste and dry) for the following reasons.  

Firstly, in contrast to the leonardites and the peats, above all, it humic renewable raw 
material (one might even say very quickly renewable raw materials as well as processes 
for their bioconversion last from several days to several months). Moreover, the pervasive 
processing a wide variety of organic wastes of plant and animal origin by means of aerobic 
bioconversion technology provides not only high-value species of organic fertilizers and 
feed additives for animals of low quality organic wastes, but also reduce the anthropogenic 
load in the cities of removal and disposal of the organic part of municipal solid wastes to 
landfills and dumps.  

Second, the end-products of aerobic bioconversion of organic wastes contain humic 
substances besides a very wide range of biologically active substances and rich microflora 
species composition useful soil microorganisms antagonistic variety of pathogens, in 
particular of phytopathogens, as well as micro-organisms producers of various biologically 
active substances.  

Therefore, using a variety of technological methods of such a complex composition of 
organic raw materials is possible to obtain not only humic preparations, containing the 
purified and concentrated salts of humic and fulvic acids, but also more complex in 
composition preparations, containing the humic substances in addition to a number of 
biologically active substances, antibiotics, metabolic products of the earthworms and soil 
microorganisms and living soil microorganisms. That is, these preparations can more 
accurately be called complex microbial humic biological preparations. These biological 
preparations unlike humic substances on the basis of the leonardite or the peat a priori 
have a broader spectrum of action both on the soils and the plants.  

Now fertilizers have become expensive, and organic fertilizers produced enough. It is 
therefore necessary to introduce technologies is almost universally waste crop and 
livestock to produce the composts and the vermicomposts. These two aerobic process can 
turn low-level organic wastes into valuable organic humic fertilizers, which in turn are a 
renewable sources and a unique raw materials for producing various biological 
preparations for agricultural practices.  

To produce liquid biological preparations from the vermicomposts use three types of 
processing methods of the vermicomposts:  

– biological (fermentation of aqueous suspensions);  
– chemical (alkaline or acid extraction reagents);  
– physical (extraction by means of ultrasound and cavitation).  
However, the manufacture of such preparations are two problems: the problem of 

standardization, because they contain a wide range of active ingredients, and the problem 
of stabilization of microorganisms in liquid and paste forms of the preparations.  

Extracts from the vermicomposts various types have long been recognized as a 
potentially valuable biological preparations to accelerate the growth and development of 
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the plants, as well as for the biological control of insect pests and phytopathogens. Recent 
research and innovation in their manufacture and use have popularized the use of these 
biological preparations of food manufacturers have landscapers and farmers interested in 
growing healthy agricultural products.  

Currently, a number of Russian companies produces and sells liquid humic 
preparations based of the vermicomposts: Humisol, Superhumisol, Ideal, Humistar, 
Humistim, Humiver, Furor and others. According to its basic qualities, they can not and 
should not be significantly different from each other, as are used in almost similar 
technology for their production. The difference can be only one - is used for a different 
quality of the vermicompost.  

The authors of this report in 2014 patented a more efficient way of obtaining liquid 
humic preparation based on the vermicompost using alkaline extraction in the presence of 
potassium pyrophosphate, which can significantly increase significantly in the final end 
product content of humic substances and increase the content of total phosphorus and 
potassium. This preparation under the brand name "Univermbio" produses by company 
"BIOHIMRESURS" (Vladimir, Russia). He has the following properties:  

– improves germination of the seeds;  
– stimulates root formation of the plants;  
– promotes rapid rooting of cuttings;  
– stimulates growth and accelerates the development of the plants;  
– improves the immune system of the plants;  
– reduces the concentration of nitrates in agricultural products;  
– impedes the flow of heavy metals and radionuclides in the plants;  
– increases the content of sugars, proteins and vitamins in fruits and vegetables;  
– eliminates chlorosis and stimulates flowering of the plants.  
The preparation is intended for the treatment of the seeds, as well as for the root 

(irrigation) and foliar treatments of the plants (spraying). The most effective use of this 
medication in a greenhouse for growing vegetables. The preparation is compatible with all 
types of herbicides, fungicides and insecticides, which allows to make it together with them 
without disturbing the process. The optimal dose for treating seeds 1-3 l/ton; for the 
treatment of crops at different stages of the growing season - 6-10 l/ha. Disposable 
preparation treatment "Univermbio" increases the yield of vegetable crops by 40-50%, 
cereals - by 7-15%. The use of this preparation can reduce the conventional dose of 
mineral fertilizers and agrochemicals by 30-50%.  

Application of biological preparations from the vermicomposts - an important tool for 
organic producers and farmers who do not want to use chemical fertilizers and 
agrochemicals for growing agricultural products. Integrated application of the 
vermicompost and liquid humic and bacterial preparations will allow agricultural producers 
from the gardeners to large farmers to grow more environmentally friendly products, the 
so-called organic "biovegetables" and "biofruits" that have a high demand from the 
consumer. It can be assumed that these biologic preparations will soon make a worthy 
alternative to the competition and mineral fertilizers and agrochemicals. 
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Northwestern part of Russia, the Kola Peninsula, is one of the most heavy metals 
(HM) contaminated area in the northern hemisphere. There are active mining-and-
metallurgical integrated works, “Pechenganikel” and “Severonikel”, located in Murmaskaya 
oblast’, which nearby areas are highly damaged ecosystems required in remediation 
(Koptsik et al., 2014). The main contaminating metals are Ni and Cu. 

At present time there are a lot of remediation ways, but most of current methods are 
usually quite expensive, demand complicated technical support and cause other 
ecological problems. Using of exogenous humic substances could be possible solution of 
HM contamination problem (Park et al., 2011). Rational application of humates (Na-Ca 
salts of humic acids) can result in improvement of soil properties, localization of 
contamination and decreasing bioavailability through binding HM in relatively immobile 
organic complexes.  

The research aims to evaluate influence of increasing doses of different origin 
humates on i) basic properties of contaminated soils including organic carbon pool; ii) 
mobility and bioavailability of HMs; iii) vegetation state and chemistry.  

In summer 2013 a model field experiment was conducted in natural conditions of the 
Kola Peninsula. The investigation was realized on Al-Fe-humus abrazems dominated in 
the barren area in the vicinity of “Severonikel” work. The soils of the technogenic barrens 
were strongly acid: pHH2O was 3.7–4.1; pHKCl was 3.4–4.0 (Koptsik et al., 2014). The 
exchangeable acidity was low (0.8–1.6 cmol(+)/kg) due to the depletion of fine particles 
and organic matter, being the carriers of exchange positions. The abrazems of the barrens 
lost organic horizon and were depleted in organic matter. 12 sites, 0.8x1.0 m2, were 
created in 1 km from the work. In those sites, except 2 controls, various amendments were 
added (with combination or without):  two different by it’s origin types of humates: peat-humates and coal-humates, 

the last were in concentrations 0,5% and 1%;  lime;  NPK-fertilizer;  biomates (organic degradable cover for saving warm and erosion protection). 
There was grass mixture with predominance of Festuca rubra and Festuca ovina 

sowed out on all the sites. The number of replication for each site was 4. 
As a result we concluded that humates of different origin have unequal influence on 

soil properties and case decreasing as well as increasing of HMs mobility. 
Peat-humate application cases insignificant enrichment of soil by organic material, 

has low influence on pH and microbiological activity. Although, in combination with lime, it 
raises pH and immobilizes Ni and Cu. 

Coal-humate application attended with high enrichment of soil by organic material 
and it’s soluble forms, changes in molecular-mass distribution, decreasing of acidity, and 
growth of microbe biomass. Mobilization of HMs was low at 0.5% coal-humate 
concentration and increased with humate dose. It can be explained by mineralization of 
organic material because of microorganism activity stimulation. Those low-molecular 
organic acids formed in process of mineralization in binding with HM can create highly 
mobile metal-humic complexes. 
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Application of humic substances does not prevent uptake of HM by roots, but it limits 
Cu uptake and prevents transport of HM to sprouts. 
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Figure 1. Total carbon content (mean and 95% confidence interval) in upper (0-5 cm) 
and lower (10-15 cm) soil layers with different amendments: 1 – control, 2 – NPK-fertilizer, 

3 – peat-humate and NPK-fertilizer, 4 – peat-humate, lime, and NPK-fertilizer, 5 – 0.5% 
coal-humate and NPK-fertilizer, 6 – 1% coal-humate and NPK-fertilizer. 

Also, the influence of biomate is not clear. It can favour microbiological activity, so 
organic material mineralization, so, as a result, HM mobilization in soils. 

In conditions of 6-weeks field experiment, application of peat-humate with lime and 
biomate together was most successful for amendment of acid Kola Peninsula soils, 
contaminated by HM. Application of 0.5% coal-derived humate was the best treatment for 
organic matter accumulation in poor eroded sandy soils.  

Promising results obtained in short-term experiments should be supported by further 
investigations. Proper evaluation of humates efficiency and selection their optimal doses 
for remediation of contaminated soils and stabilization of organic carbon pool require long-
term field experiments under the influence of multicomponent contamination and diverse 
physical, chemical, and biological factors. 
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Soil is among of the major reservoirs of carbon in the Earth. Evaluation of the content 
and variability in carbon stocks in soils is important for understanding and prediction of 
possible changes in the carbon cycle and global climate change. Since 1930s-1940s, the 
copper-nickel plants have begun mining and extraction of minerals in the Kola Peninsula 
and as a result, natural ecosystems were exposed to heavy industrial pollution. Such 
intensive human impact has disrupted ecosystems for tens of kilometers from the plant, 
first of all it has affected vegetation, oppressed by air pollution (Koptsik et al., 2003). 
Oppression and thinning of vegetation of local areas led to a breach of vegetation area in 
general. Processes of erosion and deflation developed, which are not only led to the 
degradation of the soil profile, but also to the output of parent rock to the surface. As a 
result of these processes landscapes, known as "barren lands", were formed.  

In addition to the visual changes in the soil profile, such as a change in depth of 
profile, it’s important to pay attention to the processes, which are not always perceptible 
glance, specifically the transformation of organic matter in the soils. We studied podzols 
under spruce forests at different distances from the “Severonikel” plant as well as 
abrazems in barren lands in the immediate vicinity of the plant. In the background spruce 
forests (64 km from the plant, S64) humus-illuvial podzols are developed, the carbon 
content of which largely depends on the state of vegetation. The presence of an intact 
stand with well-developed green moss − dwarf shrub cover provides the full development 
of the podzol profile with an accumulative-eluvial-illuvial distribution of organic matter. The 
impact of SO2 and heavy metals accumulated in the organic horizons leads to gradual 
thinning and destruction of forest vegetation and developing of technogenic digression. In 
technogenic sparse forests termination of income of fresh plant litter leads to progressive 
mineralization of organic matter of soil surface horizons. Degradation of vegetation, 
termination of performing by vegetation and soil their hydrological functions under the 
conditions of the dissected relief is accompanied by increased vertical and horizontal 
substance flow. This in turn leads to increased migration of carbon in soils and landscapes 
under the spruce forests. Carbon pool in 0-50 cm layer of background podzol was 5.4 kg 
C/m2 (Fig. 1), with a maximum in organic horizon O (2.4 kg C/m2) and a second maximum 
in illuvial horizon BHF (1.1 kg C/m2). Intense defoliation of spruce forests due to air 
pollution led to accumulation of plant residues in organic horizon and temporary 
enrichment of the soil by organic matter (S28). Later on technogenic digression of 
phytocoenoses due to increased pollution is accompanied by impoverishment of organic 
horizons in carbon and offset peak of its reserves to the illuvial horizon. So in technogenic 
sparse forest, which is located 7 km from the plant (S7), carbon pools reach to 10 kg C/m2, 
of which 1.9 kg C/m2 accounts for the organic horizon and 3.6 kg C/m2 – to the illuvial 
layer. Abrazem of technogenic barren (B1) differs from forest podzols by sharp 
impoverishment of organic matter as a result of the vegetation’s death and heavy erosion. 
Similar to most of the destroyed ecosystems of the local zone of the “Severonikel” plant 
(Kashulina et al., 2010), the soils have lost almost all their organic matter and have 
returned in terms of their properties to the initial parent material. Carbon pools in the 0-50 
cm layer of abrazem on technogenic barren is 2.5 kg C/m2, which is twice less than in 
background podzols, and 4 times less than in podzols of sparse forests.  

Remediation of the technogenic barrens was started in 2003 by the Monchegorsk 
Forestry according to the recommendations of the Institute of the North Industrial Ecology 
Problems (KSC RAS) with support of the Kola Mining and Smelting Company. For 
remediation of barren lands the bulk layer with different ratios of the components has been 
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formed, which were wastewater sludge, peat, sand, sawdust. Thickness of a bulk layer for 
each of the areas has been selected on the basis of the disturbance degree. Besides 
adding of bulk layer lime and mineral fertilizers were also added to the soil and seedlings 
taken in abandoned agricultural land were planted.  

We examined the effect of meliorates on the content of available nutrients and 
pollutants, as well as the carbon pools in soils. It should be especially noted that due to 
natural shrinkage and mineralization processes of peat the sealing of bulk layer is 
observed. For the remediation site, laid in 2003 (hereinafter referred to R2003), an additive 
of peat as a mixture component has been excluded, thus the ratio the remaining 
components of bulk layer in the manner described above, was 1.5:3:1. Carbon pools in the 
layer 0-50 cm after the measures taken have made 9.9 kg C/m2 (Fig. 1). On the 
remediation site laid in 2004 (R2004), by contrast, wastewater sludge was out as 
components of bulk layer and the ratio of the remaining components constituted 2.5:1:1. 
Carbon pools in the 50 cm thickness layer were16.6 kg C/m2. On the remediation site laid 
in 2006 (R2006) sand was the absent compound, but the content of peat was increased. 
The component ratio was amounted to 1:6:1, carbon pools at the same time have made 
12.5 kg C/m2 in half a meter layer. In 2008, combination of peat, sand and sawdust at the 
ratio 2.5:1:1 was used for remediation; as a result carbon pool exceeded 10 kg C/m2 in 0-
50 cm soil layer. It should be noted also that the mean thickness of bulk layer for R2003 
and R2004 was approximately 40 cm, while in the R2006 area – nearly 10 cm. It is clearly 
seen that the carbon pools in soils after remediation exceeded the soil carbon pools in 
barren lands as well as in background forests.  

0

2

4

6

8

10

12

14

16

18

R2003 R2004 R2006 R2008

Remediation sites

C
 p

o
o

l,
 k

g
 C

/m
2
 

0

2

4

6

8

10

12

14

16

18

S64 S28 S7 B1

Forest sites

C
 p

o
o

l,
 k

g
 C

/m
2

 

Fig.1. Soil carbon pools in spruce forests at successive stages of technogenic 
digression (left) and in remediation sites (right). See text for the site notations. 

 
As a result of remediation the evident increase of carbon pools and a trend towards 

decreasing the mobility of polluting metals were revealed. The most effective method of 
remediation for polluted soils of barren lands in the Kola Peninsula is creation of bulk layer 
based on mixture of wastewater sludge, peat, sand, and sawdust in different combination 
and ratios depending on local conditions and soil properties. 
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Poor knowledge of the structure and properties of humic acids (HA) of tundra soils, 
their accumulation characteristics to mercury - on the one hand, and the ability of mercury 
(II) ions to form the most stable complexes with HAs - on the other, are responsible for the 
choice of this element to evaluate the effectiveness of the geochemical barrier of tundra 
soils humic acids in a cycle of heavy metals in the biosphere. The studies were conducted 
on the tundra zone of the European North-East of Russia with massiveinsular permafrost. 
The HA preparations were isolated from the organic horizons of the tundra soils in 
autonomous positions: surface-gleyed tundra soils and cultivated surface-gleyed tundra 
soils (shrub tundra) and peaty tundra gley and peat tundra gley soils (typical moss-lichen 
tundra). 

According to the 13C-NMR data, the HAs from the studied soils have similar 
molecular structures and characterized by a low degree of aromaticity (18.4–28.5%) and a 
high portion of peripheral molecular fragments: aliphatic groups (24.3–35.5 %), oligo- and 
polysaccharide fragments (22.1–26.9 %), and amino and methoxy groups (10.2–10.9 %). 
Based on the elemental analysis and 13C-NMR data, trends of profile changes in structural 
and functional parameters of HAs have been revealed: increase HAs aromaticity, leading 
to the increase of their biochemical stability, decrease in the portion of labile carbohydrate 
moieties, methoxy and amino groups, as a result of humification and mineralization of the 
least stable carbon structures polysaccharides and amino acid residues. This leads to a 
decrease in the degree of aliphatic components oxidation of HAs and share of polar 
carbon atoms. The content of paramagnetic centers in tundra soils HAs lower by 10-60 % 
than in the HAs from podzolic and gray forest soils. Weak free-radical activity of HAs is 
associated with a low degree of aromaticity of tundra soils humic substances. High 
correlation between the content of paramagnetic centers and the degree of HAs 
aromaticity and a molar ratio of H:C have been revealed. The hydrolyzates of the HAs 
from the soils of the tundra zone contain 15–17 amino acids, the total portion of which 
reaches 18 % (more than 48 % of the total nitrogen). The content of amino acids in the 
HAs depends on the degree of hydromorphism of the tundra soils and increases in the 
series peat (peaty) tundra gley soil > cultivated surface-gleyed tundra soil > surface-gleyed 
tundra soil (the mass portions of the amino acids are 8.0–11.0, 14.1, and 17.7 %, 
respectively). These peculiarities of the structural and functional HAs parameters 
determine the ability to bind different classes of pollutants, including heavy metals. 
Mercury is the most versatile element that allows to reveal the binding of the various 
functional groups of HAs. The analysis of the kinetic relationships for the sorption of 
mercury (II) ions by HAs revealed that, at the low concentration of mercury (II) ions, the 
complexation with HAs can be considered as a heterogeneous chemical reaction of zero 
order: the sorption of mercury (II) ions is independent of the component concentrations. 
Because of the system’s heterogeneity, the complexation is preceded by the diffusion of 
metal ions to ligands. In real natural systems, the efficiency of HAs as a geochemical 
barrier decreases at low mercury concentrations. The portion of mercury (II) ions sorbed 
by HAs increases with the initial concentration c0(Hg2+) = 0.025–5.0 mol/dm3 from 0.43 to 
0.92. This reflects the kinetic features of the HAs’ interaction with mercury (II) ions. 
According to the sorption capacities for the mercury(II) ions, the HAs can be subdivided 
into two groups. The first group includes the HAs from the virgin soils with a sorption 
capacity of (Q) 0.47–0.49 mmol/g; the second group includes the HAs from the cultivated 
surface-gleyed tundra soil and the hydrolyzed tundra peaty gley soil (Q) 0.35 mmol/g. The 
compact location of the sorption isotherms for the HAs from the first group is due to the 
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similar molecular structures of these HAs. The analysis of the FTIR absorption spectra of 
mercury (II) complexes with aromatic and aliphatic COOH groups increases the intensity of 
the lines at 1610 and 1660–1685 cm–1. Amino acid fragments are the most significant 
carboxyl groups of aliphatic chains involved in the formation of coordination compounds 
with maximum at 1550–1580 cm–1. Notable changes are observed for the intensities of the 
bands at 1125, 1088, and 1042 cm–1 corresponding to the alcohol OH-groups 
(predominantly carbohydrate ones), as well as phenolic OH fragments. This work was 
supported by grants of the Russian Foundation for Basic Research № 13-04-00070a and 
№ 14-04-31303. 
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The goal of this study is to develop the technology for fabrication and practical use of 
polymeric materials for remediation in anthropogenic areas. In order to clean up 
contaminated soil by high toxic metals/elements, radionuclides the non-stoichimetric 
interpolyelectrolyte complexes (NIPEC) with an excess of either component, cationic or 
anionic polymer including natural one - humic acids are proposed. A polymer, taken in 
excess, is usually referred to as the lyophilizing, and taken in shortage as the blocking. 
NIPECs are formed in the presence of minimum salt concentration, in the order of 10-3 M, 
that practically has no effect on the water-salt balance of soil. Depending on chemical 
nature of polymers and linear charge densities in macromolecules, water-soluble NIPECs 
can be prepared with long sequences of interpolymer salt bridges (hydrophobic blocks) in 
which up to 50 mol% of the lyophilizing polymer units can be involved. Due to hydrophobic 
blocks and residual non-compensated charges, NIPECs are effectively bound to soil 
particles and cannot be washed away with rainfall, or artificial irrigation, or water from 
melted snow. NIPEC solutions with low salt concentrations are actually “one-solution” 
formulations without producing a negative effect on the water-salt balance of soil. 

Additionally, NIPECs are able to bind effectively a majority of toxic heavy metals: 
chrome, cadmium, cobalt, copper, zinc and others, due to incorporation of metals inside 
hydrophobic NIPEC fragments generated by mutually neutralized cationic and anionic 
units. As a result, thermodynamically stable structures are formed with a central metal ion 
surrounded by functional groups of both polyelectrolytes. This allows the extraction of 
heavy metals even from extremely diluted solutions.  

Commercially available biodegradable polyelectrolytes - anionic (polyacrylic acid, 
humics) and cationic (polydimethydiallylammonium chloride, polyethyleneimine) - are used 
for NIPEC formation. Anionic groups in polymers are represented by carboxylic (-COOH) 
and sulfo groups (–SO3H), cationic by different amino groups, from primary to quaternary. 
Molecular mass of polymers is varied from 2×103 to 105 D that approximately equal to 20-
103 degree of polymerization. All the above mentioned polymers are soluble in water and 
water salt media at 1-10 wt% concentrations that are typical for polymer-based soil-
stabilizing formulations.  

In such polycomplexes, both polymers or either of them can be biodegradable. These 
formulations ought to be used in combination with sowings of perennial herb seeds. This 
approach ensures formation of stable grass covering in a shortest period of time which 
prevents wind and water erosion and suppresses spread of heavy metals. After completing 
the protection function, the formulation is destructed, being affected by soil 
microorganisms, and transformed down to simple non-toxic substances that will improve 
the environment.  

Thus, use of NIPEC allows to solve two interrelated problems: extraction and 
concentration of heavy metals and radionuclides and prevention of their spread by means 
of wind and water erosion. Formulations are prepared and tested in the lab and in further 
in the field. 

Acknowledgement. This work is supported by the International Science and 
Technology Center (ISTC Projects KR-2093). 
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Fungal Laccases and Humification 
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Humic substances represent a by-product of catalytic transformation of plant-
produced phenolics and other precursors. The main humification catalysts are peroxidases 
and phenoloxidases, produced by fungi. Among these enzymes the most widespread is 
laccase (EC 1.11.1.14, benzendiol:oxygen oxidoreductase). This multicopper 
phenoloxidase catalyzes one-electron oxidation of substituted phenols and aromatic 
amines by O2 which is reduced to water. Phenoxy-radicals and quinones produced can be 
further oxidized to quinones and/or polymerize. Alternatively, the semiquinone may react 
with O2 to yield superoxide radical that initiate depolymerization processes in a similar way 
to Mn-dependent peroxidase  (MnP) via alkyl-phenyl and C–C cleavage of phenolic 
oligomers (Guillen et al. 2000). Thus, dependent on initial molecular weight of phenolic 
substrate laccase can catalyse either polymerization or depolymerization reactions. 
However, there is an opinion that laccase can not oxidize polymeric substrates directly and 
needs redox mediators or synergistic action of other enzymes. There is also lack of 
experimental data that clearly show formation of high molecular weight humic polymers in 
presence of laccase.  

In this work we will demonstrate the results of our experiments which show that:  
1) purified laccases of white-rot basidiomycete Panus tigrinus and lichenized 

ascomycete Solorina croces can depolymerize humic acids in vitro without any mediators 
(Zavarzina et al., 2002; Lisov et al., 2011);  

2) laccase of P.tigrinus can efficiently depolymerize humic acids in vivo during 
submerged cultivation of the fungus in nitrogen-rich medium (i.e. under the conditions 
preventing production of MnP). The effect of laccase on humic acids is similar to that of 
MnP, the sole enzyme produced by fungus under nitrogen-limited conditions.  

3) laccases of P.tigrinus (Zavarzina, 2011) and S.crocea, immobilized on kaolinite, 
covered by amorphous aluminum hydroxide, catalyse heterophasic condensation of 
monomeric precursors into high molecular weight humic-like products. 

On the basis of experimental results, mentioned above, we conclude that fungal 
laccases can be considered as versatile humification catalysts, which are able to 
synthesize and destruct humic substances. This extends the role of the enzyme in 
environmental processes and extends our knowledge on humification process.  
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Silver Nanoparticles Toxicity Increases in the Presence of Humic Acids 

Dmitry Abroskin, Alexander Volikov, Mariya Chernysheva, Natalia Kulikova, 
Irina Perminova 
Lomonosov Moscow State University, Moscow, Russia, Mr.Mantikor@gmail.com 
 

Due to nanotechnology development inflow of nanoparticles in the environment is 
constantly increasing. Silver nanoparticles (AgNP) occupy one of the leading places in 
nanoparticles production. To characterize peculiarities of AgNP behavior in the 
environment including their toxicity, it is necessary to study their interaction with humic 
acid (HA) occurring in all kind of the environments and influencing behavior of all toxicants. 
So, our study was aimed to estimate HA effect on AgNP toxicity. 

AgNP and HA-coated AgNP (HA-AgNP) were synthesized according to [1]. 
Leonardite HA were used for the study. 8-day seedlings of wheat Triticum aestivum L. 
were transferred in the treatment solutions containing AgNP (200 µM Ag), HA-AgNP 
(200 µM Ag) or HA (50 mg/L). Distilled water was used as control. After 6 days, the plant 
biomass was estimated. -potential of nanoparticles studied were measured using 
ZetaSizer Nano (Malvern instruments Ltd., USA) before exposition with the plants 
(treatments were assigned as “before”) and after it (treatments were assigned as “after”). 

Our results demonstrated toxicity of all of the nanoparticles studied. Adding AgNP led 
to decrease in both roots (8%) and shoots (5%) biomass (Table 1). 

 

Table 1. Influence of HA on AgNP –potential and toxicity 
Biomass, % of blank Treatment –potential, mV 

Roots Shoots 
AgNP before –401 – – 
AgNP after –161 924 951 
HA-AgNP before –161 – – 
HA-AgNP after –70,5 872 852 

In spite of slight stimulating effect of HA observed (increasing roots biomass by 5%) 
HA-AgNP introduction resulted in a significant decrease in both roots (13%) and shoots 
(15%) biomass. Being surface active compounds HA could alter colloidal stability of AgNP 
[2]. So, one can hypothesize effect of HA on -potential of AgNp. 

The measurements of -potential indicated high colloidal stability of the original AgNP 
(–40 mV) and their high repulsion forces in relation to negatively charged root surface. 
Coating AgNP with HA reduces -potential to –16 mV indicating both repulsion forces 
lowering and lower HA-AgNP stability as compared to uncapped AgNP and, as a result, 
increased ability of nanoparticles to be adsorbed by plant roots. So, HA-AgNP could be 
assumed to have higher toxicity in comparison with AgNP due to lower colloidal stability 
and lower repulsion forces in relation to the plant roots. 

 
Acknowledgements: This research was partially supported by the Russian 
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It is known that humic substances (HS) are actively involved in geochemical 
processes of metal transfer in soil and water ecosystems. Humic substances are involved 
in the formation and erosion of metal-containing minerals and ores. However, questions 
about mechanisms and kinetics of transfer of mineral-forming metals in soluble form, 
composition of these forms, mechanisms and conditions for formation of precipitations 
containing metal in nature, are not fully understood yet. In this paper we are proposing to 
examine some of these problems by example of iron, which is an important mineral-
forming and biologically active metal. Iron is supposed to be included in humic compounds 
in chelate complexes form, and in highly hydrated oxohydroxo compounds form. Various 
functional groups present in HS composition can form compounds with iron and stabilize 
dispersed system. We believe that the same functional groups of HS could also be 
involved in chemical interaction with dissolved iron compounds contributing to its 
extraction from solution. 

To confirm this hypothesis, we studied kinetics of dissolution of metallic iron in 
aqueous HS solutions in a lack of air, and iron-containing corrosion products. We placed 
the weighed quantity of metallic iron in the form of sawdust (~ 58 µm) into a solution of 
potassium humate (250 mg/L) and then we were continuously mixing the solution in a 
sealed container for 28 days. Initial light-brown color of the solution became intensely 
brown-black, almost opaque. After attaining the maximum optical density (approximately 
on 10th–14th day) a precipitate was formed (apparently, iron-humic compound) and in the 
end of the experiment the solution became almost transparent. We sampled the solution 
every 55 hours to detect iron concentration (after evaporation of aliquots, and ashing) and 
HS concentration (by spectrophotometric method, at 254 nm), permanganate index and 
pH of the solution. Some of the results of these measurements are shown in the figures. 
The data obtained show that the corrosion of iron in the presence of HS occurs by two 
mechanisms. The first mechanism involves the interaction between HS and iron with the 
formation of an organometallic compound, which then precipitates out. The second 
mechanism probably is the corrosion by atmospheric oxygen. 

 

 

Fig. Evolution of the permanganate index (a) and the iron concentration (b). 

 
Precipitates obtained after the experiment have been studied by Mössbauer 

spectroscopy, electron microscopy, and magnetic susceptibility. It has been shown that 
sediment contains organometallic ferromagnetic particles ranging in size from 45 to 90 nm 
containing iron in the form of Fe3O4. 
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Evaluation of properties of organic impurities in natural potable waters at present is a 
fundamental problem. Complexing factor Kcop was proposed to characterize activity of or-
ganic impurities in relation to the process of complex formation with iron (III) [1]. Use of this 
parameter for monitoring of properties of organic impurities in potable water allowed more 
substantiated choice of the techniques of disinfection thereof [2]. 

Many of biochemical processes are followed by change of biometals oxidation de-
gree, including copper (II), so ability for reduction of metals included into composition of 
complexes shall be regarded as their most essential property.  

Taking into account high content of amine nitrogen in organic properties which is 
comparable to the content of carboxyl groups, these organic compounds can be related, at 
a first approximation, to amino carboxylic acids the most essential property whereof is abil-
ity to complex formation with copper (II) cations.  

Objective of the work: evaluation of complex-forming influence of organic impurities 
of potable waters on ability of copper (II) cations reduction. 

Materials and Research Methods 
Bottled waters of various trade marks: Akva-Kristall, Novo-Kuryinskaya, 

Chusovskaya, Ugorskaya, Turan. Solutions of trilon B with concentration from 2 to 5 mg/l, 
solution of copper (II) with ion concentration 1.0 mg/cm3, of potassium iodide with ω = 
45%. 

The following reaction reflects essence of the methodological approach here: 
2[ uL4]

2- + 4I- → 2CuI + I2 + 8L-, where L is an organic ligand (1) 
The calibrated dependence between iodine content in the system and the value of 

optic density measured at wave length 285 nm on UV spectrometer Leki (Finland) was 
plotted for quantitative evaluation of processes. 

Results of Studies and Discussion Thereof 
Results of experiments are shown in the table below. 
Reviewing the data presented in the table one can come to conclusion that when us-

ing trilon B in concentrations from 2 to 5 mg/l per TOC, the percentage of reducing of dis-
engagement of iodine amount in the system will consistently rise from 9.5 to 52% respec-
tively and will be 9.5% per TOC unit, as an average value.  

Impurities concentration in natural potable bottled waters will be from 0.76 to 6.48 
mg/l per TOC; however, their activity in relation to copper (II) differs substantially: from 
0.31 to 1.7 being comparable to trilon B. Activity of organic impurities shall be considerably 
influenced by treatment of initial water by red light.  

It is important that the above mentioned properties be taken into account when con-
ducting analysis of etiologic peculiarities of many types of pathologies. For instance, cop-
per deficit can be provided in alimentary way if one would consume water containing or-
ganic impurities with a high complexing factor in relation to this element. Mind that copper 
is the most important co-factor of heme synthesis in a human organism. 
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Table. Composition of water solutions and iodine content upon interaction with 
potassium iodide 

No. 
Substance to 
be present 

TOC, 
mg/l 

Copper 
content, 

mg/l 
Water 

Conc. 
of dis-
eng. 

iodine, 
mg/l 

Percentage 
of reducing

Kcop
(Cu) 

1 - - 3 Distilled 6.16 -  
3 Trilon B 2 3 Distilled 5.00 19  
4 Trilon B 3 3 Distilled 4.56 26  
5 Trilon B 4 3 Distilled 3.82 38  
6 Trilon B 5 3 Distilled 2.99 52  
7 - - 3 Distilled 6.16 -  
8 - 2.75 3 Turan (initial) 5.30 14 0.53 
9 - 2.02 3 Turan (о .) 4.56 26 1.35 
10 - - 3 Distilled 5.7 -  
11 - 0.76 3 Akva-Kristall 5.4 5 0.69 
12 - 1.46 3 Novo-

Kuryinskaya 
4.96 13 0.93 

13 - 6.48 3 Chusovskaya 4.6 19.2 0.31 
14 - 1.04 3 Ugorskaya 4.74 16.8 1.7 

 
Complex forming properties of organic impurities can be utilized for making benefit as 

well. The problem of rising copper concentration in blood of patients living in territories 
where intense excavation and treatment of copper and zinc ores take place is quite topical 
one in Urals. One of original studies of the [3] shows that use of mineral waters with high 
complexing activity in relation to copper (II) allows to veraciously normalize elevated cop-
per level in blood as soon as in 14 days. It gave ability to substantiate use of mineral wa-
ters with high complexing activity as a medicated product for safe clearance of human or-
ganism from heavy metals in form of natural complex compounds. 

Conclusions 
1) Complexing properties of organic impurities in natural potable waters as related to 

copper (II) differ substantially and in some cases are even comparable to trilon B. 
2) Treatment of potable waters with light of a certain wave length contributes to 

change of activity of organic compounds. 
3) The method developed allows estimation of reduction ability of most essential 

metals – microelements from complex compounds, which is important to take into account 
when realizing monitoring of activity of potable waters. 
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Oil and its products are of the most common type of contaminants of soil and water 
medias. Development of environmentally safe and effective ways of minimizing the oily 
contaminants’ negative impact to environmental objects using humic compounds (HC) as 
an active matrice of organic substances of the soils is assumed the special significance. 
The above approach should be implemented in technological schemes of oil-contaminated 
lands remediation. However the variety of the sources for raw materials and technological 
ways of humic compounds production stipulates the variability of its properties. The 
absence of systematic investigations on the sorption, detoxification and biostimulating 
properties of humic compounds in the presence of oil contamination leads to the absence 
of criterions on selection of humic bioproducts for its application for remediation purposes. 

The presence of aromatic skeleton in the humic compounds’ structure is a major 
factor determining its bonding property to PAHs. At that our previous investigations shown 
that direct descriptors of HC aromaticity, determined from the NMR 13  spectroscopy data, 
has the maximum predictive capability on HC affinity to PAHs [Perminova et al. 1999].  
However, selection of that descriptor required the high-cost analysis that decrease it 
practical application. In this case the purpose of the existing work is looking for alternative 
diagnostic parameters on assessment of bonding properties of HC's, which are hold out on 
predictive capability but are not required big expenses for its determination. As that 
parameters it was selected the descriptors of HC optic properties, which are determined 
with a specific composition of HCs aromatic skeleton. 

For carrying out of research it was created the representative sampling of HCs 
products, including 34 products differed on its origin and fraction composition. The 
sampling includes the main HCs sources - soils, peat, natural waters and different types of 
coals. All samples were characterized with the elementary analysis methods, NMR 13  
spectroscopy and gel-chromatography. The absorbance spectrum of HCs water solutions 
were obtained in 200-500 nm ultraviolet band spectrums. Fluorescence of HCs solutions 
was registered at the field wave's length of 266 and 355 nm. For the forecasting of HCs 
bonding properties to pyrene it was used the correlation obtained earlier for another HCs 
sampling (with n = 20): 

Кос 10-5 = 1.26CAr/CAlk - 0.26  (Py,  r2 = 0.81). 

The correlation analysis of structural descriptions, determined from the NMR 13  
spectroscopy data and the data on the optical properties of descriptors, shown the 
connection between the characteristics of aromaticity of optical descriptors, calculated 
from the absorbance spectrum data, i.e. standard optical descriptor *280 , 600  and Λ (the 
exponent on approximation of long-wave absorbance spectrum) and fluorescence 
spectrum, i.e. integrated fluorescence intensity of HCs and the degree of asymmetry of 
fluorescence band. The correlation index between *280 and theoretically-predicted Кос of 
HC was 0.57, while the one for descriptor Λ was equal to 0.74. This fact represents the 
prospective on using the descriptor Λ as an *280 alternative in assessment of HCs bonding 
properties to PAHs. As far as in case of low value of the samples absorbance the 
measuring of such optical descriptors as 600 and Λ could be the difficult task, measuring of 
HCs fluorescence characteristics could be more effective. 
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It was shown the correlation between the fluorescence integrated intensity, the 
degree of asymmetry of fluorescence bands and HCs aromaticity. While the measurement 
of fluorescence intensity in the real conditions depends on the several factors, it is 
preferable to use the degree of asymmetry of fluorescence band. The value of correlation 
index between the HCs asymmetry index and theoretically-predicted KOC value relative to 
pyrene is R = 0.8 that point to possibility of application this fluorescent descriptor for 
assessment of HCs bonding properties.   

On the basis of the held investigations it was made a conclusion on the high 
predictive capability of descriptors on HCs optical properties (both fluorescent and 
absorbance) concerning to bonding properties of HCs to PAHs. Selection of these 
descriptors is possible using the routine apparatus. It allows proposing the wide range of 
highly sensitive optical descriptors for implementation into the remediation practice, i.e. for 
preliminary screening of commercial humic products on the selection of maximum effective 
bonding agents in respect to PAHs and other oil hydrocarbons. Thereby it is opened the 
prospective on significant increasing of effectiveness of HC-based technologies. 
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Mumiyo (also known as shilajit and several less prevalent regional names) is a 
complex mixture of natural organic and mineral substances that seeps from rocks in 
mountain ranges. While mineral composition of mumiyo more likely characterizes the 
deposit (Frolova & Kiseleva, 1996), its organic part comprising high-molecular humic-like 
and different low-molecular components is characteristic for the matter (Agarwal et al., 
2007; Wilson et al., 2011). The purpose of this work was a structural and molecular-weight 
compositional study of NOM of mumiyo originated from different regions. 

26 mumiyo samples from Altai (Russia and Mongolia), Khakassia and Aldan 
(Russia), Hoggar (Algeria), Caucasus, Central Asia and Afganistan were studied. The 
samples were pounded, dissolved in distilled water, centrifugated during 15 minutes at 
6000 rpm and dried in a vacuum oven at 40oC. That way dried mumiyo extractions (DMEs) 
were obtained. 

Size-exclusion chromatography (SEC) system consisted of a solvent pump, a packed 
column and a UV-detector. The UV-absorbance was measured at 254 nm. The SEC 
column was 15x250 mm packed with Toyopearl HW-55S (“Toso-Haas”, Japan). 0.03 M 
phosphate buffer with pH 6.8 was used as a mobile phase at a flow rate of 1 ml/min. The 
column was calibrated using sodium polystyrenesulfonates (Polymer Standard Service, 
Mainz, Germany). All the chromatograms were obtained on the DME samples dissolved in 
the mobile phase at concentrations about 40 mg/l. Molecular weights of the samples 
analyzed were calculated from the chromatograms using home-designed software 
GelTreat. 

Solution state 1H and 13C NMR spectra were acquired using Avance-400 
spectrometer (Bruker, Germany) operating at 400 MHz proton frequency. To exclude the 
Nuclear Overhauser effect while recording 13C NMR spectra the pulse program INVGATE 
were used. All the spectra were recorded on the DME samples dissolved in 99.9% D2O at 
concentration about 60–80 mg/ml.  

The size-exclusion chromatograms recorded were characterized by two peaks. The 
first one corresponded to the high-molecular humic-like part of the sample; the second 
indicated the low-molecular part of mumiyo. Molecular weights calculated in the „high-
molecular“ peaks of the chromatograms (Mp) were from 8 to 15.5 kDa irrespective of the 
region of the sample origin. Values of column recovery avereged 85%.  

The NMR spectra acquired were characterized by broad overlapping bands, that are 
typical to NMR spectra of humic substances, and intensive sharp signals attributed to low-
molecular components of mumiyo including hippuric and quinic acids and lipids. 

Aromatic/aliphatic carbon ratios calculated for the samples on a base of 13C NMR 
data varied from 0.5 to 0.85. The values obtained were comparable to those for typical 
hydrophylic NOM, such as dissolved organic matter and peat fulvic acids. 

Halk/-Halk ratios were calculated on a base of 1H NMR data. Here -Halk stands for 
the part of alkyl hydrogen atoms bonded to a carbon atom in a -position relative to a 
carboxyl or aromatic group, and Halk – for the part of all other alkyl hydrogen atoms. High 
values of this parameter calculated for mumiyo (from 1.5 to 4.5) as compared to DOM and 
fulvic samples indicated relatively low degree of biodegradation of mumiyo NOM. 

183



 

Thus SEC and NMR analytical methods demonstrated that NOM of mumiyo being 
characterized by relatively low degree of biodegradation consists of two principal parts. 
The first one is of humic-like nature and the second is composed of different low-molecular 
compounds.  

We thank Professor G.N. Pilipenko from the Russian State Geological Prospecting 
University for his help in mumiyo sample collection. 
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Water conditioning and decontamination of wastewater coming from all human 
activities require persistent search for improved purification approaches. The use of 
conventional flocculation/coagulation agents, such as inorganic salts and synthetic 
polymers, could cause secondary pollution due to residual unreached monomers, 
additives and reaction by-products in water. Numerous biopolymers (starch, chitosan, 
alginate) have been studied as bioflocculants and showed a high potential for removing a 
wide range of contaminants from wastewater.  

Chitosan (Ch), obtained by deacetylation of chitin, occurring in crustaceans is widely 
applied in water and wastewater treatment as flocculant due to its capability to interact with 
pollutants in water and transfer them in solid forms. Several researches on chitosan 
chemical modification showed that it could improve the removal performance of chitosan. 
The effectiveness of chitosan application for treatment of clay suspensions (bentonite, 
kaolinite) and humic substances has been studied [1]. However poor information exists on 
the interaction of colloidal part of the clay suspension with Ch, but this component plays 
important role in the removal of clays from water.  

Clay particles do not exist in natural waters in the pure state. Due to their high 
surface aria they interact with dissolved and particulate organic matter (OM). The main 
components of natural OM in water are humic acids (HA) - anionic polyelectrolytes with 
high heterogeneity of physical and chemical properties. However, no studies have been 
performed on the investigation of mechanisms of clay removal in complex systems 
containing inorganic substances and humic acids. 

The work is aimed to evaluate the effect of humic acid presence on kaolinite and 
montmorillonite flocculation by chitosan and its derivatives. 

In our study we used Chitosan 83 kD  with a deacetylation degree of 85% 
(BioProgress Technology Ltd, Schelkovo) in chloride salt form, and its hydrophobically 
modified derivatives Hydroxybutyl Carbamate chitosan (Ch-HBC) with different degree of 
substitution (60, 80 and 90%) as model flocculants. Humic acids (Powerhumus, Humintech 
Ltd, Germany) were used as a modal OM. Montmorillonite (Jebel, Turkmenistan) and 
kaolinite (Chelyabinsk deposit) in colloidal form were used as model clay minerals. 
Concentration of clay solutions was 0.3 g/l. The modification of clay particles was made by 
adsorption of humic acids. The time of adsorption was three days.  

Flocculation activity of chitosan and its derivatives was evaluated in a range of 
polymer concentration of 0.5-10 mg/l and was estimated by the absorbance of 
suspensions of clay minerals. For that the probes of suspensions (20 ml) were placed in 
test tubes and different quantities of chitosan were added in these suspensions. The test 
tubes were mixed manually for several minutes and kept away for the sedimentation of Ch 
floccules. After 20 minutes an aliquot of suspension was collected from the very top of the 
test tubes. The absorbance of suspensions was measured by a spectrophotometer Agilent 
at 535 nm.  

Application of chitosan and its derivatives for flocculation of montmorillonite 
suspensions showed high effectiveness that was linearly depended on polymer 
concentration, while kaolinite suspension was flocculated by chitosan and its derivatives 
only in a narrow range of polymer concentration (0.5-1 mg/l). It may be due to the 
difference in the mineral structure of these clay minerals and different mechanisms of 
interaction between clay particles and Ch. Montmorillonite has three-sheet clay mineral 
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structure that determines its swelling properties and Ch molecules may penetrate between 
their sheets. Kaolinite consists of two sheets, it is not swelling clay and Ch adsorbs only on 
the surface of particles. The adsorption of positively charged Ch molecules on negatively 
charged montmorillonite particles was more effective and it worked as flocculant in all 
range of concentration. 

It was shown that flocculation was the main mechanism for removal of kaolinite 
particles only at the low concentrations (<1 mg/l). The formation of large aggregates and 
sharp decrease in absorbance of solutions was at that range of concentrations. At higher 
concentrations (>1 mg/l) the main mechanism of interaction between Ch and kaolinite was 
adsorption and the modification of the surface of particles. Chitosan molecules interacted 
with kaolinite surfaces by their hydrophobic parts [2]. At that their hydrophilic parts were 
oriented to water. The more hydrophobic Ch molecule, i.e. the more the substitution of 
hydrophobic tails in the Ch molecule the more stable was the system. Ch-HBC at high 
concentrations behaved not as flocculants but as stabilizers of the system. 

Interaction of kaolinite particles covered by humic acid with Ch showed another 
behavior: it was strongly affected by HA and effectively flocculated by chitosan and its 
hydropobically modified derivatives in a wider range of concentrations. In this case Ch 
molecules interested with hydrophilic parts of HA modified particles and their hydrophobic 
parts were directed to water. This kind of system was not stable due to hydrophobic 
interactions, so coagulation of system took place. In this case the more hydrophobic Ch 
molecule the more unstable was system. Humic acids played the role of anchors between 
clay particles and chitosan.  

Presence of humic acid had no significant effect on montmorillonite suspension 
flocculation. Ch was effective flocculant of montmorillonite in both cases - with humic acids 
and without them. The lack of that distinction determined the impossibility to show the role 
of HA in presence of Ch in the flocculation of montmorillonite suspensions modified by HA. 
This role of HA may be shown in another system, more concentrated, where the strength 
of interaction between clay particles may be estimated.  

Previously, investigating rheological properties of montmorillonite paste we 
determined that whereas the addition of HA to montmorillonite pastes led to a slight  
increase in rheological parameters, the addition of Ch to  montmorillonite modified by HA, 
just in concentration 0,1 g/l, led to an essential  strengthening of the contacts between 
particles [3]. That may confirm that the same mechanism of the anchor bonding of mineral 
particles modified by HA and Ch polycation took place. 

The investigation of the role of HA in the adsorption-flocculation interactions of clay 
particles and the value of the hydrophilic-hydrophobic balance of flocculant may be applied 
not only in water treatment but in the estimation of the transport of clay in natural systems, 
as the river-ocean barrier and either in the investigation of the mechanisms of soil 
formation. 
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The object of study was organic matter (OM) in water of the Amur middle reaches 
(upper Khabarovsk). The research objective was to assess the organic component, humus 
substances (HS) in particular, in the period of high water content in the river. The studies 
were conducted in summer in 2010 – 2013.  

Water samples (2 liters each) were collected with a bathometer according to 
international technique ISO 5667-6 (2005) from the surface (0.5 m from the surface) and 
bottom (0.5 m from the bottom, water was pumped) horizons at the left, middle and right 
part of the Amur and Ussuri Rivers. Standard methods, used in hydrochemistry, were 
applied to analyze water colority (by Pt-Co Color scale) and hydrogen indicator ( ). 
Suspended matter was detected gravimetrically by RD 52.24.468-2005. Total and 
dissolved organic carbon (TOC, DOC, respectively) was analyzed with carbon analyzer 
TOC-ve (Shimadzu, Japan) according to the International Standard BS ISO 8245 (1999). 
To separate suspended matter water samples were filtered (vacuum) using track 
membrane of 0.45 m pore size under vacuum conditions. The Tyurin method with 
photometric termination according to the Orlov and Grindel’ method (Bel’chikova 1975) 
was used to analyze particulate organic carbon (POC). Humus acids (HFA) – humic acids 
(HA) and fulvic acids (FA) were extracted from filtered water (0.45 m) by concentrating 
and separating humic substance on cellulose anion exchangers – diethylaminoethyl 
cellulose (DEAE-cellulose), followed by HA and FA separation. Water discharge data were 
obtained from the Far Eastern Hydrometeorological Service.  

It was found out that the OM content is maximal in Amur waters in summer, 
especially during the flood season, when OM gets into water from the catchment surface 
with slope, subsurface, and other fluxes of humic nature, and possibly anthropogenic. In 
contrast to the Amur, most Russia Rivers have maximal OM fluxes during spring floods 
(Artemiev, 1993). 

The following specifics of the OM flux in the Amur River during flood periods were 
revealed: after a long-lasting drought, when the maximum OM amounts come from the 
catchment surface (HS in particular) and after long-lasting rains, the so-called “flushing 
regime”, when river water is diluted with precipitation and the OM content in water is 
reduced.  

Evident extreme content of dissolved and suspended OM in waters of the studied 
Amur passage is a distinctive feature of the distribution of OM components under the 
influence of major tributaries. It was found out that the Amur up to the confluence of the 
Songhua River (the right tributary of the Amur, which flows entirely in China) carries OM 
mainly as part of dissolved OM, coming from the Zeya and Bureya, big left tributaries of 
the Amur. The studied water is highly colored (up to 110 degrees and above by Pt-Co 
Color scale). OM migrates mainly in the dissolved form with a high content of HFA (60% of 
DOC). The FA content is high and exceeds that of HA 10 times at average. Down the 
Songhua mouth the portions of suspended matter (over 250 mg/dm3) and POC (up to 50% 
of TOC) significantly increase. The amount of HFA is low (10% and 25% of TOC and 
DOC, respectively), and the ratio of FA to HA does not exceed 6.  

Thus, the OM content in Amur waters depends on the regime of the river water 
content and natural conditions of the catchment area. 
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Introduction 
Humic and fulvic acids, which form part of the organic impurities of drinking water, 

connect 63-90% of metals in natural waters [1]. Connection is achieved predominantly 
through the oxygen atoms of carboxyl groups thus with the fragments containing the atoms 
of nitrogen or sulfur it is considerably less. [2]. As the model of the complex forming 
properties it is proposed to use salicylic acid [1]. In literature there is some information, 
that the stability constants of the complexes of humic substances with the metals can be 
considerably higher than in model solutions with the salicylic acid. 

It seems practically important to develop methods of the operational checking of the 
properties of the natural organic impurities in drinking water for the relation to model 
systems containing lead ions (II) since it is revealed, that  if used in the process of 
treatment, drinking water substantially influences the effectiveness of the lead elimination 
process from organism [4]. Furthermore, model system will make it possible to reveal the 
specific character of the organic impurities’ properties in the particular drinking water, since 
it is known that lead ions (II) possess the increased affinity to sulfur in any forms of it [of 5]. 

 
Materials and methods 
The method of spectrophotometry (turbidimetry), volumetric analysis, conductometry, 

the solutions of plumbum oxalate and sodium oxalate (standard- captions) and several 
types of drinking water were used for the investigation. The evaluation of the complex 
forming ability of humic substances was conducted comparing two competing processes: 
the binding of lead ions into the crystals of insoluble oxalate and secondly  into the 
durable, but soluble complex compounds. “The leader” determination in the competition for 
plumbum ions was conducted turbid metrically on the spectrophotometer “OF LEKI 
SS2109UV”. Preliminarily based on a series of standard solutions with different solid 
phase content of lead oxalate calibration curve was designed with the coordinates “the 
content of solid phase, mG/l - optical density Of d300”. With the use of the latter the 
complex forming ability of drinking water under the investigation was conducted. 

 
Results and discussion 
It is theoretically calculated that being present in the investigated waters chloride 

ions, sulfate ions carbonate and orthophosphate ions do not create the condition for lead 
precipitation into the sediment in the forms of lead chlorides sulfates carbonates and 
orthophosphates due to there concentrations. Moreover, the insignificant concentration of 
these ions in the waters makes it possible for us to accept the activity coefficient of these 
ions as a unit. 

Model system is based on the obtaining lead oxalate colloid with a negatively 
charged granule. The colloid is stable so linear correlation between optical density- 
D(318)-nm-plumbum concentration in the system remains in the range from 0.05 to 
0.2 mmole/liter.  Both calculation and experimentally obtained data are present in the 
table. 
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Table 1. Composition of aqueous medium, the content of the lead oxalate colloid in 
different systems, total organic carbon (TOC) and activity coefficient (Cactivity). SSA - 
sulfosalicylic acid  

Sample 
Composition of 

aqueous medium 
Pb2+, 

mmol/l 
Colloid, 

mG/l 
% 

decrease 
TOC, 
mG/l Cactivity 

1 Distilled water 0.5 319 0 0   
2 SSA solution 0.5 247 23 1 1 
3 SSA solution 0.5 220 31 2   
4 SSA solution 0.5 187 41 3   
5 Artesian drinking water 0.5 220  31 0.7 1.9 
6 Bottled water 0.5 288  9.7 3 0.4 

 
According to the table, natural organic compounds or impurities in drinking water 

influence the process of colloid formation. If we regard the activity of sulfosalicylic acid 
solution with the concentration of 1 mG/l as a unit, then the activity of the same amount of 
Total Organic Carbon in the artesian water will be 2 times higher, but in bottled water the 
same activity will be 2,5 times lower. It can explain more effective results in lead 
precipitation from the organism in the case of artesian water consumption of this kind. 

 
Conclusion 
According to the investigation conducted it’s possible to make such conclusions: 
Model system on the base of lead oxalate can be used for evaluation of properties of 

natural organic impurities. 
 2. The activity coefficient, in reference to the unit of total organic carbon, can be 

used as the criterion of properties evaluation. 
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Polycyclic aromatic hydrocarbons are dangerous toxicants that are carcinogenic, 
mutagenic and teratogenic. Naphthalene - a representative of polycyclic aromatic 
hydrocarbons. The interaction of polycyclic aromatic hydrocarbons with humic acids 
changes some properties of these substances such as toxicity and the ability to photo- and 
biodegradation, significantly affect on the bioaccumulation of polycyclic aromatic 
hydrocarbons by aquatic organisms. The ability of humic acids to bind polycyclic aromatic 
hydrocarbons is changed by modification of their structure and physico-chemical 
properties. Humic acid modification can be accomplished in various ways: by irradiation 
with visible or ultraviolet light, mechanical activation.  

In connection with the above, the aim of this work is to study the effect of pH and 
irradiation of visible and ultraviolet light on the interaction of humic acid peat with 
naphthalene. We have identified the constant binding of naphthalene with humic acids 
peat at pH 6,86 and pH 12,43 before and after irradiation with visible and UV light. As a 
source of solar radiation model was used lamp «Solar». As a source of ultraviolet radiation 
was used KrCl-excilamp. The solutions were irradiated for 32 minutes at a distance of 10 
cm from the radiation source. Constant binding of humic acids with naphthalene was 
determined by Stern-Volmer equation. The results of the study are presented in Table 1. 

Table 1. Constants binding of humic acids with naphthalene Kb × 10-4, l/kg C 
Sample of humic acid pH 6,86 pH 12,43 

humic acid of peat (HAP) 46,00 24,71 
HAP + «Solar» irradiation 8,60 6,15 
HAP + KrCl-excilamp irradiation 21,80 17,86 
 

The maximum value of the binding constants was observed for the initial sample of 
humic acid peat at pH 6,86. Irradiation of humic acid by model sunlight reduces the value 
of binding constant of about 5-6 times. Irradiation of humic acid by UV light reduces the 
value of binding constant is approximately 2 times. The binding constant of naphthalene 
with humic acid at pH 12,43 is almost 2 times smaller than the corresponding values Kb at 
pH 6,86. The binding constants of naphthalene and irradiated humic acid at pH 12,43 are 
almost indistinguishable from similar values Kb at pH 6,86. 

Binding of naphthalene with humic acids is due to intermolecular interactions of 
aromatic moieties of the macromolecules of humic acids with naphthalene molecules. The 
change in pH and irradiation leads to conformational conversion of macromolecules and 
photochemical transformation of humic acids, which results in a variation of binding 
constants of humic acids with naphthalene.   
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Humification can be regarded as an important natural process and as method of 

lignin modification, which allows obtaining of the new products.  
Taking into account a similar chemical nature of lignin, humic and lignin-humic 

biopolymers , their important role in the natural processes and application possibilities it 
seems reasonable to obtain comparative characteristics of their physical-chemical 
properties. 

Being sampled at the industrial dumps as well as within the territory of Arkhangelsk 
region correspondingly humified hydrolyzed lignin and peat have been used for extraction 
of lignin-humic compounds. Peat and hydrolyzed lignin microstructures were studied by 
the transmitted light microscopy.  Thermochemical study of the processes of interaction of 
hydrolytic lignin and peat with solvents was carried out by using differential 
microcalorimetric insulated shell at 298,15K. Size distribution of particles in solutions of 
lignin-humic compounds was studied by the method of dynamic light scattering. 
Hydrodynamic and the molecular-mass characteristics of lignin-humic substances (LGS) 
are presented in Table 1. 

Table 1. Hydrodynamic and the molecular-mass characteristics of lignin-humic 
substances (LGS) 

The sample [ ], 10–3 l/g w, D  
LGS   5,1  79000 
peat humates 2,3 19000 
The behavior in solutions and at liquid-gas phase boundary was characterized by the 

change of surface tension σ of the solutions measured by Wilhelmi method (Figure 1). 

 

Figure 1. Depression surface tension of water in surfactant solutions: HC – Humic 
compounds; LST - sodium lignosulfonates; LGS - lignohumic compounds, Sodium abietate 

Use of lignohumic substances as components of artificial soil was demonstrated. 
Conclusions: 
1. The comparative characteristic of hydrodynamic, molecular mass and surface-

active properties of lignin-humic biopolymers, isolated from natural and technogenic 
matrices is provided. 

2. It is shown that the extraction of hydrolyzed lignin at the temperature from 25 to 
80oC leads to obtaining of macromolecular lignin-humic compounds, bearing surface-
active properties comparable to the other natural surfactants of aromatic nature. 

The study is supported by of Ural Branch of RAS (project 12- -5-1017) and the 
RFBR (project 12-03-90018-Bel_a). 
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Humic substances (HS) being natural polyelectrolyte macromolecules with complex 

and disordered molecular structures are a key component of the terrestrial ecosystem. 
They have remarkable influence on environmental behavior of iron, the essential nutrient 
for plants. HS can be considered as a basic component for development of environmental 
friendly iron deficiency correctors surpassing synthetic iron (III) chelates efficiency and 
biocompatibility. The main goal of this study was to obtain water-soluble iron-rich humic 
compounds (IRHCs) and to evaluate their efficiency as chlorosis correctors. 

A facile preparation technique of IRHCs based on low-cost and available parent 
material was developed. The iron-containing precursor (ferrous sulfate) was added 
dropwisely into alkaline potassium humate solution under vigorous stirring and pH-control. 
A detailed characterization of both organic and inorganic parts of the resulting compounds 
was provided, the iron species identification was carried out jointly by EXAFS and 
Mössbauer spectroscopy. Bioassay experiments were performed using cucumber 
Cucumis sativus L. as target plants. Plants were grown in modified Hoagland nutrient 
solution, prepared on deionized water and containing iron in the form of IRHCs. Total iron 
content in dry plants and the chlorophyll a content determined after acetone extraction 
from fresh plant were used as parameters illustrating plants functional status under iron 
deficiency condition. 

The high solubility (up to 130 g/L) and iron content (about 11 wt.%) of the obtained 
IRHCs suggest their efficiency for practical applications. A set of analytical methods has 
shown that the main iron species in IRHCs are finely dispersed iron (III) oxide and 
hydroxide nanoparticles. Acidification of the precursor solution allows obtaining IRHCs in 
which a significant part of total iron (up to 30 %) is presented by partly disordered FeII–III 
hydroxysulphate green rust GR(SO4

2−). Using bioassay on cucumber plants C. sativus L. 
under iron deficiency conditions, the efficiency of the obtained compounds as chlorosis 
correctors was demonstrated. Application of water-soluble IRHCs led to significant 
increase of chlorophyll a content (up to 415 % of the blank) and iron content (up to 364 % 
of the blank) in plants grown up on hydroponics. 

 
The authors thank Dr. Anastasia Goldt (Department of Materials Science, 

Lomonosov MSU; IGIS RAS), Prof. Eugene Goodilin (Department of Materials Science 
and Department of Chemistry, Lomonosov MSU), Dr. Olga Philippova (Department of Soil 
Science, Lomonosov MSU), Dr. Alexey Veligzhanin and Dr. Sc. Yan Zubavichus (RRC 
“Kurchatov Institute”), Dr. Denis Pankratov and Prof. Yury Perfil’ev (Department of 
Chemistry, Lomonosov MSU). 

 
This research was supported by RFBR No. 10-03-00803, RFBR No. 11-03-12177, 

the Program of Development of MSU and the government contract no. 16.552.11.7055 of 
the Russian Ministry of Education and Science. 

 
More information can be found in: T.A. Sorkina, A.Yu. Polyakov, et. al. Journal of 

Soils and Sediments 2014, 14, 2, 261-268. 
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Humic substances representing the main fraction of organic matter receive increased 
attention because of their reactivity as light absorbers. Depending on their origin and 
structure, humic substances have a remarkable ability to absorb light and transfer this 
energy to other substrates and in some cases strongly affect photolysis of xenobiotics. In 
water and in soils humic substances have been found to act as photosensitisers and they 
have also been reported to produce oxygen species upon irradiation, and be able to 
photoinduce the transformation of ecotoxicants. The photoquenching effects of humic 
substances on some chemicals are also known. Also, the possibility of an UV screening by 
humic substances on chemicals cannot be excluded since the energy-transfer and charge-
transfer between the chemical and humic substances can deactivate the excited 
molecules. Excited singlet and triplet states of dissolved humic acids (HAs), the major 
component of humic substances, are important players for the transformation of organic 
chemical contaminants in natural waters. Our knowledge about these processes is still 
very limited. 

The development and use of herbicides have played an important role in the increase 
of agricultural productivity. On world level, herbicide production accounts for 46% of the 
total pesticide production. Acidic herbicides are widely used for the control of broad-leaved 
weeds and other vegetation. They are relatively inexpensive and very potent even at low 
concentrations. The majority of herbicides is directly applied to soil or sprayed over crops 
fields and as consequence of large production and high stability, they are released directly 
on environment. The halogenated phenols are the parent chromophores of a number of 
widely used pesticides, among them phenoxyacetic acid, and of other biocides. The direct 
photolysis of these substances in the environment has become a subject of increasing 
interest. The presence of the chlorine groups causes such compounds to be more 
resistant to biodegradation than the unsubstituted analogs. 

Photochemical processes also play an essential role in agriculture. Nowadays 
studies of the effectiveness of UV modern sources are still very important. The irradiation 
of these sources is absorbed by the high-lying electronically excited states of the organic 
molecules and may lead to the influence of radiation wavelength on optimal canals of the 
molecule phototransformation. The past decade is evidence for the growing interest in use 
of exciplex lamps. Exciplex lamps have attracted attention as an alternative to 
conventional mercury-containing lamps due to their narrow emission band, the lack of 
mercury, and other advantages. Among the extensive list of applications of exciplex lamps, 
the most important is degradation (deactivation) of organic pollutants [1, 2]. This 
degradation can be realized using both direct photolysis, where UV radiation is directly 
absorbed by the pollutant, or by indirect photolysis, as a result of reaction between the 
pollutant and a photosensitizer. The role of sensitizers can play humic acids of different 
origin and modification. 

The results in a flow reactor [3] for photodegradation of ecotoxicants are presented. 
A specific feature of the reactor is the use of barrier discharge excilamps (Xe2, KrCl, XeBr 
and XeCl) with different radiation wavelengths (  = 172, 222, 283, 308 nm). The 
discussion includes comparative analysis of the direct and indirect photolysis.  

The samples of HAs fractions were obtained from Aldrich Chemical Co and prepared 
from peat of Tomsk region.  
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Figure 1. Absorbance spectra of 2,4-D solution in the absence (1) and in the 
presence of HAs (2) after UV-irradiation treatment for 32 min: 3 - by the Hg lamp; 4 - by 

the XeBr excilamp; 5 - by the KrCl excilamp; 6 - by the XeCl excilamp. 

 
The degradation of herbicides 4-chloro-2-methylphenoxyacetic acid (MCPA) and 2,4-

dichlorophenoxyacetic acid (2,4-D) in water by the combination of UV-irradiation and 
humic acids has been studied. The 2,4-D phototransformation rate in water and in the 
presence of HAs was determined by evolution of the initial bands of 2,4-D absorbance at 
230, 256 and 285 nm vs irradiation time (Figure 1). The photoreaction rate of all irradiated 
samples was lowest for the sample irradiated at 308 nm in the absence and in the 
presence of humic acids, and highest for the sample irradiated at 172 and 222 nm. When 
2,4-D was irradiated in the presence of HAs the sets of fluorescent photoproducts were 
different, than in distilled water. In the presence of HAs the fluorescent products of 2,4-D at 
410 and 440 nm were defi ned. HAs apparently catalyzed the formation some different 
HAs apparently catalyzed the formation some different not toxic photoproducts of 
herbicides after UV-irradiation treatment by excilamps. 

It was also found that the fluorescence quenching ability of HAs in the presence of 
ecotoxicants depends strongly of their origin. 
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Good quality of soil and groundwater is one of the most important assets throughout 
World. A lot of research in recent times indicates zerovalent iron (ZVI) is amongst the most 
promising nanomaterials to have recently been developed and applied to groundwater 
remediation. These nanoparticles may reduce persistent chlorinated hydrocarbons, 
nitroaromatics, higher valence metalloids and metals. But because of its great activity nZVI 
air very quickly aggregate and broken, therefore are necessary methods for their 
stabilization and delivery. Among such stabilizers are very promising humic substances 
due to their polyfunctionality and environmental safety. It follows that an important task is 
to develop nature-inspired ecoadaptive solutions for in situ groundwater and soil 
remediation by coupling efficacy of nanotechnology to the safety of natural attenuation 
through synergetic assessment of mobility and reactivity of engineered and natural 
nanoparticles. 

NZVI particles were prepared by liquid phase reduction method. All solvents were 
degassed and saturated with Ar2 before use. Into 0.08 M solution of FeSO4·7H2O were 
added different volume of 50 g/l solution of CHS-K in 0.5 M NaOH. After it full dissolving 
0.1 M aqueous NaBH4 solution in 0.1 M NaOH was rapidly added into first solution during 
vigorously stirring under Ar2 atmosphere. After the reaction, the solution was kept stirring 
for 30 min. Then pH were adjusted by 1 M HCl for for complete decomposition of the 
borohydride and waited another 30 minute.  

Study of the composition of the nanoparticles was determined using X-ray Absorption 
Near Edge Structure (XANES). The study found that the addition of humic substances 
significantly influence to the composition of nanoparticles. Iron nanoparticles obtained 
without the using of humic substances consist of 79% of zero valent and 21% of oxidized 
iron. In the synthesis of nanoparticles of humic substances at concentrations of 0.1, 1, 5 g/l 
are produced nanoparticles with a zero valent iron content of 61%, 56%, 12% respectively. 
Thus, humic substances being reduced zero-valent iron content, particularly when high 
concentrations. However, the use of humic substances at concentrations of less than 1 g/l 
can be quite an effective method of producing stabilized nZVI. 

Efficiency of nanoparticles was determined by using a bath experiments. First one – 
CrVI reduction, 5 ml of a suspension of nanoparticles is added to 195 ml solution of 0.4 M 
K2Cr2O7 in water. Then samples collected, centrifuged, and chromium concentration were 
determined using a spectrophotometer at intervals of 10 minutes until release 
concentration plateaus. As a result, found that nZVI, synthesized among humic 
substances and without showed high efficiency, but without humics nanoparticles more 
fully reduce chrome mean more content of zero valent iron.  

Second bath experiment was reduction of azo-dye as one of the possible organic 
pollutants of water. In this experiment 5 ml of a suspension of nanoparticles is added to 95 
ml 500 mg/l solution of azo dye Direct Red 81 in water, then analyzed as in the previous 
experiment. In contrast to the previous experiment in this more efficient recovery observed 
on nanoparticles stabilized by humic substances. This can be explained by sorption of 
molecules azkrasitelya on humic substances that contribute to their local concentration 
near the iron nanoparticles and faster recovery.  

Thus, This studies have shown high prospects for the use of humic substances in the 
synthesis nZVI. 

This research was supported by the RFBR (grant # 13-04-0185313) 
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Lignites and, in particular, leonardite, represent the most important raw materials for 
industrial production of humates, which are widely used in agriculture and household. At 
the same time, due to poor solubility of coal humic acids (CHA) in polar organic solvents, 
their molecular composition is very scarcely studied using mass-spectrometry with soft 
ionization methods. Here, we represent results of Electrospray Ionization (ESI) Fourier 
Transform Ion Cyclotron Resonance Mass Spectrometry (FT ICR MS) analysis of CHA 
isolated from two different leonardites: CHA-Pow (Germany) and CHA-SH (Sakhalin 
Island) and CHA-L (from Buryatian lignite). 

CHA sample for FT ICR MS analysis was prepared by adding its water solution to 
methanol or acetonitrile to final concentration of 1 g/L. FTICR mass spectra were acquired 
using a commercial 7 Tesla LTQ FT Ultra mass spectrometer equipped with Ion Max 
Electrospray Ion source (Thermo Electron Corp., Bremen, Germany) located at the 
facilities of the Institute of Biochemical Physics of RAS (Moscow, Russia). The obtained 
mass spectra of coal humic acids were characterized with much higher complexity and 
density of peaks as compared to ESI spectra of DOM or peat with more than 8 peaks 
corresponded to every integer mass. 

Molecular compositions were calculated for all CHA using Transhumus software and 
plotted on Van Krevelen diagrams shown in Figure 1. CHA-Pow is less oxidized as 
compared to CHA-SH and CHA-L. It includes condensed aromatic and aliphatic parts, 
whereas other samples were relatively similar to each over and characterized with the 
presence of condensed aromatic and oxyacids part. It should be noted that CHA-L 
contained the least amount of aliphatic compounds. 

 

 
  

a) b) c) 
Figure 1. Van Krevelen diagrams for the assined formulas of 

a) CHA-Pow b) CHA-SH and c) CHA-L 

The obtained results can explain the differences in chemical properties of HA isolated 
from different coals. Hence, they can lay the grounds for molecular systematics of coal 
organic matter which can be used both in applied studies on standardization of coal 
humates as well as in theoretical studies on carbon evolution. 

 
This study was partially supported by the Russian Foundation for Basic Research 

(grant # 13-04-01853) 
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In residential settlements people use water for household and drinking purposes, 
which rarely undergoes any stages of purification and control. Often such water has the 
natural origin of pollution. Sometimes the specificity of the water may cause certain chronic 
diseases, typical for the region. It is important to note that subsoil users do not conduct 
special work on studying ground-water pollution in most parts of Russia. Quality 
assessment of ground-water is carried out according to the results of single and multi-
temporal tests and the limited set of components. 

The aim of the research was to assess the quality of (ground) water of noncentralized 
water supply in Kirillov district of Vologda region used for drinking according to several 
chemical indicators (pH, total and carbonate hardness, the content of ammonium ion, iron, 
chloride, sulfate, nitrate, orthophosphate, carbonate, hydrocarbonate, the quantity of 
dissolved oxygen) and some organoleptic and microbiological  indicators. 

The chemical composition of ground-water is formed mainly under the influence of 
physical and geographical conditions and the composition of water-bearing (absorbing) 
material as well as aeration zone through which the rainfall is filtered before reaching 
water mirror. 

The practical significance of the work is consideration of the possibility of using water 
bodies (for drinking, household or other needs), determination of the causes of pollution 
and the ability of water to self-cleaning.  

Kirillov district occupies an area of 5 400 sq km in Vologda region. On the territory of 
Kirillov district there is the specially protected National Park «Russian North» covering an 
area of 30 per cent of the region. In the Quaternary the entire territory of the National Park 
was covered by continental glaciers, last of which – Valdai left a small thickness of the 
moraine loam, clay and sandy loam formed the Belozersk - Kirillovl ridge. Wide distribution 
of limestone caused the richness of boulder loams by fragments of limestone and their 
carbonate concentration as well as it influenced the quality of ground-water. Modern 
sediments are represented by alluvial sand, sandy loam, loam, lacustrine varve clay, small 
dealluvial thickness in the lower parts of the slopes and widespread peat deposits. 

The research was conducted according to the current regulatory and technical 
documents using standard methods (photocolorimetric, titrimetric, visual and colorimetric 
methods) and with the use of field laboratory of testing water and soil extracts. 
Microbiological study was carried out using standard methods. Sources, springs and wells 
of Kirillov district (34) became the objects of the research.  

The research helps draw the following conclusions: 94 per cent of the samples of 
investigated subterranean springs of noncentralized water supply do not meet hygienic 
standards in terms of sanitary and chemical indicators. 50 per cent of the samples have 
the increased hardness that is caused by podzolic and soddy podzolic soil developed on 
the carbonate moraine. 15 per cent of the samples found an excess of total iron caused by 
distribution of illuvial-humus and illuvial-ferruginous-humus podzols in the most humid 
areas of the northern taiga and tundra on the rocks of light granulometric composition 
(sandy-loam and others). Microbiological analysis shows the excess of sanitary standards 
of water quality of noncentralized water supply of Kirillov district of Vologda region in 38 
per cent of the samples.  
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The analyses of drinking water in Kirillov district of Vologda region show that each of 
the studied samples is dangerous for the health considering its chemical composition. And 
every second sample is dangerous for the human health considering its bacterial 
composition. 

Eco-passports for each of the studied water bodies have been prepared according to 
the research results, where the physical and chemical composition of the water and 
recommendations for use has been presented. When using water for household and 
drinking purposes, the inhabitants of Kirillov district need to purify the water using special 
filters (water purification from bacteria, removal of hardness salts - water softening). The 
results of the research have been published in mass media and presented on the site 
http://www.ivo35.ru.  

The research has been carried out with the financial support of All-Russian public 
organization «Russian geographical society», registration number 65/2013- 7. 
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Soil is a vital natural resource for all organisms and for people as well. To identify 

effects of anthropogenic pollution the chemical analytical methods have used for a long 
time. In recent decades, fundamentally new methods of environmental assessment, 
biological ones, are being developed. Only bioassay reflects the impact of a potential 
threat to living organisms and possible consequences. 

Bioluminescent enzymatic method is characterized by stability, high sensitivity and 
specificity. They are able to provide fast and reliable results. 

Therefore, the aim of the research is to assess possibility to analyze soil toxicity by 
bioluminescent method. 

We collected 15 soil samples from different areas in Krasnoyarsk city. Sample 
preparation was carried out in the accordance with the IPA FT 14.1: 2: 3: 4.11-04 16.1: 
2.3: 3.8-04. Soil samples were dried at 105 °C for 1 hour, after cooling the soil sample was 
triturated in a mortar. Weighed soil portion was poured into fivefold volume of distilled 
water and the extract was filtered through a paper filter after 24 hours, and then 
centrifuged. 

To analyze the samples we used bacterial coupled enzyme system NADH:FMN-
oxidoreductase-luciferase. The residual luminescence T was examined. It is given by 
T = I / Io x 100%, where I was intensity of luminescence in presence the sample and Io - 
luminescence intensity in presence of distilled water as a control sample. 

 Water extracts of soil had different color and turbidity, therefore, had different 
absorption properties. To take into account this fact we used the following equation (1): 

 
 
      , (1) 
 
where I (L) - experimentally determined intensity of bioluminescence in the sample 

thickness L; g ( i) - the proportion of bioluminescence intensity at the wavelength i of the 
total intensity of bioluminescence; Dl ( i) - absorbance value of the test extract of the soil at 
the wavelength i in the cell width l. Soil quality was determined by its toxicological 
characteristics, using the value of T. There were 3 groups of soil samples (table 1). 

Table 1. Toxicological characteristics of analyzed soil samples 
Group number T, %  Toxicological characteristics of test soil 
1 > 80  non-toxic (permissible degree of toxicity) 
2 50 - 80 middle toxic 
3 < 50 strongly toxic 

 
The measured parameters and the results of analysis of soils toxicity before and after 

correction are shown in Table 2. 
Three of the analyzed samples were highly toxic. The same numbers of soil samples 

were not toxic at all, or had a permissible degree of toxicity. The sample N 10 (District 
Krasnoyarsk thermal power station (KrTPS)) showed the greatest toxicity and samples N1 
(District Vetluzhanka) and N 14 (Central District) were the “cleanest” among all analyzed 
samples. As analyzed soils samples had different colors, it was necessity to clarify the 
residual luminescent intensity by calculated correction factor. 

 

202



Table 2. Comparative analysis of individual characteristics and results of the 
bioluminescent analysis of soil samples. 

№ Place of sampling pH A420 T% 
Correction 

factor 
T% 
corr. 

Toxicity 

1 Vetluzhanka (lake) 7,50 0,02 91,90 1 91,90 non-toxic 
2 Akademgorodok  8,04 0,13 65,84 1,03 70,65 toxic 
3 Island Tatyshev 7,77 0,08 86,23 1 86,23 non-toxic 
4 Aluminum plant 8,05 0,07 65,12 1 65,12 toxic 

5 
Railway area (near 
the station) 

8,03 0,19 68,31 1,06 72,34 toxic 

6 
Communal Bridge 
(under the bridge) 

7,89 0,44 38,43 1,06 40,92 strongly toxic 

7 Kirov District 8,27 0,29 38,26 1,05 40,15 strongly toxic 
8 Leninsky District 8,04 0,09 55,42 1 55,42 toxic 
9 Nykolaivka 7,93 0,09 55,91 1 55,91 toxic 
10 KrTPS 7,88 0,25 6,62 1,06 7,00 strongly toxic 
11 Solontsy 8,12 0,15 87,17 1,03 89,35 non-toxic 
12 Island Otdyha  8,00 0,11 59,07 1,02 60,17 toxic 
13 Tire Plant 7,95 0,25 63,34 1,05 66,20 toxic 
14 Central District  7,98 0,09 93,31 1 93,31 non-toxic 
15 Sopka, hill  7,23 0,07 68,51 1 68,51 toxic 

A420 is the value of soil samples absorption on =420 nm 
 
Bioluminescent assay characterizes by the advantages of high sensitivity and 

rapidity. We plan to develop universal bioluminescent assay suitable for soil toxicity 
monitoring. 

 
The work was financially supported by the Russian Academy of Sciences (Program 

“Molecular and Cell Biology”, grant No 6.8) and by the state contract between Ministry of 
Education and Science and Siberian Federal University, № 1762. 
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Test-System for Ecotoxicity Assessment of Pollutants in Soil 

Olga Boris 
State Enterprise «SPCH», Minsk, Belarus, olgaboris88@gmail.com 
 

Currently used for agricultural production chemical plant protection, which are often 
toxic dangerous weapon under the gun which are not so pests as representatives of 
mesofauna. In this regard, we need to evaluate the toxic effect of the drugs used. 
Earthworms - a dominant and numerous representatives of soil and soil-forming organisms 
in all biogeocenoses. By their number and the state can be judged on the extent of soil 
contamination.  

In soils with high humus content (black soil, 10%), the density is 2.4 g/cm3, and in 
low-humus (sod-podzolic, 2.5%) - 2.6 g/cm3. Lower density (mineral) horizons with a minor 
amount of organic close to that of the most common minerals: 2.6 - 2.7 g/cm3.  

Under the influence of recreational load, the soil is compacted, changed its porosity, 
aeration is abnormaled, change the conditions of life for all inhabitants of the soil - from 
mesofauna to higher plants and vertebrates.  

Need to expand bioindicative methods for assessing the state of the environment 
dictates the need for new test systems.  

Most common in the bioassay are such integral parameters such as survival, growth, 
reproduction test organisms. The bioassay of pesticides - an assessment of the extent of 
their toxic effect on the response of the body that are used as test objects. For rapid 
analysis of the toxic effect of pesticides convenient test object are lumbricids (earthworms) 
as pollutants cause rapid response of animals, which depends not only on the duration of 
contamination, but also on the dose of the contaminant.  

The purpose of research - development of methods and systems evaluation of 
ecotoxicity using earthworm Eisenia foetida. We plan to apply the methods to assess the 
crop protections and industrial wastes. There are the conditions of artificial soil pollution in 
tests.  

In experiments using the test for acute toxicity, based on the determination of survival 
and behavioral responses of earthworms when exposed to the test pollutant. Survival is 
determined by the average number of test objects that have survived the test soil during 
the exposure. Toxicity criterion is the death of 50% or more earthworms in 7 days.  

Indicator of behavioral responses of animals - their rate of burrowing into the ground. 
Toxicity criterion is the lack of burying test objects in the soil, the active crawling on its 
surface, and attempts to leave the dishes.  

According the OECD guideline Earthworm reproduction test the adult worms are 
exposed to a range of concentrations of the test substance either mixed into the soil or 
applied to the soil surface. The range of test concentrations is selected to encompass 
those likely to cause both sub-lethal and lethal effects over a period of eight weeks. The 
limit test corresponds to one dose level of 1000 mg/kg. This study includes the observation 
of unusual behaviour and morphology, the counting and weighing of the adult worms after 
the four primary weeks, the number of juveniles hatched at the end of the second 4-week 
period. The reproductive output of the worms exposed to the test substance is compared 
to that of the control(s) in order to determine the no observed effect concentration (NOEC) 
and/or ECx by using a regression model to estimate the concentration that would cause a 
x % reduction in reproductive output. The test concentrations should bracket the ECx so 
that the ECx then comes from interpolation rather than extrapolation. 

The use of these tests will allow to select the least toxic crop protections for the 
ecosystem. These research will contribute to a more accurate ranking of industrial wastes 
by hazard class. This will enable to reduce the chemical load on the people. 
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Effect of sim-triazine (S-triazine) herbicides on soil microorganisms 

Elena Ivanova1, Oksana Ksenofontova1 
1National Research Saratov State University, Saratov, Russia, ms.eviv@mail.ru 
 

Pesticides S-triazine group is widely used in agriculture for many years. Violation of 
the rules and regulations of their use leads to the contamination of soil with agrochemicals. 
Soil contamination by pesticides sim-triazine group alters the composition and abundance 
of actively functioning groups of soil microorganisms that provide soil-forming processes. 

Determination of the toxic action of the herbicide into the soil and the duration of its 
impact on soil microorganisms. Determination of physiological groups of soil 
microorganisms that are resistant to different concentrations of the pesticide. Possibility of 
adaptation of microorganisms. Soil microbial population dynamics depending on the 
concentration of the pesticide. 

In soil introduced three doses of pesticide: 10 MPC (maximum permissible 
concentration) (5 mg / kg), 100 MPC (50 mg / kg), and 1000 MPC (500 mg / kg). Research 
of the samples of contaminated soils has focused on the number of heterotrophic bacteria, 
actinomycetes and fungi micromycetes. 

 
Figure 1. Population dynamics of heterotrophic bacteria in the soil containing 

pesticide prometrin 

 
Figure 2. Population dynamics of fungi micromycetes in the soil containing pesticide 

prometrin 
The number of microorganisms in soil containing various concentrations of S-triasine 

herbicide prometryn, was determined by serial dilutions of the suspension on the soil 7day 
14 day and 30 day experiment. Microscopy of isolated cultures showed the qualitative 
composition of the group of stable soil microorganisms.  

Experiments have shown the ability to adapt to Prometryn fungi and heterotrophic 
bacteria. Dominated position occupied by Gram-negative bacteria of the genus 
Pseudomonas.  
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Biodiagnostics of Soils under Different Farming Systems 

T.G. Koltsova, L.M. Sungatullina, B.R. Grigoryan 
Research Institute for Problems of Ecology and Mineral Wealth Use of Tatarstan Academy of 
Sciences, Kazan, Russia, t@shmain.ru 
 

The authors have carried out biodiagnostics ecological state of dark gray heavy 
loamy forest soils in agroclimatic conditions of the forest-steppe province of northern part 
of the Volga Upland under the conventional system of agriculture, characterized by high 
pesticide loads, high doses of applied mineral fertilizers, lack of soil conservation 
agrotechnical measures and methods of biological crop protection; the conversion period 
(the transitional from conventional to organic farming); organic (ecological) farming system 
(long-term non-pesticidal adaptive ecological-landscape system of farming with the 
widespread introduction of soil conservation, erosion control measures, methods of 
biological crop protection, with low doses of applied mineral fertilizers); perennial 
mesophytic forb meadow. 

According to our data in the soils under the conventional system of agriculture were 
low percentage of occurrence of free-living nitrogen-fixing microorganisms of the genus 
Azotobacter, which are sensitive indicators of pollution and soil fertility. In soils of organic 
agroecosystems value of the indicator is in the range of 87-100%, and significantly higher 
values of total number of soil microorganisms. It is noted that soils in organic 
agroecosystems in comparison with the soils under conventional farming system have a 
1.5-2.4 times higher density of soil mesofauna, in 3.5-6 times higher density of 
earthworms, higher the number of taxonomic groups of soil invertebrates − an average of 
2.3 times, higher the species diversity of herpetobiont beetles − an average of 1.5 times. 
Organic farming contributes to increase the species diversity, polydominant structure and 
equalization of communities of soil micromycetes in agroecosystems. In general, the fauna 
of soil organisms in organic agriculture differs by more stable, diverse and long-lasting 
composition of the community, contributing to the sustainable development of 
agroecosystems and the conservation of soil resources. It is determined that pedotrophic 
coefficient (the ratio of the number of microorganisms grown on the soil agar, to the 
number of microorganisms grown on the meat-peptone agar), which characterizes the 
degree of mineralization of soil organic matter, about 2-3 times lower in the soils of organic 
agroecosystems in comparison with the soils under conventional farming systems, which 
indicates a high rate of depletion of reserves of humus in the soils under conventional, 
intensive land use. 

For a comprehensive evaluation of the biological activity of the soil we used the 
method of determining the integral index of ecological and biological condition of the soil. 
In a set of informative indicators of ecological and biological properties of the soil under 
agricultural use by us are included microbiological and biochemical parameters (number of 
soil bacteria, including sporeforming bacteria, actinomycetes, percentage of occurrence of 
microorganisms of the genus Azotobacter, the activity of soil respiration, taxonomic 
diversity and biomass micromycetes), zoological and some physico-chemical properties of 
soils.  

It is noted that the decrease the value of the integral index in compared with the 
corresponding parameter for the soil of perennial mesophytic forb meadow the most (up to 
46%) in areas under conventional agriculture, the degree of soil degradation which can be 
described as strong. The low degree of degradation processes (decrease of the index to 
16%) is typical for the soils under adaptive ecological-landscape system of agriculture. 
Ecological and biological state of the soils of conversion areas is intermediate between 
field areas in conventional and organic farming (decrease of the index to 32%). Thus, the 
use of the integral index of ecological and biological state of the soil allowed to reveal 
significant differences between the experimental fields under different farming systems. 
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Bioluminescent Enzymatic Assay in Ecology 

Valentina Kratasyuk1,2, Elena Esimbekova2,1 
1Siberian Federal University, Krasnoyarsk, Russia, valkrat@mail.ru 
2Institute of Biophysics, Siberian Branch of RAN, Krasnoyarsk, Russia  
 

The problem of how to detect, identify and measure the contents of the numerous 
chemical compounds is important for environmental monitoring, food product monitoring 
and medical diagnostics. We proposed Bioluminescent Enzyme System Technology 
(BEST), where the bacterial couple enzyme system: NADH-FMN oxidoreductase- 
luciferase (R+L) substitutes for living organisms. In the presence of toxic agents, enzymes 
from luminous bacteria more closely reflect the toxicity of living organisms than does the 
use of chemical analysis. BEST was introduced to facilitate and accelerate the 
development of cost-competitive enzymatic systems for use in biosensors for medical, 
environmental, and industrial applications.  

The main purpose of an enzyme bioassay is to detect toxic properties in tested 
substances and mixtures by their effect on the bioluminescence parameters of the coupled 
enzymatic system (L+R) (fig. 1). 

 

Figure 1. Kinetics of light emission in the control sample and in the presence of toxic 
compounds or analyzed water. Ic and Iexp are the values of the maximum light emission 
intensity for control and analyzed samples correspondingly; Tmax is the time when the 

coupled enzymatic system reached the luminescence maximum. 

When analyzing toxicity of the water samples, the luciferase index (LI) or toxicity 
coefficient (TC) are calculated according to the formulas:  

LI = (Iexp/Ic)·100%; TC = [(Ic - Iexp)/Ic]·100%.  
LI and TC are the residual luminescence and the degree of inhibition of the bacterial 

coupled enzyme system R+L in the presence of analyzed sample correspondingly and 
TC = 100 - LI. The criterion of toxicity is a 50% decrease in the maximum luminescence 
level of the bacterial coupled enzyme system after the analyzed sample is added, as 
compared to the luminescence level in the control sample. The water’s quality was 
determined by its toxicological characteristics, using the value of the biologically safe 
dilution, established by Russian Federation standards, according to Table1. 
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Table 1. Toxicological characteristics of analyzed water in accordance with its dilution 
factor. 

Dilution factor of test water  Toxicological characteristics of test water 

1 Nontoxic 
2 Slightly toxic 
from 3 to 10 Toxic 
from 11 to 50 Highly toxic 

 

For widespread use of BEST, the multicomponent reagent ‘‘Enzymolum’’ has been 
developed, which contains the bacterial luciferase, NADH:FMN-oxidoreductase, and their 
substrates, co-immobilized in starch or gelatin gel (fig. 2). Several ways to increase the 
reagent's sensitivity to toxic substances were suggested; conditions were selected to make 
it possible to determine, with maximum efficiency, the content of toxic substances 
corresponding to a certain maximum permissible concentration. Applying the immobilized 
reagent significantly reduces the time needed for analysis. Indeed, the reagent includes all 
the components necessary for analysis: enzymes and their substrates; the reagent 
maintains long-term activity without special storage conditions and resistance to changes 
in physical and chemical environmental factors, including , ionic strength, and 
temperature. “Enzymolum” can be integrated as a biological module into the portable 
biodetector– biosensor originally constructed for personal use. 

 

Figure 2. The multicomponent reagent “Enzymolum” is a disk of dried film, diameter 
6–7 mm; dry weight 1.5 ± 0.2 mg. 

 
Bioluminescent assays were used also for monitoring of air and soil pollution. The 

advantages of enzymatic assays are their rapidity (the period of time required does not 
exceed 3–5 min), high sensitivity, simplicity and safety of procedure, and possibility of 
automation of ecological monitoring; the required luminometer is easily available. 

 
The work was financially supported by the Russian Academy of Sciences (Program 

“Molecular and Cell Biology”, grant No 6.8) and by the state contract between Ministry of 
Education and Science and Siberian Federal University, № 1762. 
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Biodegradation (mineralisation) of organic matter is among the most important 
indicators characterizing ecological quality of soils and biogeochemical cycle of carbon in 
forest ecosystems. The northernmost forest ecosystems of the Kola Subarctic during half a 
century experience powerful technogenic impact. The main contribution to environmental 
pollution is made by gas-and-dust emissions of the mining and metallurgical combines 
"Pechenganikel" and "Severonikel". Atmospheric pollution by SO2 and heavy metals, 
mainly nickel and copper, leads to technogenic digression of forests ecosystems and 
disturbs fluxes and pools of carbon and other elements (Kashulina et al., 1997; Koptsik et 
al., 2001). Being on the border of the atmosphere and soil, surface soil organic horizons 
the first experience the impact of atmospheric pollutants (Koptsik, Koptsik, 2000). Toxic 
effects of heavy metals are able to slow down the decomposition processes (Bååth, 1989). 
Despite relevance of the problem mineralisation rate of organic matter in subarctic 
ecosystems needs specification, and in the conditions of industrial pollution is little studied. 
The aim of our research is to assess biodegradation (mineralisation) rate of organic matter 
in surface soil organic horizons and its changes under the influence of air pollution in forest 
ecosystems of the Kola Subarctic. Biodegradation rate of organic matter in surface soil 
organic horizons in the background and polluted pine and spruce forests was estimated in 
incubation experiments with the latest modern method of manometric determination of 
biochemical oxygen demand (BOD) by OxiTop® Control B6M instrumentation system 
(WTW, Weilheim; Platen, Gießen-Friedberg, 2000). 

In soil organic horizons, consumption of oxygen is limited to amount of the available 
organic substances capable to be oxidized in the presence of oxygen during the time of 
the experiment. In such cases at a temperature of incubation of 20±1°C the consumption 
of oxygen can be interpreted as BOD. It is established that the more available organic 
substances is contained in a sample, the more oxygen is required for their oxidation, i.e. 
the BOD (the sum of the consumed oxygen, ∆m) is higher. Existence of substances which 
are slowing down biochemical processes such as heavy metals arriving as a part of gas-
and-dust emissions reduces BOD, indicating pollution. Therefore respiratory activity of 
forest soils can be used as criterion of theirs quality and pollution. 

During a month of incubation the samples of soil organic horizon from background 
pine forest with lichens consume 3.0 mg O2/g on average, and the samples from spruce 
forest with dwarf shrubs and green mosses consume 2.3 mg O2/g (Table 1). Mineralization 
rate of organic matter in pine forest is rather constant whereas it strongly varies in spruce 
forest. As a result of technogenic pollution the rate of organic matter mineralization in 
sparse pine and spruce forests decreases on average to 1.9 and 1.8 mg O2/g respectively. 

Our results are in line with the previous obtained data on soil respiration in the Kola 
region. Soil respiration — release of carbon dioxide and absorption of oxygen by the soil 
— can be considered an integral indicator of the soil biological activity. Release of carbon 
dioxide from the soil reflects the rate of organic matter mineralization, activity of soil biota, 
and according to numerous data is directly related to ecological quality of soils and their 
fertility. In the vicinity of the Severonikel smelter, soil respiration decreases significantly 
comparing with the background forests (Kadulin, Koptsik, 2013). The intensity of the in situ 
soil respiration in the background spruce forests reaches 120–290 mg C-CO2/m

2 per h. In 
the impact zone of the smelter, it decreases to 90–140, 30, and 15–30 mg C-CO2/m

2 per h 
at the stages of spruce defoliation, sparse spruce–birch forest, and technogenic barrens of 
the technogenic succession, respectively. 

 

216



 

Table 1. Properties of soil organic horizons in background and polluted pine and 
spruce forests at different distances from the pollution sources in the Kola Subarctic 

Distance ∆m C N C:N pHH2O Ni Cu Forest type 

km mg O2/g % %   mg/kg mg/kg

Pine forest with 
lichens 

41 3.0 36.2 0.62 68 3.9 12 2.4 

Technogenic sparse 
pine forest  

8 1.9 32.8 0.71 54 3.9 240 86 

Spruce forest with 
dwarf shrubs and 
green mosses 

64 2.3 45.1 1.0 53 4.2 9.2 2.1 

Technogenic sparse 
spruce forest 

7 1.8 38.7 1.2 38 4.5 250 300 

 
Intensity of BOD is related to such properties of soil organic horizons as carbon and 

nitrogen content, C: N ratio, Cu and Ni pollution level. Biodegradation rate is higher in 
background pine forest testifying the smaller initial decomposition degree of its organic 
matter in comparison with spruce forest. In connection with digression of forest stands 
surface soil organic horizons in technogenic sparse forests are practically not updated by 
fresh litter for a long time and consist of old organic matter. Therefore the biodegradation 
rate in technogenic sparse forests is less, than in background forests. Delay of 
biodegradation of organic matter in the polluted forests in comparison with the background 
can be caused also by toxic impact of heavy metals on microbiota. Thus the obtained data 
can help in proper estimation of decomposition processes and their changes under the 
impact of industrial air pollution in forest ecosystems. The newest modern manometric 
method of BOD determination with OxiTop® Control B6M instrumentation system can be 
used for evaluation of soil ecological quality, for diagnostics and monitoring of technogenic 
pollution and remediation of polluted soils. 
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Bioindication of Ecological Conditions of Soil and Air in Region 
Influences of Gold Mining Factories 

N.R. Nizamutdinova, S.G. Ibraeva, I.N. Siraeva, V.I. Safarova 
The State RB GBU analytical control, Ufa, Rossiyskaya street, 21, ugak5@mail.ru 
 

One of the important components of ecological monitoring is bioindication. This is 
due to the fact that condition of living organisms allows detecting changes in the 
environment, which lead an imbalance of ecosystems. Promising direction of biomonitoring 
is concerned with evaluating the state of tree vegetation in terms of fluctuating asymmetry 
(FA) and frequency of occurrence of morphological and anatomical characteristics. 

In Russia, the study of FA were held in several regions – Yakutia (2006), Irkutsk 
region (2006), Murmansk region (2007, 2011), regions of Bryansk and Oryol (2009), 
Kislovodsk (2010), the Crimea (2011). Abroad, the method used in industrial ecology 
(1989-2002). 

The main substances which determine the sanitary conditions of the environment in 
the area of influence mining enterprises are heavy metals (HM) and other elements, which 
are part of gold ore, and also toxic components, which used in technological processes of 
their recycling. At the same time, plants are a major source of heavy metals n human’s 
and animal’s body, and also serve as an indicator of environmental pollution. It is known 
that the degree of accumulation of heavy metals in plants correlates with the soil pollution 
by these same elements. At the same time HM are well fixed from the air by plants, 
therefore they are used for the indirect estimation of air pollution in the areas of influence 
of industrial enterprises.  

We have studied the technogenic influence of heap leaching enterprise of gold (HL) 
on woody plants in the Republic of Bashkortostan (2011-2014 .). In determining the state 
of disturbance of plantations was used morphological method, because it is simple, 
economical and available.  

For determining the area of distribution of increased content of toxicants from 
pollution sources was selected warty birch (Betula pendula Roth.), because it is a 
widespread tree on the territory of Uchaly region of the Republic of Bashkortostan. We 
used samples leaves and shoots of birch, selected on the basis of the wind rose at the end 
of the growing season on the industrial site of gold mining factory in its sanitary protection 
zone and within the limits of radius of 1 km. To determine the intensity of aerogenic 
migration of pollutants in the area of influence of the enterprise were used dusty and 
washed leaves and shoots of birch. Their separate analysis was conducted and has 
allowed to reveal aerogenic component overall pollution of tree vegetation. The analysis 
was carried out on a wide range of elements characteristic of polymetallic ores (Cu, Zn, 
Cd, Pb, Ni, Co, As, Se, Sb, Hg etc.). 

Visual study of leaf shapes and definition of the indicator of FA with 5 morphological 
characters, based on measurements of the leaf blade were carried out. These features 
characterize the stability of forming leaf. Environmental quality was assessed on a points 
system in according to the measure of fluctuating asymmetry of higher plants. Extras was 
investigated the frequency of occurrence of small non-hereditary abnormalities from the 
normal structure and venation of leaf blade – fenodeviants, such as uneven edges of the 
base of the leaf blade, unpaired first vein of the second order, the presence of additional 
veins of the second order on one side, dichotomic branching of veins of first or second 
order (pictures 1 and 2). There were selected and studied about 1500 leaves.  
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Evaluation criteria by graduation of 
Shadrina, 2003. 
 

Picture 1 The structural features of the leaf blade and leaf fenodeviants of birch 
growing in the area of gold mining enterprises’s influence 

 
1 - not bent; 2 - is bent to the left; 3 - bent 
to the right; 4 - "dovetail" 

Picture 2 Examples of the "deformation" on the top of the leaves of birch, selected at 
the site of gold mining enterprises 

Comparison of geochemical associations of general and dust pollution of birch leaves 
and shoots allowed us to estimate contribution of aerogenic component of to the overall 
pollution of plants, and also to establish a list of items entering the plant mainly due to 
aerogenic transfer or due to root nutrition. Been isolated and quantified aerogenic 
migration flows of HM in the area of gold mining enterprises’s influence. 

Therefore, the atmosphere monitoring system of the HF enterprise may be 
supplemented by the bioindicational method, based on the evaluation of the pseudo-
symmetry features of plant objects, as well as the fenodeviant signs of variability. The 
value of this method significantly increases the development of quantitative criteria of local 
and regional environmental regulations. 
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Oil spill and oil products make integrated effect on the soil and a vegetational cover 
and leads to changes of structure and morphological, physical, chemical and biological 
properties of soils. The main impact on the soil is made by high-gravity oil. That’s why 
new, effective way of soil treatment is required, including methods of phytoremediation. 

The purpose of this work is to study depending on pollution rate of oil products in the 
soil. During the experiment germinative capacity of seeds and plants growth dynamics 
were estimated. 

To carry out the experiment 50 seeds of four species: oat (Avena sativa L.), 
buckwheat (Fagopyrum esculentum F.), marigold  (Tagetes erecta L.), pea (Pisum sativum 
L.) were planted into the soil polluted with high-octane gasoline (92) at 1 and 3% 
concentrations and also into the soil without pollution (reference). Watering was made by 
necessity. The experiment lasted 3 months. 

Obviously at 1% pollution, in comparison with control plants, pea was more 
suppressed (Tab. 1). By the beginning of August its growth almost stopped. On the 
contrary, in control group stable dynamics of growth was observed till the end of 
experiment. At 3% polluted soil the dynamic of growth was very low till the beginning of 
August, and then plants have died. To sum up, pea has high sensitivity to petroleum soil 
pollution, which can affect its growth and finally cause death. Germinative capacity of 
seeds was 76% in the reference group, 42% at 1% polluted soil and 34% at 3% polluted 
soil. 

In growth dynamics of buckwheat in comparison with control plants essential 
deviations were observed. The plants’ growth was slow (Tab. 1). It is obvious that at 3% 
polluted soils strong suppression of plants was observed, and at a final stage of 
experiment difference of height with reference group was about 35 cm. At 1% polluted 
soils plants’ suppression has also occurred. Germinative capacity of seeds in the 
reference soil was 48%, at 1% polluted soil – 18%, at 3% polluted soil – 22%. 

From the initial stage of experiment till the middle of summer the growth dynamics of 
marigold in reference group, and marigold growing on the polluted soil was quite the same 
(Tab. 1). However further an essential difference in growth was noticed. In general, plants 
at 1% polluted soil as well as at 3% polluted soil were growing approximately equally. In 
August growth of marigold at 1% polluted soil proceeded while at 3% polluted soil growth 
has merely changed, and from the middle of August almost stopped. Petroleum pollution 
makes an adverse effect on growth of marigold, however despite the slowed-down growth 
of plants the death isn't observed. Germinative capacity in the reference soil was 60%, at 
1% polluted soil – 50%, at 3% polluted soil – 14%. 

It is obvious that from all introduced plants the minimum deviations of growth 
dynamics is observed for oat (Tab.1). Height difference with reference group at 1% 
polluted soil is approximately 5-10 cm, however stable dynamics proves that plants are 
stably growing in such conditions. Essential deviations in growth are observed in 
comparison with reference group and plants at 3% polluted soil. At the initial stage of 
experiment plants were strongly suppressed and as a result up to the end of July the 
growth of plants almost stopped. During the subsequent periods the increase in growth 
was observed, and by the end of experiment the height of plants at 3% polluted soil, as 
well as plants at 1% polluted soil was approximately identical. We can observe high 
resistance of oat to oil products pollution of soils. Besides, oat has shown high germinative 
capacity of seeds in reference group – 70%, at 1% polluted soil – 60%, at 3% polluted soil 
– 40%. 
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Table 1. Dynamics of the height (cm) of some plants species in different condition of 
petrolic soil pollution 

 Date 27.6 04.7 11.7 18.7 25.7 01.8 08.8 15.8 22.8 29.8 05.9 12.9 14.9 
Pisum sativum 

Control 4 6,5 16 28 36 40 44 49 52 58 60 60 60 
1% 3 4,5 10 13 17 23 23,5 24 24 24,6 25 25 25 
3% 1,5 3 6 8 10 13 - - - - - - - 

Fagopyrum esculentum 
Control 3 4 25 37 47 50 53 55 57,5 59 61,8 64 64 

1% 1,5 2 10 13 16 20 23 25 25,5 26 27 28 28 

3% 1 3 3 3,5 4 5 6 8 10 12 14 14 14 

Tagetes erecta 

Control 1,5 2 10 20 22 22,5 23 26 31 36 41 47 48 

1% 1,5 2 3,5 6 7 8 11 14 16 17 19 23 25 

3% 1 1,5 2 3,8 5 8 9 11 11 13 14 14 14 

Avena sativa 
Control 3 8 20 30 44 48 50 50,7 52 52,7 53 53 53 

1% 3,5 6,5 14 25 30 35 38 40 42 43,6 45 45 45 

3% 2,8 4 4,5 5 6 12 16 24 28 36 41 43 44 
 
In the conditions of oil pollution all studied plants species have demonstrated 

suppression and reduced germinative capacity. Germinative capacity reduces with 
increase of soil pollution by oil products degree. High growth dynamics is shown by oat 
and marigold. The buckwheat is in intermediate position. The greatest suppression was 
observed for pea. 
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The Instrument Study Bioassay Methods of Soil Extracts 

Anna Velichko, Igor Zakharov 
Saint Petersburg Electrotechnical University "LETI" 
 

The relevance of the study of soil. Bioassay is effective method for estimating the 
potential danger of chemical, physical or biological effects on soil [1]. Bioassay is based on 
the use of laboratory-grown test-objects that have registered changes of biologically 
important indicators – test-reactions. To reduce the complexity of monitoring and ensuring 
bioassay objectification used specialized equipment. Widespread is used of aqueous 
media for biological testing devices have received a devices "Biotester" to monitor the 
reaction of chemotaxis ciliates. 

In this paper we present a new method based on an instrumental device "Biotester-
2." The method is based on measuring the response to chemotactic ciliates on extract 
soils of different mineral composition. 

Materials and equipment. We used two different types of mineral soil composition 
(Fig. 1), the medium Lozin-Lozinsky, aqueous solution of NaCl (10%), polyvinyl alcohol 
(5% solution), plastic photometric, cuvette 10*10*40 mm, pipettes, flasks, paper filters TU 
6-09-1678-95, device "Biotester-2", microscope MBS-12.  

 

 

Figure 1. The composition of the soil. 

Preparation of the test object. Ciliates P. caudatum cultivated in a medium Lozin-
Lozinsky. Baker's yeast are used as the feed. The migration method is used for clearing of 
infusoria from the yeast and the products of metabolism. The concentration of ciliates was 
3000 cells/ml. 

Preparation of the sample. Preparation of water extract of soil [2] is comprised by 
mixing the dry and cool soil with a medium Lozin-Lozinsky (in a ratio of 1 gram of soil in 5 
ml medium), and filtered through filter paper.  

The experiment is based on the formation of chemotactic response of ciliates to the 
aqueous extract of soil.  

Ciliates (1.6 ml) and a solution of polyvinyl alcohol (0.8 ml) are introduced in vertical 
cuvette and mixed. Then a layer of a test sample (1.6 ml) is applied on top of mix. Control 
of infusoria chemotaxis is performed on the device after 30 minutes, which allows to detect 
the moving ciliates in stained and muddy soil extracts.  

Processing. Toxicity index calculated by the formula (1)  
T = ( I1 - I2 ) / I1 
where I1 I2 - averaged over 30 readings on the instrument "Biotester-2" for the 

control and the test sample, respectively. 
Results of experiment. Fig. 2 shows the toxicity index to 2 soil extracts.  
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Figure 2. Results of experiment.  

Discussion of the results of the experiment  
This work is the approbation of the ability to control the toxicity of soil extracts on the 

chemotactic response of ciliates. The modernization of the method was required for 
adaptation to device measuring. 

Reactions of ciliates P. caudatum on two soil extracts can be explained by the 
difference in the concentration of nitrogen. If we consider of the formation of the activated 
sludge, we can see a decrease in the population of ciliates in an environment with a large 
amount of nitrogen, but phosphorus content is only increased inhibits their growth [3]. It 
should be noted that the pH of both kinds of soil close enough (5.0 - 6.5). 

However, this method is required further investigation, taking into account the 
influence of soil components on P. caudatum. 
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The Possibility of Using the E. crypticus Toxicity Test for Assessment 
of Natural Soils 

Erik Zainulgabidinov1, Andrey Petrov1 
1Research Institute for Problems of Ecology and Mineral Wealth Use of Tatarstan Academy of 
Sciences, Kazan, Russia, comp05@mail.ru  
 

The enchytraeid toxicity test has gained wide acceptance by soil ecotoxicologists 
since the release of document No. ISO/16387 by the International Standardization 
Organization (ISO) in 2004. The test was originally intended for use with OECD artificial 
soil or similarly formulated USEPA Standard Artificial Soil. Physical and chemical 
properties of these standard soils (samples?) often do not represent the diversity of 
properties of natural soils and can be inadequate surrogates of exposure conditions of soil 
biota in the field. 

One test species were used in our studies, including E. crypticus Westheide and 
Graefe 1992. Test species were maintained in laboratory cultures. The culture was kept in 
an incubator at 22 ± 1 °C. Soil moisture level was adjusted to 60% of the water holding 
capacity. Cultured E. crypticus were fed twice each week with ground oats spread on the 
soil surface.  

A total of six natural soils types representing a wide range of properties (selected 
physical and chemical properties of test soils: pH, organic matter (OM), textures), were 
tested in our studies. These soils were: loamy sandy podzolic soil (S), loamy sandy soddy-
podzolic soil (SPLs), loamy soddy-podzolic soil (LSP), silt loam alluvial soddy soil (AS), 
easily clay alluvial meadow (AM) and loamy gray forest soil (GF). 

Survival of adult E. crypticus was > 80% and ranged from 87 to 97% and was not 
significantly different (P > 0.05) between all tested soil type. Juvenile production by 
E. crypticus varied among soil types but met or exceeded requirements of ISO test. 
Reproduction was generally greater in natural AS and GF soils with higher clay content. 
The SPLs, LSP and AM soils supported the lowest reproduction rate. In addition to high 
OM content, AM soil also had the highest sand content (88,5%), which could affect the 
performance E. crypticus. Generally, no single soil constituent could explain the variability 
in reproduction of E. crypticus. 

Results of our studies showed that adult survival and juvenile production by 
E. crypticus in all soils tested complied with validity criteria for negative control as given in 
the ISO guideline. This species can be used for chemical toxicity testing in natural soil 
types that have properties within the following ranges: 4,5 - 6,3 pH; 2,7 - 5,7% OM; 5,5 – 
41,2 % clay, and is a preferred species when assessment objectives include natural soil 
types that support higher bioavailability of chemicals of concern.  
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Application of Express Phytotest for Estimation of Bioremediation of 
Petroleum Contaminated Soil 
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Present days, crud oil and petroleum products are the priority environmental 

contaminants as in Russia and in other developed countries. These contaminants are 
mostly accumulated in soil, and the volume of the contaminated soils grows every year.  
Due to great areas of the polluted soils, the most widespread approach for those site 
cleanings is in situ bioremediation when the soil is treated just on the contaminated site 
without excavation. For accelerated degradation of the pollutants, optimal conditions 
should be created for maximal activity of degrading microorganisms. They are: soil 
plowing, adding of mineral or organic fertilizers, ameliorants (adsorbents and others), 
sometimes, inoculation of degrading microorganisms with biopreparations. Due to 
heterogeneity of petroleum contaminants and variation of soil properties, bioremediation is 
high specific technology, and individual approach should be created for every new 
contaminated site. Besides, highly contaminated soils are toxic for degrading 
microorganisms and there is some risk for leaking of the contaminants out of the treated 
zone. Recently the approach of adsorptive bioremediation was created for cleaning of 
highly contaminated soils. It is based on the use of activated carbon and other adsorbents 
for reduction of soil toxicity for degrading microorganisms (as inhibited inoculated). 
Besides, the adsorbent localizes toxicants in the treated layer of the soil preventing their 
penetration into natural waters (Vasilyeva et al., 2013; Yatsenko et al., 2014; Semenyuk et 
al., 2014).  

To identify the optimal conditions for the soil treatment, the preliminary laboratory 
experiments are carried out, where dynamic of soil decontamination is determined to find 
out the needed dose of adsorbents, fertilizers, etc. Due to high complexity of chemical 
analyses, an integral toxicity could be measured with the help of biotests. Earlier we 
developed the express phytotest based on determining germination of white clover seeds 
(Trifolium repens L.). The approach is highly sensitive to soil contaminants, simple and not 
time consuming. The examples of this method application will be presented for estimation 
of soil toxicity during experiments on adsorptive bioremediation of soils contaminated with 
petroleum, diesel fuel and spent motor oil.  
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и и и   и  о и и  и  и и о и и  и ,  
о и о   [Shakirova, et al., 2003]. 

 о  и о о и о  и , и щи я о и о о и о  
ии  о о ии о и я о  о о и. , и я 24 оя и  

 о ии и о   о  о , о и о   о о и о 
о  о о и и  ( о и   о о о  и  о и о 

7,1%). о я  о и о  и ио  ,  о ия 
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и  о  и   37%, о   о о ии и о   
о  о и . 

 я и  и  и о о о о и   и ия о о о о 
 и и и о  и и  и  и  о о  и   о о . 

  и ия и о и о о о  и   и о я ии 
и о о и о  о о ия о ия И  и и о и и о , и о о о о , 

и щи я о о  и и о  о  о  и ,  о  , 
о о я я я я и  о и о   я ии о о о .  
и о и  о , о о и и  о о ия И     и я  
и и и о  и  о  и    щ ия и я я о 
и   ии  о о ,   о  и я 24, о, о- и и о , 
о о о о  и о  о ии и о о о   и и и о и . 
и , и  о о о я я о   о и  о я ,  и 
и и  о ия И .  о  я,  о  и я 24 и  
о и и  И /   о  и я о о и и  о ии 
И . и и  оо о ия и о и и о     о  о и я 
о   и и ,  и и и о и ,  о ои  о  
и . 

о о и , о о  о ,  о  и  и и о  о , 
  ия  ия   и о о о о , я   о о  

о и  о ия  и  и и  о я И  и 
и о и и о ,  о  [  и ., 1989;  Jackson, 1997], и  
о и и  о о ия И  и и и о и и о    о   о о о 

 и  и   о ии о о о - и о о  о   о  
о ия  и и   о   [ о о о , 1981]. 

о  о  и  о  о о о  и   и и  
о  я  и  о  и я 24 – и и  о и и  

о о ия  И   ,  и и о и и    о  
и  о ия И  и и о и и о . 

и и   и о о о о   и я  и и и о  и о о  
и    о ия о  и и  и и  о о ия И /  и 

и о и и / ,  о о    щ ия, о о о  о  и , 
я о  о. о о о о и , о и и   о  о о о  
и  и  о ои  о о  и   и   о о  я о о 
о и о и и я о о и о и и и оо о ия и  и  

и - о яи  – и    о ия.  я и  и   и  о  
и о о  ия и  о о  о о и я  и и-  и 

и   о о   и и и о  о и  о  о о и 
и  и    ия  о о . , о о  и  

о  и я 24 о  и  о о о  и и  о я 
о щ о ия о    и о о о о , о  о о 
я и о  и о о ии оо о ия и о и и о       щ ия. 
о     о ия о и и  о о ия и о и и о    о  

 о   о  о   и  и . о- и и о , 
о   о о  о о о  о о  о  
ия и  и щ о  о и  о  и о и и о . , я о, 
о  о  о о  и о   и о  о и  о о о  
и о и и о о  и о ,  , оя о, я о оя и  о и и щ о 
и и о о о ия о о  [ , 2006], о о  о  
и о и и о   я ии и ии о о  о о  и и ия и о о о  
щи  и   ия  о о о и  [ , 2002; Rakwal, 2003]. 
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и  2. ия и  о о  о о и я  я о и о  и 
и о я ии T.caries  о о  и . 

и  и  
о о ,  

о - о  
 о о , . 

 
1000 

,  

о о , 
/  

и  
о я, /  

 и я 24 

о о  6.04 15 38.8 23.3 - 
и  

+T.caries 
8.03 25 46,4 27.9 + 4.6 

 и  
о о  7.9 23 32.6 19.5 - 

и-  
+T.caries 

8.4 23 43.8 26.3 + 6.8 

 
и  о о , о  и о о   о  я о  о   о  

о  щи о   и   ия и    о и  о  
о о и, о  и   о о и ии о о о о  
о о  и и и и о  и , о,  о  о , о о 
о и я  о  и и о и о о  о о  и  и   

ии  о о и. и о, , и   и  2, 
о  и о  о  о о о и . 

И о, о и и и о и  о и я и и  о ,  о  и  
T.caries и о и   и и  о и о и и .  о  я и о 
( и  2), о о о  я о и о  о о  о  

и и  о и о и и    о  и и и о ия. о о 
о , о    о  о  о и  о и   и  о  
о и я о о  и и о о  о и о и   о щи  о  

, я и о  о .   , о о я и  о я 
, о я  о о о  и о  я о о  о  и-  
и , о- и и о , о о  о о  и , о и   и о , 

о и   о оя и  о о о  и  и   о ия  
и и и о ия. 
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Modern Scientific Research and Technological Innovations in 
Production and Application of Fertilizers Based on a Complex of Humic, 
Carboxylic and Amino Acids with Minerals Effective for Organic 
Farming and Ecoadaptive Agriculture, Efficiency Improvement of Plants 
Mineral Nutrition and Reduction of the Negative Ecosystem Load 

Konstantin Vyacheslavovich Korsakov 
LIFE FORCE LLC, Research & Production Enterprise, Saratov, Russia, 
korsakovkonstantin@gmail.com 
 

Food ecological safety is becoming more significant due to the development of 
respectful attitude to the environment, human nutrition and health. An increasing number 
of farmers that choose plants cultivation without use of any chemicals and GMO face the 
problem of searching the ways how to save high productivity and quality excluding the use 
of traditional chemicals, which often have a negative influence on soil, plant and harvest. 

LIFE FORCE LLC, Research & Production Enterprise has developed technologies of 
biofertilizers production for ecoadaptive agriculture, that is based on an understanding of 
the ways of achievement the maximum results in plants cultivation through a balanced 
plant nutrition and improvement of nutrients absorption by plants. 

Starting with its foundation in 2001 LIFE FORCE LLC has always been contributing 
to the scientific development and practical application of effective strategies for biological 
farming, cultivation of environmentally safe products, enhancement of crops yield and 
quality. The company produces more than 30 varieties of different products applied for a 
wide range of cultures: soil improvers and fertigators, antistress biostimulants, metabolic 
activators and foliar fertilizers, defence inductors, harvest enhancers. Products may 
contain various bacterial and fungal strains, high concentration of NPK, Mg, Ca, S, 
micronutrients, such as: B, Co, Cu, Fe, Mn, Mo, Zn in complex with humic, 
polyhydroxycarboxylic and amino acids. Leonardite used as a raw material for the 
production of many LIFE FORCE LLC fertilizers is characterized by a high content, 
richness and biological activity of organic matter. That is why products containing humic 
acids (humates), have a high impact on plant growth and yield, and also allow farmers to 
abandon or minimize the use of traditional fertilizers and fungicides. 

The main distinguishing feature of all LIFE FORCE LLC products is the innovative 
technology that allows producing fertilizers without use of any classic synthetic chelating 
agents such as EDTA, DTPA, etc. It minimizes negative influence on the harvest and 
environment. A unique technology of polycomplex formation of minerals with humic, 
carboxylic and amino acids allows to obtain a higher concentration of nutrients in 
fertilizers, to ensure their high penetration and assimilation by plants, without the risk of 
phytotoxicity and ecosystem load. 
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 о , и  и  о . 
о и  о и о о и  ои о  ио о  я 
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о о   о о и  и  о   щи ии и  

 и  и о о о и ия и о ия о ия ия и 
и  щ . о о о и  и о о  о  о я я оо о и  
о и и  щ  и и о , и  и  о  и 
ио оо и  и оо и о ,  о и  и  о  и и  о  
и ия и о о и и  щ , о  и  и  о , и о  
и ия о и . о и  и о о  и оо и о , 

о и и  и и  щ   и  « о - и » − о 
о  о о , щи  и и  и и и о  и о  
ио о  и о  о о и  о и  я о  и 
и о  о о о . 

 о  о о о о ия  2001 ., о ия  « И  И И»   
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и и  и  о и о о ия, щи ия о о и и 
о  о о , о и  о о и и  о о я  

. о о и  и о ия о о , ои о и   « И  И И», 
и ия и и и и о я и  о ии, и , 

, И ии и и   о  о и    и 
и о и. 

 « И  И И» ои о и  о  30 и о   о и о о  о и  и 
о о  я и о о о  и  о о я  : 
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о о и. о и о и о  о  и  и  и и  
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Э ек и о  и о и о  о е и  и о е а ии 
ка о е я 

. . о 1, . . и о о 2 
1  « и  и и и  о », , о ия, bhz@buy.kosnet.ru 
2   о о я  
 

о о  о  о я о   о  и о о- о о и о  
о ии. Э  о о и о  о и   я и,  о о  и  о  

и о и о о я  .  и и и  
о и  ио о  о ии о  и  и ия о о о о о о ия, 
о ия  о  о ия и о о и  щ , щ и  о о о 
оо о ия и ио о и и   и оо и о   о о  
и о и о , о щи  ия и   о о о и ,   о и  
о и  о  и и  ё о  о и   и и о   

о .  
о я и и ия  о  о я  о   о  

и о  ия и   и   о  и,  и ,   и и  
и о ио о и о  и о и о о о и и и о  и  о  я 

 и   и ия. Э о о я  о и ии  о  
( и о о , 2005).  о оя  о   ои  о  и , 
о о   о и ия  о- и о о о  о я о я. 
о о    о- ои о о  о  я я я о  
о о о  о и о ия о и  о о о и  о и о о о   
о и  о о о ия о  и о ия  и о и  и о . 

я о и ия о о  и  ия ии  « и  и и и  
о » о о  и и и и и  о  о и и я 
о я о о ия ои о  о и   о о  о о  и о о о 
ои о ия,  о  о о  о я  о и и  , ,  
и о о ,   , о о  о  и . Э о 
и  о   и о  (о о и  о ия, о о  
о , и   и и о ио о и и  о   

о о  и о  и  Bacillus subtilis -13) и и око ек  ( о ,  
о  о о о о о я  ,  и о о о и о  о и  и , 
о щ  N, P, K + S, Mg и и о   о  о ). 

И и  и о и и  о о  о о и и  о ия  о о о-
о  и ои о  о о ,  о о- о о и , 

о  о  о о щ и я о  о и  ( о о , 1985),  
 о , о  о . и о  о и и и о  о я  о  

150 / , и о о  и о о и  я о о и  2 / ,  и я 
о о и и щи  и  2 /  ( о  о о о  10 и 300 , 
оо о). 

И о, о   ия и  о я, о  и о и  
о о и , щ  о  и  о  о о о ия. и 

о  о ия о о о о  я я я о   о о и и  
о о , о о  и  о  о  и  ( и о о , 2005). и 

 о и, о и о  о ия  о ия, о и щи  
о и о  о о и о  и  о   и   и   
о о о   и о я о 563 , о и  320,1   о о . 
И о я о  и ио о о и , о о о, о ия и о о 

и   о и о  о и я ощ  и  4,18 2/ 2 , о о я 
о о о о и  о  о о  о   0,62 2 . о о о, 
о о и о  о о и  и о о и и   я  я  R=0,84, 

243



(p<=0,001).  о и о  о о и  о и   о   
 – я  о я я  R=0,54. о  о  ио о о 

о  о я о я  о и о  о о и о  
 и и о  ия.  

щ я и  о я  о  о  о  и  и 
о  о  1,59 о 9,28 / , о    о о , о   о и  
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И о ия о и, о  и о и о , щи  о и  
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 о  и о о .  и  - о и и  , о и  
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оо о. и о  и и  и о  и о о и и  и о   27 и 
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и  

1. и о о  . .,  о о  о и ио о и о  и о и о  
о и и . я о ия.  и о о ия о и  и 
и о о  о о ия я о ия о о и и  
о ии и о . о , 2005. 
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Influence of Ammoxidized Lignite on CFD 
(Chlorophyll Floures en e Dynami ) of Vine 

H. Ninnemann1, W. Nowick2, R. Sorge1 
1Novihum Technologies GmbH, Dresden, Germany 
2Privates Institut für angewandte Biotechnologie daRostim. Lichtenstein/Sa. Germany 
 

The results of study of the influence of ammoxidized lignite (Novihum®), a high grade 
permanent humus product) and a compound of ammoxidized lignite with a mycorrhiza 
formulation (Cuxin Myko-Aktiv) to CFD (Chlorophyll-Fluores en e-Dynamic, Kautsky 
effect) are presented in this work first time. Investigations were performed by 
measurements of CFD at vine planted at a recultivated open-cast mining site. 
Ammoxidized lignite increase the intensity of CFD and it seems that the period of high 
photosynthetic activity within the vegetation period can be extended to late summer time. 

Key words: ammoxidized lignite, CFD, Chlorophyll-Fluores en e-Dynamic, Kautsky 
effect. 

 о     и ия ия и о о о 
  о о  о и и и о о о о о я - Novihum® - и о  

о и ии  и о и о  и о ощи о и и CFD (о и и  и и и 
о ии о о и ,  о о). Э и  о о и я  
ия  и о ,   и и о  и о  о  

о о  о и о о я. и и  о о ии о о и  о , о 
и и   и и  и о  о о и   ио  
ио  и о о  о о . 

 
1 Introduction 
Even though the humic matter contents of soils usually do not exceed a few percent, 

humic matter (i.e. fulvic acids, humic acids, and humins) have essential impacts to soil 
chemical, physical and microbiological properties and functions respectively [1-4]. 
Lowmolecular, water-soluble fractions, such as fulvic acids, are supposed to have certain 
effects on plant physiology and to act as carriers for nutrients [5-6]. Humic acids and 
humins on the other hand are regarded as a persistent storage of nutrients and a weakly 
water-storing material. Establishing a sustainable humus pool is therefore an important 
goal in tillage and soil rehabilitation [7-8]. Application of organic matter is quite common in 
agriculture and comprises almost all types of farm fertilizers, such as harvest residues, 
farmyard manure, sewage sludge, liquid manure, and different types of composts or green 
manure (legumes). These materials are usually subject to a rapid mineralization in the 
course of which an excess of nutrients is released in the short run. As nutrient uptake is 
limited by plant physiology, high application rates and fast mineralization rates can easily 
cause nutrient leaching and dislocation by seepage water into the aquifer. As the 
composition of some of the organic mass waste materials and their pollutant contents vary 
frequently, environmental hazards cannot be ruled out [9]. Still, high-grade composts 
applied in the vicinity of its production can largely contribute to improve crop yields and soil 
quality in the sense of a sustainable closed-loop recycling management [10]. Organic 
matter that consists of larger amounts of stable humus or that can be converted into those 
fractions in the short term is regarded to be most useful for an effective humus 
accumulation in humus-deficient soils.  

It is known that low-rank lignite (brown coals) usually contains high percentages of 
coal humic substances, which were formed during coalification mainly from the biopolymer 
lignin. However, the usually very low nitrogen contents of lignite (less than 0.5%) and the 
resulting high C/N ratios render the lignite harmful rather than beneficially to soil fertility, 
especially for nitrogen-deficient soils. Once applied to the soil, lignite would provoke 
increased soil microbial growth which would simultaneously result in an almost quantitative 
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consumption of the soil and lignite nitrogen pools and thus impeded nitrogen uptake by the 
plants [9]. 

Ammonoxidation is considered to be a suitable method to achieve nitrogen 
enrichment of coals [10]. Developed in the 1930s by Franz and Palm [11] the 
ammonoxidation (also referred to as ammoxidation) technology was later advanced by 
Flaig et al. [12] and other groups for converting technical lignin [13-18] or lignite [18-20] 
into nitrogen-rich organic fertilizers. The reaction of lignin with oxygen in aqueous 
ammonia is supposed to comprise a multitude of simultaneous occurring reaction 
pathways, in the course of which the lignin macromolecules are largely altered. Due to 
many similarities in the reaction behavior, ammonoxidation of ligneous organic matter, 
such as technical lignin and lignite, is frequently referred to as artificial humification [17-
18]. A particular technology affording ammonoxidation of lignite under mild reaction 
conditions was developed and up-scaled by Fischer et al. [21] to pilot plant scale to 
produce larger amounts of N-modified lignite for performing field tests under a broad 
variation of site conditions [8]. The standard parameters of Novihum are given in table 1. 

Table 1: Standard parameter of Novihum [22]. 
Standard Parameters  Value (average) 

pH (KCl)  7.1 
Dry matter % 74.1 
Organic matter % 94.8 
Bulk density g/l 594.7 
CEC mmolc/100g 140 - 180 
C % 65.84 
N % 5.78 
S % 0.75 
C/N-Ratio  11.4 
Nmin mg/kg 4.2 

 
Novihum appears as nearly dust-free granulate, it is black in color, and its bulk 

density is 0.6 kg/liter. It contains nearly 95% of organic matter and 66% carbon (w/w). The 
C/N-ratio is 11.4 and similar to natural high grade humic substances as also the cation 
exchange capacity is [22]. The nitrogen content of Novihum is bondet in different plant 
available fractions: short term, middle term, and long term available nitrogen (Figure 1). 

 

Figure 1: The nitrogen-content of Novihum (5.8%) is distributed to different plant 
available N-binding forms: short-term available, middle-term available, and long-term 

available [22]. 
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The high CEC and the special distribution of the nitrogen of Novihum® leads to the 
fact, that there is less danger of overfertilization and up to 30t/ha of Novihum can be 
applied in one step, for example in case of recultivation of mining sits or cultivation of 
semi-arid regions. In consequence it is possible to increase the content of organic carbon 
in poor soils as well as the storage of organic nitrogen up to the ideal level by one working 
step. 

 

Figure 2: Organic main-components of Novihum [23]. 

Humic acids and humins are the main constituents of Novihum (81%), the ash-
content is low (5%). Ammonoxidation is not only supposed to enrich ligneous materials 
with covalently bound nitrogen, but also to affect the overall content of coal humic matter 
and the proportions of fulvic acids, humic acids, and humins. Therefore after ammoxidation 
the incorporated nitrogen is not only bonded as ammonia at acidic functional groups but in 
very different organic ways. Even isolated humic acids of Novihum contains 3.9 % nitrogen 
[23] (table 2). This fact is remarkable because in the case of isolated humic acids the 
acidic groups are saturated with H+ and not with NH4

+ and the total nitrogen content of 
isolated humic acids of Novihum (table 2) does not consider the potential content of 
ammonia. 

Table 2: N in humic fractions of Novihum [22]. 
Fraction Nitrogen, % 
Humins 1.7 

Humic Acids 3.9 
Fulvic Acids 2.1 

 
2 Methods 
2.1 Field trials with vine 
Trials have started at May 16th 2013 (planting) at the vine yard of 

Landwirtschaftsbetrieb Lindenfeld Gbr. The vine yard was established at a recultivated 
post mining site within spitting distance to the Grossräschener Sea, a former abandoned 
open pit. Two species of white-vine have been planted: Cabernet blanc and Solaris. 
Variants are as follows: 

 Variant 0: Control, only basic fertilizing 
 Variant 1: Only Novihum (470 g/plant, plant hole: aprox. 16 liter) 
 Variant 2: Novihum and Cuxin Myko Aktiv 
 Variant 3: Only organic horticulture fertilizer 
A trial scheme is given in the scheme below. 
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V 1
300

plants

50 plants per line V 0
48

plants

plant‐lines

 8 ‐13
NH

only onlyCUXIN MYKO AKTIV NOVIHUM NOVIHUM

Line 1 to 17: Cabernet blanc Line 18 to 29: Solaris

Line 1 ‐ 7  Line 14 ‐ 17 Line 18 ‐ 19 Line 20 ‐29
NOVIHUM and without without NOVIHUM

Variant 2  Variant 3 Variant 3 Variant 1
350 plants 200 plants 100 plants 500 plants

 
 
2.2 Measurements of chlorophyll fluorescence dynamics (CFD) - Kautsky effect  
2.2.1 Measurement methods with the system "FloraTest" 
When changing the natural lighting of a plant leaf from dark to light, the chlorophyll in 

the plant cells requires a characteristic time for the photosynthesis starts. During this initial 
phase, the chlorophyll body can not fully utilize for photosynthesis the irradiated light and 
emit it as fluorescence light. About the emission of fluorescence light was first reported by 
Kautsky and Hirsch - Kautsky effect [24-25]. The fluorescence light has a characteristic 
dynamics (Fig.3), from which, usually, the Kautsky-parameters K1, K2 and K3 are defined. 

 

 
Figure 3  
 
Definition of Kautsky parameters:  
 
K1  = ( Fm   -  F0  )   /   Fm 

K2  = ( Fm   -  Fst  )   /   Fm 

K3 =  Fst / Fm 
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Chlorophyll fluorescence dynamics (CFD) depends on many factors, such as of the 
vitality and health of the plant, but also by the level of supply of water and nutrients. From 
the measurement of CFD you can therefore, if you have comparative or control values get 
also conclusions about the effectiveness of certain agronomic or cultivation measures. 
However, only in recent years a portable measurement system for field measurements are 
available, but reference or control values, there is not yet practical. We used to determine 
the chlorophyll fluorescence dynamics the "FloraTest" (Fig. 4, 5) from the Academy 
Institute of Cybernetics VM Glushkov, Kiev, which was used in 2008/2009 in the first time 
for test measurements on wine. [26]. 

 

   
Figure 4: FloraTest Figure 5: FloraTest Clip on wine leaf 

 
By default, the plant leaf for 10 minutes, thereby obscured with a clip. Thereafter, a 

laser diode, installed in the clip, is switched on, illuminating the leaf locally. A photo diode 
registers the intensity of fluorescence light, whose timing waveform FI (n) then to be stored 
in the form of 90 individual values FI (n = 1 to n = 90) in the memory of "FloraTest". A total 
of 40 CFD measurements can be stored and later transferred to the PC.  

Figure 6-9 show exemplary CFD measured curves, as measured at the wine varieties 
Cabernet and Solaris, in leaf heights of 20cm and 100cm respectively (17/07/2014). The 
measurements were made both at Novihum-treated plants, as well as to control plants of 
the same type of wine. 

Sarakhan [27] reported for the first time in 2011 on detailed CFD measurements on 
different types of wine in various stages of growth and dependencies of the Kautsky-
parameters of external factors such as drought stress or treatment with plant growth 
regulators. The problem with these analyzes was that the "FloraTest", the fluorescence 
light is recorded only for 3 minutes and the steady-state values for the fluorescence light 
(FIst) have still not set in this time interval. The determination of the Kautsky-parameter K2 
and K3, which depend on the steady-state value FIst, remained in these measurements 
therefore inaccurate. 

A similar slow relaxation behavior of the fluorescence light was observed by us in 
other crops such as corn or winter wheat [28-29]. In these cases it is more appropriate to 
make an evaluation of the CFD measurements by comparison with reference curves. 
About this methodology, we have rerorted for the first time in 2013 on the example of 
winter wheat [30] and a similar approach now practiced for wine. 
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Figure 6 to Figure 9: Examples of CFD measurement curves 

 
2.3 Definition of a CFD reference curve for wine: FIR (n) 
Since in the literature reference curves for wine has not yet been described, by us for 

comparison purposes, a reference curve FIR (n) was defined, which was calculated as a 
formal average value of 7 CFD individual measurements in a leaf height of about 100cm 
on 17/07/2014 for the two varieties Cabernet and Solaris. 
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Table 3: Numerical values for the Reference curve FIR(n) (Mean of 7 measurements) 

 

 

Figure 10: Reference curve for Win FIR(n) 

 

n FIR(n) n FIR(n) n FIR(n) n FIR(n) n FIR(n) n FIR(n) 

1 93 16 1057 31 1587 46 1469 61 673 76 565 

2 713 17 1042 32 1607 47 1405 62 654 77 565 

3 811 18 1017 33 1622 48 1342 63 644 78 560 

4 889 19 1017 34 1636 49 1268 64 634 79 560 

5 944 20 1032 35 1651 50 1204 65 619 80 560 

6 978 21 1081 36 1661 51 1116 66 609 81 550 

7 1003 22 1135 37 1661 52 1057 67 600 82 555 

8 1027 23 1219 38 1661 53 993 68 590 83 545 

9 1057 24 1288 39 1656 54 939 69 585 84 541 

10 1066 25 1351 40 1646 55 880 70 580 85 541 

11 1076 26 1410 41 1632 56 835 71 580 86 550 

12 1086 27 1460 42 1617 57 796 72 575 87 545 

13 1091 28 1494 43 1592 58 757 73 565 88 541 

14 1081 29 1533 44 1563 59 727 74 565 89 541 

15 1071 30 1563 45 1514 60 698 75 565 90 545 
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2.4 Definition of photosynthesis potential PHS, short- and long-term vitality V1,  
V2 

For comparision of the CFD values FI(n) of a sample with the values of the reference 
curve FIR(n), comparison parameters have been introduced for three time intervals of the 
characteristic chlorophyll fluorescence dynamics: 

 
First time interval (n = 1 to n = 37) 
The first time interval, describing the increase in fluorescence intensity FIR (n = 1) to 

the maximum in the FIR (n = 37) and provides as comparison parameter, the relative 
photosynthesis potential PHS. The value of PHS is calculated as the quotient of the 
average fluorescence intensities of the sample FI (n) and the reference FIR (n) in this 
interval: 

 
Second time interval (n = 37 to n = 56) 
The second time interval describes the decay of the fluorescence from the maximum 

of the intensity FIR (n = 35 ... 39) to 50% of this value in FIR (n = 54 ... 58). It provides as 
comparison parameter the short-term vitality V1. The value of V1 is the relative changes in 
the fluorescence intensity of the sample and reference in the second time interval of the 
CFD-curve in a percentage ratio: 

 
 
Third time interval (n = 37 to n = 90) 
The third time interval describes the drop in fluorescence intensity from the maximum 

FIR (n = 35 ... 39) to the end of the measurement cycle of “FloraTest” in three minutes FIR 
(n = 86-90). It provides as comparison parameter the long-term vitality V2. The value of V2 
is the relative changes in the fluorescence intensity of the sample and reference in the 
third time interval of the CFD-curve in a percentage ratio: 

 
3 Results – Comparison of different variants 
Measurements for chlorophyll fluorescence dynamics were carried out on 07/17/2014 

and thereafter twice at intervals of 4 weeks (14/08/2014 and 09/13/2014) to all 
experimental variants. In Table 3 are listed values for PHS, V1 and V2, determined from the 
measured curves. 
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Variant 

Date Parameter Cabernet Novihum 
+ 

Cuxin 

Cabernet
Novihum

only 

Cabernet 
best practise

(control) 

Solaris 
Novihum only 

Solaris 
best practice (control)

PHS 84.7 90.3 77.5 124.9 122.5 

V1 111.2 101.1 108.9 86.8 98.1 14/07/07 

V2 106.8 91.7 101.1 103.1 98.9 

PHS 75.9 95.4 39.9 81.6 58.8 

V1 60.7 62.4 56.9 40.0 74.0 14/08/14 

V2 54.3 79.0 55.1 73.6 60.9 

PHS 42.5 69.3 48.7 76.2 54.8 

V1 23.8 40.9 39.5 31.3 34.5 14/09/13 

V2 67.3 97.8 82.9 74.4 73.5 

 
4 Summary 
In this study the effect of added high grade permanent humic substances 

(ammoxidazed lignite) to vitality-parameters of vine is presented for the first time. 
Chlorophyll-Fluorescence-Dynamic (CFD) measurements have been carried out at two 
different species of vine (Solaris, Cabernet blanc), planted at a recultivated post-mining 
site in Lusitia (Saxony/Germany) in 2013. The plants were treated with a novel high-grade 
permanent humus product (ammoxidased lignite, Novihum®) and a composite of 
ammoxidased lignite and a mykorrhiza-formulation (Cuxin Myko-Aktiv). The control is the 
best practice variant. CFD measurements were carried out three times in 2014 (14th July, 
14th August, and 13th September). 

Generally the variants treated with ammoxidized lignite has shown the highest 
photosynthetic potential and the most dynamic trend of the CFD graphs. This indicates a 
better plant health status and a better growth what could be seen also from the plants 
itself. The combination of a mykorrhiza-formulation and ammoxidized lignite does not show 
significant effects in comparison to the variant treated only with ammoxidazed lignite yet. 
In addition the variants treated with ammoxidized lignite have shown significant better 
Chlorophyll-Fluorescence-Dynamic especially in late summer. This indicates a more 
effective usage of photosynthetic active radiation while crapes ripes. 
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к а е е а  о е и  ока а е е  
ио о и е ко о о о о ия о  о е и е е ия 
и о и о о  ко и а ии (PHCs) 
 а ка  о а  Tandem12/21 (2012-2021) 

W. Nowick 
Privates Institut für angewandte Biotechnologie daRostim. Lichtenstein/Sa. Deutschland 
 

Over 170 agricultural practice areas in Germany were treated up to 8 years with 
phytohormone-humic acid compositions (PHCs). We report on the development of 
biological soil parameters (humus, air nitrogen fixing bacteria, phosphorous mobilizing 
bacteria) and changes in the production functions (normalized income in cereal units as a 
function of nitrogen fertilization). Potential yield increases and savings in the nitrogen 
fertilization by PHC applications are discussed. 

 
о  170 о о я  о  о щ  ощ  3000   ии 

о и   о я ии о и  о и и  и о о о  и 
и о  о  (PHCs).   о и я ия и  о о и  
и и  о о  ио о ии о : о и  , о ия 

о и и щи  и о о и и и щи  и . ои о я ия 
и и о и о о и о  о и  о и о о о  о  и ия о 

и   ио о ,  о о   о о и . я  о и  
о о  о и о о о  о о и и о щ ия ия о о о 
о ия. 

 
1. е е ие 

, о  о и  о и о и и  о о о о  ии 
о о , ия о и  о  и  о и  и и о о о и о о ия 
и и   щи  и , о и. и и  о  о о и  

ии о , о  о и  13  и и  я о  
о о и о о о  о о я  , о о  
о  о о  о о и  и . /1/ 

о  и  и и  о о я я я о о  о  -  о о  ио   
о и  о  о и и  и ия и   о о о о о  и и 
о и и   о о ящи  о . щё о и   о  - и о  о и  
о  ия и  о и  - ё   и  о о  ио о ии и, 

 и ,  и и  ио о и и  о  о о о ия о .  
и и о  о и   и  о ия о  и , 

о щи   и  ия и и ия.  о о  я  о я 
ия ио о и о о о   о и о ии о я о и я  о  10%  и 
. /2/  
и и  я о о  и и я о о  о  и   о о  

и о о о о  о о я  и и о  о  о о и  ия и о и  
о  и и и о о о о ,  о о  о  и  о и  и  о о  

о  и ия я о о  ио о ии. /3-6/ 
и щи  и о ия о , о я о  и и  

и о о о  о   о и ии  и о и (PhytoHuminCompounds 
- PHC) о о я  о и  и  и и и  о и , о и  и о  

и  о  и и  и и  о о и.  ии 16- и  (2005 – 
2021)    и о и  о о  Radostim A*B (2005-2008), future 
9/12 (2009-2012) и   щ  о о  о о  о  
Tandem12/21 (2012-2021) и и  daRostim и   и ия PHC  
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о я   ии. о  о и  о  о о   о о  
о  о о о и  ./7-10/ 

 
2. о а а Tandem12/21 

 ии о и  о и  о и о ои о  ощ , 
щи   и , о о о о  65 о 170 о щ  ощ  3000 . 

  о  Tandem12/21  о  и  о я, 
о о   2005 о 2011 о  о и  о о о и    о  о ,   2012 
о    - о  и о . о  о о  о о и я о и о о  
о о и о и и  „Tandem F“   и и о  о  о о и  
и,  и , и и  о и  о  и , о о ,  о  
о ,  о и  о  о о о я ия о  и о о . 

 о я о  о  „Tandem H“   о и  о  
о о ия о и о о и    и и  о и о  
и   и и  ио . 

   о  (F –- о яя я ,  H - о яя я о я я) 
  о я  о и я о  о  (0-30 ) и и и я о щи  
ё  о я : о и  , о ия о и и щи  и 
о о и и и щи  и .  

я о о и о о о я ои я ои о я ия – 
и и о  о о и  и и  GE/ a о  о и  о   о    

PHC -о о и.  я ия и я  о и о   щи  о  
 и ия PHC.    . . 3 и 4. 

 
3. и а ика о е о  ио о ии  е е ие 8 е  (2006-20014) 

и  1: о я и  и  и  о о и  , 
о ии N- и P- и  

 

и  ия о  о     о  
F: Frühling - ,  
H: Herbst - о  

H - N- ии P- ии 
 

- о Jahr %  /   /  
65 2006F 4,4 9,6 2,4 
76 2006H 5,1 13,5 3,7 
65 2007F 3,6 12,6 3,2 
64 2007H 3,8 11,2 2,6 
65 2008F 4,4 13,1 3,5 
87 2008H 4,7 11,0 3,2 

 
 
 

Radostim A*B 
 

2006 - 2008 

92 2009F 4,3 10,9 1,7 
122 2009H 3,4 16,0 5,4 
132 2010F 4,1 14,1 3,9 
161 2010H 3,0 16,1 2,2 
170 2011F 4,0 14,8 1,9 
160 2011H 3,6 16,6 3,4 

 
 

future 9/12 
 

2009 - 2012 

170 2012F 2,4 18,6 4,6 
160 2012H 3,6 19,0 3,9 
164 2013F 2,9 29,4 7,5 
160 2013H 4,3 25,4 9,8 
150 2014F 3,2 25,5 8,8 

 
 

Tandem 9/12 
 

2012 - 2021 
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3.1 N- ак е ии, P- ак е ии 
 о я ,  PHC и я    о , я и  о  

о ии N- и : о  2013 - 20,5%/a, о  2014 - 22,3%/a. 
о я яя и и  и о   о  – о о о 2,0  / . 

 

 

и . 1: и и  о ии 
N- и  

и . 2: и и  о ии 
P- и  

яя о о  о  и  о я   о о о и   и и  
  P- ии. и о  о и  о 12,3%/a  о  2013 и о 37,2%/a 

о  2014. о я яя и и  и о   о  – о о о 0,6  / . 
 
3.2  

яя о о  о  о и и  PHC о о и  о  ия 
о ия , о о  я  о я   о  о о и. о  

2012 о  о  и и  о ия   о   5,4%  ,  о 
 2014 о о  3,7%.  и  и и и о  о ия 
 о , о о яя о о  о и  и о  о ия  

 о  о 13,2 %. 
 

 

и . 3,4: и и  о ия   ио   2006 о 2012 и  2012 о 2014 
о  
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3.3 о о  и а ики ео и а  о е о  о 2022 о а 
о  о  о ии о  и  и и о  и и 

о щ  о ии , я, и  ои  . 
и  о , о   о  и ия о и ии и о  

о ии о  и  о я  23 - 37%/a. о о  о о , 
о  2022 о ,  о  ия о  о о и  и о   
о я  о о 2,5-3,0%/a 

 

и . 4, 5: о и  ия о о о и о  N- и P- и  
о о о и   щ  о  

 
4. и и  о о и  о о  о я  – ои о я ия 
 

о  
И ия ии  
и и ии PHC я 

 ии 
AZ* 

 PHC PHC 
Э о о ия о  

 
и о  о я  

GE 

 27 2001-2005 2006-2013 -11,0 / 0 0 / +3,2 

о ия 30 2001-2009 2010-2013 - 17,0 +0,1 

 33 2001-2005 2006-2013 - 22,0 +0,2 

о ия  36 2001-2008 2009-2013 +17,0 +2,0 

о ия  41 2001-2009 2010-2013 0 / +47,0 +4,4 / +6,9 

о ия  67 2001-2009 2010-2013 0 / +32,0 +23,5 /+18,4 

о ия  76 2001-2005 2006-2013 0 / +17,0 +6,0 / 6,9 

 
*AZ - о   о  о 100- о  и  
 
и  о  и  ия ои о  и  о ио  

и о о  о  о и и  PHC и  о о и. 
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4a: е я ак о ия, AZ:  30, к е и е а  о е : 8 
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4b: е я а е , AZ:  33, к е и е а  о е : 20      
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4c: е я ак о ия, AZ:  36, к е и е а  о е :  5     
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4d: е я ак о ия, AZ: 41, к е и е а  о е :  8   
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4e: е я ак о ия, AZ:  76, к е и е а  о е : 13  
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5. И о и 
И и  о о  ио о ии  о   170- и /  ои о  о  

о щ  ощ  3000   ии, о о  о и  о и и  
PhytoHuminCompounds (PHC)  ио   2005 о 2013 о ,  о о и  
о  о ии о и и щи  - о о о 2,0  /   о  и 
о о и и и щи  и  - о о о 0,6  /   о . о  о я 
о ия о  и  о и  о  о о о  и и  

и . 
о о и  ои о  ии  о  и ия PHC и  

о , о  о и ия  и я . и  о   и   
 о и и о о ия и о и и   о  AZ   о о о 

ия ия о  : 
-  о  ё и  о  (AZ= 27-33) о о  о и  и о и   о  

о я, о о о я  о и  и  о о о о ия о  11 о 22 /  
-  и  и я ё  о  (AZ= 36-76) о о  о о я  о и  
и ия о я о  2 о 7 GE и о  о  ия о ,  и 

о о  ии о о  - о 20 GE. 
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е од   ко п   Agilent  Technologies  л ет   еду     о   от ко    

п о од теле     л т е ко о    ко т ол о‐ е тел о о  о о удо .    ке 
л т е ко о  о о удо   Agilent  Technologies  п ед т л ет  п о   дл   олекул о  

пект о коп ,  ле е т о о  л ,  те  дл   о о     дко т о   о то ,  о то‐
‐ пект о ет е к е  те . О о удо е ко п  Agilent Technologies  у т о ле о   110 

т   .  Кл е т  ко п  Agilent Technologies  л т  л о то  ко т ол  к е т    
у о‐ ледо тел к е л о то .  ед т тел т о ко п  Agilent Technologies     о  

п едо т л ет  ко ул т   по  оп о   под о   опт л о   ко плект   о о удо , 
п о од т  пу к  о о удо     о у е е  оте    п о ,  ок ет  у лу   т о о, 
по т т о о о лу , у лу  по к л к     л д   те . 
 

 

Ж к я я  Ж  а аф    Agilent 1200 Infinity Series   а аф я  а  Agilent 1290  Г - а  а аф  я а а а я     Ж  а аф     а а а  1260 Infinity  Ж  а аф   я я а  а а  Agilent 1220  а аф   я а а  а я 

 

я я  Га  а аф Agilent 7890  а а  я  Agilent 7890  ая  а афа я а  а  7820А  К а  а аф я а    а а а Agilent 6850 Series II  А а  Agilent 6850 ALS  а  а  а аф Agilent 490 micro GC   Headspace Sampler 7694E  А а   я а   Agilent 7693A   Agilent 7667Mini 

 

М - к к    RapidFire -   а а  а  ЭЖ -М  
                           а - а -  5977 c MSD  а  
ц   а  а  а  а - а -  7000 GC-

MS/MS  Г  а - я  а  а -   
а я Agilent 7200 GCQTOF  а ая а ая а я ЭЖ -М   6400  я  а -   а я я ЭЖ -М   

6230  Г  а - я  а -   а я 
 6500 

 

-   ИК-  к   Ф- И   Cary 60, Cary 100, Cary 300,  Agilent 8453  ф  Agilent Cary Eclipse  Agilent Cary 6000i, 5000, 4000  Эфф    а  ф ц а   Cary 620, 610 
FTIR  ИК-Ф    Cary 630  ИК-Ф    Cary 660-670-680 я а  а а  

 

А -   -  к   А -а ц   Agilent 240FS/280FS, AA-240Z  AA-280Z  А -     ( Ч) а   А -  ( - )   - я а  
а  (И - Э ) 710/720/730  
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о ия, о о , 450015, . , .  , 37. о  1.  
. (347) 292-10-20;  292-09-67;  292-09-85. 
: 292-09-93. 

e-mail: nauka-bnk@mail.ru 
www.bashinkom.ru 
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2F‐1, 65, Hsin Yi Rd, Sec.3 
Taipei, Taiwan, 10651 
Tel. +8862 27845675 
Fax.+8862 27845676 

info@lgt.tw 
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410005, . о , . . о я, . 239, /я 244 

Peschano-Umetsky Trakt, 410086, Saratov, Russia 

 

+7 (845-2) 44-40-40, 45-95-73, 45-95-74 

humate.lifeforce@gmail.com  

http://www.silazhizni.ru/ 
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The Better Way to Grow!

novihum.com
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« КИ   И ИЧ КИ   О », О О 
о , 157003, Ко т о к  о л т ,  .  у , ул. Ч п е , д. 1 
ел.: +7(49435) 44‐141 
к .: +7(49435) 44‐129 

‐mail: BUY‐ZAKAZ@INBOX.RU 
И те ет: WWW.BHZ.KOSNET.RU  
 
у к   е к   од  ‐  од о    к уп е   п едп т     о   по 

п о од т у  пе л   до   удо е   дл   л   от ле  
те е од т    л тел ко о  до од т ,   т к е по  пу ку п одук  

те е ко о  е   дл   т о тел о ,  е те о о ,  ет ллу е ко , 
тек т л о , ко е е о ,   д у  от ле  п о ле о т . 
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Non-commercial Partnership “Center for Biogenic Resources “Humus Sapiens” 
(NCP “CBR “Humus Sapiens”) 
 
Non-commercial Partnership Center for Biogenic Resources “Humus Sapiens” (NCP CBR 
“Humus Sapiens” was founded in 2007 by three leading Russian institutions in the field of 
chemistry, petroleum chemistry and chemical engineering: Lomonosov Moscow State 
University, Mendeleev Russian Chemical Technology University, and Gubkin Russian 
State University of Oil and Gas. The goal of NCP CBR “Humus Sapiens” is to provide 
research and development support to the “green chemistry” industry in Russia which 
implies a use of plant and humic materials as feedstock and plasticizes environmentally 
friendly technologies. The products of “green chemistry” include biofuel, biofertilizers, food 
additives, bioplastics, nanomaterials, composites and other  
To reach these goals the NCP CBR “Humus Sapiens” concentrate its efforts on the 
following activities: 
- gives expert-analytical conclusions on innovative potential of “green chemistry” products 
and technologies; 
- launches and performs research and development projects in the field of “green 
chemistry”; 
- creates data bases on humic and plant raw materials and feedstock for “green chemistry”, 
on commercial products, producers and scientific centers active in this field; 
- develop and realizes standardization systems for humic-based and other bioproducts 
including development of reference materials and standard protocols; 
- organizes conferences for discussion of theoretic and applied problems in humic science 
and technology; 
- performs editorial and publishing activities for publishing scientific materials, conference 
papers and others; 
- forms the positive image of “green chemistry” products from humic and plant raw 
materials. 
The portfolio of “Humus Sapiens” includes “know-how” for estimating quality and origin of 
commercial humic preparations by means of classification analysis based on date base 
containing data on more than 300 humic preparations. We also have two patented 
technologies for producing labeled humic preparation and for synthesis of silicon-
containing self-adhesive preparations. Many more technologies are under development. 
 
Contacts 
Leninskie Gory 1-3, Lomonosov Moscow State University, Department of Chemistry, room 
429, 119991 Moscow, Russia 
Tel.: +7 495 9395546, Mob.: +7 903 6604864 
Fax: +7 495 9395546 
E-mail: ihss@org.chem.msu.ru 
WEB: www.humus.ru 
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