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Abstract

The last hundred and fifty years food and fodder scientists did a lot of — mostly forgotten —
balance studies. As a general rule we can say that the ratios of potassium, calcium, sodium,
phosphor and magnesium should not be too wide. The more one of these elements dominates in
food and fodder the higher the health risks. The health authorities see only the risks of too much
sodium. They negate the risks of too much potassium in vegetables and too much calcium and
(added) phosphate in a.o. dairy products and meat. For the correct regulation of many processes in
our bodies we need much more magnesium. A further complication is that we assimilate too much
ammonium and nitrate through our food, and too little trace elements.

This situation is partly brought about by the way we fertilize our crops. Most farmers —
conventional and organic — have learnt that plants need in the first place nitrogen, potassium and
phosphor. And some extra calcium for a good pH. Corrections for other elements are only
necessary if the plants give visible signs of shortages. Part of the fertilizing theory is that organic
nitrogen from plant residuals or animal dung must ‘mineralize’ into ammonium and nitrate before
plants can take up the nitrogen. Also the other elements must be anions and cations before the
plants can take them up.There is little attention for the role of the symbiontic microbes in the
rhizosphere and at the other parts of the plants. And the risks of nitrate and ammonium for plant
health and human health are taken as part of the game.

This view on plant feeding is a mechanistic one, dominated by chemistry and physics. Biology
is missing. Although this paradigm is still the dominant one, we see the contours of a new
paradigm, in which the plants and their symbionts regulate their own feeding, their own growth.
With the help of their symbionts around their roots and on their leaves and stems the plants take
up from the soil or the air what they need: organic nitrogen; organic sulphur, and metals and non
metals connected with carbon — not inorganic ions. The symbionts in the cells help to built up or
break down complex organic compounds. All enzymatic reactions are performed by living entities
in and around the cells. And we know: without (trace) elements no enzymatic reactions.
Magnesium is responsible for at least 600 enzymatic reactions. Zinc for 400.

* Corresponding author
E-mail addresses: aonigten@hotmail.com (A.O. Nigten)
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If we look at the conventional and organic products we see that the balance is lacking, and the
amount of nitrate and ammonium is high. Only the products which are fertilized with a.o. sea
minerals (Normandy, 1869) are better in balance than the products today. The data on ammonium
and nitrate in this period are not available. Even today we normally don’t measure ammonium and
nitrate in our food. And only a few trace elements...

Keywords: plants, fertilizing, vegetables, food, organic paradigm.

1. Introduction

Human beings and animals become sick when their food is not in balance. But they don’t
become sick and die in one or two weeks. It takes sometimes years to become sick from food which
is not in balance. But the proces of getting ill accelerates if our food is more out of balance. If, for
instance, potassium would be completely lacking in someone’s food, he or she would problably die
within weeks. Especially if we get much too little magnesium our health is at risk. Magnesium is a
key element for our health, and very low in most foods. In order to understand why many organic
products and even much more the conventional products are not in balance and have such a high
amount of nitrate and ammonium (non protein nitrogen or NPN”) I give a characterisation of the
two fertilizing systems which we have today in many parts of the World. And I finish this part with
an overview of the building blocks for a new fertilization paradigm.

2. Quality criteria
I will start with the quality criteria which I have found during the last ten years.
These criteria result to a great extend from the findings of colleagues (Table 1).

Table 1. Quality criteria for food

Ratios in the combined | optima Regulation of:
daily food and fodder
Potassium/Sodium 2—5 (max7) | Acid base balance; water retention; blood pressure

(with the help of magnesium) (Bunge, 1874).
Potassium/magnesium | 2—5 (max7) | Uptake of magnesium; Electrolyte balance; citric acid
cycle; energy production; protein,carbohydrate and fat
metabolism; impulse conduction;
Calcium/Magnesium 1-2 Uptake of calcium; regulation of calcium metabolism;
bone health; (de)calcification of the weak tissues;
electrolyte balance; health of the hearth, and of cells

(cancer);

Calcium/Phosphor 1—2 Rickets; bone health; (de)calcification of bones and
weak tissues; Stone formation; fertility; kidney
disturbances;

Mg/(K+Na+Ca+P) 0.15—0.25 Magnesium is necessary for electrolyte balance; energy

min 0.10 production; impulse conduction; protein,carbohydrate

and fat metabolism; for K/Na balance; Ca/Mg balance;
Ca/P balance; breakdown of proteins, carbohydrate
and fats; prevention of stone formation; health of vital
organs (brains; hearth; liver; kidney; pancreas;
stomach); the immune system; prevention of
depression; aggression regulation; prevention of
cancer; removal of heavy metals and fluorine; 600
enzymes are magnesium dependent;

K/(Ca+Mg) in mEq <2-2.2 This measure is developed to see if cows are at risc of
grass tetany. Tetany is a neurological disorder and has
many traits in common with for example epilepsy in
humans.

* In fact NPN is more than ammonium and nitrate, but the other NPN compounds — amides, amines, and
others — are never measured.
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nitrate <2.1-3.5 McCreery et al., 1966 ‘the 0.21 % to 0.35 % [is the]
g/kg ds lower limit for toxicity to ruminants’. High levels of
nitrate plus potassium cause the nitrate potassium
syndrome (Swerczek, 2002, 2007).

sulphur <2-3 (Olson Rutz, 2014; Crawford, 2012)

g/kg ds Many diseases are caused by too high levels of sulphur,
for instance strokes (Kobayashi, 1957).

3. The conventional fertilization paradigm

In conventional farming there are different approaches. And the differences between some of
them are big. For instance the work of Albrecht and his followers is a reaction against the
potassium dominance among the cations when it comes to fertilizing (Albrecht, 1938). Albrecht
developed a theory about a necessary balance between the cations at the clay complex. Today
Nutri-tech solutions which have its base in Australia have worked out this theory and are selling
lots of products in order to rebalance the soils. These products are used to reach nutrient rich crops
with a high brix index. Their focus is on soil balance. Not on crop balance (Nutri-tech solutions,
2019).

In this paper I focus myself on the classic NPK paradigm as it is learnt in many agricultural
universities, high schools and secondary schools (Mengel, 1978; Rinsema, 1981).

The dominant conventional NPK paradigm for fertilizing is built on the following
assumptions:

e The plant roots take their mineral nutrients and nitrogen from the soil. But in the 19t
century many leading agricultural scientists were of the opinion that plants in nature take their
nitrogen from the air. But in agriculture extra ammonium is necessary via the soil according to
Lawes and Gilbert. Lawes and Gilbert had a heated debate on this issue with von Liebig (Lawes and
Gilbert, 1856). Schanderl solved the problem in 1947. He has proven that, like the leguminous
plants, also non leguminous plants need a certain amount of nitrogen from the soil to build up
themselves, before they are able to take nitrogen from the air. Some non leguminous plants get
even more nitrogen from the air than leguminous plants (Schanderl, 1947);

¢ In the soil moisture the minerals and inorganic nitrogen compounds are split in ions, and
the plants take up these ions from the soil moisture;

¢ Clay particles and humus give new ions into the soil moisture if the soil water is emptied by
the plant roots;

¢ Most plants thrive well in a soil with a pH between 5.5 and 6.5. When the soil becomes too
acid the farmer has to give (lots of) calcium carbonate;

¢ The plants are able to take up the needed ions selectively from the soil moisture;

¢ The plants take up the necessary carbonic acid and oxygen from the air. In the ninetheenth
century some agricultural scientists, among whom Baron Liebig, still were of the opinion that the
plants took all their nitrogen also from the air (Lawes and Gilbert, 1856).

¢ Already in the same period Lawes and Gilbert concluded also that only roughly 40 percent
of the given nitrogen was recovered in the crops. And the remainder was not found back the next
year in the soil (Lawes, Gilbert, 1856: 484, 485). See annex 3.

¢ If one or more elements are not available in the soil moisture the plants can’t thrive well.
By adding the missing elements the problem is solved.

¢ And there are some exceptions on these rules: a too high level of potassium hinders the
uptake of calcium, sodium and magnesium; high levels of potassium and nitrogen hinder the
uptake of silicium; high levels of nitrogen results in watery plants and less vitamin C; high levels of
calcium and phosphor hinders the uptake of magnesium (Farmer Verschoor J.: “After 40 years of
fertilization with broiler dung the soil was full of calcium and phosphor. The magnesium
uptake was blocked”, verbal communication).

e In fact there are many more exceptions and with the help of Mulder (Mulder, 2019) a
farmer can find out which elements block or hinder other elements, and which elements support
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the uptake of other elements (see annex 1). But ... with the help of Mulder’s Chart farming becomes
a rather complicated question;

¢ Compacted soils have to be opened or broken with all kinds of machinery;

¢ Sodium is not really an important plant food; and silicium is also neglected. But today there
is a really very interesting debate going on regarding sodium (Kronzucker, 2013). And Epstein has
recently done research regarding the role of silicium in plants and he demonstrated its defensive
role in biotic and abiotic stress (Epstein, 2009);

¢ Plants become sick because insects, nematodes, and micro-organisms attack them. In this
view farming is like a poker game: sometimes you are Lucky, sometimes not;

e Fertilizing too much is not really an issue. The fertilizer industries push farmers to use
hughe amounts of potassium, nitrogen and phosphor far beyond the necessary levels;

¢ The soil itself is not a source of fertility for the crops, but only a place to stay afoot, and a
storeroom for nutrients from outside. The scientists who have shown that many important
nutrients are available as minerals — true minerals — are ignored (Kahn, 2013; van Baren, 1934);

e Today the new focus is on the genes. The idea is that the genes are a pool of fairly constant
characteristics. And today the way plant and animal breeders change the gene pools is by genetic
modification. Most plant and animal breeders are not interested in epigenetic factors which
influence the working of the genes. Plant and animal genes are in their view a kind of building
bucket. The role of the scientists is to remove bad building blocks for good building blocks. The
question why some building blocks become ‘bad’ is for these people not a research item. Their view
on genetics is also a static view. Weak plants have to be made strong by an outside force — human
beings who think their work is rocket science (Green breeding program, 2019).

In fact this paradigm is a paradigm of chemistry and physics as the basis of plant
nutrition. Not biology. Plants have to grow on dead inorganic materials, and their natural
enemies have to be killed with pesticides, also dead material, in order to protect the crops from
being destroyed. The germ theory of Pasteur is at its basis (Pasteur, 1878). The germs come from
outside, so a farmer has to prevent their arrival. Béchamp who focussed on the environment, was
his opponent. See Douglas Hume (1932). Kate Raines gives in 2018 a very clear overview of the
controverse (Raines, 2018).

The classic NPK paradigm is rooted in the mainstream of western science. In this view all
natural phenomenons are mechanical phenomenons, as in the philosophy of de Lamettrie
(Lamettrie, 2007). And if the machinery is malfunctioning, it is the superior intelligence of the
scientist which is needed to correct the errors. Liebig was an exponent of this type of thinking.

4. The dominant organic fertilization paradigm

Although there are many differences between different organic farmers and their
organisations, and between scientists who do research in the field of organic farming, here I focus
myself on what I call the dominant organic fertilization paradigm. The differences between
the dominant organic fertilization paradigm and the Bio-dynamic agriculture (Pfeiffer, 2011;
Steiner 1924), or the “organisch biologischen Landwirtschap” of Rusch and Miiller in Switserland
and Austria (Rusch, 1968), the approach of Fukuoka in Japan (Fukuoka, 1978) or No Tillage in
Germany (Zikeli, 2017), the work of Lutzenberger and Primavesi in Brasil (with today a strong
focus on agro-ecology and agroforestry) (Lutzenberger, 1995; 1998), and the new developments in
India (vermicomposts, Sinha, 2009; Chaudhuri, 2016) are not my focus in this paragraph. I focus
on the dominant organic paradigm.

The dominant organic paradigm has some extra rules and new insights above those of the
conventional agriculture:

- Soil life is indispensable for healthy plants. They create an open structure which is
necessary for a good exchange of gases;

- Mycorrhiza’s help the plants to get more phosphor;

- Enough organic matter is necessary for keeping enough water in the topsoil;

- In order to make a good fertilizer from farm yard manure and plant residuals you have to
built piles which become warm enough, in order to kill the weed seeds and the pathogens; these
heaps must be heated till 60—65 °C. Then you have to open them and mix them in order to cool
down the heap and the proces starts again. Some schools repeat this opening and mixing more
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often than others (for example: the CMC" method (Diver, 2004). Many organic farmers don’t
compost their farm yard manure at all.

- And the slurry from the basements is also spread without any treatment in many organic
dairy farms in the Netherlands (but not in Biodynamic organic agriculture). In the Netherlands the
injection of the slurry in the soils is legally required.

- Most ‘organic’ scientists still think that plants feed themselves with inorganic elements from
the soil moisture, like their conventional colleagues. Complex nitrogen compounds must be broken
down into nitrate or ammonia before the plants can take them up: mineralisation. The same for the
other elements. Just like their conventional colleagues they think that plants can’t take up more
complex organic compounds. Most of these ‘organic scientists’ are still addicted to NPK, and the
mineralisation theory.

- And today in the Netherlands ‘organic’ scientists also focus on genetic engineering to get
stronger crops with better characteristics. Genetic engineering in the classic way, with modern
means (Lammerts van Bueren, verbal communication).

Many organic and conventional farmers are experimenting with new methods:

¢ They add rock flour or lava flour;

¢ They spread seaminerals with or without NaCl;

¢ They ferment their farm yard manure and/or plant residuals;

¢ They use effective micro-organisms;

¢ They use (vermi)compost teas;

¢ They use worms in order to open solid soils;

¢ They use mixtures of 15—20 green manures for soil recovery;

¢ Some fertilize their crops with dead grasses, clover or other plant materials on top of the
soil;

¢ Some don’t plough their fields;

¢ Some keep their fields under a permanent green cover;

¢ Some farmers experiment with different sowing systems: e.g. 10 — 15 kg of wheat seeds pro
hectare. All the wheat plants get ample room (Steendijk — verbal communication; Stoop, 2017);

¢ Some make composts between 15—35 °C;

e Some grow crops in hydrophonics on algae.

The dominant organic agriculture is still a mixture of the inorganic conventional building
blocks and some organic elements. Many spokesman — sir Howard (Howard, 1943); lady Balfour
(Balfour, 1977) and J.R. Rodale (Rodale, 1978) thought that this was enough for a new paradigm.
And as a consequence they thought this approach was good enough to grow healthy plants, and
with these healthy plants to get healthy animals and healthy men. Which is not always the case.

Although, it is a fantastic improvement that this organic agriculture doesn’t use synthetic
pesticides, and almost no artificial tertilizers (Patent kali is still permitted and used).

In the Netherlands we see that scientists in organic agriculture today think that it is
impossible to get crops with a natural resistance which are strong enough to stay healthy. This
primary presumption (Howard, 1943; Balfour, 1977; Rodale, 1978) is abandoned. And they use
tricks to solve the problems of lack of natural resistance: e.g. genetic improvements. They use new
genes from wild varieties in order to restore the natural resistance of the (weakened) plants. For
instance: potatoes. Or they select lupine varieties which can grow on soils which are rich in
calcium. Lupines can’t grow on clay soils rich in lime, they think (Green breeding program, 2019).

5. A new emerging fertilization pardigm

In my view we are entering a third stage in agriculture. And in fact — a new stage in organic
agriculture. We can say a true ‘organic’ organic agriculture. Let me explain this by means of some
examples of the new building blocks which we need for this new paradigm. Building blocks which
were developed sometimes more than 100 to 160 years ago. Sometimes by farmers, sometimes by
scientist or by consultants and concerned citizens. And, very interesting, sometimes by medical
doctors:

* CMC means controlled microbial composting and is delevoped in Austria by Luebke.
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> Virtanen and Schreiner found out that plants can take up organic nitrogen
e.g. amino acids. And according to Schreiner amino acids are possibly a better plant food than
inorganic nitrogen (Virtanen, Linkola, 1946; Schreiner, 1912);

> Schreiner detected also many poisonous compounds from plant residuals if the topsoil
didn’t have enough oxygen during the breakdown of organic residuals (Schreiner, 1913). Many of these
compounds retard the growth of young plants. Krasil’'nikov came to the same conclusion but didn’t
analyse which growth inhibiting compounds were formed (Krasil'nikov, 1958);

> Krasil'nikov cited many scientists who found out that plants can take up organic
metallic compounds;
> According to Khan and Mulvany most soils contain enough potassium for thousands

of years (Khan, 2013). Potassium chloride is in their view a very risky fertilizer. Van Baren
concluded already in 1934 that in the Netherlands many soils had enough potassium from true
minerals for good yields. On these soils there was in his view no need to give extra potassium.
Potassium salts weaken the cereals by blocking the uptake of silicium (Van Baren, 1934).

> Stoklasa and Schanderl and many others have proven that also non leguminous
plants, like buckwheat, potatoes and wheat, can take nitrogen from the air, like George Ville and
many others in the 19% century had found out already (Schanderl, 1947; Roschach, 1960; Ville,
1854). But these crops need more start nitrogen from the soil than the leguminous plants;

> Mycorrhiza brings the plants organic nitrogen compounds as wel as other nutrients
(Hood, 1993);
> Many clayish soils contain enough phosphor (from apatite) for years for most crops,

especially if all the residuals are brought back carefully. For sandy soils the return of the phosphor
in the sewage sludge, the plant residuals, the bones and the farm yard manure is still unmissable.
For most crops a closed cycle for most of the macro elements is sufficient for ever lasting harvests.
Sodium and trace elements is another question. According to the findings of Bowen sodium is one
of the first cations which rinses out from the soils (the Bowens reaction series, 2019). Okay, this is
the physical approach. But when the earth worms can do their work the picture changes
dramatically. Sir Howard (1947) calculated that earth worms deposit 25 tons of castings per acre,
and the castings contain 5 times more nitrogen, and 7 times more phosphor than the 6 inch top
layer (see annex 2). With vermicomposts (some?) soils can be converted from a loamy sand soil
into a sandy clay soil within two years. The underlying process is unknown (Chaudhuri, 2016).
But if the amounts of castings earth worms can bring up into the top layer are correct, then we can
understand that sandy soils can change into more clayish soils.The worms can bring the clay from
down under or they make the clay by grinding the sand and loam. And also that there is possibly
enough nitrogen and phosphor from ‘somewhere’ if the earthworms can do their work. The best
food for earth worms is provided by litter layer worms like eisenia fetida; eisenia andrei or eudrillus
euginius (Chaudhuri, 2016);

> Hanspeter Rusch developed the theory that bacteria can fall apart in smaller living
entities which play a crucial role in maintaining the vitality of plants and other higher organisms
(Rusch, 1968). The observations of G. Enderlein (Enderlein, 1925; Kramer, 2012) and Naessens
(Bird, 1991) support this theory.

Problaby Rusch founded these ideas on the work of Antoine Béchamp, the french opponent
of Pasteur. But Rusch (1968) never mentions his work.

> And more recently Thomas Pradeu has proven the existence of small living entities
in the cells of higher organisms which in his view are essential for the vitality of the higher
organisms (Pradeu, 2016). Already between 1850-1908 A. Béchamp developed the theory that
small microzymas live in the cells of higher organisms and produce enzymas (Béchamp, 1912).
According to Béchamp these microzymas in the cells of higher organisms become first vibrions and
then bacteria when the symbiosis between these microzymas and their host, the cells of the higher
organismes, is disturbed. For instance by changing circumstances.

> Sinha has proven that vermicompost made from a good wormfeeding — for instance
cow dung — gives a better compost than warm composts or untreated farm yard manure (Sinha,
2009). Farm yard manure and warm compost loose a lot of nitrogen, phosphor, potassium and
carbon during heating. The same happens in slurry basements. When anaerobic rotting bacteria
dominate the slurry there are big losses of ammonia; fosfine (PHj;) ; hydrogen sulfide; hydrogen
chloride; methane and cyanide (Vanhoof P., verbal communication). Hans Peter Rusch came to
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the same conclusion: warm composts and ‘classic’ farm yard manure are inferior compared to
fertilizing the fields with fresh manures and plant residuals on the surface of the soils. Higher
organisms in the topsoil, including worms, break down these materials with the help of bacteria
and fungi. These bacteria and fungi themselves are eaten by other bacteria and fungi. In the end the
bacteria and fungi fall apart and their residuals, including the microzymas, are the new organic
plant foods (Rusch, 1968). In a living soil these foods are stored in/on humic and fulvic acids (and
problably many other humic substances), combined with clay particles;

> In doing so Rusch and his farmers found out that all soils get a pH around 7 within a
few years. Without adding calcium carbonate. This is opposing the ideas of Albrecht (1938) that
farmers have to balance their soils with — mostly — huge amounts of calcium. Albrecht promoted
the idea that a balance of potassium, sodium, calcium, magnesium and H* in the soil is necessary
(Kopittke, 2007);

> Murray did a lot of trials with the fertilizing of crops with sea solids. In one trial is
proven that oat and corn, fertilizied with sea minerals, are a superior food. When these cereals were
given to C3H mice they didn’t get cancer — 100% remained free of cancer. In the contol group all
mice died of cancer (Voss, 2010);

> Reinau proved that the plants get also carbonic acid from the soil. They grow better
on soil- and airy carbonic acid than on carbonic acid from the air alone (Reinau, 1927). This is in
line with the findings of Lundegardh (Lundegardh, 1924);

> According to Callahan (Callahan, 1995) plants can take mineral elements from the
air with their leaf hairs. He calls them leaf antennas;
> In the classic biodynamic agriculture composts were made by mixing farm yard

manure, plant residuals and earth. One third each. Then compost preparations were added. Some
farmers in the Netherlands did already for years the same (the socalled ‘toemaken’, adding soil on
the manure heap).

> Bowditch found out that ammonium is bound to aluminium silicate (clay particles)
and iron, and advised the farmers to use earth in order to keep the ammonium in their dung heaps,
and to prevent rotting (Bowditch, 1856);

> Mineralists (geologists) have shown that the amount of true minerals in the soil is
rapidly vanishing through modern agriculture, especially through nitrogen fertilizers (Bergsma,
verbal communication), or potassium fertilizers (Pius Floris, Presentation, May the 25 2018
Lunteren, the Netherlands, 2018). We call potassium a mineral, but it is an element. Feldspar,
apatite and biotite e.g. are minerals;

> Sodium helps, at least in some crops, to bring down the high amounts of potassium.
In a field trial in Wales, UK, the optimum dose was 173 kg salt (NaCl) per hectare. With this dose
the grass was almost complete in balance for its macro elements potassium, sodium calcium and
magnesium.The cows were fond of these grasses (Chiy et al., 1995). According to Voisin these salt
fertilized grasses had also more vitamin A (Voisin, 1963). In fact we have to find out if sodium also
can or should have a role in the non halophytic plants. And if, how to fertilize these crops with
sodium without causing damage to these crops or the (clay)soils;

> High amounts of potassium and nitrate salts hinder the uptake of silicium.
The stems of cereals become weaker as a consequence of lack of silicium. Cereals with long stems
had to be substituted by short stem varieties (Van Baren, 1934);

> Farmers and their counsellors are experimenting in the Netherlands with special
clays which bind the ammonium and other poisonous materials in the fodders. The health of the
cows improves quickly (Vriezinga W, verbal communication). Giving foods with enough silicium
would problably do the same.

Rhizosphere bacteria and fungi live in symbiosis with the plants. They offer each other many
services on a basis of mutuality. Bacteriophages on the slimey surfaces of the roots prevent —
probably — the entering of the bacteria into the plants®. And my hypothesis is that after the eating
of rhizosphere microbes by the bacteriophages, the tiny microbial entities which are freed by this
process, can enter the plant roots.They are problably the ‘small entities’ which according to Hans

“I suppose this is correct for plantroots, analog with the role of bacteriophages in the intestines of mammals
(Barr, 2013).
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Peter Rusch help to maintain the health and vitality of the higher organisms. According to Pradeu
they live inside the cells of the higher organisms as adapted viruses (or viroids) (Pradeu, 2016).
Béchamp named them microzymas.

> Silt and rock flour: fertilizing with silt or rock flour gives crops which are much more
in balance than crops which are fertilized with artificial fertilizers or todays cow dung. (Herapath,
1850; Hensel, 1894). The same for seaweeds (Marchand, 1869).

> Magnesiumchloride is the most powerfull molecule for restoring our health.
Magnesiumchloride is a better ‘vaccin’ than all the man made vaccins (Neveu, 2009).
Magnesiumchloride helps to bind phosphor and ammonium in the slurry, and so prevents its
evaporation (Huisman A., verbal communication);

> Magnesium prevents the forming of calciumphosphate in the weak parts of the body,
like the heart, the liver, the muscles, the brain etc. Calciumphosphate is the shield of nanobacteria
(Kajander et al., 1998). I suppose that magnesiumchloride prevents the formation of nanobacteria
and through this the formation and precipitation of calcium phosphate (calcification).
Nanobacteria can cause low-grade inflammations;

> In bones and teeth magnesium cements calcium phosphate and protects against
attacks of bacteria in our mouths. The amount of magnesium in the bones and teeth is in most
western countries only one fifth of the necessary amount (Barnett, 1954).

Recapitulation

In the nascent new paradigm plants can only be healthy if they live in perfect symbiosis with
‘their’ symbionts in the rhizosphere. But these symbionts live also in their cells and on their stems,
leaves and fruits or seeds. These symbionts give protection and help to get the nutrients from the
soil, the water and the air in the right amounts, the good forms, at the right time. They only act if
the (young) plants sent them sugars and other compounds. If the growth of the plants slows down
through cold, dryness, or lack of sunshine then the production of sugars also goes down, so the
rhizosphere microbes get less sugar and through this send less nutrients to the plant roots
(Vanhoof, verbal communication).

The nutrients from the soil are converted into organic compounds by the symbiontic
microbes before being taken up by the plants. The bacteriophages play a special role in maintaining
the equilibrium of the symbiosis. They are the first protection shield of the higher organisms (Barr
et al.,, 2013).

The inorganic salts are an inferior food for the plants. If the ions of these elements and
compounds dominate in the soil moisture the plants have difficulties in the selective uptake of these
materials. In our agricultural systems the plants are overloaded with inorganic potassium, phosphor,
nitrate and ammonium. And sometimes also with calcium and sulphate. Then the plants don’t send
their sugars to the soil. So the rhizosphere bacteria and fungi are no longer able to convert all the
nitrogen and sulphur compounds into amino acids and/or proteins. For this conversion into amino
acids and proteins these microbes need a lot of magnesium and trace elements. Magnesium and trace
elements are lacking, or are availabe but can’t be taken up, because high amount of potassium prevents
this. A possible role of sodium in the formation of proteins has never been studied. Nor a possible role
in protecting the lactic acid bacteria through sodium as in sour crout.

If plants have high levels of potassium, NPN and NPS, they become sick (Chaboussouh,
2005; Lutzenberger, 1995; Swerczek, 2002, 2007). The symbiosis is weakened. And some of the
symbionts can become predators for the host. The bacteriophages no longer offer the host their
protection.

In our stomach lives a bacterium, Helicobacter pylorum, an epsilon proteobacterium.
Normally this bacterium doesn’t harm us. People with too little vitamin B12 are at risk of getting
stomach ulcers by Helicobacter pylorum. Magnesium deficiency also plays a role. Magnesium
deficiency and too much potassium, ammonium and nitrate are two sides of the same coin.

Potassium salts™ irritate the slimey surfaces of our body, if high (Bunge, 1894: 136):

* According to Bunge, the potassium salts are no risk if eaten as a food. The risk is there when potasasium
salts are given as inorganic salts — KCL - as is done today. In the Nordic countries the health authorities are
really reluctant to give KCL in order to compensate for too much sodium. In he Netherlands the KCL is sold
in the supermarkets as a consequence of the advices of Dutch nutrition scientists. Vegetables, fruits and
potatoes today are very high in potassium.
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“Die Kalisalze haben eine locale, dtzende Wirkung. Man findet die Magenschleimhaut bei
Thieren, denen Kalisalze injicirt worden, stets hyperamisch [enhanced blood supply], bisweilen
auch mit Ekchymosen [bruises] bedeckt.

Werden die Kalisalze in sehr concentrierter Losung eingefiihrt oder gar in Pulverform — wie
es in allen Vergiftungsfillen geschehen war — so kann es zur Gastritis mit todtlichem Ausgang
kommen”.

Problably the same for nitrate. Nitrate in drinking water is the cause of gastric ulcers and of
many cancers (Yang, 1997) unless the drinking water has enough calcium and magnesium. The
same for sulphate (Kobayashi, 1957). Sulphate forms a risk for apoplexy in areas where the water
has almost no calcium- and/or magnesiumcarbonate — in the North East of Japan.

Maybe here is a parallel in cancer cells: Warburg O. (1956) teached us that all cancer cells
have one thing in common. These cells are no longer able to burn pyruvic acid with oxygen in the
citric acid cycle. The oxydation stops.The cells survive now on fermentation and produce lots of
lactic acids. Normally the citric acid cycle finds place in the mitochondrium. The mitochondria are
also former proteobacteria. The mitochondria can’t work properly if the cells don’t get enough
magnesium. Then calcium goes into the cells and this calcium goes also into the mitochondria.
There it binds with phosphor and forms granules. The mitochondria calcify (Kapustin, 2011). From
the studies with nanobacteria we know now that in these granules live nanobacteria which cause
low grade inflammations (Kajander, 1998). Magnesium can stop these nanobacteria to grow. So if
the level of magnesium in the cell is low the mitochondria become a cause of low grade
inflammation in the cell itself. And apoptosis is prohibited by the same calciumphosphate granules.
The disrupted cells don’t die, but become cancer cells.

It is not clear if the disruption processes in plants follow the same Lines viz calcification ...

But anyway, the sick crops make the animals and human beings also sick. The imbalance
between the macro elements in these crops and the high levels of nitrate, ammonium, potassium
and sulphate are indications or symptoms of their being sick. In 1933 the amount of potassium,
sulphur and chloride had almost doubled since 1880 (Theel, 1933).

So now we have the instruments to measure the quality of the crops of the dominant organic
practise and of conventional agriculture. And we can understand when and why things go wrong.

In the following part I will show that the crops of the dominant organic agriculture are not as
healthy as should be. They are not in balance and they still have too much nitrate and ammonium
(the amount of non protein sulphur wasn’t measured).

6. Quality assesment: is the quality of the contemporary organic crops really
good?

First I recapitulate the data for the carrots — organic and conventional — from the study of
Domagala-Swigtkiewicz I. and Gastol M. (Domagala-Swigtkiewicz, Gastol, 2012) (Table 2): (data on the
trace elements — Cu, Fe, Zn, Mn, Sr, B are not displayed here They can be found in the study itself).

Table 2. Elemental composition of carrot

* This is a measure for nutrient density.
*The difference is for the biggest part through higher potassium in the organic carrots.
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Mg/kg FM of the juice Organic carrots Conventional carrots

N NO, 11.7 37.6

N NH, 49.4 119

Ca 67.9 54.4

K 2369 2099

Mg 126 166

p 376 384

S 141 194

Na 346 423

Sum of Ca to Na* 3425.9 3320.4"
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Now we can calculate the ratios (Tables 3—7).

Table 3. Calculated ratios in carrot

Ratios _ Ratios in Organic | Ratios in Conventional
carrots carrots
K/Na 2-5 6.8 4.9
K/Mg 2-5 18.8 12.6
Ca/Mg 1—2 0.53 0.32
Ca/P 1—2 0.18 0.14
Mg 0,1-0,25 (min 0,10) 0.038 0.052
/(K+Na+P+Ca)
NPN ALAP 61.1(39 %) 566 ]

Table 4. Elemental composition of red beets

Table 5. Calculated ratios in red beet

Mg/kg FM of the organic red beet conventional red beet
juice

N NO, 229 846

N NH, 110 199

Ca 76.9 58.1

K 2685 2641

Mg 179 231

P 381 207

S 126 119

Na 191 574

Sum of Ca to Na 3638.9 3830.1

Mg/kg FM of Ratios in Organic red Ratios in Conventional red
the juice _ beet beet

K/Na 2-5 14 4.6

K/Mg 2-5 15 11.4

Ca/Mg 1—2 0.42 0.25

Ca/P 1-2 0.20 0.28

Mg 0.15—0.25 0.052 0.064

/K+Na+P+Ca) | (min 0.10)

NPN ALAP 339 (32 %) 1045 ]

Table 6. Elemental composition of celery

Mg/kg FM of the juice Organic celery Conventional celery
N NO;, 104 88.9

N NH, 52.5 126

Ca 248.8 129.2

K 4156 3863

Mg 284.8 264.6

P 921 806

S 133 86

* Should be As low As Possible (ALAP).
" =39 % of the conventional amount.
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Na 154 242
Sum of Ca to Na 5897.6 5390.8

Table 7. Calculated ratios in celery

Mg/kg FM of the Ratios in Organic Ratios in Conventional
. - o

K/Na 2-5 26.9 15.9

K/Mg 2-5 14.6 14.6

Ca/Mg 1-2 0.87 0.49

Ca/P 1-2 0.27 0.16

Mg 0.15—0.25 0.05 0.052

/(K+Na+P+Ca) (min 0.10)

NPN ALAP 156.5 (72 %) [ 21401

Summarising of the data

In general:

1. All vegetables are out of balance;

2. All vegetables have too much NPN; in the red beets juice NPN is extremely high,
especially nitrate”.

3. Potassium is in all three vegetables very high, especially in celery.

4. The sum of the nutrients (NPN excluded) is highest for celery (above all through

potassium and phosphor).

The differences between organic and conventional per product:

a. The carrot juice, organic and conventional:

- In the conventional carrots NPN is much higher than in the organic carrots;

- In the organic carrots potassium is higher and magnesium, sodium and sulfur is much
lower than in the conventional carrots.

b. The red beet juice, organic and conventional:

- In the conventional red beets NPN is much higher than in the organic red beets;

- In the organic red beets magnesium and sodium are much lower and phosphor much higher
than in the conventional red beets.

C. The celery juice organic and conventional:

- NPN is again higher in the conventional celery than in the organic celery, but the difference
is less extreme than in the carrots and the red beets;

- In the organic celery potassium, calcium, sulphur and phosphor are much higher than in
the conventional celery and sodium is much lower; magnesium is somewhat higher in the organic
celery.

Final judgment
For NPN all the conventional products have a worse score compared to organic. That is in

line with the data form other studies: on average organic products have half the amount of nitrate
of the conventional products (Heaton, 2019). But there is a lot of variation (Dangour, 2009).
According to Dangour the differences in nitrate content between conventional and organic
products is small. And most studies don’t measure ammonia.

The figures of the study of Iwona Domagala-Swiagtkiewicz and Maciej Gastol show how
important it is to measure not only N —NO; but also N-NH, (Table 8).

* In a Dutch study in 2003 the same was found for red beets. In general conventional red beets, lettuce,
spinach and endive have high to very high levels of nitrate in the Netherlands, depending a.o. on the season.
21 % of all the Dutch vegetables are above the safety limit of 2.1 gram of nitrate/kg DM (Van der Schee, 2003)
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Table 8. Forms of nitrogen in vegetables

Vegetables N NO; N NH, NPN total
Carrots organic 11.7 49.4 61.1
Carrots conventional 37.6 119

156.6
Red beet organic 229 110 339
Red beet conventional 846 199

1045
Celery organic 104 52.5 156.5
Celery conventional 88.9 126

214.9
Sum 1317.2 655.9 1973.1

So N NH, is almost 50 % of N NO;. And the crops contained on average 328.8 mg NPN/kg
FM of the juices” (unluckily total N is not measured (or mentioned).

The organic products contained on average 344.7/3 = 114.9 N NO; and 211.9/3 = 70.6 N NH,.
So NH, is on average 38 % of total NPN

The conventional products contained on average 972.5/3 = 324.2 N NO; and 444/3 = 148 N
NH,. So NH, is on average 31 % of total NPN.

But the variation between the three crops is great.

In this study the authors measured at least N NO5; and N NH,, luckily. And remember, the
other NPN compounds are not even measured.

So far about Nitrogen.

For all three organic products potassium is higher than in the conventional products and
sodium is lower. Magnesium is lower in organic carrot juice and in organic red beet juice, but not in
organic celery juice.

The greatest health risc is produced by products with a high potassium level and a high NPN
level. Especially if sodium and magnesium are low. Then there is the risc of a potassium — nitrate
syndrome (Swerczek, 2002, 2007).

So from these data, with the exception of NPN, we can’t say that the organic products are
better than the conventional products. And Ca/P is much too low for all the products, organically
and conventionally. Ca/P is slightly better for organic carrots and for organic celery, but not for
organic beets.

For all three products Mg /(K+Na+P+Ca) is lower for the organic ones. But the difference
with conventional is almost zero for the celery juices. And I must say: some products from Dutch
greenhouses have an even lower Mg /(K+Na+P+Ca) ratio. In cherry tomatoes, grown on rockwool
mats, we found a Mg/(K+Na+P+Ca) ratio of 0,015 (Duijvesteijn , unpublished data).

Nevertheless, the organic products are free from pesticide residuals and low in cadmium.
That’s a real progress.

Both groups are far behind what are optimal ratios.

For a comparison I have given the ratios of carrots at different times and different places
(Table 9). NPN wasn’t measured in these carrots.

- Dutch carrots from 2017 (RIVM Nevo, 2017): raw carrots; carrots with leaves; winter
carrots ;

- Carrots from three finnish farms with a lot of disease problems: (van Laarhoven,
unpublished data);

- Carrots from the study of Wolff E. (1871): nr 4 is a Belgian white carrot, and nr 8 from
England ‘from a very well fertilized garden’;

- Carrots from Normandy, analysed by Marchand, fertilized with guanodung, seaweed;
herring waste and brine (Marchand, 1869);

- And finally: the carrots from Poland from above: organically and conventionally fertilized.

*(1317.2 + 655.9)/6 = 328.8.
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Table 9. Ratios of carrots at diferent times and different places

Ratio Nlraw | Nl NI Finnland | Finnland | Finnland 7
carrot carrot winter |1 4
with carrot
leaves
K/Na 2-5(max7) | 9.8 12.7 8 14.47 22.5 25
K/Mg 2—-5(max7) | 38 34.4 41 19.6 28.2 23.2
Ca/Mg 1-2 3.8 3.3 4.4 1.93 2.16 1.57
Ca/P 1-2 0.93 0.79 1 0.93 1 0.78
Mg/ 0.15—0.25 0.02 0.022 0.018 0.04 0.03 0.036
(K+Na+Ca+P) | min 0.10
Continued:
Ratio’s Marchand | Marchand | Carrot | carrot
yellow red. Poland | Poland
- organic | conventional

K/Na 2-5 1.4 0.54 | 1.16 1.14 6.8 4.9

(max 7
K/Mg 2-5 5 12.8 | 6.2 7.4 18.8 12.6

(max 7)
Ca/Mg 1—2 2.4 10.6 |24 2.6 0.53 0.32
Ca/P 1—-2 2.13 1.8 1.35 1.47 0.18 0.14
Mg/ 0.15— 0.083 | 0.018 | 0.063 0.054 0.038 | 0.052
(K+Na+Ca+P) | 0.25

min

0.10

Especially the carrots nr 4 (Wolff, 1871) and the yellow carrots (Marchand, 1869) are almost
complete in balance.

~. Conclusion

Most products from Normandy in the period before 1880 are much more in balance than the
products today in organic and conventional agriculture. The reason is the way the farmers in
Normandy fertilized their crops and grassses. They ordinarily fertilized their crops with
guanodung, seaweed, herring residuals and brine. These products contain lots of sodium,
magnesium and trace elements.

The way in which the white Belgian carrot was fertilized (Wolff nr 4) was not mentioned by
Wolff. But I found the original data of Way and Ogston in The journal of the Royal Agricultural
Society of England. The white Belgian carrot was grown bij mr Huxtable. And fertilized with bones
and sulphuric acid, guanodung and ash (probably wood ash). “Drilled end of april; very good crop.
Collected middle of November”. The soil: ’six inches of reddish mould, containing some clay;
subsoil, chalk. Does not require draining. Three years in tillage” (Way, 1847: 163).

The authors of the Poland study don’t give detailed information about how the three crops
were fertilized. The selected crops were grown on organic and resp. conventional farms in the south
and east of Poland. The organic farms were all certified. And the scientists have noted the
fertilizing and other data:

“ (..) crop rotation, fertilization routine, pest management and other cultural practices for
each field were recorded. At harvest the total yield and an average weight of root was noted (data
not presented)” (Domagala-Swiatkiewicz and Gastol, 2012: 175).

For a definitve judgement I needed the data about the ‘fertilizing routine’. But after
contacting the authors I found out that these data are not available.
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Annex 1.
Mulder’s chart

Mulder's chart of mineral interactions — Soil Analyst Cooperative
soilanalyst.org/mulders-chart/

Mulder's chart of mineral interactions. Categories: Mulder, Soils and Growing, Soils
General. Chart showing how the presence or absence of various elements influences the uptake of
other elements by plants. Mulder's chart of nutrient interactions ...

“Antagonism

“Mulder’s Chart shows some of the interactions between plant nutrients. High levels of a
particular nutrient in the soil can interfere with the availability and uptake by the plant of other
nutrients. Those nutrients which interfere with one another are said to be antagonistic.
For example, high nitrogen levels can reduce the availability of boron, potash and copper; high
phosphate levels can influence the uptake of iron, calcium potash, copper and zinc; high potash
levels can reduce the availability of magnesium. Thus, unless care is taken to ensure an adequate
balanced supply of all the nutrients — by the use of analysis — the application of ever higher levels
of nitrogen, phosphorus and potassium in compound fertilisers can induce plant deficiencies of
other essential nutrients.
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Stimulation

Stimulation occurs when the high level of a particular nutrient increases the demand by the
plant for another nutrient. Increased nitrogen levels create a demand for more magnesium. If more
potassium is used — more manganese is required and so on. Although the cause of stimulation is
different from that of antagonism, the result is the same — induced deficiencies of the crop if not
supplied with a balanced diet. High levels of molybdenum in the soil and in the herbage reduce an
animal’s ability to absorb copper into the blood stream, and ruminant animals grazing these areas
have to be fed or injected with copper to supplement their diet (see Mo/Cu dotted line)”.

Calcium (Ca)

Potassium (K)

Phosphorus (P) Magnesium (Mg)
” Boron (B)
Molybdenum (Mo)
Zinc (Zn) Nitrogen (N)
Antagonism

Decreased availability of a nutrient to a plant due to the action of another nutrient

Stimulation

High level of a nutrient increases the demand by the plant for another nutrient

Mulder’s Chart

ANTAGONISM A decrease in availability to the plant of a nutrient by the action of another
nutrient (see direction of arrow).

STIMULATION - An increase in the need for a nutrient by the plant because of the increase
in the level of another nutrient.

(Unluckily not all the charts of Mulder, avaible at the internet, are the same (Nigten).

Compare the next one:
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At this chart there is no interaction at all between copper and molybdenum. And nitrogen
is missing. And here there is no relation between potassium and iron, between potassium and
magnesium, potassium and calcium, potassium and manganese, and between potassium and
phosphor. Silicium is lacking on both charts. And we know that sodium promotes the uptake of
calcium and magnesium (Chiy, 1995).

Annex 2
The role of earthworms

“(...) Here’s what Sir Albert Howard, in Soil and Health (1947), had to say about the
process and the make-up of [earthworm]castings:

“The casts are manufactured in the alimentary canal of the earthworm from dead vegetable
matter, and particles of soil. In this passage the food of these creatures is neutralized by constant
additions of carbonate of lime from the 3 pairs of calciferous glands near the gizzard, where it is
finely ground prior to digestion. The casts which are left contain everything the crop needs —
nitrates, phosphates, and potash [NPK] in abundance, and also in just the condition [soluble?] in
which the plants can make use of them.”

Further Explanation — Howard goes on to cite that often-mentioned analysis as follows:
“Recent investigations in the United States show that the fresh casts of earthworms are 5 times
richer in available nitrogen, 7 times richer in available phosphates and 11 times richer
in available potash than in the upper 6 inches of soil.” It’s that word “available”; in contrast with
previously non-available, which explains the higher content of nutrient minerals in the castings
coming out, versus the “soil” and organic matter going in. As near as I can tell, these numbers came
from a single USDA study done in Connecticut in July, 1944.
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Restoration Tool — Very large portions of the earth’s soil have been eroded and exhausted
over the past 5,000 years all around the world. In recent centuries the rate has been stepped-up
many times the rate of natural soil formation. The earthworm potentially is a major tool (if
properly fed) for restoring and rebuilding those soils. Here’s further explanation from Dr. Thomas
J. Barrett’s 1947 and 1959 book Harnessing the Earthworm:

“In the chemical and mechanical laboratory of the earthworm’s intestines are combined all
the processes of topsoil-building. The earthworm swallows great quantities of mineral earth with
all that it contains of vegetable and animal remains, bacteria and microscopic life of soil. — — —
Finally, it is ejected in and on the surface of the earth as castings — earthworm manure — humus, a
crumbly, finely-conditioned topsoil, richly endowed with all the elements of plant nutrition in
water-soluble form.”

In Summation — I'm not sure that all (or most) topsoil is from worm castings which are, in
turn, humus. Recall that this was the claim of Barrett and Darwin. Darwin calculated that worms
deposit 10 tons of castings per acre each year. Sir Albert Howard figured it was 25 tons. In some
parts of the world these deposits have been measured to far exceed those amounts. Whether or not
topsoil is castings and castings are humus, or that humus requires soil and clay for its formation,
the creation of 25 tons per acre or more of new topsoil per year is nothing to sneeze at. This
represents a too-often overlooked means of restoring billions (yes, billions) of acres of ground lost
to the plow, it’s modern successors, and a century of reckless chemicalized agriculture that are soon
going to be necessary to the survival of civilization. In ancient Egypt it was a crime to kill
earthworms. Let’s not forget the lowly earthworm. It’s the least we can do”. (Kline, 2013).

Annex 3
The loss of nitrogen in cereals (Lawes and Gilbert, 1856: 484, 485)

“As a final average it is seen that we have, including all these cases and extending over so
many years, in the case of wheat, only 39.9 per cent, and in that of barley only 43.1 per cent, of the
nitrogen of the manure recovered in the increase of crop! ...and certainly the near approximation in
the averages of the two crops is not a little striking; especially when we remember, that in the case
of the barley there were no instances of more than standard amount of nitrogen used, which would
obviously have brought down its final average nearer to that of the wheat.

Now, the final average here obtained in the case of wheat, would represent exactly 51/4 Ibs. of
ammonia for each bushel of grain (with its equivalent of straw), obtained by its use, assuming average
proportions of corn to straw, and of nitrogen in both: and, again, by the same method of calculation, tlie
return of rather more than 40 per cent, of nitrogen, the result where the standard amount of ammonia
with minerals was used, would be almost identically equivalent to 5 lbs. of ammonia in manure for
every bushel of corn, and its equivalent of straw, obtained as increase of crop!

So much, then, for the indications of some hundreds of direct experiments on this subject.
But we further unhesitatingly maintain, that the general result here arrived at, agrees very closely
indeed with that of common experience in the use of guano and other nitrogenous manures for the
increased growth of grain” (Gilbert and Lawes 1856: 484, 485).
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Abstract

There are no reliable mechanisms for preserving the diversity of the soil cover as a whole, as
information about soils is dispersed among different departments, each has its own idea of the
value of soil objects and ways of its preservation. The following interrelated elements are included
in the soil objects "red book": 1) soils of agricultural lands; 2) soils of the system of specially
protected natural areas, including soils listed in the Red book; 3) soils alienated for non-
agricultural use. The following categories are proposed as tools for assessing soil productivity:
optimum or well-being area, normal state area, tolerance range, extreme. The division is based on
the score of soil bonitet. It is offered to allocate the high productivity soils of the agricultural land
which soil bonitet value is above of the average in the administrative and land-estimation areas
that will serve as a basis for the sparing land-use mode assignment.

The initiative to create the Red book of soils, the introduction of the status of "soil monument
of nature" belongs to Russian scientists. But already in Vietnam too, on the basis of available
protected areas for biodiversity conservation, they are working to identify the zonal soils types and
assign them a status that allows to complete the monitoring of ecosystems and to protect the soil.

Southeast Asia is a region of very high diversity of flora and fauna. In Vietnam after
establishing the CUC Phuong national Park in 1962 in the North of the country, a network of
protected areas was created. At present, in the country there are 30 national parks, 58 nature
reserves and 46 protected natural areas. In the International Union for Conservation of Nature
network (IUCN) of protected areas in Indochina and Malaysia, Vietnam is characterized by the
highest level of endemism (WWW, 2008; FAO, 2010).

Keywords: Red book of soils, Russia (Volgograd region) and Vietnam soils of agricultural
lands, soils of specially protected natural areas, soils withdrawn from agricultural use.

1. BBegeHnue
ITouBa — camblii KOHCEPBAaTUBHBI U HEOTHEMJIEMBIU 3JEMEHT 3KOCUCTEMBI, KOTOPBIU
«JlIep>KUT» CcOo0ON Bce €€ KOMIIOHEHTBL. JKojornueckue GYHKIUU II04YB, UX OHochepHYyIO

* Corresponding author
E-mail addresses: allaokol@mail.ru (A.A. Okolelova)

23



http://www.ejournal19.com/
mailto:allaokol@mail.ru

Biogeosystem Technique, 2019, 6(1)

3HAYMMOCTh OTpPa3WIN B cBoux Tpyaax eme B.B. JlokyuaeB (/loky4yaeB, 1994), scraderty
moAXBaTWIN poccuiickue ydenble: JI.O. KapnaueBckuidi, (1971, JI.O. KapmaueBckuil u Jp.
(KapraueBckuii u Ap., 1995), B.M. ®pumiana (Opumiang, 1972), B.A. Kosga (Koma, 1981),
I'.B. [lo6poBosibckuii ¢ coaBropamu ([lerpamamuss ¥ oxpaHa IOYB, 2002; II0o4YBHL.., 2012;
JlobpoBosibckuii, HukutuH, 2000; Jo6poBosbckuii, Kycr, 2004; J100pOBOJIBCKUN U Ap., 2004),
O.C. BbesyrmoBa (besyrioBa, 2009), E.JI. Hukutun wu pgpyrue (Hukwturn u ap., 1987),
A.A. OkosienoBa (OxkoJsiesioBa, 2004). HeoOX0aUMOCTh OXpaHbI ITOYB OOCY:KITAETCA HECKOJIBKO
necarwnetTun  (OxpaHsieMble TPHUPOJHBIE TEPPUTOPUH, 1991; IIOUBEHHO-5KOJIOTUYECKUIN
MOHUTOPHUHT, 1994).

AU. KnmumenTreB u E.B. BioxuH paccMaTpuBaioT MOYBY KaK KUBOU OPTaHU3M, OTIPEIEIISAIOT
MOpPGOJIOTHIO TIOYBEHHOTO MNPOGWIA KAaK «aHATOMHIO IIOYBEHHOTO TeJia», YCTAaHABJIMBAIOT
«TeHETUUECKOE eIMHCTBO», CYIIIECTBYIOIIIEE B IOUYBEHHOM mpoduie. « Kaskabpiii ropu30HT npoduis
IIOYB «KOJIUPYET» B CBOEH «IMaMATH» pe3yJIbTaThl BO3JEHUCTBUS U BJIUSAHUE aOUOTHYECKUX,
OMOJIOTUYECKHX U aHTPOIIOTEHHBIX (PakTOpoB B (opMe MOPGHOIOTHUECKUX NPU3HAKOB U
xapakTepucTHK» (KiimmeHTheB, Bi1oxuH, 1996).

leHeTnueckoe paszHOOOpa3ue, IPOBHHIMAJIBLHOE CBOeoOpa3ve, BO3pacT U SBOJIIOIHSA,
UH/IMBUJIyJIbHbIE YePThl, MOpQoyioruyeckrue O0COOEHHOCTH CBOWCTBEHHBI JIIOOOHM TIIOYBeE.
ITo muenuto I'.B. [lo6poBosibckoro u E.JI. HukutuHa, «HEOOXOAWMO IIOBBICHUTH OIIEHKY
3HAUYUMOCTH HE}KUBOU IIPUPOJBI /10 YPOBHSA JKUBBIX OpraHu3MoB» (Jlo6poBoibckuii, HUKuTHH,
2000: 60). IlouBa — mpuposHOe 00pa3oBaHKE, B KOTOPOM BCE €€ KOMIIOHEHTHI (POPMHUPYIOT
VHUKAJIbHOCTh KOKIOU TAKCOHOMHYECKOU €JTMHUIIBI.

A. 1. KiiumenTbeB ¢ coaBTopamu (KiimMeHTheB U AP., 2001: 231) CYUTAIOT, YTO «B PETHOHAX,
rae pabora mo co3zaHuio KpacHoil kHurm moYB HajakeHa Jiydimre (OpeHOyprckas o00671acThb,
Kanmbikus u fp.) Takas cay:k0a 10KHa QYHKIIMOHUPOBATD B IIEPBYIO OUEPEIH».

2. MeToaoJsioruss KpacHO¥M KHUTH ITIOYB

KpacHass kHHTra IOYB CJIY;KUT WHCTPYMEHTOM OKOHTYPHUBAaHUsS TeHEeTUYeCKHu Haubosiee
3HAYUMBIX IIOYB, HMEWOIIUX OCOOYI0 PpEeCypCHYyI0 IIeHHOCTb, [IJIsi COXpaHEHHS BHUOBOTO
Pa3HOOOpa3us ITOYB, B TOM YHCJIE U 30HAJIBHBIX TUIIOB.

Opranuzanus JOKYMEHTa, KaKOBBIM JIOJDKHA cTaTh KpacHas KHHTra TIOYB, HAy4IHO
000CHOBaHA M 3aKpeIvieHa 3aKOHOJATENbHO. Y3Ke co3zaHbl KpacHas KHUTA MOYB M 3KOCHCTEM
Kanmpiknu (TamHuHOBaA, 2000, 2003), mouB OpeHOyprckoit obsactu (KiumeHntheB, UnbOuies,
1999; KiimmenTtbeB u Ap., 2001), JleHuHTpaackou obsiactu (AmapwH W 7p., 2007). BeimeneHbl
«KPaCHOKHUKHbBIE» ITOUYBEHHbIE 00BEKTHI B MocKoBcko# (3akoH MOCKOBCKOUM 00J1aCTH..., 1995),
Bpsuckoi#i, Boponexckoii, IlenseHckoiur, PocroBckoii, TiomeHckol, UYensOWHCKOU 00JaCTSX,
B pecrnyosimkax bamkopracran, Tarapcran, Uysamus (3akoH UyBamickol pecryOIMKH..., 2000),
KpacHosipckoM kpae.

HeckosbKo JlecATHIETUN yUeHble HCCIeyI0T IIOUBEHHBIU MOKPOB Bosrorpaackoii obaacty,
BBISIBJIEHBI OCHOBHbIE TPUYUHBI JETPajlallid W OIyCTHIHUBAHUS U MePbl OOpbOBI C HUMHU:
[Iporpamma 3ammuthl... (IIporpamMmma B3amiuThl..., 1993), CyOpervoHasibHas HaIMOHAJIbHAs
nporpamMma... (CyOpernoHasibHasi HallMOHAJIbHASA IPOTPAMMA..., 1099) U MPEAJIOKEHBI K OXpaHe
nouBbl Bosrorpazckoit obsiactu B Tpyzax Jderrapesoii, JKynunosoit (ertspesa, XKyniunosa, 1970;
[TouBbl Bosrorpazackoit obsactu..., 1982); OkosesoBoir u 7p. (OkosiesioBa, 2004; OKoOJeIOBa,
EropoBa, 2004, 2008; OkoJiesioBa u 7p., 2006); MOHOTpadUIX U OTYETaX: 3eMeJIbHbIE PEeCypChI
Bosrorpazackoii o6sactu (3emesibHbIE PECYPCHL..., 1997, 3eMebHbIE PeCypcCHl..., 2004), KpacHas
kHUTa 104YB Bosrorpajackorr ob6nactu  (KpacHas  kHura.., 2017), IlouBbl coBxo3a
«TpexoctpoBckoii» (ITouBbl coBxosza TpexoCTPOBCKOM..., 1976), ITouBbl coBx03a «XOIEPCKUH»
(ITouBbl coBX03a «XOMEPCKUM»..., 1974), [losicHuTeIbHAs 3anucKa... ([losicHuTeIbHAS 3aIMCKa...,
2000), CIIMCOK TMOYBEHHBIX Pa3HOBUAHOCTEH... (CIHMCOK IMOYBEHHBIX Pa3HOBUIHOCTEH..., 1988),
Cxema 3semuteycrpoiictBa [Y «Ilpupomnbiii mapk «Bosro-AxtyOmHckas monMa» (Cxema
3eMJIEYCTPOMUCTBA..., 2003), TexXHUYecKHe OTYEThI IO IIOYBEHHOMY OOCJIEJOBAHUIO COBX03a
«Komcomosten» (TexHuueckuii oTderT..., 1986), coBxo3a «IlorimeHHbIl» (TeXHUYECKUH OTYET...,
1987), coBxo3a «KapmeBurckuii» (TexHUUECKU OTUET 110 TIOYBEHHOMY..., 1987).
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B xauecTBe cylecTBeHHBIX IPUHIUIIOB yKe UMEIOINXCA JJOKYMEHTOB BBIIEIUM CJIEYIOIIe
JiBa:

1. YueT NHpPOBHUHIIMAJBHBIX OCODEHHOCTEH B KaXKJOM peruoHe. Hampumep, depHO3eMBbI
OOBIKHOBEeHHBIe KapOoHaTHble B KasIMBIKUM, pEIMKTOBBIE NOUYBBI HA (parMeHTAPHBIX BBIXOZAX
runca Kpucraummdeckoro B OpeHOyp:kKbe, COJIOHI[OBO-COJIOHYAKOBBIE KOMILIEKCHI, Kak
IIPE/ICTABUTEJIEH «TOMOJIOTHYECKOTO» PsAZa 3BOJIIOIUH IIOYB B ApPUJIHBIX YCJIOBUAX, TUIIUYHbBIE
30HaJIbHBIE TOUBBI EBpomeiickoii yactu Poccuu, ieIMHHBIE STAJIOHBI 1 OCBOEHHBIE TIOUBBI PEJIKUX
TaKCOHOB.

2. IlouBeHHbIE STAJIOHBl 30HAIBHBIX THUIIOB IIOYB CEJIbCKOXO3AHUCTBEHHBIX YTOIUH,
BKJIIOUeHHBIE B KpacHyI0 KHUTY, He U3BIMAIOT U3 X035 IUCTBEHHOTO UCIIOJIb30BAHUS.

ITO peasbHOE CBUJIETEIBCTBO POJIM TAKOTO JIOKYMEHTa, KakuM sABJsgeTcss KpacHas KHHUTA
II0YB, B COXpPAaHEHUHU IIOYBEHHOTO ITIOKPOBA, HKOJIOTUUECKUX (PYHKIIUI MOYB.

A.. KJiuMeHTbeB C COAaBTOPaMH IIpeZjIaraloT BHOCUTH B KpacHy10 KHUTY «II0YBBI, IIOLIA/IA
KOTOPBIX Ha TEPPUTOPUU O0JIACTH OTPAHUYEHBI, COKPATIJINCH U MPOJOJIKAIOT COKPAIIATHCA, YTO
MOYKET MPUBECTH K HX ITOJIHOMY HCUE3HOBEHHIO», OHH pa3paboTaiud CJeAylollre MPUHITUAIIBI
oTOopa MOYBEHHBIX WHUBU/IYYMOB /I 3aHeceHus B KpacHyio kuury nouys (KyiimmeHTheB U Ap.,
2001: 153, 225):

1. IIpuHiun 6e3yCcIOBHOTO IPUOPUTETA IOATHIIA IOYBBI, OCTPas HEOOXOAMMOCTb €ro
CPOYHOU TOCy/IapCTBEHHON OXPaHBbI.

2. IIpe3ymmius 06J1arOMOJIyYHOTO COCTOSHUS IOATHUIIA IMOYBBI HA OCHOBE OOBEKTUBHBIX
JTAHHBIX 00 X COCTOSTHUU.

3. Pernonasnpapiii mpuHOuUI. [Io4BOOXpaHHBIMHU MEPOIPUATHAMH JOJLKHA OBITh OXBauyeHA
BCs TEPPUTOPUS, HA KOTOPOH PACIIPOCTPAHEH TOJITUII WJIH B,

4. KOHCOPTMBHBII ¥ TENONEHOTUYECKUH TMPUHIMI, OPHUEHTAIus Ha THIWYHOCTS,
ux GopMUpOBaHUE Ha HanOoJIee pacIpocTPaHEHHBIX II0YBOOOPA3YIOIIHX ITOPOAX.

[TouBeHHBIN TOKPOB OXpaHAEMBIX TEPPUTOPUM 3aHUMAET CBOIO YHUKAJIbHYIO HUILY. I10uBbBI
eCTeCTBEHHBIX 5KOCHCTEeM HY»KJAI0TCs B BBIABJIEHUH, yueTe U oXpaHe. B JaHHOM cityyae peub ujier
0 ITIOYBEHHBIX 3TAJIOHAX.

3a 3TajoHBI PAJl yUYEHBIX IPUHUMAIOT IleJIMHHBbIE MTOYBHI 3al0BE/IHUKOB, HE YTpaTHBIINeE
IIEPBO3/IJaHHON TNPHUPOJHOU CBA3U C JPYI'MMU KOMIIOHEHTaMU JaHjamadTa U HUMelolue
HeHapymieHHbIH npodwis O.B. YepnoBa (YepHoBa, 2002; YepnoBa, 2018), YepHoBa u Ap.,
(YepHoBa u J1ip., 2003).

AUN. KimmentseB (KimMeHTbEB, 2000: 414) 000CHOBaJ HEOOXOJHMMOCTh OTHECEHHUA K
OCHOBHBIM JTaJIOHAM «KAaTE€TOPUHM 30HATBHBIX IIOYB BBICOKUX TAKCOHOMHUYECKHX YPOBHEH».
YUeHBII W €ro COABTOPHI CUHUTAIOT BO3MOXKHBIM OTHOCHUTh K OTAJIOHHBIM ITOYBBI OIIBITHO-
MIPOU3BO/ICTBEHHBIX XO3SMCTB, TOCCOPTOYYACTKOB U IOJIATAIOT, UTO TAKHUE MMOYBBI MOTYT SBJIATHCS
STAJIOHAMU BBICOKOH KyJIBTYPHI BeZleHus X03sicTBa (KinMeHTseB U Ap., 2001).

B KpacHyro KHUTY CJIeZlyeT BKJIIOUHUTH [IOYBEHHBIE TAKCOHOMHUYECKUE EIMHUIIBI, KOTOPBIE OBI
IIPE/ICTABJISUTH CYIIECTBYIOIlee Pa3HOOOpa3ue MOYBEHHOrO IMOKPOBa 00JIACTH, C YUETOM CTEIeHH
TUITAYHOCTH, PEJKOCTH, T€HETUUECKUX OCOOEHHOCTeH, 0e3 SBHBIX IMPU3HAKOB JIErpajlallii. ITO
I03BOJIUT cHOPMUPOBATHh CBOEOOpa3HbI POH/I MOUBEHHO-TEHETHUYECKOTO Pa3HOOOpa3us, pases
«ITouBbr COOIIT», obecrieyuTh pernpe3eHTaTUBHOCTh IOYBEHHBIX 0O'HEKTOB.

KpacHas kHUTa IOYB — MpeXK/e BCEro JIOKYMeHT, 00yCIOBJIMBAIOIINI [TPABOBYIO 3AIUTY IOYB.
«lOpuamyeckn 3aHeceHWe TOYBBI B KpacHyio KHHUTY O3HAuaeT i NPUPOJIOTNOJIB30BATEA
BO3JIOJKEHHE HA HEro 00sI3aHHOCTH OCOOOH €€ OXpaHbl, JUIA MpEeANpPUITHH (He3aBUCUMO OT (GopM
COOCTBEHHOCTH), YUPEXKIEHUN W TPAKJAH — OTBETCTBEHHOCTH 32 HE3aKOHHBIE PACIAIIKy WIHA
OCBOEHHE 3TAJIOHOB TIOYB U STAJIOHHBIX YIACTKOB», — CYUTAIOT yueHble (KimMeHTheB U /Ip., 2001: 13).

Ommmuyne KpacHOW KHHUTH TIOYB OT TAaKOBOHM, CO3AaHHOU JJIA PACTEHHUH U KUBOTHBIX B
CIIeyIoIeM:

- KOHTUHYaJIbHOCTh ITOYBBI KaK IMPHUPOHOTO OOBEKTA, MOCTEIIEHHOCTh IEPeXoa OT OJTHOM
Pa3HOCTH K JIPYTO;

- OTCYTCTBHE OYEBUJIHOM OCHOBHOM €WMHUIbI U3YUYEeHUS U KIacCUDUKAIUU, aHAIOTUYHOU
BTy OUOTBHI;

- TPYZHas1 BOCIIPOU3BOIMMOCTD ITIOUBBI KaK €CTeCTBEHHO-UCTOPHUYECKOr0o 00pa30BaHus;

- Hepa3phIBHAA CBA3b C JIAHAIAPTOM, B KOTOpOM OHa chOPMUPOBaHA.
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[Ipupo0OXpaHHBINL CMBICJ HMeeT JIMIIb COXpaHeHHe YYacTKOB B IIpefiesiax apeasna
Hy>KJlaiolelica B oxpaHe IO4Bbl. KpacHasd KHHUra IO4B — He IPOCTO IlepeuyeHb TUIIOB, a CIUCOK
KOHKPETHBIX YYaCTKOB UX PACIIOJIOKEeHU .

s KpacHolt kHUTH TOYB ITpeuioxkeHbl (UepHOBa, 2018) /IBe KATErOPUH: €CTECTBEHHBIE U
IleHHbIE AaHTPOIIOTeHHbIe ¥ IPUPO/IHO-aHTPOIIOreHHble. EcTecTBeHHbIE IT0/Ipa3/lesIAoT Ha:

- DTAIOHHBIE, Ky/]a BKIIOUEHBI OCHOBHBIE, DETHOHAIbHbBIE, TAJIOHHbIe KOMOUHAIIUH 1 IIOYBBI
— 00BEKTHI CTAIMOHAPHBIX UCCJIEJIOBAHUN; B KauecTBe STaIOHHBIX MPEJJIaraloT MIOYBbI, TUITHIHBIE
JUTS OOIIMPHBIX OJTHOTUITHBIX 10 CTPYKTYPE IOUBEHHOTO TOKPOBA TEPPUTOPHIL;

- penkue: YHUKaJIbHBIE (pefikue Ha Tepputopuu Poccun), pekue B peruoHe, aHTPOIIOT€HHO-
M3MeHEHHble, COXPAHUBINHE CIlenuduUIecKre IPUPOJHbIE OCOOEHHOCTH PEAKUX II0YB IIpU
OTCYTCTBUHM IIEJINHHBIX AHAJIOTOB;

- Hcye3awpllnye Mojpas/eseHbl HAa UcYe3aroliie Ha IeJIMHe 1 MUHUMaJIbHO aHTPOIIOT€HHO
IpeoOpa30BaHHBIE IIPU OTCYTCTBUU [[EJTMHHBIX AHAJIOTOB.

B 11eHHBIX aHTPONIOTEHHBIX U IPUPO/IHO-aHTPOIIOT€HHBIX MI0UBAaX BBIAEJIAIOT JiBE€ TPYIIIIBL.

1. Oky/JbTYpeHHBIe, JOCTUTIINE BBICOKOTO YPOBHA IUIOJIOPOJIUS B pe3yJsbTaTe KYJIbTYPbI
3eMieziesivsd (COPTOUCIIBITATEIbHBIE YIACTKA U OOBEKTHl MHOTOJIETHUX HCCJIEIOBAaHUM (OIBITHBIE
oyt HUU u BY30B).

2. AHTPOIIOTeHHO-eCTeCTBEHHbIe IOYBBI pasfieJieHbl Ha TPU KaTerOpUH: IOYBBI KypraHOB,
JIDEBHUX TIOCEJIEHUM, PYAHUKOB, apXeOoJIOTO-TIOYBEHHbIE OOBEKTHI); TIOYBBI AJIAIITHBHO-
JaHAmadTHRIX ~ cucTeM — 3eMulefieius  (ApeBHHMe  Oa3UCBl, OPOCUTEJbHBIE  CHUCTEMBI,
TeppacupPOBAHHbIE CKJIOHBI.

3. [TouBkI ca/10B, OTOPOOB MOHACTHIPEN U ycaieb ¥ TOPOJIOB, CTAPhIX OOTAHUYECKUX CAZ[0B.

EBpomnerickoe AreHTCTBO IO OKPYKaIIIeH cpejie 7jid 00beKTOB TOYBEHHOTO MOHUTOPHHTA
mpejutaraeT siBa Bujaa xapaktepuctuk (Enviromental indicators..., 1999; Enviromental signals,
2000; Proposal..., 2001).

1. O6sasarenpHble: (QUBUKO-XUMHYECKUE, Tuapodusnyeckue, Qusnyeckue, GQU3UKO-
MexaHU4YecKre U OMOJIOTMYeCcKHe CBOMCTBA, a TaK»Ke KOHIIEHTPALIUIO MOJIIOTAHTOB.

2. Heo0Os3arenpHble  (OIMyCTHIHMBAHWE, IIOJIKUCIEHUE,  3aCOJIEHHE  CO/IepKaHHe
cnerudUIecKUx BUI0B OPTaHU3MOB, 3BTpOdUKAIIA.

3. PesyabTaTsl u 00CyKaeHHE

3.1. OIBIT OXpaHbl IOYBEHHOTO MOKPOBa BO BreTHame

WNnaunuaruBa co3zianusa KpacHON KHUTH HOYB, BBEAEHUA CTAaTyca «IOYBEHHBINM NaMATHUK
MpUPOJBI» NPHUHAJJIEKUT POCCUHCKHUM Yy4yeHbIM. Bo BbeTHame, Ha OCHOBe HMEIOIIUXCS
3alOBEIHBIX TEPPUTOPUM JUIs COXpaHeHWs Omopa3HooOpasus, paboTaloT HAJl BbISBJIEHUEM
30HAJIbHBIX TUIIOB MOYB U CTaTyca, MO3BOJIAIOIIET0 UX COXPAHUTH I BeAeHUS MOHHUTOPUHTA
SKOCHCTEM U OXPAHBI CAMUX IIOYB.

Oro-Bocrounast A3usi — pETHOH C OY€Hb BHICOKUM pa3HoobpasueM (uiops! u dayHbl. Toabko
B IHZI0OHE3UN HACUMUTHIBAIOT OOJIbIIIE BHUJIOB, B TOM YHCJIE DHAEMUYHBIX, YeM B JIIOOOU JPyrou
crpane mupa. 3a Hell cieayioT ABcrpanus u Kurait (Groombridge, Jenkins, 2000). ®akropamu,
B HAaMOOJIbIIIEN CTENEHU OTBETCTBEHHBIMH 3a 3TH M3MEHEHUs, SBJIAIOTCA TpaHCc(pOpMUPOBaHUE
3eMHOU IIOBEPXHOCTH, KJIMMATUUYECKUE W3MEHEHUs, 3arps3HEHUEe OKpYKalIlel CpeJibl,
HEKOHTpPOJIMpyeMas 00bI4a MPUPO/IHBIX UCKOIIAEMBIX U BBIPYOKa JIECOB, a TaK:Ke WHTPOAYKITHUS
sk3oTyeckux BuzoB (Sala et al., 2000). Tekymiass CKOPOCTh BUIOBOTO HCTOIEHUS B HECKOJIBKO
pa3s Bhllle «(OHOBBIX» TEMIIOB, ITPe00OJIAIABIINX HA MPOTSIKEHUH BCETO TE€0JIOTHYECKOTO BpEMEHU
(May et al., 1995).

Bo BreTHame ¢ BO3BHUKHOBEHHEM HallMOHAJAbHOTrO mapka Kyk ®blOHT B 1962 T. Ha ceBepe
CTpPaHbl, CO3/IA€TCA CeTh IIPUPOJIOOXPAHHBIX TeppuTOpui. B Hacrosmee BpeMsa B CcTpaHe
CYIIeCTBYET 30 HAIMOHAJBHBIX MApPKOB, 58 3allOBEIHUKOB U 46 OXpaHAEMbBIX MPUPOJHBIX 30H.
B cetu oxpansiembix npupojiabix Tepputopuii [IUCN B UngokuTae nu Masnaiisuu, uMeHHO BreTHam
xXapakTepusyercs Haubosiee BBICOKMM YpoBHeM sHuemusma (WWW, 2008; FAO, 2010).
B nocnennee Bpems Bo BreTHaMe omucaHo 00JibIlIOe KOJIMYECTBO HOBBIX JjIg Hayku BusioB (Dung,
1993; Forest Inventory... 1995; Le, 2009; Hamaéldinen, 2014; Long-Fei et al., 2014; Park..., 2004).
ATO yKa3bIBaeT Ha TO, UTO cocTaB GJIopkl U payHbl BreTHaMa Bce ellle ocTaeTcs 6es1bIM IIATHOM 1A
HayKu. BbeTHamM HaxoguTcs B pAAy IEepBBIX 15 CTPaH, B KOTOPBIX BeJIMKa yTpo3a BBIMHUPAHUA
MJIEKONIUTAIOIINX, CPeU 20 CTPaH, B KOTOPBIX IIPOTHO3UPYIOT UCUYE3HOBEHUE IITUI| U B TpyIIle
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cpenu TEePBBIX 30 CTPaH, B KOTOPBHIX BBICOKA OIACHOCTh MCUE3HOBEHUs pacTeHUH U ampuoumi
(IUCN, 2019).

BreTHaMm 3aHMMaer IWIOMAb Oosiee 33 MJIH. Ta, M3 HUX 3/4 pAaCIOJIOKEHBI B TOPHOU U
JiecHOU MecTHOCTU. [I0UBEHHBIN MMOKPOB Ha BTOH IUIONIAAM IpesicTaByieH 31 TumoM mouys (Chan,
Le, 1999; Fang 1962; Le, 2009; Soil map, 1991, 2003, 2004; Ministry of forests... 1992; Ministry of
agriculture... 2013; Monitoring centre... 2012, 2013; Moorman, 1960). Bo BreTHame usyueHue
CBOHCTBA WM ILIOZIOPOAHE IIOYB PA3JIUYHBIX JIECHBIX DKOCHCTEM HadaTo B 1960 T. OCHOBHBIE
HaIlpaBJIeHUA:

—(dyHIaMeHTaIbHBIE HCCIEAOBAaHUA: IMOYBOOOpA3yIOIKe IIOPOJibl, MHUHEPAJIbHBIA U
rpaHysioMmeTpuueckuii coctas (Vu et al., 1963; Thai, 1964, 1970, 1972; Chan, Nguyen, 1978);

—000011IeHe OCHOBHBIX CBOHCTB IIOYB PA3/IMYHBIX THUIIOB JIECOB Ha ceBepe BheTHama:
Nguyen Ngoc Binh (Nguyen, 1996), Nguyen Quoc Thang (Nguyen, 1988), Nguyen Van Toan
(Nguyen, 2010), Nguyen V.D. ¢ coaBropamu (Nguyen et al., 2013);

—HCcCIeloOBaHUEe W3MEHEHHs CBOWCTB W IUIOZIOPOAMSA II0YB, WX Jlerpajanus |
BOCCTAHOBJIEHUSI PACTUTEIHLHOTO MOKpPOBa Ha ceBepe BrerHama (Chang, Chang, 1998; Khao et al.,
1979; Ho, Kazuhico, 2001; Le, 1978, 1981a, 1981b, 1982; Le et al., 2009; Nguyen, 2010);

—HceeloBaHe HAKOIUIEHHH OpPTaHUYECKHUX BEIECTB B MIOYBE, CBOMCTBA U COCTaB ryMyca B
Pa3JIMYHBIX THIIAX JiecHbIX MoYB (Nguyen, 1996; Do et al., 2006; Nguen, Okolelova, 2014; Ngo
1978, 1979, 1988; Ngo et al, 1991; Nguyen et al., 2013, Nguyen, Bui, 2018; OkosesioBa u Jip., 2014;
Stevenson, 1982; To, Nguyen, 2001; To et al., 2006).

—CBOKCTBA U IUIOJIOPOJiKe MOYB arporieHo30B (Pham et al., 1994, 1995, 2011; Pham et al,
2001a, 2001b; Rajendra et al., 1997; Society...2000), ocHOBHBIX IIaHTanui sBKaunTa (Do, 1997;
Do, Nguyen, 2001), cocHoBbIX JiecoB (Do et al.,, 2006) 6amMOyKOBBIX JIECOB U TIOA, (PUKyCOM,
JUIeHHBIX JecoB B MoHorpadgum Nguyen N.B. (Nguyen, 1996), manrpossie yiecoB (Pham, 1994,
1995, 2011). B cBoeit monorpacduu Nguyen N.B. (Nguyen, 1996) BepBble pacCMOTPe OCHOBHBIE
CBOICTBa IIOYB BheTHaMa 110/1 eCTECTBEHHBIMU MEPBUYHBIMHU U MaJIO HAPYIIIEHHBIMH JIECAMU.

Nguyen Y.S.R., Thai F. (Nguyen, Thai, 1999), Tone T.Ch., Le Th.B. (Tone, Le, 2000), Do D.S.,
Ngo D.K,, Nguyen T.S., Nguyen N.B. (Do et al., 2006) pa3zeauin IJIOIAAu MOYB IO/ JIECAMHU 10
THUIIAM M BBICOTAM:

—BBICOTA 2.000 /10 3.142 M HaJi YDOBHEM MOPSI, ILJIOIIA/Ib COCTABIISIET 280.714 Ta, aJIFCOJIH;

—BBIcOTa 600 (800 M Ha 10T€e) /10 1.800 (2000 M Ha I0Te) Ha/i ypPOBHEM MOPS, IUIOMAAL Oostee
3.503.024 ra, KpacHO-KeJITbIe TYMyCOBbI€ TOPHBIE IOYBHI;

—BBICOTA OT 100 M /10 600 M (800 Ha 10T€) HaJ YyPOBHEM MOPs, IUIOIIAAbL 20,452,000 Ta.
B ToM umciie, HEBBICOKME TOPbI M XOJIMBI — 14,740,000 Ta; TOpbl M 0Oa3ajbHOE ILIATO —
1,360,000 ra; TOpbl U U3BECTKOBBIE IJIATO — 1,283,000 ra U APyrre paBHUHHBIE U II0JTyPAaBHUHHbBIE
3JIeMEeHTHI pesibeda, KpaCHO-3KeJIThle (heppaUTUTHHIE TIOUBBI.

UccnenoBanuro deppanbcosneit u duroBucoselr 3anoseguuka Jlour Haii (1oxxHbIN BreTHAM),
moYBbl HanpoHaabHOTO napka KoH Ka Kunub (LleHTpasibHBIN BheTHaM) IOCBSAIINEHBI ITOCTIETHUE
uccienoBanus Nguyen Van Thinh ¢ coaBropamu (Nguyen, Okolelova, 2014; Nguyen et al., 2018).

Wcnonwsya kinaccudukanum jgecHblX 10o4B BeerHama u meton FAO — UNESCO, Nguyen N.B.
(Nguyen, 1996) 1 Do D.S. ¢ coaBropamu (Do et al., 2006) pas/iesiwyiv BX Ha OCHOBHBIE TPYTIIIBI:

—Ilecuanvte nouswvt (Arenosols). Ilecuanble MOYB M HpHUOpEKHBIE IOHBI BO BheTHame
BCTPEYAIOTCA Ha BCe TEPPUTOPUM CTPAHBI ¢ ceBepa /10 ora. [1o JaHHBIM, ITOJYYEHHBIM B 2000 T.,
OHU 3aHUMAKT IUIOWIAAb, PAaBHYIO 562,036 Ta, 4TO cocTaBiseT 1.8 % oOIel IIomaau CTPaHbI.
JI1 pacTUTEILHOCTH XapaKTEPHBI TOJIPKO HEKOTOPHIE BH/BI KYCTADHUKOB 1 COPHSKOB, HAIIPUMEDP
Spinifex littoreus, Desmodium ovalium, Vitis pentagona.

—IlotimenHsvle 3acoaeHHble nousbt (Salic Fluvisols). TlouBsl, chopMupoBaHHBIE HA MOPCKHUX
OTJIOXKEHUAX, B PE3y/IbTaTe MEPUOANUYECKOIO 3aTOIUIEHUS IIPYU MPUINBAXUIN BOCXO/SIIUX TOKOB
MHWHEPATN30BaHHBIX TPYHTOBBIX BOJ B CyXOW Cce30H. ATU MOYBHI PacIpoCTpaHeHbl Ha 971,356 ra.
Ha Hux mnpouspacTaloT BeuHO3€eJIeHble IITHPOKOJIMCTBEHHbIE MAaHIpoOBble Jieca. OCHOBHBIE
Ipe/icTaBUTENN: ceMelcTBO pusdodoposbie (Rhizophora apiculatta, Rhizophora mucronata,
Bruguiera sexangula...).

—Cepnvte ¢areucoau (Thionic Fluvisols). JlokanusoBaHbl Ha PaBHUHHBIX JIeJIbTAX,
0COOEHHO B JieJibTe peKu MEeKOHT ¢ TPOIHUYECKHMM MYCCOHHBIM KauMaToM. IDioriazs rpymmsl —
1,863,128 ra. Tum Jeca: BeYHO3eJIeHble TPOIHUUYECKHE MAaHTPOBBIE Jieca, pojy Menaieyka
(Melaleuca).
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—KpacHo-xceamvle gepparnumnsie nouswvt (Ferralsols). Ilnomanp 14,808,319 ra. ITouBbl
chOpMHUPOBAHbI B YCJIOBHUAX TPOIUYECKOTO MYCCOHHOTO KJIMMaTa Ha BBICOTE OT 50 M /10 800 M
(1,000 M) Haj ypoBHEeM MoOps. THII Jjleca: BEUHO3eJIeHbIe IIMPOKOJUCTBEHHbIE TPOIIHYECKHE JIeca.
TUIUYHBIME JIEPEBbSAMU SIBJIAIOTCA IMPEICTaBUTENN ceMeiicTB Dipterocarpaceae (Dipterocarpus
alatus, D. dyeri, Hopea odorata, Shorea sp.) u Fabaceae (Afzelia xylocarpa, Dalbergia sp.,
Pterocarpus pedatus).

—Bbypvte mponuueckue aukcucoau (Lixisols). ITo qaHHBIM 0011IecTBa MOYBOBEIOB BreTHaMa
(2000) ux wiomaas paBHA 42,330 ra. Tum Jjieca — TPOIIUYECKUE JIUCTOMAIHbIE, TIPE/ICTABIEHbI
Buaamu Lagerstroemia tomentosa, Dipterocarpus tuberculatus, Dipterocarpus obtusifolius.

—Cepble necHble nouswvt (Rendzinas, Luvisols). ITouBbl chopMUpOBaHBI Ha HEUTPAJIbHBIX
MarMaTU4YecKHX IOpO/ax W M3BECTHsKaX. THII JIecoB: JIeBCTBeHHbIe XBOoWHbBIe Cupresus terulsus,
Podocarpus fleuryi Ha 4YepHBIX T[I0YBaX, CJIOKEHHBIX Ha W3BECTHIKAX; BEUYHO3EJIEHBIE
IITUPOKOJIMCTBEHHBIE Jieca Ha OYPBIX U OypO-KpPaCHBIX MOYBAX HA TOPHBIX U3BECTHIKAX.

—Kpacho-scenmole e2ymycHvle 20pHble nousvbt (Alisols). PacmpocTpaHeHbl B 30HE
CyOTpPOMMYECKOTO BBICOKOTOPHOTO KJIWMaTa. THIBI JIECOB: CyOTPONHYECKHE, MYCCOHHbIE,
BeUHO3eJIeHble MUPOKOJIUCTBeHHBIE. [lomane ot 3,239,717 ra A0 3,503,024 ra. PacTUTeIbHOCTD
npezacrasiena Castsnopsis tribuloides, Castsnopsis fleuryi, Castsnopsis ferox, Pasania pinetti,
Fokienia hodginsii, Pinus kesiya, Taxus chinensis.

—2Keamosemvt (Humic Alisols) 3anumaror 1mromaab oT 193,570 ra 10 280,714 ra. ITouBbl
chopMHUpOBaHbl B  YCIOBHSAX YMEPEHHOTO BBICOKOTOPHOro kKjmmara. CyOTpomudyecKue
IMMPOKOJINCTBEHHBIE 1 XBOUHBIE JIeca.

—9po3uoHHble carabopazsumble kameHnucmbsle nouswvt (Leptosols). Ilnomans 505,298 ra.
ITouBsI ITO/IBEPIKEHBI 9PO3HUH, B PE3YJIbTATe BHIPYOKH JIecOB. BeTpeuaroTest 3apocyiv TpaBbl U JIyTa.

VaeneHo BHUMaHHWe wu3ydeHuio ¢eppauuTHbix mouyB (Le, 1978, Le et al, 1981a).
deppa/UTUTHBIE MTOYBBI PACIIPOCTPAHEHHBI MO/ JIeCAMU B TOpax W Ha xosmax BeerHama (Nguen,
1996; Do et al., 2006).

3.2. O60CHOBaHMeE cTaTyca 00bEKTOB «KPACHOKHUKHBIE» TIOUBBI

[TouBeHHBIN OKPOB Bosirorpajickoit 06s1acTi OUeHb MECTPBIA, HACUUTHIBAET 00Jiee 35,000
TakcoHOMHuYeckux eauHul, (CIHCOK TOYBEHHBIX pPa3HOBHAHOCTEH..., 1988). Pacmpenenenue
3eMeJtb Bosrorpasickoi o6s1acTu 1o Kateropusm npusezieHo B Tabaumnax 1, 2, PucyHke 1.
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|

3emrv 3anaca
3%

NPOMbILLNEHHOCTb

nap.
6%
I'IOCGJ;IeHVIﬂ cenbxo3yrogus
3% 80%

Puc. 1. Pacupepenenue 3emenbHOr0 (hoH1a Bosrorpaackoi obiactu
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Tao6auna 1. Pactipeziesienre 3eMeJib 10 KaTeropusim, ra (3emesbHbIN GOHI..., 2003)

Bcero B Tom uncie
C/x ITocenen | ITpomeiin | I[Ipupo Jlecnoro | Bopnoro | 3anaca
Ha3Ha4 | ud €HHOCTb, JIOOXpaHHOro | poHzA donzna
€eHUA TpaH- Ha3Ha4YeHUs
CIIOPT
11,287,700 | 88,051 | 328,338 | 730,051 33,085 560,551 | 364,822 | 390,346

CorsiacHo Tabiuiie 1, O4eBHAHO MpeobsIaZlaHre 3eMellb CeTbCKOX03AHCTBEHHBIX YTOAUN Ha
TEPPUTOPUU OOJsiacTH. MeHbIlle Bcero B 00JIacTU 3eMesab 0CO00 OXpaHSIeMbIX ITPHUPOIHBIX
TEPPUTOPUH, UX 00Iee KOJIUUECTBO COCTABJISIET BCEro 33,085 ra, BO MHOTHX paliOHaX MO/I00Hast
KaTeropus 3eMesb He BbljlesieHa. Jlumb B IlasacoBckoM paiioHe Ha JIOJII0 3€MeJIb 3TOTO
Ha3HAUEHUS TPUXOAUTCA 31,451 ra, B CpemHeaXTyOMHCKOM — 744 Ta, ®posioBckom — 189 ra,
MuxaiysioBCKOM — 140 1a, CBeT105ipckoM — 91 ra, KasmaueBckom — 85 ra, 'opoguiienckom — 76 ra,
JlenuHckoM — 69 ra. B AsiekceeBckoM, BeikoBckoMm, JIy6oBckoM, MmoBanHCKOM, KaMBIITUHCKOM,
OnpxoBckoM, CepadMOBUUCKOM, Y PIOITMHCKOM palioHax — OT 3 10 56 ra.

OCHOBHBIE 3JIEMEHTBI CTPYKTYPBI 3€MEJIb:

1. TlouBBI CeJIBCKOXO3AHUCTBEHHBIX yrogwiu. JIJiss IOYB 3TOTO pasjiesia IIpejAjiaraeM uXx
pasziesieHne 0 MPOAYKTHBHOCTH, KOTOPYIO OIIEHUBAIOT 10 BeJIMUKMHE Oajiyta OOHUTETa — IeHHBIE
10 MPOAYKTUBHOCTH IIOYBBI, IIOYBBI CO CpEAHEN NPOAYKTHBHOCTHIO, MasIONPOAYKTUBHBIE U
HapyIlleHHbIE.

2. TTouBBI cucTeMbl 0CO00 OXpaHseMbIX TPUPOAHBIX TeppuTopuii (COOIIT) B Tom yucie u
TIOYBHI, BKJIIOUeHHBIe B KpacHyto KHUTY. B 3TOT pasziesn Tak:ke BXOJAT IeHHbIE 10 TPOAYKTUBHOCTHU
TIOYBBI CEJIbCKOXO3SANCTBEHHBIX YTOIUHN.

Kpome 5TOro crojia BKJIIOUEHBI MOUBEHHBIE 3TAJIOHBI U MOYBEHHbIE MAMATHUKU IIPUPO/IbI,
BblJIeJIEHHBIE U OPTaHM30BAHHbBIE B €CTECTBEHHBIX SKocucTeMax U B 06bekTax COOIIT.

3. [TouBbI, OTUYK/IEHHbBIE U3 SKOCUCTEM JIJIsI HECEILCKOXO3sIUCTBEHHBIX HYk/. B 3TOT pazaen
BXOJIAAIT MAJIONIPOJIyKTUBHBIE TIOUBBI CEJIbCKOXO3SNCTBEHHBIX YTOAWU, PEKYJIbTHBHUPOBAHHbIE
IIOYBBI, U IIOYBBI, U3BATHIE BO BPEMEHHOE II0JIb30oBaHWeE. IlociiemHue TMOApa3iessiioTcsa Ha He
nojjIexkaIue pekyjabTuBanmy, coriacao 'OCTam, u mozjiexkaiiyie peKyJaIbTHBAIUH.

CeJIbCKOXO3AUCTBEHHBIE YTOJbsi — OCHOBHAs 4acTh IOYBEHHBIX PecypcoB BoJsrorpajickoi
obstactu (Pucynok 2). Cpeau HuX npeobsiagaer mamias (5,891,829), cyiecTBeHHAsA 4acTh KOTOPOK
oporraercsi. Bropoe MecTo mo IUIoIai 3aHUMAIOT IMACTOUINA, YyTh MEHBIIIE PaCIpOCTPaHEHbI
ceHOKoChI (PucyHOK 3).

3.3. [TouBBI CEJTBCKOXO3ANCTBEHHBIX YTOAUN

JI7i1  TOYB  CeJIbCKOXO3AWCTBEHHBIX YIOAUM IEPBOCTEIIEHHOE 3HAYeHUEe WMeeT HuX
wiogopoaue. B.®. BanpkoB ¢ coaBropamu (KazeeB u gp., 2010: 12-13) pasnudanT aBe GOpPMbI
1010poiusA. «Bo-mepBbIX, MJI0/IOPO/Me MOUYBBI BhIpaXkaeTcs B MPOJAYKTUBHOCTU (YpOrKailHOCTH)
IIPOU3PACTAIONINX HAa HeW pacTeHUil, B KOJMYECTBe CHUHTe3upyeMoil ¢uromacchl. Bo-BTODBIX,
IUTOZIOPO/INE TIOYB BBIpa’kaeTcss B OOTAaTCTBe 3JIeMEHTaMU IUTAaHUs, TYMyCOM, B PaCTUTEIbHO-
SKOJIOTUYECKUX CBOMCTBAX M UX KOJIMYECTBEHHO-KAUECTBEHHBIX 0COOEHHOCTIX ».

JKCIUTyaTanysl TO0YB  CEJIbCKOXO3STUCTBEHHBIX VIOAWMU JOJDKHA ONUpaThcAd HA HX
MPOAYKTUBHOCTh. Bayy1 O0HUTETa — KPUTEPUH, II0 KOTOPOMY BBIJIEJIsIEM KAaTETOPHUU COCTOSHUS
[I0YB, OIIEHHBAEM YyPOBEHb ILIOJIOPOJINsSA, OMpeAeisieM WX YCTOMYHUBOCTH II0 OTHOIIEHHIO K
JIeTpaJalliOHHBIM IIPOIECCaM.
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Crtpykrypa

ITouBEI 0c000 ITouBnl IlouBbl, OTUYk/I€EH-
OXpaHsieMbIX CeJILCKOX0351licTBe Hble J1JIs1 HeCeJIbC-
MPHUPOTHBIX HHBIX yroaui || KOXO03HCTBEHHOIO

TeppUTOpPUIA HCIO0JIb30BaHUA

A\ 4

[lennsie mo IlouBsl, HE mOJIC-

MPOAYKTUBHOCTH KaIle peKyIbTh-

IIOYBBI Baruu o I'OCTam

CEIbX03yToaui
\ 4 \ 4
- 5 - N [TouBsl,
quCL(I) 2) H’b’_erKTOB OYBBI CO CPEIHEMN IO UTEIKALITHE
MPOAYKTUBHOCTBIO PEKYITbTHBAIHH n
Hapymennsie
ITouBeHHRBIC OYBEI PexynpTrBUpOBaH-
> MaMSITHUKA > HBIE TTOYBEI
IPUPOIEI «
A
ManonpoayKTus-

HBIC ITIOYBBI

Puc. 2. CtpyKkTypa BbIZleJIeHUs «KPACHOKHIKHBIX» ITIOYB

C yuerom coBpemeHHOU kinaccudukanuu mous (Knaccudukanus mous Poccuu, 2000) u
KaJlaCTPOBOU OIleHKU 3eMesb (MeTosnka TOCYZapCTBEHHOM KaJaCTPOBOW OIEHKH... 2000,
Opra"uzanus KaJacTpPOBOTO ydyeTa... 2004) IPOBOJAAT OIEHKY KadecTBa IOYBEHHOTO ITOKPOBA.
BaxkHyt0 poJIb TOCYZAapCTBEHHOU KAaJacTPOBOUM OIleHKH 3eMenb oTtMeTwin AWM. Crudees,
E.A. BecconoB u O.B. Hukutnna (Ctudees u ap., 2019), yKa3as, UTO OHA UTPAET 3HAYUTETHHYIO
POJIb B OXpaHe MOYB. B 0CHOBe ee ObLT U OcTaeTcsi OOHUTET, OIlEHKA KayecTBa MOYB 110 OasuiaM.

[IpenaraeM OpPUEHTUPOBOUHYIO OILIEHOUHYIO IIKILy, Ppa3AesAlollyl0 IMOYBbI IO
MIPOAYKTUBHOCTH Ha deThIpe Kareropuu (Tabauma 2).
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2aNEXb MHoOrosfieTHue
0.05% Haca)geHus
’ 0,50%
CEHOKOCbI
2,36%
nawHs nactouvwa
67,25% 29,84%
Puc. 3. Pacnipenenenue celbCKOX03MCTBEHHBIX YTOAUM 0 KaTErOPUAM
Taoauia 2. OneHka COCTOSHUSA IOYBBI, OaJI/IbI
CocTosiHIE TTIOUBBI YepHO3€MBI I0XKHBIE TeMHO-KaIITAaHOBBIE
OnTtumyM, 06J1aCTh 6JIaTOTIOJTY YU > 100 > 70
O6J1acTh HOPMAJIBHOTO CYIIIECTBOBAHHUS 80-100 50—70
JlnamnaszoH TOJIEpaHTHOCTU 50—80 30—50
IJKCTpeEMyM <50 <30

Kareropusi 1eHHBIX MOYB — ONTHMYM, 00j1acTh OJiaromosydns. B 3Ty KaTeropui BXOJAT
IIOYBBI C HAMOOJIBIITUMHY 3HAUEHUSIMU Oajta OOHUTETa, CI0[a MOKHO OTHECTU YEPHO3EMBI I0JKHbIE
¢ bayuTaMu BBIIIIE 100, TEMHO-KAIIITAHOBBIE — ¢ Oa/yTaMH BHIIIE 70.

K 11eHHBIM 1O MPOYKTUBHOCTH ITOYBAM IIp€e/IyIaraeM OTHOCHUTD ITOUBBI:

0ajT KOTOPBIX IIPEBBIIIAET CpeJHee B3HaueHWe /I COOTBETCTBYIOIIETO 3eMeIbHO-
OIIEHOYHOTO paioHa; 0a/uT KOTOPBHIX BBIIIE CPeAHEH BEJMYUHBI B CBOEM aJIMUHUCTPATHBHOM
parioHe;

MOTEHITHATLHOE IIJI0JIOPOIE€ KOTOPBIX BBIIIE, YEM B JJAHHOM 3€MEJIbHO-OIIEHOUHOM paliOHe.
Hampumep, 4epHO3eMbl OOBIKHOBEHHBIE B 30HE PACIPOCTPAHEHHs KAaIllTAaHOBBIX IIOYB,
KallITAHOBbIE B 30HE PACIPOCTPAHEHUS CBETJIO-KAIITAHOBBIX ITOYB.

O6J1acTh HOPMAJIBHOTO COCTOSIHUS. B 3Ty KaTeropuio OTHECEHBI IMOYBBI, IMPOAYKTUBHOCTH
KOTOPBIX COOTBETCTBYET CBOMM IOTEHITUATIBHBIM CIIOCOOHOCTAM M 00ecredruBaeT IPUOBLIb IIPU UX
CEJTbCKOXO3SIMCTBEHHOM  Hcmosb30oBaHuu. Ciofla mpejjlaraeM BKJIIOYUTh  Pa3HOBHUIHOCTHU
YepHO3eMOB I0KHBIX, UMeIoIHe 6a1 OT 80 710 100 U TEMHO-KAaIlITAHOBBIE MIOYBHI ¢ Oa/ITaMu OT
50 10 70. X035IMCTBEHHAsI IeATEIbHOCTh Ha MOYBAX CO CPEIHEH IMPOAYKTUBHOCTBIO JOJI’KHA OBIThH
OpraHM30BaHa B YCJIOBUSAX IIAJSAIIET0 PEXXUMA IIOJIb30BAaHUsA, C UCIIOJIb30BaHUEM 3(D(EKTHBHBIX
Mep MeJIMOpaIlluy, TPEeAyIpEKAeHNs Pa3BUTHUSA HEraTUBHBIX IIpolieccoB. OHM MOTYT CJIY:KHUTb
SAIPaMU KOHIEHCAIIUH 9KOJIOTHYECKOTO 0JIaronosIydus S5KOCHUCTEM.

JlnamasoH TojepaHTHOCTH. KaTeropus Moys ¢ MOHHUKEHHOU MPOAYKTUBHOCTBIO, 3aTPaThl Ha
XO3SIUCTBEHHOE HCIT0JIb30BaHHE KOTOPBIX YOBITOUHBI. B 3Ty 06J1acTh HAMU OTHECEHBI YePHO3EMBI
I0JKHBIE ¢ bayutaMu OT 50 710 80, TEMHO-KAIITaHOBBIE IIOYBHI ¢ 6as1aMu OT 30 10 50.

B HOpMaTHUBHBIX JOKyMEHTaX HMCIOJIb3YIOT TaKHe TEPMHHBI KAaK «MaJIOTMPOAYKTHBHBIE» H
«HU3KOIIPOJYKTUBHBIE» yTro/bsaA (ITosockeHne O TOpsAKe BO3MEINIEHUS YOBITKOB..., 19099 M. 35).
Ho He ykazaHbI KpUTEPUH BbIJIEJIEHUS STHX KaTeropuil. Kateropus «uanas3oH TOJIEPAHTHOCTU» U
ompeziesisieT HU3KYI MPOJyKTUBHOCTh yroaui. BenmuynHa Oajuta G0HUTETA B JIAHHOM CJIy4yae —
HaJIe?KHBIH CI10co0 olpesiesieHUs KaTeTOpUH.
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IKCTpEMYM — KaTeropus IIOYB C SBHBIMM IPU3HAKAMHU JETPaallui, YePHO3EMBI I0JKHBIE C
Oas1aMul HIDKe 50, TEMHO-KAIIITAHOBBIE TTOYBHI ¢ OajiylaMu HUKe 30. B 3Ty KaTeropuro monazamoT
HapyIllleHHbIE, IETPAINPOBAHHbBIE IIOYUBHI.

O6si3aTeIbHBIM JUIA TIOYB C PA3JIMYHON MPOAYKTHBHOCTBHIO SIBJISIETCA HKOJIOTHYECKast
COBMECTUMOCTh BUJIOB HUX OSKcIulyaTanuu. OCHOBHBIE 33/laud 3TOTO paszesa: COXPAHUTH
IUIOZIOPO/INiE I[EHHBIX MO IMPOYKTUBHOCTU IIOYB; BOCCTAHOBUTH (DYHKITUHM ITPOAYKTUBHBIX IIOYB,;
BBECTH AQJIAlITUBHBbIE TEXHOJIOTHUH, CIIOCOOCTBYIOIIVE peaHUMAIIUM ITIOYBEHHBIX (QYHKIIUH Ha
MMOTEHITUAJILHO IUIOZOPOJHBIX IOYBAaX € HU3KUM 3HauYeHHWeM Oa/uta OOHUTETa W SIBHBIMH
MpU3HAKAMH JIeTpafiallii; OOOCHOBATh TIEPEBOJ, MAaJIONPOAYKTUBHOW IIAIllHU B MeHee
WHTEHCHUBHBIE YTOAbsI (CEHOKOCHI M TACTOMIIA, JIecOPa3BeieHUe) U BU/IbI X MEJTUOPAITUH.

Yerkasi Tpajlalivisl BUJIOB 3€MJIETIOIb30BAHUS ITO3BOJIUT, YUUTHIBAS KAUECTBO ITOYB, IIO3BOJIUT
peILINTh OCTaBJIEHHbBIE 33/IaUM.

3.4. TlouBbl cucTreMbl 0cO00 OxpaHseMbIXx HpUpOAHBIX TepputTopuii (COOIIT), BriOUas
MI0YBbI, BHECEHHBIE B KpacHy10 KHUTY TOYB

I 1MOoYB, KaK €eCTeCTBEHHO-UCTOPHYECKOTO OOBEKTa, CO37aHHE MaMSITHHKOB IPUPOIBI
11eJ1ecoobpa3Ho M HeoOXxoauMo. TepMUH «IaMSITHHK IPUPOJbI», MpeioKeHHbIH B XIX Beke
Astexcanzpom ['yMOOJIBTOM HE OYEHBb «JIOMKHUTCS» HAa PACTEHMSA U KUBOTHBIE. Kak MOKHO Ha3BaTh
paclBeTaroNUi 6J1aroyXaloui IBETOK UKW PE3BOTO IMYIIHCTOTO 3BephKa «IMaMATHUKOM» ? [louBa
5TOMY TEPMUHY COOTBETCTBYeT B JOCTAaTOYHOHN cTemeHH. IlouBeHHOe pa3HOOOpa3ue — 3aJyior
(opMupoBaHUS OCHOBHOTO €€ CBOMCTBA — CIIOCOOHOCTU CO3/IaBaTh YCJIOBHS ISl JKU3HHU JKUBBIX
OpPraHU3MOB. BO3MOKHOCTh COXpAaHEHHS €CTECTBEHHBIX IOYBEHHBIX Pa3HOCTEH HeoOXOoAuMa JIJIs
yrIyOJIEHHOTO HM3yYeHUsl IMOYBOOOPA30BaHHWA M IIOHUMAHHSA DSBOJIIONUUA IIPUPOJHON CpPEHI,
a TakKe JJIsl TIPOBEJIEHUs] CPaBHUTEJILHOTO aHaJIM3a ITPOIECCOB, IIPOUCXOAIIUX B IETMHHBIX U
OCBOEHHBIX MIOYBAX.

HcciemoBanne IIOYB 3alOBEAHBIX OOBEKTOB IIO3BOJIAET OIEHHTH CTEIEHb TII00aJIbHOCTH
00ycJIoBIMBAIONUX HX IpolieccoB. B. B. Jloky4aeB cuuTas HEOOXOAUMBIM COXPAHHUTH IIOUBBHI B
«HOPMaJIbHOM II€pBOHAYaJIbHOM» BHJIE, U3 UEro U BBITEKAET I1€JIECO00PA3HOCTh U aKTYaJIbHOCTh
KpacHolt KHUTHU TTOYB.

«CosiaHue MOYBEHHBIX 3aII0BETHUKOB (B OOJIBIIMHCTBE B COCTaBe yiKe CYIIECTBYIOIIUX, HO B
psizie cIy4aeB U CIEIUAIbHBIX) UMEET He TOJIbKO HaydyHOe 3HAaUeHHe — 3TO JIOJIT YesIOBeKa Iepes
MPUPOZIOH, Tepen JIOAbMH Oyaymux mokojeHui». B.M. ®pumgmang u [LA. BysHoOBckui
MpeJ/IIaTaloT BBIAEIATH STAJOHHBIE KOMILIEKCH, K KOTOPBIM OTHOCAT Haubojiee TUIIUYHBIE H
XOPOIIIO BBIPAJKEHHBIE IMOYBEHHBIE MHUKPOKOMOWHAIIMM — COBOKYIIHOCTh 3aKOHOMEPHO
yepeayIoUXCs MATEH Pa3/IMYHBIX MOYB, 00YCIOBJIEHHYIO Uepe/IOBAaHUEM PAa3JIUYHBIX 3JIEMEHTOB
Mukpopenbeda (Ppuanana, bysHoBckuit, 1977: 117).

PazpaboTka Mep 0 COXpaHEHUIO ATAJIOHHBIX U PEAKUX ITOYB KaK CPelbl OOUTAHUSA HA3EMHBIX
OPTaHU3MOB ITO3BOJIUT MPEAOTBPATUTH OTPUIATE/IbHBIE SBJIEHUS, ITOBBICUT OHUOIPOIYKTUBHOCTD
€CTECTBEHHBIX DKOCHCTEM U OyzieT crocobcTBoBaTh coxpaHeHuro Owocdepsr (HukwutuH, 1982;
TammuanHOBA, 2003).

K wucuesaronmum O.B. YepnoBa (YepHoBa, 2003) OTHOCUT IIeJIUHHBIE ITOYBHI IO
JIECOCTEITHONW U CTEIMHON pPaCTUTEJHbHOCTBIO — UYEpPHO3EeMbl OIO/I30JIEHHbIE, BBIIIEIOYEHHBIE,
THIIMYHbIE, OOBIKHOBEHHEIE, I0KHBIE, 4 TAKXKEe TEMHO-KAIITAHOBBIE U aJUTIOBUAJIBHBIE IOUYBBI IO
€CTECTBEHHOU PAaCTUTETHLHOCTHIO.

[Ipenyarasgs B KajlacTp IEHHBIX IOYBEHHBIX OOBEKTOB IOYBBI CTEIMHOW 30HBI POCTOBCKOM
obsactu, O.C. BesyrioBa (besyryioBa, 2009) ¢ coaBTopamMu 00yC/IaBJIMBAET UX 3HAYHUMOCTh TEM,
YTO OHU MOTYT CJIY>KHTb 0a30ii sl IIPOU3BOJICTBEHHBIX W HAYYHBIX HCCIETOBAHUM, a TaKXKe B
KayecTBe COXpaHeHUs reHO(OH/Ia BOCIIPOU3BO/ICTBA PACTEHUH U JKUBOTHBIX.

A.U. KnmumentbeB u E.B. Biioxun (KiuMmeHTheB, BioxuH, 1996: 12) CYUTAIOT, YTO «CJIEAYET
CIIEIIUAJIBHO BBIJEIUTh TUIIWYHBIE JAHAMA(THI /I KaKJO0TO PErHoHa U BHECTH uX B KpacHyio
KHUTY. Besib KOT/1a-TO OOIIMPHBIE YEPHO3EMHBIE CTEMN C KOBBLIEM U THUITYAKOM ITPEBPATHUJINCH B
rpomMaziHyto namrHo». B Openbyprckoit oosactu A.W. KimumeHnTwseB ¢ coaBropamu (KimmMeHTheB U
JIp., 2001: 11-12) BBIIEJIAIOT MeCTHbIE (JIOKaJIbHbIE) 3TaJOHBl. K HUM ydeHble OTHOCST ITOYBBI
«pa3HOOOpa3HblE 10 peXUMaM, CTPOEHHI0O U CBOMCTBaAM, OOYCJIOBJIEHHBIM MECTHBIMH
0COOEHHOCTAMU I0YBOOOPA30BaAHUA: JINTOJIOTHEN IIOPOJ, XapakTepoM penbeda,
TUZIPOTEPMUYECKUM PEXUMOM U T. /1. [Torck BezieTcs Kak Ha 0c000 OXpaHsAEeMbIX TEPPUTOPHUSX, TaK
Y Ha HEpacIllaXaHHbIX IMACTOUIIAX U CEHOKOCAX».
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[Touer COOIIT aBTOMATUYECKN OTPAKAEHBI OT HETATUBHOTO BO3/€HCTBUA. J1JIs STUX MOYB
TaKKe HeoOXOJAHUMO cOo371aTh KajacTp. Ecyim moyBa cama COOTBETCTBYET PaHTIy, JOCTOHHOMY ee
3aIoBeIbIBaHUsA, TO 3TO TOJIBKO MOBBIIIAET 3HaUUMOCTh 00bexTa COOIIT.

I'naBa XVII 3emensHoro Komekca «3emi 0co60 OXpaHsIEMBIX TEPPUTOPHUHA B OOBEKTOB»
(BemesnpHBIN KOZEKC PD, 2001, cT. 95, 96, 100) OroBapMBaeT HUX COXpPaHEeHHE U (HPAKTUUECKHU
HCKJIIOYAeT U3BATHE 3€MEJIbHBIX YYaCcTKOB JUIA HYXJ, IPOTUBOPEYAIUX UX I[€JIEBOMY
Ha3HAUYEHUIO.

®enepanbublil 3ak0H «0O0 oxpaHe OKpyXKawIied cpefbl» N 16 (199) (PemepanbHbBIN
3aKOH..., 2004) COJEPKUT cTaThio 62 «OxpaHa pegKUX U HAXOAANUXCA TOJ[ YTPO30U
HCUYe3HOBEHUA NOUB». HazBaHUe cTaThll aHAJIOTUYHO CTaThe 60 «OXpaHa peAKuX U HaXOAIINXCSA
107l YTPO30M HMCUYE3HOBEHUS] PaCTeHWU, >KUBOTHBIX W JPYTUX OpPraHu3MoB». HO WMEHHO 3TOT
MIOXO/], K II0YBAM U BBI3bIBAET BOIIPOCHI.

OmnpesiesieHrEe «IIOYBBI, HAXOAAIINECS TI0JT YTPO30M HMCUE3HOBEHUA», BOCIIPUHUMAETCA KakK
XapaKTepUCTUKA Ype3BbIUAWHO JerpaJlipOBAaHHBIX IIOYB, «IOTEPABIIUX» CBoe JHUIO. Ecau
UMeeTcs B BHUAY OTYYXKJEHUE JIOKAJIbHO PAaCIOJIOKEHHON SHAEMHUYHON TaKCOHOMMWYECKOH
eIUHUIIBI U3 DKOCHCTEM, TO OTYACTH 3Ta (OPMYJHUPOBKA CIIpaBe/yinBa. UTO MOHUMAETCs IO/
TEPMHHOM «peAKux»? JIJid MOYBEHHOTO NOKpoBa KaJMBIKMU 4YepHO3eMbl OOBIKHOBEHHBIE —
penkocts. Ho ux Oyayr Oepeub, OXpaHATh HE H3-3a CTENEHU PEJIKOCTH, a IOTOMY, YTO 3TO
yepHo3eMbl. [[ya Bosrorpazickoit 00J1acTH  «PEAKU» OCTAaTOYHO-JIYTOBBbIE MOYBBI. JIOTHYHO
MIPEJINOJIOKUTh, UYTO HMEIT B BHAY IIOYBEHHBbIE TAaKCOHOMHYECKHE €IUHUIIBI, KOTOpHIE
MIPAKTUYECKHU YTPAYEHbI B CBOEM €CTECTBEHHOM, IIEJTMHHOM KauyecTBe.

B myHKTE 1 cTaThul 62 TOBOPUTCS, UTO «IIOYBHI MOJIJIEXKAT OXpaHe TOCYAapCTBa, U B MEJIAX UX
ydeTa W OXpaHbl yupexxaaercsa KpacHas kuura mouB Poccuiickoit @enepanum...». O6HaAEKUBAET
TOT (PAKT, YTO «3aCTOJIOWIN» OTHOIIeHHE K mouBaM. OHH TOJIIeXKaT oxpaHe u yuety. Ho mo OGykse
CTaThU 3aKOHA OXPaHE U YUeTy, OIATH JKe, MOJIJIEXKAT TOJIBKO PeJKUEe U UCUe3alolHe TTOUBHI.

AHaJIOTUYHO BOCIIPUHHUMAETCS 3a/IeKJIapUPOBAHHOE B IYHKTE 2 3TOU CTaThU IOJIOXKEHUE
«00 yCTAaHOBJIEHUU PEXXHMMa KCIIOJIb30BAHUs 3€MEJIbHBIX YUYAaCTKOB, ITOYBBI KOTOPBHIX OTHECEHHI K
PEIKUM, ¥ HaXOJISAIUMCS I10JT YTPO30UM UCUE3HOBEHUS».

B cucreme 0cob0 oxpaHseMbIX IMPHUPOJHBIX TEPPUTOPHI Bosirorpajckoil obsiact He
MIpE/ICTaBJIeHbl TaKWe IleHHble TPUPOAHbIE OOBEKTHl KAaK IIOYBEHHBIE OTAJIOHBI, UYTO B
3HAYUTEJIbHOU Mepe CcHIKaeT 3(PEGEKTHBHOCTh IIPUPOJIOOXPAHHOU JEATESILHOCTU. B 1eioM B
Bosrorpazckoii o6sactu mpeobJsiafaloT 0co00 oxXpaHseMble 00BEKTHI PETHOHAIBHOTO 3HAYEHWUS.
ITo Buzmam 6MOTONOB OOJIBINIASA YACTh MPUXOAUTCS HA JIECHBIE M CTEITHbIE KOMILIEKCHBIE OOBEKTHI
(Jokmap..., 2004).

O61mas mwiIom@aapb 0co00 OXpaHSIEMBIX JIECHBIX TEPPUTOPHUN COCTaBjsAeT 18,7 ThIC. ra, WIH
2,7 % oT Bcex 3eMeJb JiecHoro ¢onaa (Jlokmas..., 2004). Ha 3emuisax jiecHoro ¢poH/1a pacioyIoKeHO
19 0c000 OXpaHsEMbBIX JIECHBIX TEPPUTOPHI, M3 HHUX BBIJEJIEHO 14 0CO00 IIEHHBIX JIECHBIX
MAaCCHUBOB, 4 TaMSITHUKA IIPUPOBI U OJTH BOJTHBIN OOBEKT.

Hanpuwmep, Bosiro-AxtybuHckas noiima — mocjielHUN MPaKTUUEeCKU eJTUHCTBEHHBIN y4acTOK
JIOJTUHBI BoJITM, COXpaHUBIINK CBOE €CTeCTBEHHOe CTpoeHue. BomaHO-00JI0THBIE YyroAabs
Me3K/Iypeubsl — 9KOTOH, c(POpPMUPOBAHHBIN Ha CThIKE CTEITHOMN U MOJIYIIyCTBIHHOU 30H, YTO CaMO IO
cebe yHUKaIbHO. [[oUBEHHBIN MOKPOB MPEJCTaBJIEH PEAKUMH, SHAEMHUYHBIMU JJIs CyXOCTEITHOMN
30HBI IUIOJIOPOHBIMH MOUMeHHBIMU TTouBaMu (OKoJIesIoBa, 2004, 2015).

B nmocnennue roasl Ha TeppuTopun Bosirorpajickoit obsiactu Havasiach akKTUBHasA paboTa 1o
dopmuposanmio cetu [Ipupoaubix mapkos. [1epBsiii B Bosrorpazackoit obsactu ITpupoaHbIil mapk
«BoJiro-AxTyOuHCKas IoMMa» IUIOIIAbIo 142,34 Ta CO3/JaH Ha OCHOBaHUU 3aKoHa BoJsirorpaackoi
obstactu «O06 oxpaHe mpupoAbl Bosro-AxTyOuHCKOH moiiMbl» (3akoH Bosrorpajickoii obJiactu...,
1998).

B 2001 rogy Hauan dyHknuonupoBaTh I[Ipupoanbiii mapk «/[oHckoii» Bosrorpaackoi
obstactu (wiomanp 61,92 ra). B ciemyrormieM rogay ObL1 MpUHAT 3akoH «O0 oxpaHe 03epa DJIBTOH»
1 oOpa3oBaH TIapK «DJIBTOHCKHM», IUIOMAABI0 106,04 ra. B mapre 2003 rojga ObUT cO3/1aH
IpUpoAHbId mapk «HumKkHexomepckuii» — caMblii OOJIBIION IO IUIOIIAAW B 00JIACTH.
OH pacnosio’keH Ha TEPPUTOPUU TpeX aJMHUHUCTPATUBHBIX pPAaOHOB — AJIEKCEEBCKOTO,
Kympurxkenckoro, HexaeBckoro.
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3.5. ITouBbl, OTUYKJ€EHHBIE /IJIs1 HECEIHCKOX03SIUCTBEHHOTO UCIIOIb30BAHUSA

Jlna peasm3anyii  SKOJIOTHYECKH COBMECTHMBIX TEXHOJIOTHH HEOOXOIMMO BBIIEIATH
«KPACHOKHIDKHBIE»  TOYBEHHbIE OOBEKTHI AHTPOIOTeHHBIX  JaHAmadgToB. OCHOBHBIMH
COCTABJIAIOIIMMH B 3TOM pasfiejie ABJIAIOTCA: MIPOIeAypa OTBOJA 3€eMesb; MOHUTOPUHT WX
COCTOSIHUSA; PEKYJIbTUBALIMS HApYIIIEHHBIX 3€MeJIb.

[Iponienypa oTBOZA 3eMesb I HECeJIbCKOXO3SIHUCTBEHHBIX HYXK/ — aKTyaJbHBIA BOIIPOC
COXpaHEHHs TIIOUYBEHHBIX PECypCoB, pemamimuid ¢GakTop obecredeHuss DKOJIOTHYeCKOn
cbanancupoBanHocTu Tepputopun. CorsacHo cT. 88, 1m. 1 3emensHoro Kosekca P® (3emesbHbIN
koziekc P®, 2001) «y4yacTKu Jiyisi pa3pabOTKU IOJIE3HBIX MCKOIMAEMBIX MPEAOCTABJISIOTCS ITOCTIe
odopMIIeHUsI TOPHOTO OTBO/IA, YTBEPKAEHUS ITPOEKTA PEKYJIbTUBAIIUUA 3€MeTb, BOCCTAHOBJIEHUS
paHee OTPaOOTAaHHBIX 3€MEJTh».

Cuuraem, 4yTO B IEPBYI0 O4YepeAb OTBOAY AOJIKHBI IOJJIEKATh 3€MJIM, He IOJjIeKaliue
PEKyJIbTUBAllMA, NIPU UX OTCYTCTBUM — MAJIONPOAYKTHUBHBIE T1OUYBBl. OTBOJ 3€eMeJb
CEeJTbCKOXO3STMCTBEHHOTO Ha3HAUeHHUsA He0OX0UMO MPOBOJUTD C yUETOM BH/IA 3€MJIENIOIb30BaAHM
Y TIPOAYKTUBHOCTH TTOYB.

Ha ¢done ycuieHus mporieccoB JerpaZjaliiyd IMOYB OTpaHUYEHUE IUIOIIAAN OTBO/A 3€MEJIb
IO/ Ppa3/IMYHble TEXHOJIOTMH TpebyeT caMoOro TINATEeJIbHOTO OOOCHOBAaHUS U IOBEJTUPHOU
peraMmeHTanuu. Tem 0ojiee BaskHA KauyeCTBeHHas PEKYJIbTHUBAIUS HApYIIEHHBIX 3eMeJlb.
JI71s1 peleHnss 3TOTO BOIIpOCa IIpejjlaraeM co37aTh PErHOHAIBHBIN PersiaMeHT peKy/JIbTUBAIUU
3eMeJb, YUUTBHIBAIOIUN ITPUPOAHO-KINMATUUYECKHE OCOOEHHOCTH PETMOHA, BHUALI TEXHOJIOTHH,
peaTM30BaHHBIX Ha TeppuUTOopuM obOsacthu. Ha ocHOBe KajacTpa IIOYB MOXKHO pa3paboTaTh
METO/INKY PAHKMPOBAHUS TEPPUTOPUH JIJII BOBMOXKHOCTH OTBEIEHUS WX I10J] TEXHOJIOTHYECKUE
00'BEKTHI PA3JIMYHOTO HA3HAYEHHUS.

Cratbsa 79. 3emenbHOrO0 Koziekca mpemaycMaTprUBaeT BO3MOXKHOCTh OTBOZIA «0CO00 IEHHBIX
IIPOJIyKTUBHBIX CEJIbCKOXO3SIHCTBEHHBIX YTOUM», HO IPH STOM OrOBApHUBAETCS YCJIOBUE «IIOCTIE
0TPabOTKH JIPYTHX CETBCKOXO3SIHCTBEHHBIX yTOiui». CI0KHOCTb COCTOUT B TOM, YTO B 3€MEIbHOM
Kopekce HET KpUTEPUEB U ONIPeeIEHUN, KaKye 3€MJIU CUUTAIOTCSA IIeHHBIMU.

3emenbHbll Kojseke (3emenbHBIN Kozseke P®, 2001, cT. 79, M. 3) OrpaHUYHBAET U3bITHE
3eMeJIb CEJTbCKOXO3SIMCTBEHHBIX YTOUN B IEJAX MPENOCTaBIEHU /IJIs1 HeCeIbCKOX03HCTBEHHOTO
HCIIOJIb30BAHUA YTOAUMN, KaZlacTPOBas CTOMMOCTb KOTODBIX IIPEBBIIIAET CBOM CcpelHepallOHHBIN
YPOBEHb.

B.B. loxyuae (/loxkyuaeB, 1994: 62) cumtas, 4To A1 Poccuu 10 CpaBHEHHIO C JAPYTHMH
€BPOIENCKUMHU CTPaHAMHU y TOYBBI ocobasi posib: «B EBpome HeT Jpyroi cTpaHbl, JAJI1 KOTOPOM
3eMJIsl IMeJIa XOTs ObI II0JIOBUHY TOTO 3HAYEHUS, KAKOe UMeeT OHA JIJIs HaIllero OTeYeCcTBa».

HeobxouMo BBECTH IMACIOPTa IMOYBEHHBIX KOHTYPOB, IO QHAJIOTUH C 3KOJOTUYECKHUMH
MacropTaMH| IIeHHBIX MoUYBeHHBIX 00beKTOB (1[I10), mpeanokenHabiMu panee I'.B. /I06poBOJIbCKUM
u E.JI. HukutunsiM (JIo6poBosbckuii, HukutuH, 2000). B otyimune ot nacrnoptoB 00bekToB 1[I10,
IacropTa MOYBEHHBIX KOHTYPOB JIOJKHBI BKJIFOUATh JJAHHBIE 000 BCEX BU/IaX UX HCIIOJIb30BAHUH,
a TaKKe 0 HAJIMYMe BPEMEHHOTO OTBOJIA 3€MeJIb, C TOAPOOHON MH(pOopMaIieil 00 UX SKCILTyaTaliu
3a Iepuo/ 0TBOJA.

3. 3akjIroueHue

[TouBa, He3aBHCHMO OT TOTO, OOUTAlOT B HeH peakKue OECHO3BOHOUHBIE WJIH HET,
IIpou3pacTaroT JIM EHHbIEC BU/bI (1)]10pr, ,I[OCTOI‘;IHa 6epe>1cHoro OTHOIIIEHUA U COXpAaHEHUA B TOM
BU/J€, B KOTOPOM OHa BEKaMH CYIIIE€CTBYET.

Bee TPpU IIPEAJIOKEHHBIX CTAaTyCa BBIJACTICHHA «KPACHOKHHXKHBIX» IIOYB TECHO CBA3aHBbI
MEXay CO6OI>,I. HeHHbIe 10 IIPOAYKTHUBHOCTH ITOYBbI CeJIbCKOX03AUCTBEHHBIX yI‘OZ[I/Iﬁ HE BbI6bIBaIOT
n3 obopoTa. OHM ke BKIIIOUEeHbI B KpacHyr0 KHUTY MOYB.

OTuy»K/IeHHbIE U3 CeJIbCKOXO3SHCTBEHHOT0 000pOTa BO BPEMEHHOE II0JIb30BAaHUE 3EMJIH,
«HaBcerja» B CBOel Oworpadum ocTaBAT WHGOPMAIIUIO O BHJIE U CPOKAaX ee JHKCIUIyaTallHH,
HU3MEHEHUHN COCTOAHHNA «3J0POBbA» H OCTAaHYTCA B pa3aeiie 3€eMejlb, OTBEACHHBIX [JIAd
HECeJIbCKOXO3SIMCTBEHHOTO HCIOJIb30BaHUs. Kak MpaBuio, 5TH 3€MJIM TAaKyKe BO3BPAIlAIOTCA B
paspssl CEeTbCKOXO3SUCTBEHHBIX yrojmui. IlosToMy oueBHAHA HEOOXOAWMOCTh WHTErPAlNU
CBeJZIEHUH O MOUYBaX KaXK/I0T0O pazjesa. V3y10keHHble IPUHIUIBI co3/1aHnsa KpacHOW KHUTH MOYB
IIpuemMJieMbl HE TOJIBKO JId II0OYB BOJ’II‘OI‘pﬁILCKOﬁ O6J'IaCTI/I, HO U U1 I1I04YB BreTHaMa.
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IIpuanune! cocrasiaenusa KpacHoii kauru nous Bo BeetHame u Poccun
Asta AponoBHa Oxkostesiosa 2 *, Txunb Ban Hryen P

a Bosrorpajickuil rocyapCcTBEeHHbIN TeEXHUYECKUH YHUBepcuTeT, Poccuiickas ®enepanms
b}OsxHOe oTAeneHne Poccniicko-BreTHAMCKOTO TPOITUYECKOTO [IEHTPa, XOIUMIH, BreTHAM

AnHOTanusA. B Hacrosiee BpeMs He CYIIECTBYET HAJIEXKHBIX MEXaHU3MOB COXPaHEHUS
pa3HOOOpa3us MMOYBEHHOIO IIOKPOBA B IEJIOM, TAaK KaK CBEJEHHSA O IMOYBAX PACCPEOTOYEHHI IO
Pa3HBIM BeEJIOMCTBaM, KaXKJ0e U3 KOTOPBIX MMeeT CBOe IIpeZICTaBjieHHe O I[€HHOCTH MOYBEHHBIX
00BEKTOB M crHocobax ero coxpaHeHHs. B «KpaCHOKHW)KHbIE» IIOUYBEHHbIE OOBEKTHI BHECEHBI
CJIENYIONINE B3aUMOCBA3aHHBIE BJIEMEHTBI: 1) IOYBBI CEJIBCKOXO3AUCTBEHHBIX YTOZAWH; 2) IHOYBBI
cucTeMbl 0co00 OxpaHsAeMbIX MpUpoaHbIXx Tepputopuii (COOIIT), BIOuas MOYBBI, 3aHECEHHBIE B
KpacHyio KHUTY; 3) IIOYBBI, OTUY>KJEHHBbIE /IJII HeCeJIbCKOXO3AHCTBEHHOTO WCIOJIb30BAHMUA.
B xauecTBe MHCTPYMEHTOB OILIEHKU IPOJYKTUBHOCTU IIOYB IIPEJUIOKEHBI CJIEAYIOIINE KaTeroOpuu:
ONTUMYM HJIH 00J1aCTh 6J1ar0nOJTydHs, 001aCTh HOPMAJIBLHOTO COCTOSTHHSA, UATIA30H TOJIEPAHTHOCTH,
sKcTpeMyM. B ocHoBe paspaeneHus — Oam OoHurera. IIpeiyioKEHO BBIAEIATH II€HHBIE II0
IIPOAYKTUBHOCTH TOYBBI CEJTHCKOXO3SIUCTBEHHBIX YTO/IUN, Oa/T OOHUTETA KOTOPBIX BHIIIE CPETHETO B
CBOEM aMUHHCTPATUBHOM ¥ 3€MEJIbHO-OIIEHOYHOM PpafoOHAX, YTO TOCTIY:KUT OCHOBOH JUJIA
OpTaHU3AINH IIAJIANIET0 PeXKUMa UX SKCIUTyatanud. VHuImaTBa cos3zianus KpacHoW KHUTH TIOYB,
BBEJIEHUS CTATyCA «IIOYBEHHBIA MTAMATHUK ITPUPOABI» MTPUHAIJIEIKUT POCCUMCKUM yueHbIM. Ho yke u
BO BreTHaMe, Ha OCHOBE MMEIOIIUXCSA 3aII0BEIHBIX TEPPUTOPUI /IS coXpaHeHus 6uopa3Hoo0Opasus,
paboTaroT Ha/1 BBISBJIEHHEM 30HAIBHBIX TUIIOB [TOYB ¥ HA3HAYEHUS UM CTaTyCa, IIO3BOJIAIOIIETO BECTH
MOHHUTOPHHT 3KOCHCTEM U 0OECIIEUHBAOIIET0 OXpaHy mouB. FOro-BocTounas A3usi — PETHOH ¢ OYEHb
BBICOKUM pa3HooOpa3ueM (iops! u ¢ayHbl. Bo BbeTHamMe ¢ BO3HUKHOBEHNEM HAIIMOHAJIBHOTO MapKa
Kyk ®bIOHT B 1962 T. Ha ceBepe CTPaHbl, CO37]aeTCs CeTh IPUPOJ0OXPAHHBIX TeppuUTOpuil. B HacrosIee
BpeMs B CTpaHe CYIIECTBYeT 30 HAIIMOHAJIbHBIX IApKOB, 58 3allOBEJTHUKOB U 46 OXpaHAEMBIX
IIPUPOJTHBIX 30H. B ceTn oxpaHsieMbix npupoanbix Teppuropuii (International Union for Conservation
of Nature network, IUCN) B Mnaokutae u Manaiizuu, iMeHHO BbheTHaM XapakTepusyercsi HauboJiee
BBICOKUM ypoBHeM sHieMuzMa (WWW, 2008 FAO, 2010).

KaroueBsle ci1oBa: KpacHas KHHUTa MOYB, IOYBHI CEJIbCKOXO3ANCTBEHHBIX yroaui Poccun
(Bonrorpasackast obsiactb) M BbeTHama, mouBbl 0c000 OXpaHSAEMBIX HMPUPOAHBIX TEPPUTOPHUU,
TIOYBBI U3BATHIE U3 CEJIBCKOXO3AHCTBEHHOTO UCITOJIb30BAHMUA.
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Abstract

For balances approach to Sustainable Development Goals, the physical and chemical
degradation of soils, biological degradation of soil organic matter in result of oil pollution were
studied. The data on the particle-size distribution, the content of chemical components and the
number of microorganisms in the soils of the Dzunbayan (East Gobi) oil-producing area are
presented. The studied soils are characterized by a bimodal distribution of particles: the main
fraction is coarse sand (200—2000 um), it ranges from 40 to 60 %. It is accompanied by fine silt
(2—20 um), its content reaches 17 %. A high content of chromium, copper, strontium, rubidium,
cesium and arsenic was identified in soils, which reflect the geochemical specificity of the
geological province. Due to arid climate of the study area soils are characterized by an alkaline
reaction pH 8.2—-8.7. Soils initially non-saline near the well are highly saline (salinity up to 0.7—
1.2 %), due to the mining technologies used. The content of petroleum hydrocarbons (HC) in the
soils of the study area varies from 9 to 60 mg/kg with a maximum in the vicinity of the operating
well. The microbial community of soils is characterized by a high degree of adaptation to the
conditions of the arid zone, salinity, high pH values, at the same time these conditions limit the
development of typical representatives of soil microbiocenoses — actinomycetes and, to a greater
extent, microscopic fungi. The total number of heterotrophic bacteria (TNH) in the studied soil
samples varied within 1.22—-3.49 106 CFU/g of dry soil, the share of hydrocarbon oxidizing bacteria
(HOB) was 12.6—18.9 % of TNH. The content of hydrocarbon oxidizing bacteria (HOB) in the
microbial community of soil (within 20 %) corresponds to the concentration boundary of pollution
by hydrocarbons for the studied soils (up to 60 mg/kg), which indicates that the microbial
community is on the verge of fulfilling the ability to self-purification of the soil. The identified
physico-chemical characteristics of the studied soils of the desert zone (dominance of sand
fractions, high pH values, salinity) in combination with specific climatic conditions and features of
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the oil composition of the Dzunbayan deposit (prevalence of heavy paraffin fractions) characterize
their low potential for self-purification from pollution by hydrocarbons. For sustainable solutions
planning of the oil production, transportation, and pollution prevention the transcendental
Biogeosystem Technique methodology will be helpful for Land Degradation Neutrality
implementation.

Keywords: oil production, soil, salinity, pollution, hydrocarbons, bacteria, Mongolia.

1. Introduction

Aspiration to achieve the Sustainable Development Goals (SDGs) in 2015 adopted by the
United Nations (UN) is of high importance to avoid further land degradation and to achieve the
lofty goals of Land Degradation Neutrality (LDN) by 2030 is a base of the current and strategic
world development framework agendas (Keesstra et al., 2018). Physical and chemical degradation
of soils, biological degradation of soil organic matter in result of oil pollution are the worldwide
environment and high cost problems (Villacis et al., 2016). The Dzunbayan oil deposit is located in
the southeastern part of Mongolia in the province of Eastern Gobi, 440 km east of Ulaanbaatar.
It belongs to the central part of the Dzunbayan depression and is located at an altitude of 760 m
above sea level. The first geological studies of the Mongolia territory aimed at the exploration and
assessment of oil reserves were carried out in the 1920s by American specialists N. Berkeley and
S. Morris in the Gobi Desert. On the basis of these and other materials, in 1931, the American
geologist D. Tenner predicted the existence of oil deposits in the country (Serebriakov, Kondratiev,
2012). Planned geological exploration at oil deposits in Mongolia began in 1934, with the help and
participation of USSR specialists. Two oil deposits were discovered in the south and in the south-
east of the country with estimated reserves of 45 million barrels.

By 1941, a geological survey was carried out in south-eastern Mongolia with the participation
of the Mongolian geologist J. Dugersuren and the Soviet geologist Yu. Zhelubovsky. Signs of oil-
bearing were identified in the Eastern Gobi in the Dzunbayan area, which subsequently led to the
discovery of the Dzunbayan oil deposit, which was commissioned in 1948. In terms of their
physicochemical properties, Dzunbayan oil is very viscous, heavy, with a high content of resinous
components and paraffins, the yield of light fractions is only 5—-6 %.

During the operation, more than 260 wells were drilled to a depth of 3 km. New structures
favorable for oil and gas accumulations were established. The operation of wells is carried out by
subsurface oil pumps. Currently, oil is produced by 168 wells with a flow rate of 30—100 barrels per
day. The reserves of the Dunbayan deposit are estimated at 160 million barrels. The extracted oil
(550 thousand barrels per month) is transported by tank wagons for processing to China.

Today in Mongolia there is a tendency to worsening conditions for the development of oil
deposits associated with the formation depletion with easily recoverable oil reserves. In this regard,
there is an increasing interest in technologies that increase the efficiency of deposit development.
To increase oil recovery at the Dzunbayan field, it is planned to use the method of water-gas
impact.

The aim of this work is to assess the state of the soil in the area of the Dzunbayan deposit,
their lithological and mineral composition, as well as the state of the soil microbial complexes
involved in the processes of soil self-purification from pollutants. In this paper, we focus on the
SDG, and land restoration (Keesstra et al., 2016, 2018).

2. Objects and methods

The study area is located 45 km south of Sainshanda, East Gobi aimak. The exploration area
of the Dzunbayan deposit is 5321 kmz2, the operational area is 239.5 m=2. Soil samples were taken in
December 2018 near one (44°27°07° N and 110°0517" E) of the 168 wells along the perimeter at a
distance of 2 m (polluted sample sites M1—M3), as control we used “unpolluted” sample sites M4
and M5 5 and 30 m from the well, because the main soil contamination occurs when oil is taken.
Soil sampling and chemical analysis was carried out in accordance with IS 17.4.3.01-83.

For chemical and microbiological analyzes, soil samples (0.5 kg), from a depth of 0—20 cm,
were selected by the envelope method. For particle size analysis, soil samples, dried to the air-dry
state, were ground in a porcelain mortar with a pestle with a rubber tip and passed through a 2 mm
mesh sieve. The granulometric composition of the samples as a whole was determined by the sieve
method (fine earth fraction <2 mm) by laser diffraction (particle size distribution from 0.01 to
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2000 pum) on a size analyzer particles (SALD-2300, SHIMADZU, Japan) (Fraunhofer, 1817;
Vadjunina, Korchagina, 1973; Shein et al., 2017; Wolform, 2011). The total composition was
determined by the X-ray fluorescence method (Pioneer S4, Bruker AXS, Germany) using the
silicate analysis technique. The XRF analysis was carried out in the Analytical Centre at the
Institute for Tectonics and Geophysics, Khabarovsk, Far East Branch of the Russian Academy of
Sciences. Hydrogen test, determination of electrical conductivity (EC) and salinity (S) of soil water
extract (1:5) was carried out using a combined meter (Seven Multi S-47k, Mettler-Toledo,
Switzerland).

Determination of the mass fraction of hydrocarbons (HC) in the soils was performed
according to the method (END F 16.1:2.2.22—98). The hydrocarbon fraction was isolated by
extraction with carbon tetrachloride, purified from accompanying polar compounds on a column
with aluminum oxide of the 2nd degree of Brockman activity. The measurements were carried out
on the concentration meter (KN-2M, Sibekopribor, Russia).

The number of ecological-trophic groups of microorganisms in the soil was determined by
methods generally accepted in soil microbiology (Netrusov et al., 2005).

3. Results and discussion

Particle size analysis

The studied soils are friable sandy formations of yellow-orange color. For the particle size
distribution significant differences between the samples was not identified. The degree of
granulometric differentiation associated with the morphostructural features of the area can be
judged from the distribution of particles by volume and the number of particles of a certain size.
Figure 1 shows typical particle distribution curves. Evaluation of the particle size distribution in soil
by volume criterion showed that the studied soils are characterized by a bimodal particle
distribution (Figure 1a). The main fraction is coarse sand (particles with a diameter of 200—
2000 pm), it makes up from 40 to 60 % of the volume of particles. It is accompanied by a fine silt
(particles with a diameter of 2—20 um), the content of which reaches 17 %. Its content suggests a
rather high ability of soils to adsorb hydrocarbons.

100 100 P 20
a ; " b
5
50 50 10
P —L0 S S 0
0,1 1 10 100 pum 1000 0,1 1 10 100 pm 1000

Fig. 1. Particle size distribution in the soils of the Dzunbayan deposit: a — by volume of particles;
b — by the number of particles of a certain size. The solid line is the differential curves (auxiliary
axis of ordinates), the dotted line is the integral curves (the main axis of ordinates)

Chemical content of soil
The study of the gross chemical composition of the soil showed the relative uniformity of
distribution of the studied chemical components in them. Only in the M2 sampleincreased calcium
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content in comparison with other samples was revealed (Table 1). The content of iron oxide, which
gives the soil an orange color, varied slightly — from 1.8 to 2.4 %, the content of aluminum oxide
varied from 11.5 to 11.9 %. All samples revealed an elevated content of sodium oxides (3.6—4.3 %)
and potassium (3.6—4.1 %), which is typical of sandy soils in this region (Liu et al., 2016).

The increased sodium content is reflected in the pH of the soil water extract, which is
characterized by an alkaline condition and varies from 8.15 to 8.67 (Table 2) as in arid soils and in
soils having a marine genesis (He et al., 2014). The alkaline reaction of the soil extract may also be
due to the salinity of the soil. The salinity of the soil extract of the studied soil samples ranged from
0.13 to 2.37 °/o and from 0.07 to 1.19% in soils correspondingly. The maximum salt content
0.7-1.2% is noted near the well (sample sites M1—M3). Such high salinity indicates soils as highly
saline ones. With distance from the well salinity drops sharply and at a distance of 30 m is 0.07 %
(Ms5), which corresponds to non-saline soils. Last with a high degree of confidence allows to assert
that salinization is associated with mining technologies used.

Table 1. Gross chemical composition of soils in the Dzunbayan deposit (%)

Sample
MOy Mi | M2 | M3 | Mg | M5
Si0. 81.74 75.93 80.16 79.61 82.17
TiO. 0.37 0.40 0.36 0.32 0.39
AlL,O, 11.83 11.59 11.70 10.90 11.90
Fe.03 2.03 2.43 2.09 1.87 1.83
MnO 0.08 0.08 0.07 0.07 0.06
CaO 0.72 1.75 0.88 0.86 0.89
MgO 0.60 0.84 0.65 0.55 0.60
Na,O 4.09 4.27 4.01 3.64 3.82
K0 3.91 3.60 3.82 3.76 3.93
P.Os 0.05 0.06 0.06 0.05 0.06

It is known that electrical conductivity (EC) correlates with such soil properties as the cation
exchange capacity of the soil, the content of organic matter and salinity (Li et al., 2011; He et al.,
2014). In the studied samples, the EC of the water extract varied more significantly than the pH.
Its maximum values were found in sample M2, where the EC was 4.5 mS/cm, as the EC removed
from the well, the EC value decreased and at a distance of 30 m it was 0.3 mS/cm. Apparently, such
a decrease in the EC value demonstrates a decrease in the HC content in the soil and its salinity.

The content of HC in soils varied from 9 to 60 mg/kg with the maximum content in samples
taken at a distance of 2 m from the well (53—60 mg/kg, sampling site M1—M3). It should be noted
that the problem of the maximum allowable concentration (MAC) on the content of hydrocarbons
for the soil is practically not solved. Therefore, in the work of E.A. Rogozina (2006) it’s proposed to
assess the degree of pollution of soils by hydrocarbons by the excess of the content of HC over the
background value in a specific area and in a specific territory. At the same time, in particular, it is
indicated that for areas that do not produce oil, the background content of HC in the soil is
40 mg/kg, and for oil-producing areas — 100 mg/kg.

Under the classification of V.I. Uvarova (1989) according to the content of petroleum
hydrocarbons (mg/kg of dry soil) soils can be divided into: clean — 0-5.5, slightly polluted —
5.5—25.5, moderately polluted — 25.6—55.5, polluted — 55.6—205.5, dirty — 205.6—500, very dirty >
500. If to adhere to this classification, then among the samples of the studied soils there are the
following: clean — 0; slightly polluted — 2 samples (M4 and M5); moderately polluted — 1 sample
(M3); polluted — 2 samples (M1 and M2). As in the case of soil salinization with distance from the
well soil pollution by oil drops sharply and at a distance of 5 and 30 m are 15 and 9 mg/kg (M4 and
Mj5), which corresponds to slightly polluted soils. The differences in the content of oil products at
sampling sites M1 — M3 are statistically insignificant, which is due to the a priori conventionality of
the classification boundaries.
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Table 2. Physicochemical properties of soils in the Dzunbayan deposit

HC Water extract
Sample Description of soil sample ’ EC,
p p P mg/kg mS/em pH S**, /00
M1 Clay-sandy, yellow 60 3.09 8.15 1.63
M2 Clay-sandy, bright yellow 58 4.50 8.15 2.37
M3 Clay-sandy, yellow 53 2.68 8.16 1.41
Mg Sandy-clay, light yellow 15 0.74 8.67 0.30
Ms Sandy, light yellow 9 0.32 8.16 0.13

*— electrical conductivity, ** — salinity (salt content)

The content of heavy metals in the studied soil samples is presented in Table 3. According to
the standards established for sandy and loamy soils (HS 2.1.7.20.41-06), the excess of chromium at
average was 4.2 and arsenic — 9.5 MAC. It should be noted that data on As require clarification:
RFA analysis does not give a strictly quantitative assessment of its content in soils. However,
the tendency of its accumulation in the soils of Mongolia is noted by many authors. The content of
other rated metals did not exceed the MAC limits. The content of strontium, rubidium and cesium,
which are in large quantities in the studied soil samples, is not subject to rationing and reflects the
characteristics of the mineral composition of the soils of the studied geological province.

Table 3. The content of heavy metals in the soils of the Dzunbayan deposit, mg/kg

Element | M1 | M2 | M3 | M4 | M5 MAC
Cr 26 27 27 24 24 6.0
Cu 1 5 4 3 0 3.0
7n 32 34 32 30 31 23.0
Pb 36 34 35 35 34 32.0
Co 0 2 o 0 0 5.0
Ni 8 9 9 7 7 4.0
Sr 146 186 159 148 155 -
A% 21 28 21 16 18 150.0
Rb 159 146 155 157 155 -
Sn 3 3 3 3 3 -
Zr 715 834 837 747 423 -
As 19 20 19 19 17 2.0

Microbiological studies

The full functioning of the soil and its biotic functions are largely determined by the
microbial community. Microbiocenoses react very quickly to anthropogenic influences, which
makes it possible to quickly identify the most vulnerable ecological zones. Therefore, soil microbial
indicators are used for the purposes of environmental monitoring and assessment of the stability of
the ecosystem as a whole, especially under various anthropogenic loads.

The microbial community of soils and desert sands is poorly studied, and little attention is
paid to their role in self-purification of soil and sand of desert from petroleum hydrocarbons
(Kharusi et al., 2016; Joy et al., 2017). Due to the low content of moisture and organic matter, a
large temperature range, intensive solar irradiation and high alkalinity, the soil and sands of the
desert are a severe environment for the life of microorganisms (An et al., 2013; Baubin et al., 2019;
Pointing, Belnap, 2012; Schulze-Makuch et al., 2018; Quoreshi et al., 2019). Therefore,
hydrocarbons in desert soils become even more resistant for degradation by microorganisms
(Kharusi et al., 2016).

For the studied areas, the dependence of the total number of heterotrophic bacteria (TNH)
and hydrocarbon oxidizing bacteria (HOB) on the content of HC in soils was noted (Figure 2). With
the distance from the oil well and the decrease in the content of petroleum hydrocarbons (PH), the
number of microorganisms in the soil decreased. This is probably due to the fact that in sandy soils
that contain little organic matter, PH is practically the only source of organic matter, to whose
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content bacteria react with a change in abundance. Regular intake of small amounts of PH
stimulates the development of the hydrocarbon oxidizing ability of microorganisms (Alrumman et
al., 2015; Ebadi et al., 2018; Khan et al., 2018), at the same time, the salinity of soils polluted with
hydrocarbons may, on the contrary, suppress the activity of bacteria (Gao et al., 2015). In order to
undergo the processes of biodegradation of PH, the number of bacteria in the soil must be at least
103 CFU/g (Khan et al., 2018). A smaller number of bacteria indicates a high content of HP, which
have a toxic effect, blocking their enzymatic activity (Alrumman et al., 2015; Khan et al., 2018).
Bacterial communities clearly reveal the “concentration limit” of pollution of hydrocarbons, below
which microbial cenoses still cope with incoming hydrocarbons and stabilize the situation at 40—
60 mg/kg of dry soil (Kuznetsova, Dzuban, 2001).

In the case of the studied saline soils, it can be assumed that the microbial community is on
the verge of realizing the ability to self-purifying the soil and even a slight increase in the level of
PH in the soil can lead to irreversible changes in the composition of the microbial community and,
as a result, to chronic soil pollution.

HC, mg/kg

number of microorganisms, 10°CFU/g
o
T

Ml M2 M3 M4 M5
sampling points

Fig. 2. The number of bacteria and the content of petroleum hydrocarbons (PH) in the soils of the
Dzunbayan deposit: TNH — total number of heterotrophic bacteria, 1x10¢ CFU/g; HOB —number of
hydrocarbon oxidizing bacteria, 1x10° CFU/g; AM — actinomycetes number, 1x104 CFU/g

An important indicator of the potential activity of microbial communities involved in the
processes of soil self-purification is the content of HOB in it. It is believed that the proportion of
HOB in the community of heterotrophic bacteria of background natural objects does not exceed the
conditional level of 10 % (Patin, 2001). The proportion of HOB in the microbial communities of the
studied soils ranged from 12.6 % in the soil sample M5 to 18.9 % in sample M1, which indicates
their adaptation to pollution by hydrocarbons (Atlas, 1993; Peressutti et al., 2003; Zhang et al.,
2012).

In addition to changes in the number of bacteria, soil microbiocenoses respond to
environmental conditions by changing the ecological and trophic structure (Alrumman et al.,
2015). The microbial community of the studied soils was distinguished by an abundance of
pigmented colonies (Figure 3) and spore-forming bacteria. Bacteria pigments are secondary
metabolites, they protect them from the action of visible light and UV rays (Ordenes-Aenishanslins
et al.,, 2016). Pigmented forms of halophilic bacteria are often found in salt waters and soils
(Rekadwad et al., 2017). Bacterial spores allow microorganisms to survive in unfavorable living
conditions, they are resistant to elevated temperatures, radiation, chemicals, and tolerate the
absence of moisture.
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Fig. 3. Pigmented forms of heterotrophic soil microorganisms of the Dzunbayan deposit -
carotenoids (pink, orange color), melanin (black, brown): a, b — colonies of microorganisms
assimilating organic forms of nitrogen; c, d — colonies of microorganisms assimilating

the mineral forms of nitrogen (5 and 30 m from the well, respectively)

Typical representatives of soil microbiocenosis are actinomycetes (AM). They predominate in
dry alkaline soil (Bhatti et al., 2017). This group of microorganisms is actively developing in soils
rich in organic matter, they do not tolerate changes in humidity, temperature and pollution by
hydrocarbons (Bao et al., 2019). The number of AM in the studied soils was relatively small
(on average 104 CFU/g). As we approach the operating well, the number of actinomycetes in the
soil decreased from a maximum of 11.9 10° CFU/g in sample M5 to a minimum of 0.97 10° CFU/g
in sample M1, which indicates the inhibitory effect of hydrocarbons on actinomycetes. Microscopic
fungi that are typical representatives of soil microbiocenosis of all climatic zones were not detected
in the studied soil samples (Bao et al., 2019; Dighton, 1994; Grishkan, Nevo, 2010). Most likely, the
main factor affecting the absence of micromycetes in soils is the pH of the environment. The pH
values in the studied soils ranged from 8.15 to 8.67. Such pH values do not limit the development
of most ecological-trophic groups of bacteria, but they are extremely unfavorable for micromycetes,
preferring a slightly acid environment.
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According the data of this paper, sustainable solutions need to embed short-term
management in long-term landscape planning of oil production, transportation, and pollution
prevention. It is necessary to move from excessive exploitation in combination with environmental
protection, to sustainable use and management of the soil-water system (Keesstra et al., 2018) via
transcendental Biogeosystem Technique methodology (Kalinitchenko et al., 2016). The proposed
approach will help to implement LDN and to make a contribution to strategic world development
(Keesstra et al., 2018).

4. Conclusion

The identified physico-chemical features of the studied soils of the desert zone (particle size,
high pH values, salinity) together with specific climatic conditions and peculiarities of the oil
composition of the Dzunbayan deposit (prevalence of heavy paraffin fractions) characterize their
low potential for self-purification from pollution by hydrocarbons. However, a microbial
community has developed in the soils, adapted to specific conditions: increased insolation, salinity,
alkaline reactions of the environment and the presence of petroleum hydrocarbons. The content of
hydrocarbon oxidizing bacteria in the microbial community of the soil (within 20 %) corresponds
to the concentration boundary of pollution by hydrocarbons for the studied soils (up to 60 mg/kg)
and even a slight increase in the level of petroleum hydrocarbons entering the soil can lead to
irreversible changes in the composition of the microbial community and as a result — to chronic
soil pollution. Sustainable solutions for planning the oil production, transportation, and pollution
prevention will help to implement LDN and refine the currently not effective strategic world
development principles.

JInTeparypa

Bamonuna, Kopuarmna, 1973 — BadwHuna A.®., Kopuaeuna 3.A. (1973). MeTosbl
vccesieIoBaHusA (pU3MUECKUX CBOUCTB IMOYB U TpyHTOB. M.: M3/1-Bo BhIcias mkosia. 400 c.

I'H 2.1.7.20.41-06 — TH 2.1.7.20.41-06 IIpenenpHO nomyctuMmble KoHmeHTpanuu (IT1K)
XUMUYECKUX BEIECTB B MOUBe, [ UTHEeHNYeCcKe HOPMaTHUBBI.

I'OCT 17.4.3.01-83 — T'OCT 17.4.3.01-83. ITouBbl. OTOOp 1TP06 /1151 KOHTPOJIA 3arpsI3HEHUS.

I'OCT 17.4.4.02-84 — TOCT 17.4.4.02-84. IlouBbl. MeToabl 0TOOPA M MOATOTOBKH MPOO s
XUMHUUYECKOTO, DAKTEPHOJIOTUIECKOTO U TeIbMHUHTOJIOTUUECKOTO aHAJIU3A.

Kysnenosa, Jlyomnwmna, 2001 — KysHeuosa H.A, [[3w0ban A.H. (2001).
Mukpobuosiornyeckasi OlleHKa IOCTIeACTBUN HeTAHOTrO 3arps3HeHus: BojgoeMoB / CospemeHHble
npob.aemwt 2udpobuonoauu Cubupu: Tes. doka. Beecoros. koHg. Tomck. C. 123-124.

ITatun, 2001 — ITamun C.A. (2001). HedTh 1 3K0JI0TUSA KOHTHHEHTAIBHOTO Ieabda. M.:
BHUPO. 247 c.

IMHO ® 16.1:2.2.22—98, 2005 — ITH/] ® 16.1:2.2.22—98 (2005). MeTo/ilKa BBHINOJHEHNA
U3MEpPEeHUH MAacCOBOM [0y HePTENPOAYKTOB B MHHEPAJIbHBIX, OPraHOTE€HHBIX, OPTaHHO-
MUHEPAIBHBIX II0YBaX U JOHHBIX OTJIOKeHuAX MeTozoM NK-cniekrpomerpuu. M.: I'oc. koM. P® 110
OXpaHe OKpY’Kalolllel cpeJibl. 21 C.

HerpycoB u ap., 2005 — Hempycos A.HU., Ezoposa M.A., Baxapuyx JI.M. u ap. (2005).
[TpakTuKyM 0 MUKpPOOHOJIOTHH: Y4eOH. mocobue Iy CTyZ. BbIcul. yueb. 3aBeaeHuid. Ilog pen.
A.N. HerpycoBa. M.: U3a. LlenTp. «Akaaemusa». 608 c.

Porosuna, 2006 — Poecosuna E.A. (2006). AKTyasibHble BOIPOCHI IPOOJIEMBI OYUCTKHU
HedTe3arpsa3HeHHbIX MouB // Hegmezasosasn 2eonozusn. Teopus u npaxkmuxa, 1: 1—11. DOI:
10.17353/2070-5379/48_2016

CepebpsikoB, KonapatbeB, 2012 — Cepebpsakos A.O., Konopamves IO.K. (2012). Hedtb
MoOHTO/IMHA: MECTOPOXKIAeHUsl, (PUBUKO-XUMHUUYECKHUH cocTaB, 3amackl W Ao0biua // Il'eonozus,
2eozpagusn u 2n06arvHan aHepaus, 2(45): 21-26.

VYBaposa, 1989 — Yeaposa B.H. (1989). CoBpeMeHHO€e COCTOSIHHE YPOBHS 3arpsA3HEHHOCTH
Boz U TpyHTOB OOB-HpThINIcKOTO Oacceitna / Cob. Hayu. mp. ['ocHHUOPX, 305. C. 23—33.

Alrumman et al.,, 2015 — Alrumman S.A., Standing D.B., Paton G.I. (2015). Effects of
hydrocarbon contamination on soil microbial community and enzyme activity // Journal of King
Saud University — Science, 27: 31—41. DOI: 10.1016/j.jksus.2014.10.001

53




Biogeosystem Technique, 2019, 6(1)

An et al., 2013 — An S., Couteau C., Luo F., Neveu J., DuBow M.S. (2013). Bacterial Diversity
of surface sand samples from the Gobi and Taklamaken deserts // Microbial Ecology, 66: 850-
860. DOI: 10.1007/500248-013-0276-2

Atlas, 1993 — Atlas R.M. (1993). Bacteria and bioremediation of marine oil spills // Oceanus,
36: 71-80.

Bao et al., 2019 — Bao T., Zhao Y., Yang X., Ren W., Wang S. (2019). Effects of disturbance
on soil microbial abundance in biological soil crusts on the Loess Plateau, China // Journal of Arid
Environments, 163: 59-67. 5

Baubin et al., 2019 — Baubin C., Farrell A.M., Stovicek A., Ghazaryan L., Giladi 1., Gillor O.
(2019). Seasonal and spatial variability in total and active bacterial communities from desert soil //
Pedobiologia — Journal of Soil Ecology, 74: 7-14.

Bhatti et al., 2017 — Bhatti A.A., Haq S., Bhat R.A. (2017). Actinomycetes benefaction role in
soil ~and plant health //  Microbial Pathogenesis, 111: 458-467. DOI:
10.1016/j.micpath.2017.09.036

Dighton, 1994 — Dighton J. (1994). Analysis of micromycete communities in soil: a critique of
methods // Mycological Research, 98: 796—798. DOI: 10.1016/S0953-7562(09)81058-7

Ebadi et al., 2018 — Ebadi A., Sima N.A.K., Olamaee M., Hashemi M., Nasrabadi R.G.
(2018). Remediation of saline soils contaminated with crude oil using the halophyte Salicornia
persica in conjunction with hydrocarbon-degrading bacteria // Journal of Environmental
Management, 219: 260—268. DOI: doi.org/10.1016/j.jenvman.2018.04.115

Fraunhofer, 1817 — Fraunhofer J. (1817). Bestimmung des Brechungs- und des
Farbenzerstreungs-Vermogens verschiedener Glasarten, in Bezug auf die Vervollkommnung
achromatischer Fernrohre // Annalen der Physik, 56(7): 264-313.

Gao et al., 2015 — Gao Y., Wang J., Guo S., Hu Y., Li T., Mao R., Zeng D. (2015). Effects of
salinization and crude oil contamination on soil bacterial community structure in the Yellow River
Delta region, China // Applied Soil Ecology, 86: 165—-173. DOI: 10.1016/j.aps0il.2014.10.011

Grishkan, Nevo, 2010 — Grishkan I., Nevo E. (2010). Spatiotemporal distribution of soil
microfungi in the Makhtesh Ramon area, central Negev desert, Israel // Fungal Ecology, 3: 326-
337. DOI: 10.1016/j.funeco.2010.01.003

He et al., 2014 — He B., Cai Y., Ran W., Jiang H. (2014). Spatial and seasonal variations of
soil salinity following vegetation restoration in coastal saline land in eastern China // CATENA,
118: 147—-153. doi: 10.1016/j.catena.2014.02.007

Jambaajamts, Norjmaa, 1997 — Jambaajamts B., Norjmaa L. (1997). Meteorological
Observations Manual 38: Quality Control Manual of Meteorological Observations (in Mongolian).
NAMHEM: Ulaanbaatar.

Joy et al., 2017 — Joy S., Rahman P.K.S.M., Sharma S. (2017). Biosurfactant production and
concomitant hydrocarbon degradation potentials of bacteria isolated from extreme and
hydrocarbon contaminated environments // Chemical Engineering Journal, 317: 232—241. doi:
10.1016/j.cej.2017.02.054

Keesstra et al., 2016 — Keesstra S.D., Bouma J., Wallinga J., Tittonell P., Smith P., Cerda A.,
Montanarella L., Quinton J.N., Pachepsky Y., van der Putten W.H., Bardgett R.D., Moolenaar S.,
Mol G., Jansen B., Fresco L.O. (2016). The significance of soils and soil science towards realization
of the United Nations Sustainable Development Goals. Soil, 2: 111-128. DOI: 10.5194/s0il-2-111-
2016

Keesstra et al., 2018 — Keesstra S., Mol G., De Leeuw J., Okx J., Molenaar C., De Cleen M.,
Visser S. (2018). Soil-related sustainable development goals: Four concepts to make land
degradation neutrality and restoration work. Land, 7(4), 133. DOI: 10.3390/land7040133

Khan et al.,, 2018 — Khan M.A.L, Biswas B., Smith E., Naidu R., Megharaj M. (2018).
Toxicity assessment of fresh and weathered petroleum hydrocarbons in contaminated soil
(areview) // Chemosphere, 212: 755-767. DOI: 10.1016/j.chemosphere.2018.08.094

Kharusi et al., 2016 — Kharusi S.A., Abed R.M.M., Dobretsov S. (2016). EDTA addition
enhances bacterial respiration activities and hydrocarbon degradation in bioaugmented and non-
bioaugmented oil-contaminated desert soils // Chemosphere, 147: 279-286.

Lietal., 2011 — Li C,, Li Y., Ma J. (2011). Spatial heterogeneity of soil chemical properties at
fine scales induced by Haloxylon ammodendron (Chenopodiaceae) plants in a sandy desert //
Ecological Research, 26: 385-394. DOI: 10.1007/511284-010-0793-0

54




Biogeosystem Technique, 2019, 6(1)

Liu et al., 2016 — Liu B., Jin H., Sun Z., Zhao S. (2016). Geochemical weathering of aeolian
sand and its palaeoclimatic implications in the Mu Us Desert, northern China, since the Late
Holocene // Journal of Arid Land, 8: 647—659. DOI: 10.1007/s40333-016-0014-y

Ordenes-Aenishanslins et al., 2016 — Ordenes-Aenishanslins N., Anziani-Ostuni G., Vargas-
Reyes M., Alarcon J., Tello A., Pérez-Donoso J.M. (2016). Pigments from UV-resistant Antarctic
bacteria as photosensitizers in dye sensitized solar cells // Journal of Photochemistry and
Photobiology B: Biology, 162: 707—714. DOI: 0.1016/j.jphotobiol.2016.08.004

Peressutti et al., 2003 — Peressutti S.R., Alvarez H.M., Pucci O.H. (2003). Dynamics of
hydrocarbon-degrading bacteriocenosis of an experimental oil pollution in Patagonian soil //
International Biodeterioration & Biodegradation, 52: 21-30. DOI: 10.1016/S0964-8305(02)00102-6

Pointing, Belna, 2012 — Pointing S.B., Belnap J. (2012). Microbial colonization and controls
in dryland systems // Nature Reviews Microbiology, 10: 551-562. DOI: 10.1038 /nrmicro2831

Quoreshi et al., 2019 — Quoreshi A.M., Suleiman M.K., Kumar V., Manuvel A.J., Sivadasan
M.T., Islam M.A., Khasa D.P. (2019). Untangling the bacterial community composition and
structure in selected Kuwait desert soils // Applied Soil Ecology, 138:1-9. DOI:
10.1016/j.aps0il.2019.02.006

Rekadwad, Khobragade, 2017 — Rekadwad B.N., Khobragade C.N. (2017) Morphotypes and
pigment profiles of halophilic bacteria: Practical data useful for novelty, taxonomic categorization
and for describing novel species or new taxa // Data in Brief, 13:609-619. DOI:
10.1016/j.dib.2017.06.039

Schulze-Makuch et al., 2018 — Schulze-Makuch D., Wagner D., Kounaves S.P., Mangelsdorf
K., Devine K.G., Vera J.-P., Schmitt-Kopplin P., Grossart H.-P., Parro V., Kaupenjohann M., Galy
A., Schneider B., Airo A., Frosler J., Davila A.F., Arens F.L., Caceres L., Cornejo F.S., Carrizo D.,
Dartnell L., DiRuggiero J., Flury M., Ganzert L., Gessner M.O., Grathwohl P., Guan L., Heinz J.,
Hess M., Keppler F., Maus D., McKay C.P., Meckenstock R.U., Montgomery W., Oberlin E.A.,
Probst A.J., Saenz J.S., Sattler T., Schirmack J., Sephton M.A., Schloter M., Uhl J., Valenzuela B.,
Vestergaard G., Wormer L., Zamorano P. (2018). Transitory microbial habitat in the hyperarid
Atacama Desert // PNAS, 115: 2670-2675. DOI: 10.1073/pnas.1714341115

Shein et al., 2017 — Shein E.V., Kharitonova G.V., Bayasgalan Amgalan, Gantumur
Sambuu, Krutikova V.O., Kharitonov E.V. (2017). Salt Neoformations in Soils of Central Mongolia
// Biogeosystem Technique, 4(1): 66—81. DOI: 10.13187/bgt.2017.1.66

Wolform, 2011 — Wolform R.L. (2011). The language of particle size // J. GXP Compliance,
15(2): 10-20.

Zhang et al., 2012 — Zhang D., Mortelmaier C., Margesin R. (2012). Characterization of the
bacterial archaeal diversity in hydrocarbon-contaminated soil // Science of The Total
Environment, 421-422: 184—196. DOI: 10.1016/j.scitotenv.2012.01.043

References

Alrumman et al.,, 2015 — Alrumman S.A., Standing D.B., Paton G.I. (2015). Effects of
hydrocarbon contamination on soil microbial community and enzyme activity. Journal of King
Saud University — Science, 27: 31-41. DOI: 10.1016/j.jksus.2014.10.001

An et al,, 2013 — An S., Couteau C., Luo F., Neveu J., DuBow M.S. (2013). Bacterial Diversity
of surface sand samples from the Gobi and Taklamaken deserts. Microbial Ecology, 66: 850-860.
DOI: 10.1007/500248-013-0276-2

Atlas, 1993 — Atlas R.M. (1993). Bacteria and bioremediation of marine oil spills. Oceanus,
36: 71-80.

Bao et al., 2019 — Bao T., Zhao Y., Yang X., Ren W., Wang S. (2019). Effects of disturbance
on soil microbial abundance in biological soil crusts on the Loess Plateau, China. Journal of Arid
Environments, 163: 59-67.

Baubin et al., 2019 — Baubin C., Farrell A.M., Stoviéek A., Ghazaryan L., Giladi I., Gillor O.
(2019). Seasonal and spatial variability in total and active bacterial communities from desert soil.
Pedobiologia — Journal of Soil Ecology, 74: 7-14.

Bhatti et al., 2017 — Bhatti A.A., Haq S., Bhat R.A. (2017). Actinomycetes benefaction role in
soil and plant health. Microbial Pathogenesis, 111: 458-467. DOI: 10.1016/j.micpath.2017.09.036

Dighton, 1994 — Dighton J. (1994). Analysis of micromycete communities in soil: a critique of
methods. Mycological Research, 98: 796—798. DOI: 10.1016/S0953-7562(09)81058-7

55




Biogeosystem Technique, 2019, 6(1)

Ebadi et al., 2018 — Ebadi A., Sima N.A.K., Olamaee M., Hashemi M., Nasrabadi R.G.
(2018). Remediation of saline soils contaminated with crude oil using the halophyte Salicornia
persica in conjunction with hydrocarbon-degrading bacteria. Journal of Environmental
Management, 219: 260—268. DOI: doi.org/10.1016/j.jenvman.2018.04.115

END F 16.1:2.2.22—98, 2005 — END F 16.1:2.2.22—98. (2005). Methods of measurements of
mass fraction of petroleum products in mineral, organogenic, organ-mineral soils and sediments
by IR spectrometry. M.: State Com. of RF. for Env. Protection. 21 p.

Fraunhofer, 1817 — Fraunhofer J. (1817). Bestimmung des Brechungs- und des
Farbenzerstreungs-Vermdégens verschiedener Glasarten, in Bezug auf die Vervollkommnung
achromatischer Fernrohre. Annalen der Physik, 56(7): 264-313.

Gao et al., 2015 — Gao Y., Wang J., S. Guo, Hu Y., Li T., Mao R., Zeng D. (2015). Effects of
salinization and crude oil contamination on soil bacterial community structure in the Yellow River
Delta region, China. Applied Soil Ecology, 86: 165—173. DOI: 10.1016/j.apsoil.2014.10.011

Grishkan, Nevo, 2010 — Grishkan I., Nevo E. (2010). Spatiotemporal distribution of soil
microfungi in the Makhtesh Ramon area, central Negev desert, Israel. Fungal Ecology, 3: 326-337.
doi: 10.1016/j.funeco.2010.01.003

He et al., 2014 — He B., Cai Y., Ran W., Jiang H. (2014). Spatial and seasonal variations of
soil salinity following vegetation restoration in coastal saline land in eastern China. CATENA, 118:
147-153. DOI: 10.1016/j.catena.2014.02.007

HS 2.1.7.20.41-06 — HS 2.1.7.20.41-06 Maximum allowable concentrations (MACs) for
chemicals in the soil. Hygienic standards.

IS 17.4.3.01-83 — IS 17.4.3.01-83. Soils. Sampling for pollution control.

IS 17.4.4.02-84 — IS 17.4.4.02-84. Soils. Methods for sampling and sample preparation for
chemical, bacteriological and helminthological analysis.

Jambaajamts, Norjmaa, 1997 — Jambaajamts B., Norjmaa L. (1997). Meteorological
Observations Manual 38: Quality Control Manual of Meteorological Observations (in Mongolian).
NAMHEM: Ulaanbaatar.

Joy et al., 2017 — Joy S., Rahman P.K.S.M., Sharma S. (2017). Biosurfactant production and
concomitant hydrocarbon degradation potentials of bacteria isolated from extreme and
hydrocarbon contaminated environments. Chemical Engineering Journal, 317: 232-241. DOL:
10.1016/j.cej.2017.02.054

Kalinitchenko et al., 2016 — Kalinitchenko Valery, Abdulmalik Batukaev, Ali Zarmaev,
Viktor Startsev, Vladimir Chernenko, Zaurbek Dikaev, Svetlana Sushkova (2016). Biogeosystem
technique as the way to certainty of soil, hydrosphere, environment and climate. EGU General
Assembly. Vienna, 2016. Geophysical Research Abstracts. Vol. 18, EGU2016-3419.

Keesstra et al., 2016 — Keesstra S.D., Bouma J., Wallinga J., Tittonell P., Smith P., Cerda A.,
Montanarella L., Quinton J.N., Pachepsky Y., van der Putten W.H., Bardgett R.D., Moolenaar S.,
Mol G., Jansen B., Fresco L.O. (2016). The significance of soils and soil science towards realization
of the United Nations Sustainable Development Goals. Soil, 2: 111-128. DOI: 10.5194/s0il-2-111-
2016

Keesstra et al., 2018 — Keesstra S., Mol G., De Leeuw J., Okx J., Molenaar C., De Cleen M.,
Visser S. (2018). Soil-related sustainable development goals: Four concepts to make land
degradation neutrality and restoration work. Land, 7(4), 133. DOI: 10.3390/land7040133

Khan et al.,, 2018 — Khan M.A.L., Biswas B., Smith E., Naidu R., Megharaj M. (2018).
Toxicity assessment of fresh and weathered petroleum hydrocarbons in contaminated soil (a
review). Chemosphere, 212: 755-767. DOI: 10.1016/j.chemosphere.2018.08.094

Kharusi et al.,, 2016 — Kharusi S.A., Abed R.M.M., Dobretsov S. (2016). EDTA addition
enhances bacterial respiration activities and hydrocarbon degradation in bioaugmented and non-
bioaugmented oil-contaminated desert soils. Chemosphere, 147: 279-286.

Kuznetsova, Dzuban, 2001 - Kuznetsova I.A., Dzuban A.N. (2001). Microbiological
evaluation of the impact of oil pollution on reservoirs. Modern problems of hydrobiology of Siberia:
Tez. Rep. Vsesojuz. conf. Tomsk. pp. 123-124.

Lietal.,, 2011 - Li C, Li Y., Ma J. (2011). Spatial heterogeneity of soil chemical properties at
fine scales induced by Haloxylon ammodendron (Chenopodiaceae) plants in a sandy desert.
Ecological Research, 26: 385-394. DOI: 10.1007/511284-010-0793-0

56




Biogeosystem Technique, 2019, 6(1)

Liu et al., 2016 — Liu B., Jin H., Sun Z., Zhao S. (2016). Geochemical weathering of aeolian
sand and its palaeoclimatic implications in the Mu Us Desert, northern China, since the Late
Holocene. Journal of Arid Land, 8: 647-659. DOI: 10.1007/s40333-016-0014-y

Netrusov et al., 2005 — Netrusov A.l., Yegorova M.A., Zaharchuk L.M. et al. (2005).
Workshop on microbiology (ed. Netrusov A.I.) M.: Izd. Centre «Akademiya». 608 p.

Ordenes-Aenishanslins et al., 2016 — Ordenes-Aenishanslins N., Anziani-Ostuni G., Vargas-
Reyes M., Alarcon J., Tello A., Pérez-Donoso J.M. (2016). Pigments from UV-resistant Antarctic
bacteria as photosensitizers in dye sensitized solar cells. Journal of Photochemistry and
Photobiology B: Biology, 162: 707-714. DOI: 0.1016/j.jphotobiol.2016.08.004

Patin, 2001 — Patin S.A. (2001). Oil and ecology of the continental shelf. M.: VNIRO. 247 p.

Peressutti et al., 2003 — Peressutti S.R., Alvarez H.M., Pucci O.H. (2003). Dynamics of
hydrocarbon-degrading bacteriocenosis of an experimental oil pollution in Patagonian soil.
International Biodeterioration & Biodegradation, 52: 21-30. DOI: 10.1016/S0964-8305(02)00102-6

Pointing, Belna, 2012 — Pointing S.B., Belnap J. (2012). Microbial colonization and controls
in dryland systems. Nature Reviews Microbiology, 10: 551-562. DOI: 10.1038/nrmicro2831

Quoreshi et al., 2019 — Quoreshi A.M., Suletman M.K., Kumar V., Manuvel A.J., Stvadasan
M.T., Islam M.A., Khasa D.P. (2019). Untangling the bacterial community composition and
structure in selected Kuwait desert soils. Applied Soil Ecology, 138:1-9. DOI:
10.1016/j.aps0il.2019.02.006

Rekadwad, Khobragade, 2017 — Rekadwad B.N., Khobragade C.N. (2017). Morphotypes and
pigment profiles of halophilic bacteria: Practical data useful for novelty, taxonomic categorization
and for describing novel species or new taxa. Data in Brief, 13:609-619. DOI:
10.1016/j.dib.2017.06.039

Rogozina, 2006 — Rogozina E.A. (2006). Topical issues of purification of oil contaminated
soil. Oil and gas geology. Theory and practice, 1: 1-11. DOI: 10.17353/2070-5379/48_2016

Schulze-Makuch et al., 2018 — Schulze-Makuch D., Wagner D., Kounaves S.P., Mangelsdorf
K., Devine K.G., Vera J.-P., Schmitt-Kopplin P., Grossart H.-P., Parro V., Kaupenjohann M., Galy
A., Schneider B., Airo A., Frosler J., Davila A.F., Arens F.L., Caceres L., Cornejo F.S., Carrizo D.,
Dartnell L., DiRuggiero J., Flury M., Ganzert L., Gessner M.O., Grathwohl P., Guan L., Heinz J.,
Hess M., Keppler F., Maus D., McKay C.P., Meckenstock R.U., Montgomery W., Oberlin E.A.,
Probst A.J., Saenz J.S., Sattler T., Schirmack J., Sephton M.A., Schloter M., Uhl J., Valenzuela B.,
Vestergaard G., Wormer L., Zamorano P. (2018). Transitory microbial habitat in the hyperarid
Atacama Desert. PNAS, 115: 2670-2675. DOI: 10.1073/pnas.1714341115

Serebriakov, Kondratiev, 2012 — Serebriakov A.O., Kondratiev Yu.K. (2012). Mongolian oil:
physical and chemical structure, resources and ways of oil output. Geology, geography and global
energy, (45): 21-26.

Shein et al., 2017 — Shein E.V., Kharitonova G.V., Bayasgalan Amgalan, Gantumur
Sambuu, Krutikova V.0., Kharitonov E.V. (2017). Salt Neoformations in Soils of Central Mongolia.
Biogeosystem Technique, 4(1): 66-81. DOI: 10.13187/bgt.2017.1.66

Uvarova, 1989 — Uvarova V.1I. (1989). Current status of pollution in waters and soils the Ob-
Irtysh basin. Coll. researcher. tr. GosNIORH. 305: 23-33.

Vadjunina, Korchagina, 1973 — Vadjunina A.F., Korchagina Z.A. (1973). Methods of research
on the physical properties of soils. Vysshaya Shkola: Moscow. 400 p.

Villacis et al., 2016 — Villacis J., Casanoves F., Hang S., Keesstra S., Armas C.
(2016). Selection of forest species for the rehabilitation of disturbed soils in oil fields in the
Ecuadorian Amazon. Science of the Total Environment,566—567:761—770. DOI:
https://doi.org/10.1016/j.scitotenv.2016.05.102

Wolform, 2011 — Wolform R.L. (2011). The language of particle size. J. GXP Compliance,
15(2): 10-20.

Zhang et al., 2012 — Zhang D., Mortelmaier C., Margesin R. (2012). Characterization of the
bacterial archaeal diversity in hydrocarbon-contaminated soil. Science of The Total Environment,
421—422: 184-196. DOI: 10.1016/j.scitotenv.2012.01.043

57




Biogeosystem Technique, 2019, 6(1)

BuoreoxuMuyeckas XapakTepHUCTHKA IOYB parioHa HedTenoobrun [I[3yHOasaH
(Bocrounasa MoHro/mnsa)

Fartymyp Cambyy 2, Jlronmuiia AnekcanapoHa ['aperosa P, Esiena JibBoBHa MIMpaHoBa b,
Oubra AnekcaugpoBHa Kupuenko b, Hatanbsa KoncrantuHoBHa @uirep P, Fantymyp XaauyH 2-¢,
TFaynuna BragumuposHa XaputoHosa P *

a MOHTOJILCKUU TOCY/IaPCTBEHHBIN YHUBEPCUTET HAYKH M TEXHOJIOTHH, MOHTOJIHSA

bHCcTHTYT BosiHbIX 11 dKomoruyeckux [Ipo6iem, /laibHeBocTouHOE oTaenenne PAH, XabapoBck,
Poccuiickas ®enepariust

¢ IlekuHckuit yauuBepcureT HedpTr, KHP

Annoramusa. [IpencraBieHsl JaHHBIE IO TPAHYJIOMETPUUYECKOMY COCTaBY, COJIEPKAHUIO
XUMUYECKUX KOMIIOHEHTOB M YMCJIEHHOCTHM MHKPOOPTAaHM3MOB B IIOYBAX y4YacTKa HedTemo0bIuu
Jzyubasa (Bocrounoe I'obu). Hcciemyemble TIOYBBI — XapaKTEPU3YIOTCA  OUMOJIAIBHBIM
pacmpesieJieHHeM YaCTHUIl: OCHOBHAsA Gpakius — rpyObIil ecok (200—2000 MKM), OHA COCTaBJISET
0T 40 70 60 %. Eil comyrcTByeT Qpakius TOHKOH NbLIH (2—20 MKM), COZEpKaHHE KOTOPOH
mocturaer 17 %. B mouBax BBIABJIEHO IOBBIIIEHHOE COJEP:KAaHUE XpOMa, MEAW, CTPOHIHS,
pyouaus, 1e3Usi U MBIIIbsKA, OTPajKalollee TeOXUMHUYECKYIO CIIeNN(MUKY TaHHOU reoIOTUYecKOH
POBUHIIUY. Beiie/icTBHE apUIHOTO XapakTepa KJIMMaTa UCCIeAyeMble IIOYBbI UMEIOT IEeI0YHYIO
peaknuo cpenbl pH 8.2—8.7. He3acosieHHble HAa KOHTPOJIBHBIX YYaCTKAaX PAJIOM CO CKBAaXKMHOU
OHH CHWJIBHO 3acojieHbl (cozepskaHHWe COJIeH JocThraer 0.7—1.2%), 4YTo O0O0yCJIOBJIEHO
HICII0JI3yEeMbIMH TEXHOJIOTHAMH 00bun HedTu. Cozeprkanre HedTAHBIX yryieBogopoaos (HY) B
[IOYBAaX HCCIEAYEMOTO YYacTKa BapbUpyeT OT 9 70 60 Mr/Kr IpH MakCUMyMe BOJIU3U
SKCIUTyaTallMOHHOM CKBXXUHBI. MUKpOOHOe COOOINeCTBO IOYB 10 pAAY NPHU3HAKOB
XapaKTepu3yeTcss BBICOKON CTEMEHBI0 aJanTallid K YCJIOBUSAM apUAHOU 30HBI, COJIEHOCTH,
BBICOKMM 3HaueHUAM PH, B TO ke BpeMs 3TH yCJIOBUS OTPAHUUYMBAIOT PA3BUTHE TUIIMYHBIX
IIpE/ICTABUTEJIEl TOYBEHHBIX MHUKPOOOIIEHO30B — AKTHHOMUIIETOB U B OOJIBIIEH CTENEeHU
MUKPOCKOIIMUECKNX TpuboB. OOImas dYHCIEHHOCTh rerepoTpodHblx Oakrepuin (OUI) B
HCC/IEIOBAaHHBIX ITOYBEHHBIX 00pasmax BapbUpoBajia B mpezenax 1.22-3.49 10° KOE/r cyxoi
MTOYBBI, J10J1s1 HedTeokucaawnux bakrepuit (HOB) cocrasisiia 12.6-18.9 % ot OUTI. CoxeprkaHue
HOB B MukpoOHOM coobIiecTBe MOYBHI (B Ipezesiax 20 %) COOTBETCTBYET KOHIIEHTPAIMOHHOU
rpaHulle HepTIHOTO 3arpA3HEHUA JJI UCCIEIOBAHHBIX ITOYB (10 60 MTI'/KT), UTO YKa3bIBa€eT Ha TO,
YTO MUKPOOHOE COOOIIECTBO HAXOAUTCS HA TPAHU PEATU3AIUH CIIOCOOHOCTH K CAMOOYHUIIEHUIO
IIOYBBI. BbIsIBIIeHHBIE DUBUKO-XUMHUYECKHE 0COOEHHOCTH UCCJIEZIOBAHHBIX [TOYB ITyCTBIHHOM 30HBI
(ToMUHHpOBaHME MecYaHbIX (PAKIUHA, BHICOKHE 3HAUYeHHs PH, COJIEHOCTh) B COBOKYITHOCTH CO
cnenudUYECKUMH  KJINMAaTUYEeCKHMMHU YCJIOBHSMH U OCOOEHHOCTAMHU  cocTaBa HedTH
MecTopoxk/iennsa JI3yHOasH (mpeobsajlanue TsKeNIbIX mapaUHOBBIX (PAKIHI) XapaKTEPU3YIOT
UX HU3KYIO OTEHITHAJIBHYIO CIIOCOOHOCTH K CAMOOYHUIIEHUIO OT HE(DTIHOTO 3arpsi3HEHUS.

KirroueBbie ciioBa: HedTeoObIYa, TIOYBBI, OCOJIOHEHHOCTD, 3arpsi3HEHUE, YIJIEBOIOPO/IbI,
OakTepuu, MOHTOJTHS.
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Abstract

HYDRUS-1D program is commonly used to estimate soil moisture, solute, and temperature
flow in saturated and unsaturated zone under different initials and boundary conditions. The aim
of the work was to validate the efficiency of HYDRUS-1D program for predicting soil moisture and
temperature dynamics with hysteresis using HYDRUS-1D for clay loam Albic Glossic Retisols
(Lomic, Cutanic) soils. The efficiency of HYDRUS-1D was determined by comparing field
experiment measurements of soil moisture and temperature dynamics with its calculated soil
moisture and temperature dynamics by HYDRUS-1D based on soil physical properties.
The distribution and the values of measured soil moisture and temperature dynamics in the field
were close to its calculated soil moisture and temperature using HYDRUS-1D with hysteresis effect
of soil water retention. HYDRUS-1D program can be used for simulation of soil moisture and
temperature dynamics, but more accurate calculations are possible when using the hysteresis effect
of soil moisture retention curve for Clay loam and silty Clay loam soils.

Keywords: water retention, irrigation, field experiments, experimental and modelling data,
water and temperature dynamics.

1. Introduction

Soil moisture and temperature dynamics are forming the soil hydro and thermal regimes.
Itis used for modeling water and heat flux in the soil, plant production, evapotranspiration,
irrigation and drainage designs, groundwater contamination, soil evaluation, soil biota, and
environmental processes. Although the field measurements of soil moisture and temperature
regimes are accurate, they are time-consuming and costly. The dynamics of soil moisture and
temperature may be calculated using mathematical models, which are involving the quantitative
description of the hydro and thermal-physical properties based on fundamental of soil physical
parameters as predictors. The information of soil hydro and thermal-physical properties is

* Corresponding author
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required to accurately predict modeling soil moisture and temperature dynamics (Mady, Shein,
2018; Shein, Mady, 2016). Several methods used for estimation and measurement of soil hydro and
thermal-physical properties, they have divided into direct and indirect methods. Some attempts
have been made to predict indirectly soil hydro and thermal-physical properties from the easily
available soil physical parameters using mathematical models and pedotransfer functions (PTFs)
(Mady, Shein, 2018). The majority of PTFs can be estimated from proxy variables of soil physical
properties those are easily available, such as soil texture components, organic matter content, and
soil bulk density (Jarvis et al., 2013; Jorda et al., 2015; Shein et al., 2015).

HYDRUS-1D, a software package for simulating water, heat and solute movement in one-
dimensional variably saturated and unsaturated media. The software consists of the HYDRUS
computer program, and the HYDRUS-1D interactive graphics-based user interface. The HYDRUS
program numerically solves the Richards' equation for variably saturated water flow and
convection-dispersion type equations for heat and solute transport. The flow equation incorporates
a sink term to account for water uptake by plant roots. The flow equation may also consider dual-
porosity-type flow with a fraction of water content being mobile, and fraction immobile (Gerke, van
Genuchten, 1993a, 1993b; Simunek et al., 2008). The heat transport equation considers transport
due to conduction and convection with flowing water (Simunek et al., 2001, 2003). So it is
important to evaluate the efficiency of HYDRUS-1D program for forecasting soil moisture and
temperature dynamics for clay soil of podzolic genesis.

2, Materials and methods

The field experiment was carried out in Albic Glossic Retisols (Lomic, Cutanic) (WRB, 2014),
Moscow region, Russia, during the period from 2 to 7 August, 2017. The dataset of soil moisture,
soil potential, soil temperature and meteorological data was collected and measured for program
HYDRUS-1D at soil depths 10, 15, 20, 30, 40, 50 and 60 cm. The cylindrical monolith of Albic
Glossic Retisols was dug, with a diameter of 1 m and a height of 60 cm. Moreover, the walls of the
monolith were isolated by foam from the horizontal flow of soil moisture and heat movement in
Albic Glossic Retisols.

2.1 Soil moisture dynamics

a)  Soil moisture was measured daily at soil depths (0, 10, 20, 30, 40, 50, and 60 cm) using
direct method (weight method)

b)  Soil water pressure was measured daily using the digital tensiometers at soil depths
(0, 10, 15, 20, 30, 40, 50, and 60 cm) for 3 days before and after irrigation.

2.2. Soil temperature dynamics

a) Soil temperature was measured daily using digital temperature sensors or digital recorder
(EC LERK-USB-RHT-K1), with isolated from the horizontal flow soil walls monolith of Albic
Glossic Retisols, at soil depths (o, 10, 15, 20, 30, 40, 50, and 60 cm).

2.3. Efficiency of program HYDRUS-1D

In order to estimate the efficiency of program HYDRUS-1D for prediction soil moisture and
temperature dynamics in Albic Glossic Retisol, its results were compared with the field experiment.
The dataset of soil water content, soil temperature, and meteorological data was measured for
program HYDRUS-1D at soil depths 10, 15, 20, 30, 40, 50 and 60 cm. When reaching moisture
equilibrium in the process of draining the monolith (according to long-standing tensiometric
observations), the soil moisture content was determined by drilling. The density of the soil was
determined with repetition and presented in Table 1.
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Table 1. Statistical characteristics of some soil properties (Mady, Shein, 2018)

Soil properties Medium Min Max Standard deviation
Sand, 2-0,05 mm, % 5.50 1.80 8.91 2.01
Silt, 0,002-0,05 mm, % 67.58 59.01 76.35 4.96
Clay <0,002 mm, % 26.90 17.65 35.29 5.50
Soil density, g/cms3 1.35 1.19 1.49 0.10
Organic matter content, % 1.37 0.34 2.97 0.77

Soil moisture hysteresis was determined in spesial laboratory experiment with tensimeters in
the range of soil water pressure form —30 to ~800 cm on soil undistributed samples for the layers
0-10, 10—30, 30—40 and 40—60 cm (Shein, Mady, 2018). During field experiment meteorological
data for the calculation of evaporation from the surface soil was measured for the HYDRUS-1D
program from 2 to 7 August 2017 based on the average of daily temperature, wind speed, and
relative humidity using the Penman-Monteith equation. The upper and lower boundary conditions
for soil moisture and temperature are shown in Table 2 for modeling soil moisture and
temperature dynamics which was used in HYDRUS-1D program.

a)  Soil moisture dynamics: Pre-processing for HYDRUS-1D program depended on the
parameters of van Genuchten (1980) (Or, 0s, as and n) which were determined based on the
particle size distribution and soil bulk density. Also, water flow simulation was determined with
hysteresis based on the model of Kool and Parker (1987), a. for the wetting branch.

b)  Soil temperature dynamics: Pre-processing for HYDRUS-1D program depended on the
parameters of Chung and Horton (1987) which were determined based on the soil the particle size
distribution (soil texture).

Table 2. Boundary conditions for soil water and heat transport

Parameter Boundary condition

Water flow Upper Atmospheric BC with surface layer. Evapotranspiration was
calculated the average of daily temperature, wind speed, and
relative humidity using the Penman-Monteith equation.

Lower Free drainage
Heat transport Upper Soil temperature BC (measured, on the surface)
Lower Soil temperature BC (constant, jn the depth 60 cv)

3. Results and discussion

3.1. Simulation soil moisture dynamics

As the result of the conducted field experiment with artificial irrigation of the dried monolith
of Albic Glossic Retisols, the dynamics of soil moisture and temperature were measured, and
calculations of these dynamics under really initial and boundaries conditions were estimated.
Figure 1 shows the differences of real and calculated soil moisture without and with hysteresis.
Figure 2 shows the distributions of measured soil moisture in the field were usually different from
its calculated soil moisture by the HYDRUS-1D program. However, the difference between
measured soil moisture in the field and its calculated soil moisture by program HYDRUS-1D was
small at soil depths (10, 20, 30, 40) cm, whereas those difference were large at bigger soil depths
(50 and 60) cm as Figure 3. The reason of that due to the lower boundary condition was free
drainage at soil depth 60 cm, but those boundary conditions are usually used at depths bigger than
that, reach to 150 cm.
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3.2. Simulation soil moisture dynamics with hysteresis

The differences on Figure 1 shows the difference between calculated soil moisture without
hysteresis and its calculated soil moisture with hysteresis by HYDRUS-1D were small at soil depths
(10, 20, 40 and 60) cm, but the difference was larger at shallow soil depths 20 and 40 cm,
especially in case soil moisture calculation without hysteresis of soil moisture retention.
The differences on Figure 1 are usually real but less than 0,01cm3/cm3. The reason for the
difference related to the hysteresis degree which depended on, the value of soil bulk density and the
percentage of clay. The higher degree of hysteresis was at the surface soil layers, but the lower
degree of hysteresis was at soil depth 60 cm.

0.05

0.04

0.03
0.02 ¢
o
0.01}
o
0-00
-0.01 IT‘ T o IIl

——
s |
T

-0.02
-0.03
-0.04 ¢
o Mean
-0.05 . . . . . . . [ MeantSD
10 40 10_hyst 40_hyst T Meant1.96*SD

20 60 20_hyst 60_hyst

Fig. 1. Statistics of the difference between measured and calculated soil moisture content
(by volume) using program HYDRUS-1S for the depths 10, 20, 40 and 60 and calculated with soil
moisture hysteresis (10_hyst, 20_hyst, 40_hyst and 60_hyst) of agro-podzolic soil

HYDRUS-1D is commonly used for simulation soil moisture dynamics with hysteresis based
on the model of Kool and Parker (1987) a. = 2aq4. The above calculations and the good agreement
between the calculated and real values of humidity indicate in favor of this dependence. However,
in some cases, and in some soils, a different model can be used on the same theoretical basis.
Apparently, for each soil in study, the hysteresis of water retention can be described by close
regression functions of the bubbling pressure of the drying and wetting curves. For example, for
clay structured Albic Glossic Retisols the hysteresis can be calculated on the model aw =0.13 + aq,
(Shein, Mady, 2018).

3.3. Simulation soil temperature dynamics

It is known that water and thermal regimes are closely related. Therefore, an adequate water
regime estimation in the HYDRUS-1D program with the use of hysteresis data should be
adequately reflected in the restoration of the temperature regime. Figure 2 shows the differences
between measured in the field and calculated by program HYDRUS-1D soil temperatures which
was small at soil depths (0—10) cm, but it was larger at soil depths (10-15) and (15—20) cm.
The reason of that may be related to the sinusoidal equation which used by HYDRUS-1D; this
commonly used for simulation soil temperature in the surface layer. theoretical equation in real
conditions has noticeable deviations. But the profile distributions of soil temperatures (Figure 3)
shows that the distributions of really measured soil temperature in the field conditions did not
differ from its calculated soil temperature by program HYDRUS-1D. The range of temperature
values and their profile distributions are close and adequate in dynamics.
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Fig. 2. Statistics of the differences between measured and calculated soil temperature using
HYDRUS-1D for different depths of Albic Glossic Retisols
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Fig. 3. Soil temperature dynamics (a) in the field experiment and (b) calculated
using the HYDRUS -1D program

4. Conclusion

HYDRUS-1D program is commonly used to estimate soil moisture and temperature
dynamics. The efficiency of HYDRUS-1D increases at surface soil depths (0—15) cm. The efficiency
of HYDRUS-1D depended on used initial and boundary conditions and the use of the hysteresis
effect in case of irrigation of the dried soil. The difference between the field experimental data
based on the dynamics of measured soil moisture and temperature in the field and its calculated
soil moisture and temperature by HYDRUS-1D were small, which indicates to the possibility usage
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HYDRUS-1D program for simulation of soil moisture and temperature dynamics (with hysteresis)
for Albic Glossic Retisols.
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