<=+ Blogeosystem
* *
* * -
A Technique

Journal is being issued since 2014.
E-ISSN 2413-7316
2021. 8(1). Issued 2 times a year

EDITORIAL BOARD

Editors in Chief

Cerda Artemi — University of Valencia, Spain

Kalinitchenko Valery — Institute of Soil Fertility of South Russia, Persianovsky, Russian
Federation

Deputy Editor in Chief
Ghazaryan Karen — Yerevan State University, Yerevan, Armenia

Blagodatskaya Evgeniya — Institute of Physical Chemical and Biological Problems of Soil
Science of the Russian Academy of Sciences, Pushchino, Russian Federation

Elizbarashvili Elizbar — Iakob Gogebashvili Telavi State University, Telavi, Georgia

Glazko Valery — Moscow agricultural Academy named after K.A. Timiryazev, Russian
Federation

Lisetskii Fedor — Belgorod State University, Russian Federation

Minkina Tatiana — Southern Federal University, Russian Federation

Kizilkaya Ridvan — Ondokuz Mayis Universitesi, Samsun, Turkey

Okolelova Alla — Volgograd State Technical University, Russian Federation

Shein Evgeny — Moscow State University named M.V. Lomonosov, Russian Federation

Srivastava Sudhakar — Banaras Hindu University, Varanasi, India

Swidsinski Alexander — Molecular Genetic Laboratory for Polymicrobial Infections und
Biofilms, Charite University Hospital, Berlin, Germany

Rajput Vishnu — Academy of Biology and Biotechnology, Rostov-on-Don, Russian Federation

Surai Peter — Feed-Food.ltd, Scotland, UK

Zhao Xionghu — China University of Petroleum, Beijing, China

Journal is indexed by: Cross Ref (USA), Electronic scientific library (Russia), MIAR (Spain),
Open Academic Journals Index (USA), CiteFactor — Directory of International Reseach
Journals (Canada).

All manuscripts are peer reviewed by experts in the respective field. Authors of the
manuscripts bear responsibility for their content, credibility and reliability.

Editorial board doesn’t expect the manuscripts’ authors to always agree with its
opinion.

Postal Address: 1367/4, Stara Vajnorska Release date 25.06.2021
str., Bratislava — Nove Mesto, Slovak Format 21 x 29,7/4.
Republic, 831 04

Website: http://ejournal19.com/en/index.html Headset Georgia.
E-mail: kalinitch@mail.ru

Founder and Editor: Academic Publishing Order N B-19.
House Researcher s.r.0.

© Biogeosystem Technique, 2021

Blogeosystem Technique



Biogeosystem Technique. 2021. 8(1)

CONTENTS

Articles

Is Inorganic Nitrogen the Normal Plant Fertilizer? Or Do Plants Grow
Better on Organic Nitrogen? (Critical Review)
ALOL NIZEEI .viiiiiiieccieeeettee sttt e st e s st e e st eees e e e s s aaaessseeeesssaessnssaesssseeessssaesnssees

Human and Domesticated Species (Critical Review)
V.1. Glazko, G.Yu. Kosovsky, T.T. GIazKO ........cccceereeriiecieeiiecieecee e

Is There a Nitrogen Deficiency in Organic Farming, and are the Yields in Organic
Agriculture Lagging Due To Nitrogen Deficiency? And Can Conventional Agriculture
Learn from the Mistakes of Organic Agriculture? (Critical Review)

ALO. NIZEEIL ..ttt ettt s est et e s bt e bt st e s saeesbe e e sneeenneene

34




Biogeosystem Technique. 2021. 8(1)

Copyright © 2021 by Academic Publishing House Researcher s.r.o.

P % "y Published in the Slovak Republic Wit
* »  Biogeosystem Technique s
% * Has been issued since 2014.

E-ISSN: 2413-7316
2021. 8(1): 3-33

DOI: 10.13187/bgt.2021.1.3 [
www.ejournall9.com

Articles

Is Inorganic Nitrogen the Normal Plant Fertilizer? Or Do Plants Grow
Better on Organic Nitrogen? (Critical Review)
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Abstract

Mineralized nutrients from artificial fertilizers, and from animal dung and plant residuals,
are the cornerstone of modern conventional and organic agriculture. But they form a very risky
strategy for fertilizing crops. Mineralized nitrogen is not the only way in which plants can get their
nitrogen. In addition to the uptake of inorganic nitrogen, there are five other ways in which plants
get their nitrogen. Inorganic nitrogen is not a safe way for plants to get their nitrogen. Ammonia,
urea, and nitrate disturb the physiological processes in the plants, and, in consequence, the plants
are an easy prey for pests and diseases. Ammonia and nitrate reduce the biodiversity in the
patsures and the fields within a few years. But on the other side, not all the organic nitrogen is good
for plants. When the symbiotic microbes are put aside by putrefactive microbes, the latter produce
a lot of rotting compounds and toxins which hinder and even block the growth of the plants.
The cations in conventional and biological products are not in balance, and many trace elelements
are missing, with the result that not all nitrogen and sulphur are converted into real proteins. In
the 19t and the beginning of the 20t century farmers developed systems to transform animal dung
and plant residuals in a healthy plant food by mixing it with earth, heather sods or ditch dredge. By
doing this, they kept the nutrients in the mixture and prevented the evaporation and washout of
them into the air or the water (ground water). Other farmers added sea minerals to the farmyard
manure and the compost. In this way, they gave the crops the necessary sodium, magnesium and
trace elements. Crops fed with these products grow well. Still others used dung worms to convert
animal dung and compost into valuable fertilizers for the soil and the plants. This vermicompost is
a much better fertilizer than animal dung or warm compost. In organic agriculture, the yields are
lagging behind because the plants can’t get enough mineralized nitrogen and sulphur, and at the
same time they are not able to get the organic nitrogen and sulphur compounds from the soil,
because the symbiotic bacteria and fungi which can bring these organic nutrients directly into the
plants, are not present, or blocked. The fertilizing systems in organic and conventional farming are
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based on the same system of mineralization before the uptake of the nutrients by the plants. For
that reason, there are only minor differences in quality of the products from both systems.
Inorganic nitrogen blocks the nitrogen fixation of leguminous and non leguminous plants, if the
levels of it in the soil are too high. As they often are. Practical solutions were developed in the past
by many farmers and some scientists. Most of them are forgotten, and must therefore be
rediscovered. This article is part of a series in which I try to find out why the yields in organic
farming are lagging behind in comparison to conventional farming, and why the quality of both
product groups is comparable: not good enough. Lack of available (organic) nitrogen and sulphur
seems to be the common key.
Keywords: inorganic nitrogen, sulphur, plant, fertilizer.

1. Introduction

Modern agriculture is based on seven pillars. The use of inorganic salts as plant feed is one of
them. Ammonia and nitrate are the two salts, which farmers use to give as nitrogen fertilizers. And
urea. Urea is broken down in ammonia and carbonic acid before the plants can use it. There are
five other ways in which the plants can get nitrogen form the air or from the soil. With or without
the help of symbionts. In all these cases, the plants take or get organic nitrogen.

The direct uptake of atmospheric nitrogen by the plants themselves is systematically
overlooked by present-day agricultural science, although many scientists in the past have proven
that plants can get nitrogen directly from the atmosphere. One of them found out with which organ
plants assimilate atmospheric nitrogen directly without the help of symbionts.

Inorganic nitrogen salts disturb the physiological processes in plants, animals and men.

Very often the organically bound nitrogen in animal dung and warm compost in organic
agriculture is not or not sufficiently available for the growing plants, although large amounts are
given. During the stable time, the storage and the spreading of the dung, and during warm
composting many nutrients are already lost. By adding earth, heather sods or ditch dredge to the
farmyard dung and the compost these losses can be kept low. Artificial fertilizers also loose big
amounts of nutrients into the environment.

Farmyard manure and warm compost contain many growth inhibiting substances which can
be converted into good plant nutrients when these materials are given in the autumn.
The conversion goes on during winter, but in the Netherlands the organic fertilizers are mostly
given during the spring. So during the first weeks the growth of the young plants is inhibited.
Farmers in the Netherlands are not allowed to spread organic fertilizers after the September begin.

Nitrogen fixation is disturbed when too large amounts of inorganic nitrogen is given.
For nitrogen fixation, phosphor is the most important nutrient.

Inorganic nitrogen also lowers the amount of vitamin C in plants. Vitamin C is important for
the natural resistance of plants against pests and diseases.

The differences in quality between organic and conventional agricultural products are small
and often inconsistent: less nitrate and more magnesium and zinc in organic crops. In general, you
can say that organic crops are, like conventional crops, also out of balance for its macro-elements.
Besides, these products contain too much non-protein nitrogen, like ammonia, nitrate, and
probably many other non-protein N compounds.

In three articles, I will investigate why artificial fertilizers and the organic fertilizers, as used
today, are a risk for plants, animals and men. At the same time, this is a high risk for the
environment and the biodiversity. Further, I will demonstate how farmers in the past were able to
avoid these problems, and what we can learn from them. I did not study he important question
why modern agricultural science failed in solving these problems, although all the solutions were
available in the older publications of the last two hunderds years.

Six ways by which plants can get their nitrogen

Inorganic nitrogen

In modern agriculture, the dominant view is that plants always get their nitrogen in an
inorganic form — as ammonium or as nitrate. This is one of the cornerstones of the modern
paradigm. Questioning this fundamentally means that an important building bloc of this paradigm
is torn down. Other beliefs of the dominant paradigm are the overestimated role of potassium,
the underestimation of the importance of carbon, sodium, silicon, magnesium, and trace elements.
Another cornerstone is insufficient appreciation of the symbiotic relations between plants and
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microbes. Also the effects of all these on the health of plants, animals and men are systematically
underestimated. Problems with pests and diseases, according to this paradigm, can be solved with
pesticides and genetic engineering, and the hunger in the world can be solved with more and better
artificial fertilizers and smart pesticides.

So inorganic nitrogen is one of seven pillars. In this article, this pillar is put under the
magnifying glass.

Nitrogen.

In addition to ammonium and nitrate, there are at least five other ways by which plants can
get their nitrogen.

These are the possibilities:

Direct absorption of organic nitrogen

Plants can absorb amino acids and proteins directly from the soil (Nasholm et al., 2000;
Nasholm et al, 2009) or through the leaves (Krasil'nikov, 1958). There are plants that secrete
proteases themselves. These are enzymes that break down proteins into peptides and amino acids,
which are then directly absorbed by the plants through endocytose without first reducing them to
ammonium or nitrate. And there are plants that even directly absorb the proteins as a whole
(Paungfoo-Lonhienne et al., 2008).

Endosymbionts

Important groups of plants get amino acids from their rhizosphere symbionts, or from their
above ground symbionts in leaves and stems:

- the rhizobia in the root nodules of the leguminosae. There is a very comprehensive
literature about them. And recently scientists found bacteria which don’t belong to the rhizobia but
which are also able to form root nodules and assimilate nitrogen: in India it is proven that
Caulobacter, a bacterium in the root nodules of Horse gram, also assimilates nitrogen. Just like the
rhizobia, the Caulobacter belongs to the alpha proteobacteria (Edulamudi et al., 2011). Shiraishi
and his colleagues discovered in 2010 that also Pseudomonas and Burkholderia form root nodules
and assimilate nitrogen in the roots of Robinia Pseudoacacia (Shiraishi et al., 2010). They belong to
the gamma and the beta proteobacteria respectively.

- Nitrogen assimilating cyanobacteria in special glands on the stems of the Gunneraceae
(among which Giant rhubarb) (Santi et al., 2013). And Nostoc cyanobacteria in the leaf cavities of
Azolla ferns in the wet rice cultivation;

- Frankia bacteria in the actinorhizia plant families — mostly trees and shrubs (Santi et al.,
2013);

- The nitrogen fixing bacteria Azoarcus, Azospirillum en Herbaspirillum in the roots of
grasses

and of rice. Although certain azospirillum groups also have positive effects on some wheat
varieties, this is not a consequence of nitrogen assimilation but of other growth stimulating
compounds from Azospirillum according to some authors (Clemente et al., 2016; Ribeiro et al,
2018). Karimi got higher wheat yields (plus 18 %) with azospirillum under drought stress. But this
was, he said, a consequence of better root development through a higher indole acetic acid
production by Azospirillum Zea Sp. 2. from wild wheat varieties (Karimi et al., 2018).

Lafferty Doty questions this:

“In greenhouse studies with wheat, only inoculation with the wild-type strain of
K. pneumoniae resulted in increased height and greenness under N-limited conditions compared
to inoculation with a nif mutant or killed control strain, or uninoculated. These studies indicate
that, while phytohormone modulation, vitamin synthesis, and increased mineral uptake and
stress tolerance conferred by diazotrophic endophytes are important, N-fixation is also a key
factor in the benefit of inoculation” (Doty, 2017).

These four groups are so-called endosymbionts, because they offer their services in special organs
or in the root surface of the plants with which they are connected. So they live inside the plants.

Free living nitrogen fixers

There are on the other hand free-living nitrogen fixers in the soil: Examples of these are
azotobacter; actinomycetes, clostridium, azospirillum, klebsiella, burkholderia, and cyanobacteria.
More and more species are being discovered that can bind atmospheric nitrogen. Many nitrogen-
fixing bacteria belong to the proteobacteria.
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Symbionts, which release nitrogen from the soil humus or the soil particles

Bacteria:

Then there are the symbionts, which do not assimilate nitrogen from the air themselves, but
make the nitrogen free from the organic material, from the humic acids, or from the soil particles
by consuming it. Humic acids can bind inorganic nitrogen. This group of symbionts includes
bacteria, fungi and maybe also yeasts. These symbionts are then absorbed and "emptied by the
plant roots", after which they go back into the soil and again collect nutrients over there (White et
al., 2018).

White and his colleagues have demonstrated plausibly that plants, in order to obtain
nitrogen, digest their soil symbionts by breaking down their cell membranes with aggressive
oxygen compounds (H.O.). White speaks in this context of a rhizophagy cycle:

“In the rhizophagy cycle, symbiotic microbes go from plants into the soil, acquire nutrients
of various kinds, and carry nutrients back to plants, enter plant root cells where plants
oxidatively extract nutrients from microbes, then plants deposit [the] microbes back into the soil
from tips of root hairs to continue the cycle ”( White, 2019; see also White et al., 2018).

In his 2018 article, White published beautiful photos that give us an idea of these processes.
The drivers are partly bacteria that release nitrogen from the organic material such as Micrococcus
luteus and Bacillus amyloliquefaciens, and partly free-living nitrogen fixers such as Klebsiella and
Burkholderia. It concerns species-related symbionts. Micrococcus luteus, for example, does
stimulate tomatoes, but inhibits grasses and roots of other species.

This seems to be the most interesting group for our organic fertilizer discussion, just like the
mycorrhizae, because they make the organically or minerally bound nitrogen also available for the
plants. Without mineralization".

Mycorrhizae:

The mycorrhizal fungi. These fungi also release nitrogen and phosphorus from the soil and
humus and transport it to the plant roots in the form of amino acids and organic phosphor.
Nitrogen-binding bacteria are sometimes also found in special cavities (tubercles or nodules) of
these fungi. Paul and his colleagues have demonstrated this for a pine species (Pinus contorta) that
grows on poor soils (Paul et al., 2007).

Yeasts:

Yeasts can also bind nitrogen from the air and thus contribute to the better growth of crops.
Sherry yeast is an absolute topper in this respect (Schanderl, 1947). In cereals (oats, wheat), sherry
yeast strongly stimulated atmospheric nitrogen assimilation. It is not yet clear how it works.
Are the yeasts doing the nitrogen fixation themselves and then ‘eaten’ by the plants (see White),
or do they excrete their nitrogen in the rhizosphere zone after nitrogen fixation? Or do they
produce stimulating compounds for the cereals which make the nitrogen fixation by the plants
themselves possible? We do not know yet.

Schanderl demonstrated that specially selected wheat could extract up to 50 % of its nitrogen
from the air by itself (Schanderl, 1947).

“Mit Weizen habe ich folgendermassen experimentiert: 1939 habe ich auf einer der beiden
hiesigen grossen Kaolinsandhalden 10.000 Weizenkérner ausgesdt, von den Gedanken
ausgehend, dass wohl 99 % der Pflanzen zugrunde gehen wiirden, dass aber diejenigen welche es
sich unter den denkbar schwierigsten Bedingungen der N-Erndhrung zu einer Korneransatz
brdachten, zur Luftstickstoffassimilation fdhig sein miissten. In der tat sind von den

* Modern agriculture uses the word mineralization. By this they mean the freeing of inorganic elements and
compounds from organic material and minerals: potassium from feldspath or biotite; phosphor from apatite;
nitrate and ammonium, hydrogen sulphide, hydrogen cyanide and phosphine from organic materials or from
the clayparticles. Minerals are however something completely different. Minerals are stones, inert materials
which contain often silicates and aluminium plus metallic and non metallic elements. Nitrogen is not a part
of these stoney materials. Nitrogen is in the air and in the organic compounds in the soil. Ammonium can be
loosely bound to clay particles. Nitrate in the soil can bind with for example calcium. Together with calcium
or as a salt ion, nitrate is lost very quickly to the groundwater or the drainwater. Nitrate can also bind to
humic acids, but these are most of the time insufficiently present.

I have used the word mineralization in this text only because it has become the normal word for salts and salt
ions. In fact we should call it salts and the proces salinization. Minerals normally are inert and stable. Easily
soluble salts are agressive and lost easily.
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10.000 Pflanzen 9997 kliglich verhungert, niir 3 brachten es zu Ahren, und nur eine davon zu
normaler Samenbildung. Mit Samen von dieser auf N-Anspruchslosigkeit selektionierten Pflanze
wurde 1940 ein Gefdssversuch mit Sand von 15 mg % N-Gehalt angesetzt und eine N-Bilanz
aufgestellt. Das Wachstum dieser Selektions-Nachkommenschaft war fiir Weizen erstaunlich gut.
Die N Bilanz ergab dass der Weizen 50 % seines N-Bedarfes aus der Luft gedeckt
haben musste (..).

1942 wiirde je einem Gefiiss eine zusdtzliche Diinging von 25 mg N in Form von Hefe, und
140 mg N in Form von KNO, gegeben. Der N-Gewinn betrug im ersten Fall 170 mg, im zweiten
Falle nur 53 mg” (Schanderl, 1947: 173-174).

In his later trials in 1943, Schanderl found that some wheat grains were able — again —
to collect 53 % of its nitrogen from the air (Schanderl, 1943). But, according to Schanderl, all wheat
(and other crops with small seeds) need a sufficient nitrogen fertilization in the soil to start with,
in order to get good N fixation rates from the air. And first you have to select those wheat grains
which still have the faculty to fix nitrogen from the air. All hybrid wheat varieties can be excluded
because Graem Sait™ (Sait, 2018) has shown that these varieties are no longer able to take up
kobalt. Kobalt is, like molybdenum, necessary for nitrogen fixation.

Special nitrogen fixing hairs on the leaves

The plants can also assimilate themselves nitrogen through the special hairs on their leaves
(Jamieson, 1910). Jamieson stated that his research has shown that all plants have such hairs.
In his book of 1910, he first described why the observations and conclusions of Boussingault and
Lawes that plants cannot absorb nitrogen (N.) from the air were scientifically spoken untenable
and that Ville with his trials was right. In 1853, Ville had proven that plants are able to absorb
nitrogen from the air — nitrogen (N.), not ammonia (Ville, 1853). Chevreul et al., appointed by the
French government in a special committee, verified and confirmed it (Chevreul et al., 1855). But
Ville didn’t know which organ absorbed the nitrogen from the air. And the leading agricultural
scientists of his time — Boussingault and Lawes — started their own trials, which ‘proved that plants
did not absorb nitrogen from the air’. So they rejected both the results of Ville and the confirmation
by the Chevreul commission. But later on Atwater, Franck and Jamieson criticized strongly the
trials of Boussingault and lawes as completely untenable (Jamieson, 1910).

Jamieson describes how he observed the plant Spergula® (Spergula arvensis) which is very
rich in nitrogen, and noticed the numerous hairs on the leaves of this plant:

“Rigorous microscopic examination, and careful and varied chemical tests, brought out
that the hairs actually are absorbers of nitrogen from air, transformers of it into albumen, and
conveyers of the albumen into the plant. What held good in Spergula would, it seemed likely, hold
good in other plants; and actual examination showed that this was the case, i.e. that absorbers of
nitrogen were found to occur, in one form or another, on all plants®. (Jamieson, 1910: 101).

See for more detailed information on the research of Jamieson Appendix 1.

The interesting question then is why specialized symbionts are also needed as described
above, if all plants have these nitrogen fixing hairs. Schanderl has proven that a double mechanism
exists in leguminosae. He has demonstrated that leguminosae are perfectly able to fix nitrogen
from the air without their root nodules (Schanderl, 1947). It looks like as if the root nodules
produce extra nitrogen for the next generation, because Schanderl observed that these nodules
break open and give their assimilated nitrogen to the soil, and not to the plants. Schanderl was also
of the opinion that the root nodules offer the plants which with they are connected the special
nitrogen fixation stimulating compounds and not nitrogen. “The nitrogen in the nodules comes
from the leaves, not from the nodules”. So just the other way round, according to Schanderl.
Krasil'nikov agreed with this:

* Graeme Sait: “The hybridized, green revolution grains, upon which most of our modern bread is based,
attracted a Nobel prize for Norman Bourlag. (..)He did not use traditional hybridization techniques to create
this more squat variety, which was much less prone to lodging. Instead, he irradiated the original wheat
varieties and selected a mutant that became our main food. (..)There is one mineral that this compromised
cereal can no longer uptake at all. This is the rarely-considered trace mineral, cobalt. (..) Cobalt is the
building block for an incredibly important nutrient called vitamin B12. A key reason that many of us are now
lacking this vitamin relates to the loss of cobalt in our most popular food” (Sait, 2018).

" In the past spargel was an important fodder crop in the Netherlands. Mostly as a stubble crop.
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“There are reasons to believe that root-nodule bacteria, as well as the bacteria from the
nodules on the leaves of the above-mentioned plants, act favorably through their metabolites.
According to our data, leguminous plants, in symbiosis with the nodule hacteria, fix molecular
nitrogen for themselves from the air. The bacteria, due to their metabolic products, act as
biocatalysts, activating the nitrogen-fixing ability” (Krasil' nikov, Korenyako, 1946).

This is at least an interesting question: is the nitrogen from the leaves going down to the
nodules, or from the nodules going up into the leaves? Let us look at it with an open mind. See the
recent debate on the role of Azospirillum in wheat on page 4: Doty versus Karimi, Clemente, and
Ribeiro. Maybe plant promoting compounds go — also — from the nodules to the leaves...

In my article about the work of Schanderl I have listed up all the pro’s and contra’s, and my
conclusion is that Krasil’'nikov and Schanderl were wrong on this point, but many arguments of

Schanderl regarding the root nodules and rhizobia are not yet answered. It is still urgent to
answer them (Nigten, 2019b).

For cereals Jamieson observed that these ‘grasses’ have only small and few hairs for the
collection and fixing of nitrogen from the air. Maybe for this reason you could think, grasses need
special symbionts for nitrogen fixation: azoarcus; azospirillum etc (Paungfoo-Lonhienne et al.,
2008). But the results of Schanderl (see above), Lipman and Taylor (1922) and of Rigg (1838)
contradict this.

Probably the special hairs that Jamieson describes as nitrogen fixers are the filaments of the
cyanobacterium in the plant cells. In free-living cyanobacteria, these filaments or hairs are called
heterocysts. Air nitrogen is assimilated through these heterocysts. Heterocysts are extra protected
against oxygen, because the splitting of the air nitrogen in an oxygen-rich environment is almost
impossible (Figure 1). The cyanobacterium is one of the four primordial symbionts that together
form the plant cells.

This would then be the same ancient symbiont that also takes care of photosynthesis in the
leaves, (in) the chlorofyll granules, descendants of a cyanobacterium (Nigten, 2020). The other
main symbionts of the plant cell are adapted forms of proteobacteria (the mitochondrium),
of spirochetes (for the transport and cell division system (mitosis)), and the mother cell in which all
symbionts are included (an archaea, probably Thermoplasma acidophilum®) (Margulis, Schwartz,
1988; Margulis et al., 2009). In addition, more and more "specialised" symbionts are being
discovered.

This concerns both fungi, bacteria and beneficial viruses (Béchamp, 1883; Pradeu et al.,
2016).The research into viruslike structures in bacteria and their roles points out that these semi-
organelles fullfill important roles as symbionts in the bacteria:

“The number of bacteria that are found to depend on phages for crucial functions increases
almost by the day” (..) “It seems that some phages’™ have become almost permanent components
of bacteria” (Hunter, 2008).

All the above described routes provide organically bound nitrogen.

In a similar way, organically bound other elements such as phosphorus, potassium, calcium and
magnesium are also supplied by soil life (Krasil'nikov, 1958). Iron, for example, is bound by
siderophores® and transported into the cells. Zinc is said to use quercetin as the ionophores. Many
ionophores are produced by microbes, some by the plants themselves. Phosphorus is also released from
the soil particles by the mycorrhizal fungi and delivered (organically bound) to the plant roots.

* Yutin et al abnegate the theory of Margulis regarding Thermoplasma acidophylum as the primal cell of the
eukaryotes.

They think , based on phylogenetic analysis, that an extinct archaea is the one (Yutin et al., 2008).

" Phages are bacteriophages, literally bacteria eating viruses.

* “Siderophores (Greek: "iron carrier") are small, high-affinity iron-chelating compounds that are secreted
by microorganisms such as bacteria and fungi and serve primarily to transport iron across cell
membranes, although a widening range of siderophore functions is now being appreciated. Siderophores
are among the strongest soluble Fe3* binding agents known”. Source Wikipedia english: siderophore.

§ For more information on ionophores — ion carriers (see Wikipedia english: ionophore).
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Fig. 1. Heterocysts. With the cyanobacterium (left under);
only the heterocyst in the hairs (right, see the arrow)

The crux of the problem.

¢ Nitrate and ammonia ... disturbing nutrients.

As early as 1912, Schreiner plausibly argued that nitrate and ammonium are not the
preferable nitrogen sources. For example, he clarified for nitrate that the plants must first extract
the oxygen from the nitrate — NO,. That takes a lot of energy. And then, the entire formation of
amino acids still has to take place before the built up of proteins can start (Schreiner, Skinner,
1912a). This is all very inefficient. Visser goes a step further in his thesis from 2010 and basing on
the extensive literature research concludes that nitrate and ammonium are actually the most
harmful nitrogen forms for the plants (Visser, 2010). The plants are overfed with it, and the carbon
is missing in both ammonium and nitrate. According to Jones, this leads to an exhaustion of soil
carbon, and through this, the soil life is declining (Jones, 2015).

Due to these phenomena, in combination with a lack of magnesium and trace elements, the
plants cannot convert all the inorganic nitrogen absorbed into complete proteins, which weakens
its resistance (Anjana and Umar, 2018). The plant becomes an easy prey for diseases and pests
(Hornick, 1994; Visser, 2010). Microbes, nematodes and insects love nitrate, ammonium, ureum,
nitric oxide, nitrosamines and even whole amino acids in the plant, but not proteins. They can’t eat
the proteins in the plants (Chaboussou, 2005).

Not only nitrate can disturb physiological processes in plants but also ammonium. Britto and
Kronzucker have given an overview in 2002 (Britto, Kronzucker, 2002).

The most interesting of their findings are these:

- Charles Darwin already in 1882 saw growth inhibition in euphorbia peplus through
ammonium. (In the same period, Julius Hensel condemned the use of farmyard manure, because
he thought the ammonia in it was harmful for the crops. Instead of that, he stimulated the use of
rock flour as a fertilizer).

- In humans ammonium can cause neurological and insulin disorders. And: “Sensitivity to
NH_+ may be a universal biological phenomenon, as it has also been observed

in many animal systems”.

- In the majority of ecological systems, the values of NH,* in the soil solution vary between
0.4 mmol/l and 4 mmol/l. In agricultural soils, it often ranges from 2 to 20 mmol/l.

- The large amounts of human-made ammonium in ecosystems affect not only individual
species but also e.g. the decline of forests;

- The threshold at which ammonium becomes harmful differs per plant species. Britto gives
some examples of sensitive plants, among which tomatoes and potatoes. Other plants like rice,
onions and leeks are highly adapted to ammonium. But these plants can also suffer from
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ammonium toxicity if the amount given is too high. When also nitrate and potassium were given
this ammonium toxicity became less;

- Symptoms of ammonium toxicity in the sensitive species appear mostly at NH,* in the soil
solution above 0.1 to 0.5 mmol/l. Some symptoms are: lower seed germination, and less seedling
establishment; chlorosis in the leaves; diminished growth; a possible (still much discussed)
intracellular disturbed pH; lower yields and even plant death;

- “Symptoms not so readily visible, but equally important, can include a decline in
mycorrhizal associations”.

- Less potassium, magnesium and calcium, and more phosphate, sulphate and chloride in the
plant tissues through ammonium. Some acids like malate acid go also down, while amino acid
concentration increase; rhizosphere acidifies after ammonium uptake, while alkalizing happens
after uptake of nitrate. So most plants which tolerate ammonium are also acid tolerant.

- The way in which ammonium enters the root cells is still highly debated. One of the ideas is
that there is a lack of regulation for the uptake of ammonium. Maybe because the potassium
channels for the uptake of potassium are also used for the uptake of ammonium;

- The content of sugar and starch in plants decreases with ammonium fertilization. This can
be induced through damage of the photosynthetic centers. A possible side effect is less ascorbate
because of less carbon. Ascorbate is the anion of vitamin C.

- Ammonium inhibits the uptake of nitrate to a certain degree. But extra nitrate can alleviate
ammonium toxicity in ammonium sensitive plants;

In later research, Balkos and Britto found out that for rice it helps to give extra potassium to
mitigate the harmful effects of ammonium. Rice is a non-sensitive species (Balkos, Britto, 2010).

More interesting is what Britto and his colleagues did not investigate. Eight questions:

- Are there no alternatives for ammonium and nitrate like organic nitrogen compounds?

- Which other elements are necessary for mitigating the harmful effects of ammonium (and
nitrate)? Potassium plays only a minor role in the conversion of ammonia and nitrate into real
proteins.

- Why is the general level for harmless ammonium — under 0.1 to 0.5 mmol/I for sensitive
species — so low? What is the level of ammonium in the top layer of the soil if you spread for
instance 100 kg NH,. N/ha as ammonium fertilizer? And what if you do this ten years or more in a
row?

- And what is the general level for the amount of harmless ammonium for non-sensitive
species? And for soil life? The results of the Bernburg trials (1910-1962) gives detailed information
for differences in bacterial numbers depending on different treatments”. See Appendix 2.

- In which way is ammonium in natural ecosystems bound in the soils (clay particles; humic
acids; fulvic acids; other organic matter)? And is there a maximum level for binding ammonium in
different soils? Or, in other words, at what level is ammonium lost from soils? Or is it always lost to
some degree?

- What are the consequences for human and animal health if crops contain ammonium in
their tissues? And is there a safe level?

- Why do you have to spread say 100 kg/ha of ammonium fertilizers to get 40 % in the crops?
Is here a physiological mechanism at work? And which? Osmosis?

- Does ammonium (and nitrate) also lower the content of other vitamins than vitamin C?

In a recent study, a negative impact of inorganic fertilizers on the rhizosphere microbiome of
wheat plants is proven (Reid et al., 2021):

“The profound negative effect of inorganic chemical fertilizer application on rhizobacterial
diversity has been well documented using 16S rRNA gene amplicon sequencing and predictive

* From the trials at the Bernburg experimental station (1910-1962) in Germany we know that the highest bacterial
count was found in the fields which were treated with animal dung. 33.86 million bacteria in one gram soil. In the
treatment with only nitrogen the count was 11.2 million bacteria. The animal dung parcell had almost the highest
nitrogen percentage. The highest was the parcel treated with animal dung plus phosphor and potassium, but no
extra nitrogen. In the parcel treated with NPK (N= nitrate) the soil nitrogen was low. Even less than the control:
0,038 against 0,066. And the bacterial count was also low (Poschenrieder and Lesch, 1942). See Appendix 2 for
the exact data of all treatments and an interesting ascertainment: the nitrogen of farmyard manure is in the soil,
but nevertheless insufficiently available for the plants.
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metagenomics. (..).In general, fertilizer addition decreased the proportion of nutrient-solubilizing
bacteria (nitrate, phosphate, potassium, iron, and zinc) isolated from rhizocompartments in
wheat whereas salt tolerant bacteria were not affected (..). We hypothesized that the addition of
chemical fertilizer would reduce putative Plant Growth-Promoting Rhizobacteria populations in
wheat. We found that the abundance of rhizobacteria with acquisitional traits for key plant
nutrients (endogenous nitrogen, phosphate, potassium, iron, and zinc mobilization) were
significantly reduced in wheat grown in soils treated with NPK fertilizer.

This study contributes to our understanding of the impact of fertilizer on wheat
rhizobacteria and supports previous studies showing the deleterious effect of chemical fertilizer
on plant rhizobacteria, particularly through highlighting the greater abundance of putative Plant
Growth-Promoting Rhizobacteria in unfertilized plants. It is assumed that wild relatives have co-
evolved with the microbial community of native soils, selecting microbes beneficial to growth and
health. Here, we show the probability that wheat plants can select growth-promoting bacteria to
their roots to establish mutually beneficial associations and that chemical fertilizer reduces this
selection” (Reid et al., 2021).

But ‘there is still uncertainty about the exact mechanisms how or why this is caused’.
The authors developed a hypothesis about competition between rhizosphere bacteria and non
symbiotic bacteria:

“However, it is unclear why fertilizer addition would inhibit root colonization by these
bacteria. It is possible that rhizobacteria are less able to metabolize primary nutrients in the form
presented in agricultural fertilizers than other members of the soil microbiome. If this is the case,
it would follow that they are also less competitive in this environment and this would be reflected
in their lower abundance” (Reid et al., 2021).

Future research.

In future research, the methods developed by Reid et al. can be used to check if the
rhizosphere bacteria in current organic agriculture are repressed in a comparable way by farmyard
manure, slurry or heated composts as in inorganic fertilizing. And at what levels inorganic
fertilizers repress the rhizosphere biome? And what is the influence of toxic organic nitrogen
compounds on the rhizosphere biome? Are the effects of the toxic organic nitrogen and sulphur
compounds in rotting farmyard manure, slurry or in warm compost on the rhizosphere biome
comparable to the effect of inorganic fertilizers of which Reid et al. talk?

Organic nitrogen in farmyard manure: present but not available ... a complicated problem.

The crux of the problem of farmyard manure seems to be that on the one hand, there is
mostly sufficient organic nitrogen in the soil, but on the other hand, at the same time it is not
available or at least not sufficiently accessible for the crops.

Lawes and Gilbert (1858) confirmed this in their report about the results of a three years trial
on meadowland with 17 treatments, among which a treatment with pure minerals (K + Na+ P + Ca + S
+ Mg; and no ammonium, nor nitrate); a treatment with ammoniacal salts; a treatment with farmyard
manure; one with farmyard manure plus ammoniacal salts; one with minerals salts, ammoniacal salts
and cut wheat straw and one with farmyard manure plus 200 lbs ammoniacal salts.

Lawes noticed that the pure mineral treatment had very positive effects on the leguminous
herbage, and that the pure ammoniacal salts had only positive effects on the gramineous plants.
And that farmyard manure in this respect had an in between position:

“That the mineral constituents of the dung had their share of effect, would appear from the
fact, that the Leguminous herbage was moderately luxuriant on the dung plot, and that those of
the Grasses were the most developed which were increased in their proportion to the rest by the
artificial mineral manures. And again, that the nitrogen also of the dung was effective, may be
judged, not only from the general development of the Graminaceous

plants under its use, but from the fact of a like fullness in the proportion of the Grasses in
flowering and seeding stem, as where ammoniacal salts were employed in conjunction with the
mixed mineral manure.

It would appear, however, that a much less proportion of the whole nitrogen supplied to the
land was active, when it was provided in the form of farmyard manure, than when in that of
ammoniacal salts. There would, in fact, be considerably more of nitrogen applied per acre in the
14 tons of farmyard manure, than in the 400 lbs. of the mixed ammoniacal salts. Nevertheless,
the encouragement of the Leguminous plants was much greater, and that of the Graminaceous
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ones much less, where the farmyard manure was employed, than where the 400 lbs of
ammoniacal salts, together with the mixed mineral manure, were used.

That the less produce by the farmyard manure, than by the mixed mineral manure and
400 lbs. of ammoniacal salts, was due to a deficiency of available nitrogen, notwithstanding the
large actual amount of it in the dung, would appear from the fact, that on the employment of
200 lbs. of ammoniacal salts in addition to the farmyard manure (Plot 17), there was a further
average annual increase of 8 3/8 cwits, of hay per acre. Still, even with this addition, there was
about ¥2 a ton less of hay annually than where the " mixed mineral manure" and the “400 Ibs. of
ammoniacal salts” were applied.

The evidence regarding the action of the farmyard manure goes to show, that, though it is
doubtless a very complete and important restorer of both the mineral constituents and the

nitrogen required to repair the exhaustion of this most greedy crop, yet, the amount of these
constituents supplied by its means is proportionally much less active within a given time than
that provided in the artificial combinations” (Lawes, Gilbert, 1858: 568).

Results of the three years trial on meadowland of Lawes and Gilbert are presented in the
Table 1.

Table 1. Treatments with different fertilizers (from Lawes, Gilbert, 1858: 558)

Manures per acre per annum Average yield of three | Average annual | Striking effect
years, t increase by manure

T 1. Unmanured 1.203 ton - Grasses and
legumes

T 4: 200 lbs ammonia sulphate | 1.762 ton Plus 0.559 ton. Grasses, almost no

and 200 Lbs ammonia murate legumes

T 8 Mixed mineral manure: K + | 1.66 ton 13 cwt Plus 0.457 ton Legumes, almost no

Na+P+Ca+S+Mg grasses

T 10 Mixed mineral manure and | 2.965 ton 1.762 ton

200 lbs ammonia sulphate and
200 Lbs ammonia murate

T 12. Mixed mineral manure; 200 | 2.711 ton 1.508 ton Five cwt less than
Ibs ammonia sulphate and 200 T10 through the
Lbs ammonia murate, and 2000 wheat straw

1bs cut wheat straw

T 16. 14 ton Farmyard manure 2 ton 0.813 ton Grasses, and some
legumes.

T 17. 14 ton Farmyard manure | 2.406 ton 1.203 ton
plus 100 lbs ammonia sulphate
and 100 Lbs ammonia murate

Here we see that 14 ton farmyard manure — T16 — has a lower yield than T10 — artificial
ammonia fertilizers plus mixed mineral manure K + Na + P + Ca + S + Mg, although according to
Lawes the 14 ton farmyard manure contains much more nitrogen than the artificial ammonia
fertilizers in T10".

But couldn't plants directly absorb amino acids or proteins as stated above? Yes, but then the
organic nitrogen compounds must be amino acids or proteins for most of these plants, and they
must be accessible to the plant roots. It seems that the absorption of organic nitrogen for roughly
85-90 % of the plants requires the mediation of the microorganisms in the soil — the symbionts:
mycorrhizae or bacteria. But then there must be symbionts available. And also the right symbionts.

* In the Netherlands farmyard manure contains roughly 5% N in fresh product (Blgg AgroXpertus, 2011).
So in 14 ton FYM there is roughly 700 kg Ni.. Indeed, much more than in 400 pounds of the ammonia
fertilizers.
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The research by Paungfoo-Lonhienne (Paungfoo-Lonhienne et al., 2008) showed that a
member of the brassicaceae family — the sand rocket — was able to absorb proteins directly,
without the intervention of microorganisms. The plants examined secrete proteases themselves
that break down proteins into amino acids that they can absorb via endocytosis. The Brassicaceae
don’t have mycorrhizal fungi as symbionts. And they don’t need them. They are able to process
proteins by themselves.

“Digestion and uptake of protein may be widespread in the plant kingdom and may be
crucially important for the 10 % of plant species that do not form mycorrhizal symbioses
(Paungfoo-Lonhienne et al., 2008: 4527).

And why do the plants in agriculture, based on farmyard manure or slurry not
use their special hairs to fix nitrogen from the air?

There are different reasons why this does not happen, or not as much as necessary or
possible:

1. Growth inhibitors and toxins from deep litter manure, slurry’, warm compost and their
putrefactive bacteria suppress and hinder the plant growth and the symbiotic microbes around the
roots. So the plants can’t get enough organic nitrogen from the soil to start their growing. First they
have to build their young green leaves before the nitrogen fixation in the hairs of their green leaves
can begin (Schanderl, 1947);

2. When there is too much nitrate or ammonia in the soil, nitrogen fixation on the leaves
stops. On most organic farms, nitrate and ammonia are the only nitrogen compounds available for
the plants in the beginning of the growth season, because the organic nitrogen is not accessible
(see point 1);

3.  All the trace elements necessary for nitrogen fixation should be available. So at least
kobalt, molybdenum, zinc and magnesium must be there in sufficient amounts. And probably
much more trace elements. In many soils these trace elements are low, missing or not available
(Dimkpa, Bindrapan, 2016). And ammonia plus potassium hinder the uptake of many cations,
including trace elements;

4. And growth stimulators like auxins, cytokinins and gibberellins support these
processes. So they should be available too. For their production symbiotic microbes around the
roots are unmissable;

5.  Pesticides may disturb the work of the symbionts, and the cooperation between plants
and their symbionts. In a recent study in the Netherlands, it became clear that also in organic
agriculture there are many different residuals of pesticides (Buijs, Samwel Mantingh, 2019). Partly,
they come from outside organic agriculture and partly form the dairy farms themselves. From the
past or from actual use. Organic dairies use insecticides and vermicides against flies on, and worms
inside the cows. And this is still officially permitted.

What can we learn from the literature about nitrogen availability from
farmyard manure, slurry and warm compost in (organic) agriculture?

The farmyard manure, slurry and plant residuals must first be pre-digested by non-symbiotic
microbes before the symbionts can start working. Cellulose, hemicellulose and lignin have to be
broken down before the cell cytoplasm can be digested. This pre-digestion takes time (Rusch, 1968;
Krasil'nikov, 1958). But because the manures in the Netherlands are often applied in the spring,
that necessary time is missing. The digestion, which follows then, often also produces substances
that temporarily inhibit the growth of the plants. This is partly because the quality of the manure or
the compost itself leaves much to be desired. It contains, as you can smell, too much non-protein
nitrogen, and non-protein sulphur, NPN and NPS. And the very toxic phosphine, PH; and Hydrocyanic
acid, HCN. Such manures and compost often stimulate the wrong bacteria — decay bacteria. These
putrefactive bacteria produce toxins, such as mercaptans, putrescins, cadaverins, indoles, and skatoles
(Hennig, 1996) and eventually these substances are converted into ammonia, hydrogen sulfide,
hydrogen cyanide, nitrous oxide (Laughing gas), nitrate, phosphine and gaseous nitrogen (N.) in the
manure, which emit easily. Especially phosphine emits very quickly from the manure heaps and the
slurry pits, because it is poorly soluble in water. In the modern emission literature it is never
mentioned, but in the 19th century it was already memorized (Bowditch, 1856).

* Not all slurry is giving rotting. We have shown that a slurry with a C/N ratio of twelve and up gives little
rotting compounds like ammonia (Vanhoof, Nigten, 2020).
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Losses of inorganic nitrogen — and other anions — in historical perspective:

Bowditch, a reverent of St Andrews at Wakefield, studied the losses of nitrogen, sulphur and
phosphor from manure heaps, from stored blood from slaughterhouses and other slaughter
residuals, and from heaps with vegetable residuals. He showed how much ammonia, hydrogen
sulphide and phosphine was lost from these residuals. His purpose was to demonstrate the farmers
and workers the losses from these heaps, not with laboratory results but with the smells which
escaped from these residuals and with test paper which coloured blue if there was emitted
ammonia, hydrogen sulphide or phosphine.

And also he made clear to the farmers how they could keep these valuable elements in the
heaps by mixing earth with the residuals, often in a ratio of one to one. Then the heaps gave no
more smells at all. And the end product gave very good yields as he demonstrated. He also argued
that much phosphor was lost from the heaps by the evaporation of phosphine. Phosphine he said,
is not as good dissolved in water, as ammonia and hydrogen sulphide. In fact, he showed, it escapes
from the first moment it arises.

“The former gas [hydrogen sulphide] is therefore twenty four times more soluble than the
latter [phosphine]” (Bowditch, 1856).

And he stated it is the oxide of iron and of alumina and silica of the earth which binds these
precious elements. For this he refers to the experiments of Way and Thompson, and to Liebig.
He pointed especially to the role of hydrogen ions which catch nitrogen, sulphur, carbon and
phospor in a very agressive way, before emitting. He didn’t make clear where the hydrogen comes
from. I think he supposes it comes from the degradation of proteins.

The main mistake, he says, which is made is that men wants to see quick results, for instance
by heating the compost heaps, but nature never works quickly. Processes in nature are always slow.
So we should also work slow. Only then we can keep the valuable elements in the residual heaps.
Earth, he argues, helps us to work slowly. And he reminds us that the normal treatment of manure
heaps and compost heaps by the farmers is such that the precious elements are lost, and in spring
these farmers buy the same lost materials from the fertilizer industry:

“What renders the case more noticeable, is, that the burning is the worst” when the
evaporation is the greatest, and no spectacle is more familiar to an observer of the fermentation
of manure than a cloud of white vapour which completely conceals the workmen who are
removing a heap of “firefanged” " horse dung.

But every particle of that exhaling moisture was designed by a beneficent Providence to be
condensed into a liquid charged with the precious burden which it is now bearing away on the
wings of the wind. Elements of corn and cattle are volatilizing with every grain of the steam, and
(in towns) are becoming sources of disease and death’ to those whom, if differently managed,
they might feed! And why? Simply because man will defeat nature.

Nature designed putrefaction (combustion) to be slow, and to that end required all
decomposing refuse to be buried, in which case its slow but useful conversion was certain. Man
on the other hand places the waste substances so that the combustion may be rapid. He employs
the light porous material straw to mix with animal excreta, and places the whole so as to ensure a
free passage of oxygen among the putrefying mass” (..). [Through the heating the water in the
heaps evaporates...]

“But suppose all the water had been retained by the heap. Suppose the oxygen had been
supplied to the decaying mass as it is supplied in the soil, abundantly but yet slowly, would there
have been any firefang, or would the ammonia and other valuable products have flown away
almost as quickly as they were generated? We are always wrong when we can perceive a law of
nature and do not conform to it” (Bowditch, 1856: 328).

But not only from farmyard manure and warm compost a lot of nutrients are lost. The same
is true for articial fertilizers.

* Here Bowditch means, ‘that the burning is the strongest..’

" Firefang is, I think, something like a smoldering fire. In the modern dictionaries, I couldn’t find a
translation of firefang.

* Bowditch gave in his tekst an example of his son who got ‘typhus’ when he got too much of this smelly odors
from a manure heap.
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In 1856 lawes and Gilbert, two english scientists, published the results of their research into
the partial utilization of nitrogen:

“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 ! (..) 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”
(Lawes, Gilbert, 1856: 484-485).

In 2017, Yuan and Peng came to similar conclusions for China (Yuan and Peng, 2017):
In 1961, when nitrogen fixation and animal dung were the most important sources of nitrogen in
China, 59.4 % of all the nitrogen which was brougth to the land was utilized by the crops. In 2012,
when artificial fertilizer was the main nitrogen source only 37.5 % was utilized by the crops.
The remaining 62.5 % goes in the environment, resulting in dead zones in lakes and seas, in the
disappearance of rare plant and animal species in nature and in the pastures and fields, and in
pollution of drinking water.

The biggest part of the 37.5 % nitrogen which is taken up by the crops also ends in the
environment after being eaten by men and animals, from the slurry pit, the deep litter stables, the
compost heaps, slaughter residuals, and the sewage treatments. All three are ideal places for
emissions. So roughly about 90 % of the nitrogen fertilizers is lost in one cycle. Jones also comes up
with losses of 60-90 % (Jones, 2015).

And the losses from farmyard manure at Rothamsted are even higher:

“The measurements and calculations in these tests are all so simple in kind that they can
hardly be distrusted or devalued. They are simply matters of sampling and analysis and
multiplication by the total weights involved. The nitrogen content of the top nine inches of soil has
been considered. Figures given are those for an acre. On one plot the only manuring was with
Jfarmyard manure each year. This gave to the soil 201 pounds of nitrogen per year. To this supply
must be added 7 pounds to cover the rainfall contribution and the nitrogen in the seed sown.
So, each year, the soil totally received 208 pounds of nitrogen. But each wheat crop removed
50 pounds of nitrogen per year. So the soil should have gained 158 pounds annually.

In 1865 the total nitrogen content in the soil per acre was 4,850 pounds; and, by 1914,
it was 5,590 pounds. A gain in forty-nine years of 740 pounds, which works out at only just about
15 pounds per year. The theoretical annual gain of 158 pounds is reduced in fact to a mere 15—
so there was, therefore, an average loss of 143 pounds of nitrogen per year”. (Hopkins, 1956).

That is a yearly loss of 71 %. Even more than from artificial N fertilizers during cropping.

The positive effect of farmyard manure for carbon sequestration in the soil is another
question. Although lots of carbon (and nitrogen) are lost in the stable or during composting and in
the field the net result for fertilizing with farmyard manure is that the organic matter in the soil
stays on level and the same applies for nitrogen during a fifty years trial:

“At Woburn, continuous cereal cropping from 1876 to 1926 showed a 33 per cent loss in
organic matter content where only fertilizers had been used—but little loss where large
applications of farmyard manure had been regularly given. This comparison was worked out
Jfrom the figures for carbon content and nitrogen content in 1876 and in 1926, it being assumed
that the organic matter content was fairly proportional to these figures. These were the figures”
(Hopkins, 1956) (Table 2).

Table 2. Carbon and Nitrogen content in the soil under different fertilizing schemes

Fertilizer Carbon content percentage Nitrogen content percentage
1876 1926 1876 1926

Manured” plot | 1.48 1.5 0.155 0.15

NPK plot 1.48 1.0 0.155 0.09

“Manured with farmyard manure.
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As Hopkins remarks, in both ways of fertilizing the C/N ratio stays 10 : 1, but the artificial
fertilizers give a reduction of carbon and nitrogen. The yields, and the total amounts lost are
something completely different. (See also Appendix 2 for the nitrogen content in the soil from
farmyard manure).

So in 160 years we can say there is no improvement as far as effective use of nitrogen is
concerned. And the losses of carbon, potassium, phosphor and sulphur into the air and soil are not
even mentioned in many government proposals. Phosphor into the groundwater is the exception.

At the moment, in the Netherlands the goverment has reduced the whole question of losses
from the manure into losses of ammonia as far as agriculture is concerned. The measurements of
my colleague showed that also hydrocyanic acid (HCN) evaporates from the slurry. And of course
there is the loss of laughing gas, NO, and N.. And are there other volatile nitrogen compounds,
which we miss while measuring because our equipment can’t measure them? Casey sums up many
of these compounds (Casey et al., 2006). And sometimes you get the feeling that science and the
goverment don’t want to measure them at all, because more lost nitrogen means more political
problems.

And the losses from the great compost factories, from the sewage treatments or from the
processing of cadavers and slaughterhouse residuals are not even mentioned.

According to Hao (Hao and Benke, 2008), from 13 % up to 70 % of the total nitrogen from
the beginning of the composting proces can be lost as ammonia. Other losses are laughing gas,
nitrate and inert nitrogen (N.). Hao proposes many interesting methods to diminish these losses:

- Extra straw or woodchip for increasing the C:N ratio;

- Less turnings and smaller heaps;

- Acidification by adding phosphoric acid, MgCl, or Al.(SO,)s; S;

- Binding ammonia with coir, zeolite or peat;

- And the adding of magnesium and phosphor salts for forming Struvite.

Many of these proposals were already made in the 19th century. But then the conclusion was
that the simplest, cheapest and best way was adding earth.

And as we know now this old method can be combined with worms to make vermicompost.
Pfeiffer saw thousands of worms in these with earth enriched heaps. He didn’t even have to add
them (Pfeiffer, 1936).

¢ Growth inhibiting substances.

In the period 1905-1915, Schreiner® and his colleagues drew up a list of about 20 growth
inhibiting substances that are released from the organic conversion or decay processes in the soil.
Schreiner suspected that this was due to too little oxygen in the top layer. He identified important
growth inhibition through the following substances: dihydroxystearic acid; aldehydes; guanidine;
coumarin etc. Dihydroxystearic acid could be detected in all soils with sufficient nutrients yet with
poor growth. Laboratory tests confirmed the growth-inhibiting properties of this acid. Guanidine is
especially interesting as it is part of urine’. The experiments of Schreiner demonstrated that
guanidine inhibits the uptake of nitrate, potassium and phosphor:

“The total phosphate, nitrate, and potash removed by the normal plants was
L608.9 milligrams, against only 1,088.5 milligrams in the guanidin set. The phosphate removed
was 427.3 milligrams in the control and 287.0 milligrams in the guanidin set; the potash was
723.7 milligrams for the control and 496.7 milligrams for the guanidin set; the nitrate was
457.9 milligrams for the control cultures and 304.8 milligrams for the guanidin cultures” (..)

“Guanidin, as carbonate, is shown to be harmful to wheat, corn, cowpeas, and potato
plants. It produces an effect similar to a physiological disease. The plant is normal for a few days,
then begins to show a spotted appearance on leaf and stem. This effect develops until the plant is

* In addition to research into growth-inhibiting substances, Schreiner has also extensively researched which
organic nitrogen compounds promote growth. For example, he and his colleagues have extensively tested the
following growth-promoting substances: histidine, creatinine and arginine, as well as hypoxanthine, xantine
and the nucleic acids. I have written a separate article about the work of Schreiner and his colleagues.
In Dutch (Nigten, 2019).

" In Wikipedia we find: “Guanidine is the compound with the formula HNC(NH.). It is a colourless solid
that dissolves in polar solvents. It is a strong base that is used in the production of plastics and explosives.
It is found in urine as a normal product of protein metabolism” Source: wikipedia english: keyword:
guanidine.
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bleached to a considerable extent, with final collapse. This harmful effect of guanidin on plants is
augmented by the presence of nitrate and increases with the amount of nitrate present”.
(Schreiner, Skinner, 1912b).

Especially in combination with nitrate, guanidine was thus very harmful for the wheat plants
in this trial. When nitrogen was given as asparagin or creatinin the harmful effects of guanidine did
not occur.

Forty years later McCalla and his colleagues continued the work of Schreiner et al. They came
to similar conclusions:

“Soil microorganisms produce a tremendous variety of organic substances during the
decomposition of plant and animal residues, and, as numerous studies have shown, some of these
substances are phytotoxic. For example, Swaby found that, when soil micro-organisms were
present in association with plant residues (lucerne and Phalaris tuberosa), substances inhibitory
to plant growth were frequently produced” (McCalla, Haskins, 1964: 192).

And they validated also the conclusions of Schreiner regarding growth stimulating organic
compounds:

“(.)Although green plants can live autotrophically, it is apparent that under suitable
conditions they can also live heterotrophically, absorbing organic compounds from their
surroundings and metabolizing these compounds. Plants grown in the soil are normally exposed
to a tremendous variety of organic compounds which have come directly from plant and animal
residues in the soil, or indirectly from these residues through the action of soil micro-organisms.
Depending upon their nature and concentration, and on the kind of the plant being grown, these
substances may be innocuous, stimulatory, or inhibitory to plant growth” (McCalla, Haskins,
1964: 202).

Kononova found exactly the growth inhibiting substances which Schreiner had found earlier
(Kononova, 1961, cited by McCalla, Haskins, 1964).

Krasil'nikov found out that the wintertime is important for a further breakdown of
toxic/growth inhibiting compounds and the subsequent growth of bacteria:

“According to our observations, the microbial activity does not always cease in winter.
Under a deep snow cover the earth is not always frozen and in such a soil microbiological
processes take place. (..) Korenyako has shown that during the winter months of 1952-1954
certain species of actinomycetes (A. globisporus) grew more abundantly, in Moscow Oblast' soils,
than during the summer and autumn.

Besides, certain biochemical processes, leading to detoxification of the soil take place in
winter” (Krasil'nikov et al., 1955).

“The vigorous growth of microbes in spring is, according to our opinion, not only caused by the
warm temperature and by moisture, but also by other factors. First, the toxins are inactivated or
decomposed in winter due to low temperature. Second, low temperatures, as was noted above,
stimulate the growth and activity of microbes. in addition, many soil nutrients under the action of
low temperature, change and become more available to microbes” (Krasil'nikov, 1958: 131, 132).

Bowditch also argues that the manure — enriched with earth and salt” — be spread in autumn
and winter. Not in the spring. And with practical examples he shows that the yields are better than
in the case of spreading the manure in the spring.

And Bowditch points to another advantage: if farmers fertilize in the fall and winter, the
grasses start to grow in march. They develop their roots underground, invisible. And the farmers
can harvest their grass in June. May and June are the best months because most grasses are in
blooming in these months — so it is the time to mow. Mowing in July is too late. The grass quality is
then less, more woody and less nutritive, and the chance of rain is much greater.

“Early growth [of grass] is secured by having all the elements of nutrition thoroughly
incorporated with the soil amongst the roots of the grasses, in such a state of decomposition that

* Common salt was a normal fertilizer these days. Bowditch: “Common salt is included in every manure here
recommended, because experience has shown its beneficial action upon grass whenever it has been
properly applied, and because the analyses show that grass always contains both its elements, chlorine and
sodium.

The quantity recommended is 1 cwt. per acre [roughly 100kg/ha], which Is more than a sufficient addition
to the natural supplies for the largest crop of grass we can imagine as being reaped from an acre”
(Bowditch, 1858).
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they can be taken up by the roots as soon as the temperature of the earth and the air stimulate the
plants into activity. That this occurs very early is certain, for by the following table we perceive
that many of the grasses reach maturity in May, and most of them before the middle of June, and
therefore we may safely assume that the manure should be well incorporated with the soil
(not lying upon its surface), and sufficiently decomposed there to act efficiently in the middle of
March” (Bowditch, 1858).

In the same article, Bowditch gives an overview of the grasses, which farmers sowed these
days: 21 in total, and of these there is only one flowering in July. Ryegrass is not on the list.

Manuring with stable manure in the summer is not recommended by Bowditch. The reason is
interesting. In some districts, Bowditch saw farmers spreading solid manure in the summer. Then
the grasses dwarfed, which didn’t happen when spreading the same manure in the winter. Liquid
manure is another story. He says this manure can be spread in the summer, but only if it is
regularly alternated with fertilizing solid manure. Otherwise, liquid manure” results in a few sturdy
grasses. The other grasses disappear:

“My experience [the experience of farmer Bywater in Leeds, cited by Bowditch], however, in
the use of tank liquor as a dressing for grassland resulted in the discovery that by its exclusive
application in successive years a very strong grass was produced, which appeared to destroy by
its rankness the white clover and all the finer and more delicate kind of grasses; whilst a return
to the use of farmyard manure, as a change, restored all the various kinds which had usually
grown before” (Bowditch, 1858).

And a last remark of Bowditch in this article concerns the use of sewage. It contains too much
water, and the grass will rot quickly if not mown frequently, according to Bowditch. Bowditch
advises to let it run into the oceans:

“It is far better that the sewage of towns should run to waste into the ocean, than that our
cultivators should apply it to the land and lose money by the application”.

But he also offered a better solution. Not only for liquid manure from the farms but also for
human excreta. For the liquid manure, he advises to mix it with earth and finely sifted ash and
‘other materials the farmer can command’. And for human excreta — the best manure for grasses —
he advises the sprinkling of clay over it:

“The present absurd water-carriage of excreta must be abandoned, and sewers employed
for their legitimate purpose, viz., to carry away waste water to its natural receptacle the river.
Moveable boxes should be attached to every house, and removed weekly in summer, fortnightly in
winter. A cistern filled with dry pounded clay would be placed overhead, and a simple
mechanical contrivance would throw down a measured quantity of this every time the handle
was raised as water is now let down a closet. Nature's deodorizer and disinfectant would prevent
the escape of injurious exhalations, and the refuse would be removed by water or other carriage
some miles into the country, to await under sheds the farmer's season of use” (Bowditch, 1858).

Later on in the UK this ‘earth toilet’ or ‘earth closet’ was really used. These were evaluated by
a.o Voelcker. He published his very interesting results in 1872. Moule, he writes, had constructed,
and patented several forms of earth closets. One of his conclusions was that earth toilets were only
a good solutions in small towns and villages and for poor people. The earth in these toilets were
only used to mix with excreta. Not with the urine. And this excreta rich earth had not a great
fertilizing value. But the managers of prisons were very content with the earth toilets. All stench
was gone now, and the hygiene in the prisons was much better. The urine in these facilities was
collected in great tanks and sold. In his article are many interesting data, among others about the
average composition of human excreta and urine in these days (Voelcker, 1872).

Future research.

Bowditch and Lawes have both a chemical view on the processes in the soil. They only talk
about mineralization. Krasil’'nikov points to the microbes: during the winter cold, the nutrients
come available to the microbes (Krasil'nikov, 1958). An interesting question for future research is
why the nutrients come available in the winter cold, and how the microbes consume their food in
the winter. Do they eat organic compounds directly or do they mainly absorb inorganic nutrients?
Or both? Fact is that Krasil’'nikov points us to the microbial dimension of all the changes.

* I suppose that liquid manure in these days was muck water or aalt, and not slurry.
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The symbiotic phase.

At some point, after decay, the symbiotic phase begins in the soil. Under the influence of the
poisonous and growth-inhibiting substances, in most farms in spring it gets going with fits and
starts. The manure, spreaded in the spring, must first digest for a long time, the toxic components
must be broken down, and the soil must also heat up sufficiently. And the symbionts must gain the
upper hand over the putrefactive bacteria.

In turn, in spring, the symbionts must be fed with all kinds of root exudates from the plants
in order to put them to work. The plants will probably grow slowly under the influence of the
growth-inhibiting substances. The symbionts themselves also suffer from the ammonia, nitrate,
hydrogen sulfide, phosphine, hydrogen chloride and all other secretions released by the work of the
decay bacteria.

Paul et al. (2007) reported the following for the nitrogen fixers:

“In addition, mineral nitrogen availability is known to reduce nitrogen fixation rates
(Sougoufara et al., 1990; Zuberer, 1998; Dianda, Chalifour, 2002) and therefore TEM [Tuberculate
Ectomycorrhizae, author] occurring in stands with high nitrogen availability may display lower
nitrogenase activity "(Paul et al., 2007).

For the negative effects of ammonia and nitrate on nitrogen fixation, see also Lawes and
Gilbert (1858), Reich et al. (1987), Poschenrieder and Lesch (1942) and Pfeiffer (1936).

But Jiang et al. (2020) differentiated into the amount of nitrate in relation to nitrogen
fixation:

“Our results showed that small amounts of nitrate (2.5 and 5 mM) promoted nodule formation
and increased nodule biomass”, compared with plants in the o nitrate control treatment. In contrast,
nitrate concentrations over 10 mM inhibited nodulation, resulting in reductions in nodule number
and nodule biomass. Nodulation was completely inhibited by 15-mM nitrate in all the genotypes.
Regression analyses indicated that 5-mM nitrate is the optimum concentration for promoting
nodulation as measured by the total number of nodules formed, the number of effective nodules
formed, and the nodule biomass formed”. (Jiang et al., 2020).

According to Jones (2015), five kilogram nitrogen per hectare is the maximum you need for
the support of nitrogen fixing bacteria, after a gradual reduction of artificial nitrogen fertilizer in
say 3 years.

According to her fertilizing with higher amounts of inorganic nitrogen is not good for soil
microbial life:

“When inorganic nitrogen is provided, the supply of carbon [from the plants, author] to
associative nitrogen fixing microbes is inhibited, resulting in carbon-depleted soils. Reduced carbon
flows impact a vast network of microbial communities, restricting the availability of essential
minerals, trace elements, vitamins and hormones required for plant tolerance to environmental
stresses such as frost and drought and resistance to insects and disease” (Jones, 2015).

The symbionts themselves must also have the right 'instruments' to convert the present
organic and inorganic nitrogen compounds into compounds that are suitable for their own use.
Microorganisms digest the material present. And for that, like plants and animals, they need
enzymes. Cofactors are indispensable for enzyme formation. And these cofactors are the trace
elements and some macro-elements like magnesium. These are becoming increasingly rare and/or
they are no longer released from the soil particles. The latter is an important task of the
mycorrhizae. But these have disappeared due to the superphosphate and unbound ammonia,
nitrate, phosphine and hydrogen sulfide. Mycorrhiza and rhizobia use the same signaling
mechanism.*

The work of Poschenrieder and lesch gives information about the influence of the different
fertilizer combinations on root nodules:

Poschenrieder gives also an overview of authors, their findings and explanations from the
beginning of the 20th century for the negative influence of nitrogen on nodulation.

* Poschenrieder and lesch demonstrated that the biggest nodules do not have the highest nitrogen fixation.
The smaller nodules gave higher yields (Poschenrieder, Lesch, 1942).

" “During evolution, the genetic programme for AM has been recruited for other plant root symbioses:
functional adaptation of a plant receptor kinase that is essential for AM symbiosis paved the way for
nitrogen-fixing bacteria to form intracellular symbioses with plant cells”(Parniske, 2008).
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According to Rippel, cited by Pochenrieder and Lesch, the explanation of the inhibitory effect
of nitrogen fertilizers on N fixation is the shortage of carbohydrates:

“Heute wissen wir aus neueren Untersuchungen von Rippel, dass die geschwachte
Knollchenbildung der Leguminosen infolge Zufuhr von gebundenem Stickstoff mit einer
Festlegung bzw. erhohten Beanspruchung der Kohlenhydrate durch die Pflanze, die sonst zur
Ernahrung der Bakterien dienen, bei der durch die Stickstoffzufuhr gesteigerten Eiweissbildung
in Verbindung zu bringen ist”

And he summarises the results of the field trial in Bernburg as follows:

“Die Stickstoffdiingung iibte eine stark hemmende Wirkung auf die Knoéllchenbildung aus,
die insbesondere bei der einseitig mit Stickstoff gediingten Versuchsreihe sowie bei der Stallmist
plus NPK-Diingung sowohl in einer Abnahme der Knollchenzahl als auch des Knollchen-
gewichtes in Erscheinung trat” (Poschenrieder, Lesch, 1942). This is very visible in Table 3.

Table 3. Nutrient intake in the nodules of in total 100 plants”

Manuring K.O, P.Os, N,
mg mg mg
Control 459 354 1525
N 109 100 437
P 886 649 2790
K 551 417 1751
PK 883 631 2710
NK 174 142 645
NP 371 324 1488
NPK(NH,) 263 197 809
NPK(No,)' 239 176 750
FYM 525 368 1682
FYM+PK 467 303 1272
FYM+NPK 142 102 435

My conclusions based on the amounts in milligrams (whereby the N in the nodules is from N
fixation):

1. The highest N fixations is in the treatments with pure P and P + K.

P+K gives somewhat less than pure P.

2. The least N fixation — 435 — is with the most complete fertilizer: FYM + NPK. Followed
by pure N (437) and NK (645) respectively;

3. NP gives a N fixation of 1488 mg — 47 % and 45 % less than pure P and PK respectively;

4. K, FYM , FYM + PK, and NP give comparable fixation yields. But in fact these N-yields
are almost no yield. Because only K and FYM give somewhat higher N Fixation yields than the
Control (1525);

5. Compared to the Control N, NK, NP, NPK(NH,), NPK(No;) FYM + PK, and FYM+NPK
give a negative N fixation yield.

So, ammonium, nitrate and [FYM + NPK] are counteracting N fixation. Only farmyard
manure, and pure potassium give a somewhat higher N fixation than the control.

Phosphor is the real stimulans for nitrogen fixation. Especially N is counteracting it and even
K is somewhat counteracting: PK gives less N fixation than pure P.

The yields are very interesting for my research into the causes of the lower yields in organic
agriculture. Wabersich has published the yields for potatoes in this long term trial in Bernburg
(Wabersich, 1967).

These results are in accordance with those of Lawes and Gilbert (1858). In a three year trial
with seventeen different treatments lawes investigated what were the differences in yields and
qualities in meadowland. One of their findings was that the legumes grew very well on the

“ Here I have left out the columns with the nutrient contents (percentages) of the original table in
Poschenrieder and Lesch (1942).
" Sodium nitrate or Chilisalpeter.
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treatment with only minerals (K + Na + P + Ca +S + Mg; no ammonium, nor nitrate), and that in
all the treatments with nitrogen, the grasses grew well, but the legumes disappeared almost
completely, and very quick:

“That the effect of a mixed, but purely mineral manure, upon the complex herbage of
permanent meadow land, was chiefly to develop the growth of the Leguminous plants it
contained ; and scarcely at all to increase the produce of the Graminaceous plants, or commonly
called Natural Grasses.

That the action of purely nitrogenous manures, upon the permanent meadow, was to
discourage the growth of the Leguminous herbage, and to increase the produce of the
Graminaceous hay.

That by the combination of both nitrogenous and proper mineral manures, the produce of
Graminaceous hay was very much increased. In the particular soil and seasons in question,
the increase obtained by the combination was far beyond the sum of the increase yielded by the
two descriptions of manure, when each of them was used separately.

That farmyard manure gave a considerable increase of chiefly Graminaceous hay. In the
soil and seasons in question, however, the artificial combination of nitrogenous and mixed
mineral manure yielded a very much larger increase than an annual dressing of 14 tons of
farmyard manure. (pp. 571-572).

(..) In fact, where the ammoniacal salts were employed, the increase was exclusively due to
the increased growth of Graminaceous plants—the so-called Natural Grasses — there being
scarcely a Leguminous plant to be found upon the plot (page 561).

(..) Indeed, notwithstanding the large amount of mineral constituents, and especially of
silicious compounds, contained in the cut wheat-straw”, as compared with the sawdust, there
was, whether compared with the produce by the mixed mineral and nitrogenous manure, or with
that by the mixed mineral and nitrogenous manure and sawdust, an average annual deficit of 4
to 5 cwts. of first-crop hay, where the cut wheat-straw was employed (page 563).

(..) It will be shown, on a future occasion, that the percentage of nitrogen in the dry
substance of the hay, grown both by ammoniacal salts alone, and by nitrate of soda alone, was
comparatively very high—in fact, considerably higher than when the mineral manures were also
employed, whereby the Graminaceous produce was much increased. So far then as there was an
excessive amount of nitrogen, in the form of elaborated nitrogenous vegetable compounds, where
the supplied nitrogen was liberal—the mineral constituents in defect—and the growth restricted
thereby—it was that there was a relative deficiency in the formation of the nonnitrogenous
vegetable substances (page 566).

(..) But it may be here stated in passing, that the crop grown by the larger amount of
ammoniacal salts—supplying as it did the enormous quantity of 200 lbs’. of ammonia per acre
per annum—uwas so over-luxuriant, as to be much laid, matted together, 'and dead at the bottom,
some time before the bulk was ready for cutting” (page 564) (Lawes and Gilbert, 1858).

The farmyard manure in these trials was spread in november and december, the previous
year.

Not only nitrogen salts form a risk for plants. The same applies to other plant nutrient salts
like potassium chloride (Khan et al., 2013) and superphosphate (Jamieson, 1910). In fact, this is
true for all easily soluble salts*. NPK dominates in almost all fertilizer programs. Often combined
with chloride, calcium and/or sulphur, and sometimes with magnesium also.

* In this treatment — plot 12 — lawes and Gilbert had given 2000 Ibs cut wheat straw plus 200 1bs ammonia
sulphate and 200 lbs ammonia murate. This result is comparable with that of McCalla whos also saw a
negative influence of wheat straw on the yields (McCalla, Haskins, 1964). But McCalla noticed also a simpler
explanation, namely that the wheat straw took part of soil nitrogen for its breakdown bij microbes. But his
own research showed also the toxic compounds in wheat straw (Guenzi, McCalla, 1962).

" In fact it was not 200 Ibs of ammoniacal salts but 400. There was no treatment with 200 kg, only 400. And
even one — T 13 — treatment with 800 kg of the two ammoniacal salts. In fact, the tekst is somewhat
confusing. In the overview lawes writes: ‘200 lbs, each, Sulphate and Muriate Ammonia”. From the tekst I
concluded that you must read this as: 200 lbs sulphate ammonia, plus 200 1bs muriate ammonia.

* Seasalt can be given as a folium fertilizer provided that less than 2000 ppm is given. In coastal areas — max
25 kilometer from the sea — seasalt, brought by the wind and rain from the seaside, precipitate. I don’t know
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Vitamin C

An additional effect of using nitrate or ammonium is that the plants form less vitamin C
(Visser, 2010). Vitamin C is an important compound for the natural resistance of plants (Locato et
al., 2013), just as in animals and human beings. Visser quotes Wittwer's research here:

"In the 40s a broader recognition wins ground that not all is well with nitrogen fertilizer
use, eg Wittwer" et al. (1945), giving 'evidence of an inverse relationship between the
concentration of vitamin C in plant tissue and nitrogen supplied as fertilizer" (Wittwer, 1945;
Visser, 2010: 193).

This sheds new light on the question of why the differences in vitamin C content between
conventional and organic agriculture are so small in many studies (Bourn and Prescott, 2002;
Wunderlich et al., 2008). If the organic crops do indeed grow at the moment for the biggest part on
mineralized nitrogen, as supposed by their scientists, little difference can be expected in this
respect from the crops in conventional agriculture. All the more reason to maximize plant growth
with the help of organic nitrogen.

Vitamin C was also measured in a TNO/WUR study in 2007 when comparing conventional
and organic chicken feed (corn, peas and wheat). The organic food had 10 % less protein and less
vitamin B5 and vitamin C.

And these were the results from a study by the same organization in 2006. In this study, the
differences for vitamin C and nitrate in 15 organic and conventional vegetables were statistically
not significant. Although there were big differences for some vegetables. Only statistically
significant differences were found for the dry matter content and dietary fiber. Both were higher in
the organic products (Kramer, 2006).

But a more recent international meta-study gives a different result. Especially for flavonoids
and carotenoids, organic scores remarkably well here:

“A few years ago, the results of more than 300 studies into differences in the composition of
organic and non-organic vegetable foods were listed. Organic products were found to contain
more antioxidants, such as 19-69 % more flavonoids, 17 % more carotenoids and 6 % more
vitamin C. Remarkably, the content of vitamin E, also an antioxidant, was just 15 % lower.
Antioxidants protect body cells against damage and may therefore reduce the risk of diseases ”
(Rolvink, 2019).

Though, according to Dangour et al. (2009) there are no differences between organic and
conventional crops, except for nitrate, magnesium and zinc, phytochemicals and sugars.

“In analysis including all studies (independent of quality), no evidence of a difference in
content was detected between organically and conventionally produced crops for the following
nutrients and other substances: vitamin C, calcium, phosphorus, potassium, total soluble solids,
titratable acidity, copper, iron, nitrates, manganese, ash, specific proteins, sodium, plant non-
digestible carbohydrates, f-carotene and sulphur. Significant differences in content between
organically and conventionally produced crops were found in some minerals (nitrogen higher in
conventional crops; magnesium and zinc higher in organic crops), phytochemicals (phenolic
compounds and flavonoids higher in organic crops) and sugars (higher in organic crops).

if other salts also can be given as foliar fertilizer. In general you can say that organically bound elements are
safer than salts.

* In 1947 Wittwer published a follow-up study on vitamin C and fertilizer for peaches (Wittwer, 1947). Comis
(1989) descibes the research findings of Sharon Hornick. And he states: “Reports of decreasing vitamin C
with increased use of nitrogen surfaced in the 1940's with studies on grapefruit. But the availability of
cheap nitrogen fertilizer in the 1950's suppressed concerns about quality in favor of yields. Hornick says
she has seen renewed interest in crop quality in the 1980's as farmers search for ways to cut chemical use,
both to save money and to prevent possible pollution of the groundwater”. The influence of ammonia and
nitrate on the other vitamins is as far as I know not investigated. Weston Price compared traditional and
modern Western dairy products, and stated that the levels of vitamin A and K2 are much lower in the
products in the western countries (Masterjohn, 2008). But Weston Price did not investigate the influence of
artificial fertilizers. Vitamin K2 prevents, together with vitamin D and vitamin A the calcification of the weak
parts of our body, and they protect at the same time our bones and teeth against discalcification. In the dutch
butter the vitamin A content is today indeed low. The milk contains 2,5 times less vitamin A, according to
data from Friesland Campina, the dutch Dairy cooperative. The Dutch butter has no longer its typical yellow
color in the spring.
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In analysis restricted to satisfactory quality studies, significant differences in content between
organically and conventionally produced crops were found only in nitrogen content (higher in
conventional crops), phosphorus (higher in organic crops) and titratable acidity (higher in
organic crops)” (Dangour et al., 2009).

For livestock products there were found differences for some fats and fatty acids. These were
higher in organic products, The same for nitrogen in these products.

De Waart (1998) comes to a somewhat different conclusion for nitrate and vitamin C in
organic and conventional products than Dangour:

- Nitrate in organic products is the same or lower than in conventional products;

- Vitamin C in organic products is the same or higher than in conventional products;

And based on some studies she concluded that more nitrogen fertilizer resulted in higher
nitrate contents and lower vitamin C contents — an inverse relation.

“As a consequence of a lower nitrogen supply” [in organic agriculture, Author] and the
slower availability of it ( ..) is the ripening phase longer compared to the growth phase. This is
reflected in a lower yield, a lower nitrate content, a better taste and a higher vitamin C content”
(de Waart, 1998).

See also Rosen (2010) and Magkos et al. (2006). Rosen made an overview of the health
claims by the proponents of organic food. He was not convinced that these claims are right.
The debate goes on.

e Imbalance of the cations

Furthermore, an excess of potassium impedes to a certain degree the absorption of divalent
cations, such as calcium, magnesium, boron (Rinsema, 1981: 81), manganese, zinc and iron’, but also of
the monovalent sodium (for sodium see Arney et al., 1995). On this basis, I suspect that too much
potassium also slows down the absorption of the other monovalent and divalent trace elements. Van
Baren for instance states that too much potassium inhibits the absorption of silicon (Van Baren, 1934).
As a result, the wheat plants at that time got limp stems and there had to be bred short-stemmed
varieties. A plant needs enough silicon to protect itself and to keep the stems straight.

Also ammonium hinders the uptake of divalent cations (Britto and Kronzucker, 2002).
Because potassium and ammonium are often given together, and because ammonium and
potassium use the same entrance in the root cells, it is not clear if the reduced absorption of the
other cations is caused by potassium or by ammonium, or by both. Fact is that in many crops the
level of potassium is extremely high, and calcium, magnesium and sodium are relatively low
(Nigten, 2019c¢).

German organic dairy farms.

Based on thirteen years of measurements of the grass of organic dairy farms throughout
Germany, we know that on average these farms have too much potassium in the grass and too little
sodium, calcium and magnesium.

The deviation of the German organic dairy farm silage from ideal ratios is particularly large
for potassium. Also the spread is great. The content of potassium in the silage is from 2.5t0 53.8 g
potassium/kg DM, with an average of 25.3 g potassium/kg DM. The spread for the other elements
was significantly smaller. In 2014, the Dutch average for 1854 dairy farms was 35.2 grams
potassium/kg DM. Here too, outliers of 5 to 55 grams potassium/kg DM (DMS, 2015).

The ratios in this German Bio-grass silage are as follows (Table 4).

* In many cases we see that the total amount of nitrogen given in organic agriculture is not necessary lower
than in conventional agriculture. It is indeed slower to be available, as de Waart states.

" The knowledge about the reduced absorption of zinc, manganese and iron due to an excess of potassium is
based on practical experience in Dutch greenhouse horticulture. That is why they provide extra zinc and iron
in their hydroponics. The Benton practice guide confirms this (Benton, Jones, 2004). "High concentrations
[of potassium] interfere with the function Fe, Mn, and Zn. Zinc deficiencies often are the most apparent”.
The Mulder map contradicts this. However, this card concerns normal doses (Nigten, 2019c: 22). A high
phosphate concentration can also inhibit the absorption of iron and zine (Royal Brinkman, 2020).
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Table 4. Organic dairy farms in Germany. Results for silage (Griinlandsilage) 1997-2010 (data
from Leisen, 2011)

The average | Ratio of cations Ideal ratio’s” Real ratio’s in the german silage
amounts in the
silage (g/kg DM)
K/ Mg 2-5 14.88
K = 253 K/ Na 2-4 25.3
Na = 1 Ca / Mg 1-2 4.05
Mg = 1.7 Ca/P 1-2 /1-3° 2.23
Ca = 6.9 Mg / | 0.10-0.25 0.046
(K+Ca+Na+P)
P = 31 N/S 12-15 Unknown. N and S have not
been measured

So sodium and magnesium are too low in these grass silages, and potassium is much too
high. Sodium and magnesium are necessary for a good conversion of non-protein nitrogen (NPN)
and non-protein sulphur (NPS) in real proteins (Chiy, Phillips, 1993). Too much NPN and NPS in
fodder and concentrate are a heavy burdening of the liver and the kidneys of the animals. So the
imbalance of the cations has a direct effect on the grass quality and the health of the animals.

In a Swedish study was shown that the cattle in organic farming get even much more too little
sodium than cattle in conventional farming. The cows on organic farms in Sweden need on average
17 gram per day extra salt against 3,3 to 6,6 gram on conventional diets. 17 gram per day is —
for health reasons — too much via the licking of salt (Johansson, 2008). So for these cows salt
fertilizing in the pastures is necessary. Salt through the ryegrass has many advantages:

“Increased herbage digestibility, promoted growth of bacteria that digest fibres in the
rumen,

increased milk yield and decreased somatic cell count are results of using sodium as a
fertiliser according to one author” (Johansson, 2008).

Nitrogen and sulfur in the German biogras silage have not been measured, nor their specific
compositions. That is an important omission. The levels of non-protein-bound nitrogen and sulfur
(NPN and NPS¥) in particular say a lot about the quality. Inorganic N fertilization weakens the
plants, comparable to atmospheric N deposition:

“According to Phoenix et al. (2012), [inorganic] N deposition leads to an increase in the
susceptibility of plants to secondary stresses, i.e. increased herbivory, reduced resistance to
attack by pathogens or increase in susceptibility to drought or freezing damage” (cited by Anjana,
Umar, 2018: 5).

The iron and manganese levels in the German silage are (very) high, and the copper,
selenium and zinc levels are (too) low. Selenium is very low. But the spread is great for all trace
elements.

Also for the trace elements, the grass silages are out of balance.

In the next article, I will elaborate on the consequences.

3. Conclusion

Beside N fertilization with ammonia, nitrate or urea plants can collect organic nitrogen with
the help of symbiotic microbes, or directly by themselves without this help — in particular the
plants who naturally don’t have mycorrhizal symbionts. The symbiotic microbes, which collect or
produce nitrogen (and other anions), are living inside the plants or outside. Many of them are

* To substantiate these optimal ratios, I refer to an article of my hand from 2018, "Reinventing agriculture"
(Nigten, 2018).

" Some authors believe that a Ca/P ratio of up to 3 does not yet lead to problems (Bredon, Dugmore, 1985).
Most assume a ratio maximum of 2 (ARC, 1980).

* NPN and NPS are abbreviations for Non Protein Nitrogen and Non Protein Sulphur — jargon for nitrogen
and sulphur compounds which are not proteins. Maybe also phosphor should be protein-bound.
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nitrogen fixers but there are also symbionts which free the nitrogen from the soil particles, from
the humic and fulvic acids or other organic matter and bring it into the plants. The source of the
nitrogen, which these symbionts consume, can be organic or inorganic, but after the consumption
by these microbes, all the nitrogen is organic: microbial protein.

In all these cases, except for the fertilization with nitrogen containing salts, the plants get
their nitrogen in an organic form. Directly by the uptake of amino acids, nucleic acids or protein,
and indirectly by ‘consuming’ their symbionts.

Under favorable conditions, plants — all plants — can also fix themselves nitrogen from the
air, with special hairs on their leaves. But ammonia and nitrate impede this when the amounts in
the soil are too high.

Nitrogen salts are a risk for plants, because the plants have difficulties in getting not too
much of it. Too much nitrogen salts can result in non-protein nitrogen in the plants. The same for
sulphur and phosphor salts. They weaken the plants and make them vulnerable for pests and
diseases. Too much nitrate and ammonia in the crops implies also health risks for animals and men
who eat them.

Inorganic fertilizers repress the Plant Growth-Promoting Rhizobacteria.

But at the same time not all organic nitrogen compounds are a good food for plants. Many
rotting products from manure, slurry and warm compost also disturb, or delay, or slow down the
growth of plants. The putrefactive bacteria, which are producing the rotting, are overruling the
symbiotic bacteria. A great deal of the nitrogen in animal dung and warm compost is lost into the
environment. Probably, even more than from artificial nitrogen fertilizers. Here is one of the
reasons why organic agriculture has lower yields than conventional agriculture.

By adding earth to the animal dung or the vegetal residuals, the rotting and the losses stop.

Sodium, silicon and many trace elements are missing or insufficient”. In most crops, also
magnesium and calcium are too low’, because high levels of potassium and ammonium hinder
partly the uptake of magnesium, calcium, sodium and trace elements. Extra sodium and
magnesium are necessary to counterbalance potassium and for a good NPN and NPS conversion in
real proteins. Too much iron and manganese are also a risk for the crops and the animals, which
eat them.
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Appendix 1

The discovery of the nitrogen fixing hairs on all plants by Jamieson.

Jamieson:

“Search for them [the hairs. author], though attended frequently with failure, at first, has, in
every case, after persistency, been followed by success in finding them in one place or other, if not
in the edges, or back, or ribs of the leaf, then on the young stalk, or the leaf scales, &c. So also,
absolute failure to find them on some plants, such as legumes, was followed by success on
searching at a certain stage of growth, i.e., the leaves just as they emerge from the buds—Later
on they disappear, being absorbed into the leaf. The organs have now been found on a large
number of the most unlikely plants (on which nothing akin to glandular hairs had been
recognised), such as hard-leaved pines. In short, on no plant as yet thoroughly examined has the
search been unsuccessful, and evidently therefore we have here not an occasional occurrence
(as in the case of the so-called glandular hairs), but a general occurrence to ensure the provision
of the substance most essential to life—uviz. nitrogen to form albumen.

This constant occurrence was a strong feature in the evidence. Had it not been found, in one
form or other, on every plant examined, there would have been a weakness in the chain of
evidence, more especially if the absence applied to a highly nitrogenous plant, such as any
legume; and long and trying was the vain search for it on legumes. Had a legume been chosen
first, as from its high nitrogen content it might probably have been, the discovery would almost
certainly not have been made, and the investigation would probably have been given up. At last,
on the edge of a leaf, a minute knob was observed which was unusual, and close examination
brought out that it possessed the specific characters of an absorber, but in this case submerged in
the fleshy leaf ; remains of numerous similar structures altogether submerged were then seen;
it thus appeared that the examination must be made at an earlier stage. Seedlings were therefore
raised and examined, when, instead of any difficulty in finding the absorbing organs, they now
appeared at once and in abundance, standing up like a forest and in the usual typical form. This
event was one of the most convincing features in the progress of the work—it gave confidence of
being on the right track (..).

They [the hairs. Author] have a definite and special character, a general resemblance in
structure, and frequent resemblance in form, and although the form varies greatly in different plants,
the specialised character always remains. The usual structure is a long blunt projection divided into
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sections, like a finger with its joints (as in Spergula), the lower sections being at first (and for some
time) colourless, transparent, empty, and double walled ; the highest section, which is very often
distended into a bulb or club-head-like form (as in legumes and geranium), is altogether different in
appearance and distinctive in character from the lower sections, by containing yellowish-green
matter resembling chlorophyll, but probably differing from chlorophyll ; it is the active and essential
part of the organ, and it shows very marked changes during its period of activity or life. This is to
say—the highest section of these structures, and it alone, is at first filled with this yellowish-green
chlorophylilike matter, and, even when just fully formed, it shows no presence of albumen by the
usual tests; gradually, however, that highest section, and that section alone, becomes charged with
albumen, and ultimately is gorged with it ; the albumen then passes down through the open ends of
the sections into the vascular system of the plant.

These absorbers are found in all stages of growth in regard to albumen contents, i.e. absent,
filling, filled, gorged, and emptied; frequently (as in the poplar and sycamore) they occur in
groups, in which all these stages can be observed at one glance according to the varying age of
the members of the group. Very often (as in potato) there are two forms on one plant, as if
showing a reserve to ensure the provision of nitrogen, just as in plants there is frequently a,
reserve method to secure reproduction (i.e. flowers and leaf buds, runners, &c.)”. (Jamieson, 1910,
page 95 and beyond).

On page 106 of his book you can find the results of a series of trials done by Jamieson:

ACTUAL GAIN OF NITROGEN FROM AIR.

Actual Weight of | Batio
Plauts Grown. | XNitro- | Nitro- | Nitro- |of Galn, w
gen Pro- !'g:d gen itro- gen in
N Planis vided Gained 'ﬁ- 100
% Grown Prech (Esed, Plan Lo
W Dl{ for | and and oon- Dry
Weight. | Manure).} Sail). Bofl). | sidered Praxt.
ator. as 100.
Grms. | Gms. | Grow. | Grom. | Grma CiromaL,
1. | Rape « | 2020 404 18 14408 -’%& 100 { —848
2 { Oress .« | 15408 301 18 14288 | - 108 | 1288
3 | Bbellaria .. 1524 302 1478 ~1440 | ~0104 112 1808
4, | Mimulns ..| 1268 8800 ~1278 | -1428 | -0158 112 | 1-282
5. | Hydrocharls 160 =38 -0012 | -"0002 | ~0080 70 | 14568
8 | Asol'a e 8-a6 1-88 -0014 | -0288 | -0249 1848 | 189
7. | Potato . | BBA° 112°80 | 27-2587 | 88-0657 | 5-7000 121 | 1080
8. | Beet .= | 488 8700 | 25°4280 | 27°0657 | 18277 108 { 14670
9. Gnlnium} 20028 4006 | 25°4700 | 20°8058 | 4'1769 | 118 | 2088
Tobaoon

In atdition o the gain in the plant (stated
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Appendix 2

Fertilizer trials in Bernburg, Germany: the effects of different fertilizers on the
bacterial count, and the soil nitrogen content
Bodenkunde und Pflanzenerndhrung, 32. Rand, Heft 1/2.

Untersuchungen iiber den EinfluB langjéhriger einseitiger
DiingungsmaBnahmen auf die Ausbildung und Nl.hrstoﬁ-

aufnahme der Wurzelkndélichen von Sojabohne.
Mitteilung Nr. 113 der Anhaltischen Versuchsstation Bernburg,
Staatliche Landwirtschaftliche Forschungs- und Untersuchungsanstalt.
Direktor: Dr. H. Liidecke.

Von H. Poschenrieder (Berichterstatter) und W. Lesch.
Eingegangen: 4. September 1042,

Auf dem Bernburger Versuchsfeld mit seinem tiefgrindigen, humosen und
von Natur aus nihrstoffreichen LéBboden lauft seit 1910 ein Dluerdﬁgunis-
versuch zu Kartoffeln. Diese Einfelderwirtschaft umfaBt 12 Teilsticke, die
wihrend der 32jihrigen Versuchsdurchfithrung durchweg in jeweils bestimm-
ter Richtung gediingt wurden, so daf sich im Laufe der Jahre gréfBere Unter-
schiede im Nihrstoffgehalt der verschieden gediingten Teilstiicke heraus-
bildeten. (Tabelle 1.)

Wiihrend die pH-Zahlen durchweg um den Neutralpunkt liegen und inner-
halb der einzelnen Teilstiicke so gut wie keine Reaktionsunterschiede er-
kennen lassen, kommen in den Neubauerzahlen die langjihrigen einseitigen
DiingungsmaBnahmen sowohl im Kali- als auch im Phosphorsauregehalt ent-
sprechend zum Ausdruck. Im Gehalt der Teilstiicke an Gesamtstickstoff
erﬁehcn sich zwar ebenfalls groBere Unterschiede, die jedoch der GréBen-
ordnung nach nicht immer mit der gegebenen Stickstoffdiingung in Einklang
zu bringen sind. Bei der Uberlegung, daB das Stickstoffkapital im Boden

Tabelle 1.
Ergebnisse der Bodenuntersuchung 1940.

Bakt;lrien-
. Teilstiick |Reaktion| Neubaueranalyse | Gesamt- zan in
Diingung pH(KC)) stickstoff "‘iﬂ“fﬂs“
mg P,0,  mg K,0 % Boden
Ungediingt . . .| U 7,1 1,6 20,9 0,066 9,86
Stickstoff . . . .| N 7,1 1,6 16,4 0,071 11,20
Phosphorsiure P 1,2 8,8 14,9 0,061 8,00
Kali . . . . K 7,0 18 31,4 0,056 9,60
Volldiingung
ohne Stickstoff . . | PK 7,0 B,5 31,0 0,065 6,13
Volldiingun
ohne Phosphorsiure | NK 73 24 314 0,087 480
Volldiingung
ohne Kali. . . .| NP 7,0 8,6 13,4 0,051 19,20
Volldiingung mit
schwefels, Ammoniak] NPK(NH,) 7,2 9,2 30,4 0,079 24,80
Volldingung mit
Natronsalpeter . . | NPK(NO,) 7,2 8,9 28,5 0,038 12,00
Stallmist . . . .| St 71 58 258 0,103 33,86
Stallmist mit Voll-
dﬁr’l.FungohneStick-
stoff. . . . . .|St+PK 7,1 120 47,6 0,112 30,93
Stallmist mit
Volldiingung . .| S5t+ NPK 6,9 135 39,4 0,109 16,00

1
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The highest bacterial count is in Farmyard manure, and Farmyard manure plus PK.
The second group is NPK (NH, (which contains also sulphur)); NP, and FYM + NPK. The third
group has a bacterial count comparable to the control ( some with a somewhat higher, and some
with even less bacterial count: N; P; K: NK; PK;. And NK and PK have the lowest bacterial count.

If we have a more close look at the three farmyard manure treatements (FYM; FYM + PK,
and FYM + NPK we see that the last one has a low bacterial count compared to the two other
treatments. So the influence of the extra mineral N on the bacterial count is strongly negative,
comparable to the effect of N on nodulation.

The result of the soil nitrogen content measurements are also interesting for organic
agriculture, because the highest soil nitrogen content is in the three farmyard manure treatments:
Stallmist (FYM); Stallmist +PK; and Stallmist + NPK: 0,103; 0,112 and 0,109 respectively.
Poschenrieder comments as follows:

“Die merklich hoheren Stickstoffwerte der Stallmistteilstiicke jedoch finden ihre Erkldrung
einerseits in der wesentlich niedrigeren Ausnutzung des Stallmiststickstoffs durch die hoheren
Pflanzen. Aus diesem Grunde bleiben im Boden relativ grossere Mengen an Stickstoff zuruck.
Anderseits unterliegen die im Stalldiinger als Bestandteile des unverrotteten Diingers und der
Mikroorganismen festgelegten Stickstoffverbindungen weniger der Auswaschung als die in
mineralischer Form gegebenen Stickstoffmengen” (Poschenrieder, Lesch, 1942).
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Abstract

The agrarian civilization was formed due to the domestication of mainly five species of
mammals (goat, sheep, cattle, pig, horse) and a limited number of plant species, the main of which
are wheat and rice. This small number of species has remained the basis of the agrarian civilization
to this day, despite the ongoing attempts to domesticate other wild species. By now, it has become
clear that domestication is one of the variants of mutualistic relationships between humans and the
corresponding species. It may well explain the limited number of species that have been
successfully involved in domestication, since the possibilities of "symbiosis" with humans are
highly species-specific. Hence, it becomes obvious that the loss of the diversity of the gene pools of
agricultural species is fundamentally irreplaceable, as well as the degradation of soils,
the biosphere and is a direct threat to the existence of agricultural civilization, since these species
historically lay at the basis of its existence and development. From this point of view, the
preservation of the biodiversity of agricultural species becomes a critical condition for the existence
of an agrarian civilization in the future. Mechanisms of domestication are a key issue in
understanding and managing the genetic resources of agricultural animal and plant species.
The review examines the basis for the formation of an agrarian civilization, which is due to the
activity of humans to involve other species in his niche, which contribute to increasing his adaptive
and reproductive potential. A significant contribution to this process was made by factors related to
human social activity, his cognitive functions and his ability to purposefully study and control
various characteristics of the species involved in domestication. The main signs included in the
"domestication syndrome" in animals are associated with their social activity and genomic
instability. Their variability, which creates the basis for selection, depends on the diversity of the
microbiota and the closely related virom. The formation of a mobilome in genomes based on virom
creates the material basis for phenotypic diversity, which allows for targeted selection based on the
adaptive potential of animals and plants to the niche created by man, as well as on various
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phenotypic characteristics that increase the adaptive and reproductive potential of a person in the
niche organized by him.
Keywords: domestication, niche, social activity, microbiome, virom, mobile.

1. BBeaeHnue

HcTtopusa JOMECTUKAIIUH KMBOTHBIX M PACTEHUH MPHUBJIEKaeT 0coboe BHUMAaHKe OHO0JIOrOB ¢
Tex 1mop, kKak Yapsip3 J[apBUH BIEPBbIE IPOBEJ IMapasieb MEXKAY SBOJIONMEH B pe3yJbTaTe
€CTEeCTBEHHOI0 O0TOOpa W IIpM pa3BeleHWH [JOMAIIHEro CKOTa, KUBOTHBIX-KOMIIAHBOHOB,
KyJIBTYPHBIX PACTEHUH I10J] BJAUSAHUEM uesioBeka. OfoMallIHUBaHIe PACTEHUN U KUBOTHBIX JIETJIO
B OCHOBY arpapHOd IMBIJIM3AIM KU €€ TJI00aJbHOTO PAaCIpPOCTPAHEHMA, BCEX KYJIbTYPHBIX
WHHOBAIIUI 4YeJIOBEKa, CBSI3aHHBIX C IMPOU3BOJICTBOM OPYJAUH TPy, MOKOPEHWEM OTHSA WU
SBOJIIOIIMEI BepOATbHOTO A3BIKA.

OpomalllHUBaHHE PacTEHHH WM JKUBOTHBIX JIDEBHUMH TONYJIAIHAMH  YeJIOBEKa
MPUHIAMTHAIBHO OTJIMYAETCA OT U3BECTHBIX MYTYAJIH3MOB MEXKAY PasHBIMHU BHIAMHU, IOCKOJIBKY
OHO TpebOBaJIO IpeJHAMEPEHHOCTH U CO3HATEJIBHOTO IUIAHUPOBAHUS, TIOHUMAaHUSA TOBEIEHUs U
penpoayKTUBHOUN Ouosiorun apyroro Buja (Larson et al., 2014; Larson, Fuller, 2014). Takum
0o0pa3oM, KOTHHUTHUBHBIE IIOTPEOHOCTH OJOMAIIHUBAHHsS, OPHEHTHPOBAHHOIO Ha YeJI0BEKa,
MPEJICTaBJISIIOT cOOOM sIBJIEeHWE, OTJIMYHOE OT MEKBU/IOBBIX B3aMMOBJIMSHHH, pPa3BUBAEMBIX,
B YaCTHOCTH, COI[MAIbHBIMM HACEKOMBIMHU.

MaccoBoe ofioMalllHMBaHMEe PAacTeHUII U >KUBOTHBIX, Kak mpeamnosaraercsa (McHugo et al.,
2019), OBUIO BBHI3BAHO 3HAYUTEJIHHBIMHU SKOJOTMYECKHMH M KJIHMATUYECKMMH HM3MEHEHUSMHU,
KOTOPBIE COIIPOBOKAaIN II00aIBHBIN IIepexon OT muka IlocjaegHero JeJHUKOBOTO MaKCHMyMa
(Last Glacial Maximum — LGM) mpuMepHO 21 ThIC. JIET Hasaja K MEKJIETHUKOBOMY ITEPHUOY
Hayaja roJiolleHa. AKTUBU3AIUs CTPATErdi OJOMAaIlllHUBAHUS MOIJIA IIPUBECTH K KOHKYPEHTHOU
O0opbbe, KOTOpas CIOCOOCTBOBajia PaCIpPOCTPAHEHUIO PpAaCTEHUEBOJACTBA U KUBOTHOBOZCTBA.
Jlemorpaduueckoe JaBJe€HHE PaCTyIled MOmyJIAIMH JIIOJIeH TakXKe  CI0COOCTBOBAJIO
OJIOMAIIIHUBAHUIO, YCUJINBAs OTHOIIEHHA MEXKAY JIIOAbMU, PACTEHUSAMU M »KUBOTHBIMU. [Ipruem
CTOPOHHUKH MOJIEJIM, H3BECTHOI KaK ‘UeJI0BeUecKasi PEBOJIIOIMSA , YTBEPKIAAIOT, UTO COBPEMEHHOE
MOBEIEHNE YeJI0BEKAa BO3HUKJIO BHE3AlIHO W IIOYTH OJHOBpeMeHHO BO BceM Crapom Csete
MIPUMEPHO 3a 40-50 THIC. JIeT JI0 Halled spbl. Ilpeamosiaraercs, 4To 3TOT (QyHIAaMeHTaTIbHBIN
MOBEJIEHUYECKUH CABUT CHUTHAJIU3UPYET O KOTHUTUBHOM IIPOTPecce, BO3MOKHON peopraHU3aI[uu
MO3Ta U MPOUCXO0KIeHUHN s3bika. CaMble paHHMe apTedaKThl COBPEMEHHOTO YeJI0BEKA BHISIBJIEHBI
y Homo sapiens sensu stricto, pe/icTaBUTeIEHl KOTOPOT'O CYUTAIOT CAMBbIMHU JPEBHUMHU B MHUpPE
coBpeMeHHbIMU JiIoAbMU (J1roau 13 Xepto u OMOo), HakieHbl B AQpHKe U MPUJIETaloIeM PETHOHE
JleBaHTa. B 9TO¥ CBsI3U MO/IENIh ‘U€JIOBEUECKOU PEBOJIIOIUK CO3/IaeT BPEMEHHBIE OTINYUS MEXKIY
[TOSIBJIEHUEM aHATOMUYECKHX COBPEMEHHBIX XapaKTEPUCTHUK U MTOBEAEHYECKHUX 0COOEHHOCTEH, UTO
CO3/1aeT BIIeUaT/IeHNe, YTO caMble paHHUe IpeacTaButean Homo sapiens Beu cebst IPUMUTHBHO.

2. O0cykaeHue U pe3yIbTaThl

JTanbl JOMECTHUKAIIUH

KOMIIOHEHTHI ‘4eI0BeYeCKO PEBOTIOINN’

MHeHHe O NPUMHTHBHOM TIOBeJleHMu HOmMo sapiens BHI3BIBAET COMHEHHWE B €ro
crpaBeyTUBOCTH. TakoU B3IVIAJ HA COOBITHS CBA3aH C IVIyOOKHMM €BPOIIEHTPUYECKUM YKJIOHOM U
HECIIOCOOHOCTHIO OIIEHUTH TJIyOMHY U IIIMPOTY apXe0JI0TUUeCKUX JaHHbIX Adpuku. Ha camom neste
MHOTHE KOMITOHEHTHI ‘UeJIOBEUECKON PEBOJIIOIUM , KOTOPbIE, KaK YTBEp KJaeTcs, IOSBHJINCH
40-50 ThIC. JIeT Hazaz, ObLIM HaliZieHbl B a()pUKAHCKOM CpeJHEM KaMEHHOM BeKe [eCSATKaMU
ThicsTu JieT paHee (Mcbrearty, Brooks, 2000). 9Tu 0cOOEHHOCTH BKJIIOYAIOT B Ce0S TEXHOJIOTHIO
HM3TOTOBJIEHUsA KJIMHKA, KOCTSHBIX HMHCTPYMEHTOB, paclInpeHue reorpa¢uueckoro apeana,
CHeIMaTu3UpOBaHHAs 0XO0Ta, WKCIIOJIb30BaHHE BOJHBIX PECYypCOB, TOPIOBJS Ha OOJBIINX
PacCCTOSIHUAX, CHCTEMaTHYecKass oO0paboTKa M HCIOJIb30BaHUE MUTMEHTA, a TaK»Ke HMCKYCCTBO U
yKpallleHusi. DTH 3JEMEHThl BO3HUKAIOT He BHE3allHO BMECTe, KaK IIPEICKa3bIBA€T MOJIENh
‘geJIOBEYECKON PEBOJIIONINU’, & B MECTaX, CyIIECTBEHHO Pa300IIeHHbIX B IIPOCTPAHCTBE W BO
BpeMeHH. JTO TPEJIOJIaraeT MOCTEeHHYI0 cOOPKY IlakeTa MOjesiell COBPEMEHHOTO ITOBEIEHUS
yesioBeKa B ApUKe U ero MOC/IeAYIOMINN SKCIIOPT B Apyrue peruoHbl Ctaporo Ceera. Mckomaemas
JIETOIIUCh TOMHHUJT aPUKAHCKOTO CPEHEr0 W paHHEro II03JHEro IUIEHCTOIleHA TOCTAaTOYHO
HelpepbIBHA U B HEH MOJKHO PACIO3HATh PSifl, BEPOSTHO, PA3JIUYHBIX BHUIOB, KOTOPHIE SIBJISIOTCS
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BO3MOKHBIMH TIpesikamMu Homo sapiens. IlosiBleHNe B cpeHEM IIEPUOIE KAMEHHOTO BEKa U ITIePBbIE
MPU3HAKA COBPEMEHHOTO IOBEJEHUS YeJIOBEKAa COBIANAIOT C MOSBJIEHHEM apTedaKTOB, KOTOPBIE
oputn mpunucanbl Homo helmei (Homo helmei — HazBaHWe BUJA JIIOJIEH, IPEJIOKEHHOE IS
IUIEACTOEHOBBIX TOMHUHU/I, UMEIOIIHX TepexXOIHbIe XapaKTEPUCTHKH MEK/IY Homo heidelbergensis
(Teiinensbe prekuii uesoBe k) u Homo sapiens, 4To IO3BOJIAET HPEIOIOKHUTD, UTO MOBEIEHHUe
Homo helmei otnnuaercss OT moBefeHUs1 0oJjiee paHHHMX BHAOB TOMUHHUJ U OYEHb IIOXOXKE Ha
[IOBEJIEHHE COBPEMEHHBIX Jiofeid. Ecau npuHsts TOT GAaKT, 4YTO IO AHATOMUYECKHM U
rnoBezieHUecKuM mpusHakam Homo helmei nepecekaercss ¢ Homo sapiens, IpOUCXOXKAEHNE HAIIEro
BH/IA CBA3AHO C IIOSABJIEHUEM CPEIHEr0 IIEPHO/ia KAMEHHOT'O BeKa IIPUMEPHO 200 ThIC. JIET Ha3a/I.

K mmepBBIM JOMECTUIMPOBAHHBIM KMBOTHBIM OTHOCST JOMaIlHIo0 cobaky (Canis familiaris).
3a mosBIeHHWEM JOoMalllHell Cco0aKM B apXeOoJOTUYECKHUX 3alHCAX OTHOCUTEIBHO CKOPO
MOCJIEJIOBAJIO OJIOMAIIIHUBAHUE CEJIbCKOXO3SIUCTBEHHBIX KYJIbTYP PACTEHHI U JOMAIIHETO CKOTa,
YTO IO3BOJIMJIO JIIOJSIM CYIIIECTBEHHO YBEJIMYUTHh KOJIMYECTBO ITHIIU, KOTOPYIO OHU MOJIyYaJIk OT
OXOTBI U cobuparesbeTBa. CaeaoBaTe/IbHO, BO BPEMS HEOJIUTHYECKOT'O IIEPEX0/Ia—apXe0JIOTHUECKU
3a/I0OKyMEHTHPOBAHHOI'O IIEPEX0/Ia OT CIIOCOO0B IIPOM3BO/ICTBA MPOAYKTOB IMUTAHUS OXOTHHKAMU-
cobupaTeJIIMH K BBIPAllMBAHUIO PACTEHHH U JKHUBOTHOBOJACTBY—Bce 0oJiee CJI0KHBIE
CeJIbCKOXO3SIMCTBEHHBIE 00IIecTBa pa3BHUBAJIMCh BO MHOTHX MecTax 1o Bcell EBpasuu, CeBepHOM
Adpuxke u IO:xHO u LlenTpanpbHO#t AMepuke (Diamond, 2002).

Pe3ynbTaThl 300apX€0JIOTHUECKUX HccaemoBaHuil B Oro-3amagHoii A3MH CBUAETEIbCTBYIOT
o ToM, uto OBIIbI (Ovis aries), ko3bl (Capra hircus), 6e3ropOblii €BpOIIEHCKUE KPYITHBIA POTAThIN
ckor (Bos taurus) u cBuHbu (Sus scrofa) ObUIM OZHMMH W3 IIE€PBBIX JOMECTHUI[POBAHHBIX
JKMBOTHBIX, KOTOpbI€ IIO/IBEPIJINCh OJOMAIIHUBAHHMIO 10-11 ThIC. JIET HazajJ, B PpEruoHe
ITnomoponuoro IToaymecsna (Larson et al., 2014; Conolly et al., 2011; Zeder, 2011). IIpumepHo ABa
THICSTYEJIETHS CITyCTs TOpOAThIN KPYIHBIA porathiii ckoT (3e0y - Bos indicus) ObUI OJJOMAaIITHEH,
BEPOSATHO, cOOOIIECTBAMH B PAHHEM HEOJIHTE, PACIIOJIOKEHHBIMU B COBPEMEHHOM Besymxkucrane,
ITakucrane (Fuller, 2006). CBHUHBH, ITO-BUAUMOMY, OJOMAIIIHEHBI IIPUMEPHO 8 THIC. JIET Ha3aj B
BocTouHO¥ A3Wu M3 MOMyJIAIUUA TUKOTO KabaHa, TeHETHYECKH OTJIMYHOU OT momysisanuu B KOro-
Banaguori Aszum (Frantz et al., 2015). Jlomans (Equus caballus) omomainiHeHa B CTeIsAX
enTpanpHOi A3u1 MPUMEPHO 5,5 ThIC. JieT Hazas (Outram et al., 2009), a kypuna (Gallus gallus)
u komka (Felis catus) mpoILIN OJWH M TOT K€ IIyTh OKOJIO 4 ThIC. JieT Ha3az B IOro-BocrouHoi
Aszuu u CeBepHoit Appuke (Eruner) coorBerctBerHo (Linseele et al., 2007). [Ipeamnonaraercs, 94To
Ha BpeMs OJOMAIIIHUBAHWUA I PAJA BHUAOB JKMBOTHBIX MOIVIM IIOBJIMATH KJIIOUEBBIE
KJIMMaTAYeCKHe COOBITHA 3a IMOCJIESHIE 20 000 JIET.

O01ag HUIIA C YEJIOBEKOM

B o0miem, jomecTukamnys — 3To Ipoliecc GOPMHUPOBAHUA OOIEH HUIIHA C YEeJOBEKOM, UTO
MPUBOAUT K OOJIBIIIOMY KOJIMYECTBY W3MEHEHHH Yy BceX ydyacTHUKOB (Zeder, 2015).
IIpeamonaraercsi, YTO OOBEAUHSAIONIMM ITOKA3aTeIEM /IJIS1 TOMECTUIIMPOBAHHBIX BHOB KMBOTHBIX
SIBJISIETCSI TO, UTO B HACTOSIIIlEe BPEMSI OIIPEENAETCS KaK «CUHAPOM JIOMeCTUKAIUU». KiTtoueBbIM
YCJIOBHEM JIJII JIOMECTHKAIlUM >KUBOTHBIX UEJIOBEKOM SBJIAETCS TaKas XapaKTePHCTHKA, Kak
MPEJIPACIIONIOKEHHOCTh K  CONMAIU3Alli{, BKJIIOYAIONIYI0 TOHM)KEHHYI0 arpecCHBHOCTD,
COIIMAJIBHYIO TOJIEPAHTHOCTD, HCCJIEAOBATEIbCKUE TEHJIEHIUU. VIMeIoTcs JaHHBIE O TOM, YTO
COITMO-KYJIBTYPHbIE OCOOEHHOCTU HHII, CO3JaHHBbIE YEJIOBEKOM, BHOCAT OTHOCUTEIHHO OOJIBIIHIHT
BKJIaJT BO BHYTPUBHOBYIO AuddepeHnranu KyJIbTYPHbIX PACTEHWH U OMECTUIIMPOBAHHBIX
JKUBOTHBIX II0 cpaBHeHUI0 ¢ 3kosiormdyeckumu dakropamu (Colino-Rabanal et al,, 2018).
W HTEpecHO OTMETHUTD, UTO MPEAToIaraeMbIii IPEAKOBBIN BU/L UesioBeka — 00H0O0 (Pan paniscus),
CYIIIECTBEHHO OTJIMYAETCS OT, B YaCTHOCTH, IIIMMIIAH3€, CBOEH TOJIEPAHTHOCTBIO — CIIOCOOHOCTBHIO
JIEJIUTCS THINEN ¢ IpeAcTaBUTeIIMU APyrux BUAOB (Sanchez-Villagra, van Schaik, 2019).

AHaiM3 HAaKOIUIEHHBIX JIJAaHHBIX II03BOJIIET NPHUUTH K BBIBOAY O TOM, UYTO HamboJiee
VHUBEPCAJIbHBIMM  IIOKa3aTeJIsIMH  CHHAPOMAa  JOMECTHKAI[UM  ABJAIOTCA  HU3MEHEHHs
IIOBE/IEHYECKUX XapaKTEPUCTUK (CHUKEHHE arPECCUBHOCTH, MOBbINIeHue conuanuzanuu (Wilkins,
2020) U CYyIIECTBEHHOE IOBbIIIeHHEe (PEHOTHUIINUYECKON U NOMyJIAIHMOHHO-T€HETUYeCKOU
usmenunsoctu (Glazko et al., 2015).

KittoueBoe 3HaueHMeE MOBBIIIEHHON IIPEAPACIIONIOKEHHOCTH K COITUATA3AIUNA OYE€Hb XOPOIIIO
000CHOBaHA HcCIeIOBAaHUAMU 00HO00 (Pan paniscus). B otsimume ot cBoel ceCTPUHCKOM I'PyTIIbI,
mmmianse (Pan troglodytes), y 60HOOG0O HpOSBIISETCS HECKOJIBKO MPU3HAKOB, TUMUYHBIX JJIS
CHHIpOMA JOMECTHKAIlUM, BKJIIOYAIOI[UE JEMUTMEHTAIluI0 TyD, XBOCTOBBIX OKPACOK,
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YMEHBIIIEHHBI IOJIOBON AUMOpGU3M, MEHBIIHH pa3Mep dYepelna |, CJIeIOBAaTeJIbHO, MO3Ta.
[Ipenmonaraercsi, YTO 5TU MPU3HAKUA PA3BUJIUCh KaK MOOOYHBIE MTPOAYKTHI 0TOOpa HA CHUIKEHUE
arpecCUBHOCTH, OOYCJIOBJIEHHOTO IIPEAINOUYTEHHEM CaMOK CIIapUBAThCs C MeHee arpecCHBHBIMU
camraMmu. PU3MOJIOTHYECKAsT PeaKIUsl Ha COIUATIBHBIA CTPECC TaK)Ke OTIMYAeTCs y IMIUMIIaH3€e U
O60HO0O: caMIlbl ITUMIIAH3€ IPOSBJISAIOT TECTOCTEPOHOBYI) PEAaKTUBHOCTb, KOTOpAs CHHUIKAET
TOTEHITHAJ TOJIEPAHTHOCTH, TOT/Ia KaK y O0HODOO IOBBIIIAeTCs YPOBEHb KOPTHU30Ja. Kpome Toro,
HEKOTOpble MOP(OJIOTUUECKHEe MPU3HAKU OOHOOO MOTYT pacCMaTPUBATLCA KaK OTParKarolue
IOBEHWJIbHbIE IIATTEPHBI Pa3BUTHUA. Y OOHO0O, KaK W y HEKOTOPHIX Haubojiee HM3yYEeHHBIX
O/IOMAIlTHEHHBIX JKUBOTHBIX (COOAKW, CBUHBH, JIOMIA[HM) “IOBEHWIH3AlUs  IPOSBJAETCA B
OT/IEJTbHBIX CIIEIU(PUUIECKUX YepTaX, a He “TJIO0aTbHO”.

HccnenoBanuss B I1€JIOM TOATBEPIKIAIOT HAEI0 O TOM, 4YTO OOHOOO 0o0Jiee COIMATIBHO
TOJIEpaHTHBI, yeM muMIanae (Sanchez-Villagra, van Schaik, 2019). OHu 0XOTHee, YeM IIMMITaH3E,
YCTAHABJIMBAIOT 3PDUTEJIbHBIN KOHTAKT WJIU CJIEAAT 32 MPOUCXOAIINM B3TJIAI0M, CHCTEMATHYECKH
6oJsiee criocoOHBI K COBMECTHOMY ITUTAHHUIO, UeM IUMIIaH3e. BOHOOO, B OTyIMYKE OT IIMMITaH3E,
OXOTHO JIeJIATCS THUINEeH ¢ He3HAKOMIIAMU, a TakKKe, B OTJIMYHME OT IITHUMIIAH3€e, IPOSBJIAIOT
3apa3uTEbHYI0 3€BOTY B OTBET HA 3€BOTY He3HaKOoMIleB. OTMeUeHO, YTO JIUKre 60HO0O JessiTcs
€/I0H ¢ WIeHaMH JIPYTUX BUJIOB, UTO UCKJIFOUEHO JJISI IITUMIIaH3e.

Takum oOpa3zoM, TO, YTO GOHOOO BOBJIEUEHBI OOJIbIIIE, YEM IIMMIIAH3€, B IPOAKTUBHBIE
(cmoHTaHHBIE, HEMPOU3BOJIBHBIE) ITPOCOIUAIbHBIE JEUCTBUS, KOTOPBIE XapaKTEPHU3YIOT JIIOMIEH,
SIBJIIETCSI  OYEBHJHONM  BO3MOJKHOCTBIO JJIA  TIOJJIEP’KKH  COBDEMEHHOW THUIIOTE3BI O
CaMOJIOMECTHUKAIINN 4YeJoBeKa Ha OCHOBe cGhOpPMHUPOBABIIENCSI B HBOJIIOIHUN TMOBBIIIEHHON
COITMAJIBHOU TOJIEPAHTHOCTH.

K HacrosIeMy BpeMeHH yiKe MOSBUINCH SKCIIEPUMEHTAIbHBIE JIAHHbBIE, MTOEePKUBAIOIIE
TUIIOTE3Y «CaMOJIOMECTHKAIIMHU» YeJOBeKa YW POJIb TEMIIOB Pa3BUTHS HEPBHOTO TIPeOHsA B
oJoMaIllHUBaHUH *KUBOTHEIX (Zanella et al., 2019).

[Ipenmonaraercs: (Progovac, Benitez-Burraco, 2019), 4To «caM0OOioOMallTHUBaHKUE» YeJIOBEKA
CIIOCOOCTBOBAJIO TIOSIBJIEHUIO MEHee arpecCUBHOTrO (eHOTuIa, TouHee (HEHOTHIA, CKJIOHHOTO
3aMeHATh GU3HMYECKYI0 arpeccuio BepObayibHOU arpeccueii. B cBoro ouepe/ib, MOCTENEHHBIH ITEPEX0/]
K BepOaIbHOM arpeccud U K OoJjiee cI0KHBIM (opMaM BepOAJIBHOTO MOBEAEHUSA CIIOCOOCTBOBAI
COITMATU3AIIH, TIPUYEM JIBa IMPOIlECCa BKIIOYAIHUCH BO B3AUMHO YCHUJIMBAIOIUN UK 0O0paTHOMN
CBSI3U, YIUTHIBasi, YTO BepOaIbHOE MOBEJEHUE BJIEYET 32 COOON HE TOJBKO MEHbIIlee HACUIIUE U
JIydiriee BbKUBaHUE, HO U OOJIbIIIE BOBMOXKHOCTEH /IS JUTUTETLHOTO B3AUMOIEUCTBUSA U OOIIEHUS
¢ OOJIBIIIUM KOJIMYECTBOM JIIOJIEH, B KOHEUHOM CUeTe, CIIOCOOCTBYsI MOSIBJIEHUIO 0O0Jiee CIIOKHBIX
dopm sa3pika. To ecTh, B cilydae «CaMOJIOMECTHKAIlMHU» TIOJIOBOM OTOOp paboTasm IMpOTHUB
MIPU3HAKOB (PUB3UYECKON arpeccHi, a B CJIydae ee 3aMeHbI CJIOBECHBIMH OCKOPOJIEHUSIMU OTOOD
paboTas B 1MOJIb3y BepOaIbHOU arpeccuu. HampsiKeHHOCTh MEXKIy STHUMH JIByMs, Ka3ayoch OblI,
MIPOTUBOIIOJIOKHBIMU CHUJIAMH, pas3pelraeTcs/ocaabseTcs TeHAeHIINeH 3aMeHATh (PU3MYECKYIO
arpeccuio BepOaJIbHOU arpeccueil U BepOaIbHBIM MTOBEEHUEM B OoJiee 00IeM IUTaHe. ITO TaKKe
IIOMOTaeT Pa3pelIuTh MapaZoKC THIOTE3bl O CaMOOOyUYeHUU, KAaCaoIeHCsl arpecchu, TOUHee,
TOYeMy arpeccus y JIIojled CHUKAEeTCsI TOJIbKO TOT/Ia, KOT/a PeYb 3aX0/IUT O PEaKTUBHOU arpeccu,
HO HE TOT/Ia, KOT/Ia PeYb 3aXOAUT O IMPOAKTHBHOUM arpeccuu, IMPUYEM IOCTEIHSAS JEMOHCTPUPYET
pOCT C TOsSIBJIEHHMEM COBPeMeHHOro s3bika. ABTOpbI (Progovac, Benitez-Burraco, 2019) astmx
WCCJIEIOBAaHUI TOJIATaloOT, YTO TaKasl IMeTyiA oOpaTHOHW CBA3U ObLIa OCOOEHHO BakKHA B IIEPHO/T
dopmupoBanus paHHUX coobOIiectB Homo sapiens, TOCKOJIBKY TII03BOJISIET MPEATIOIOKHUTD
KOHKPETHbIE TOUKU CONPUKOCHOBEHHsS U B3aWMMHOTO YCUJIEHUS MEXKAY JIByMS HpOIleccaMu —
«CaMOO/IOMAIlTHUBAaHUsSI» M paHHEH SA3BIKOBOM SBOJIIONMEN, BKJIIOYAas CHHKEHUE (DU3HMYECKOH
arpeccyuy W BJIUSHUS IOJIOBOTO 0TOOpA.

Kak oTmMeuasioch BhIIIIE, OOIUMU XapaKTEPUCTUKAMU «CUHAPOMA JOMECTHKAI[UN» SIBJISETCSA
MOBBINIEHHAsT (PEHOTUIINYECKasd W3MEHUYMBOCTh U IIOBBINIEHHAsA IIPEAPACIIOIOKEHHOCTh K
coruanu3anuu. K HacTosilieMy BpeMeHHU BBHITIOJIHEHBI IOTIapHbIE CPAaBHEHHSA T€HOMOB OCHOBHBIX
JIOMECTHIIPOBAHHBIX BUIOB — 0A30BBIX, /I arpapHOY IUBUJIN3AITUN — U UX OJIM3KOPO/ICTBEHHBIX
JIMKUX BUIOB: moMarissa kypunia Gallus gallus domesticus u ipeakosbiii Bun Gallus gallus (Rubin
et al., 2010); cBuHbu u aukue kKabaubl (Frantz et al., 2015; Paudel et al., 2013); mpeakoBbIit
MPUMHUTUBHBIA CKOT M COBPEMEHHbIE MOPOABI KpymHOro poraroro ckora (Park et al.,, 2015);
JIOMAIITHSAS OBIIa ¥ My(dJIOH, KO3bI U Oe30apoBbiil kKo3en (Alberto et al., 2018); momarirHss yomaab
u jommaab ITpxeBanbekoro (Der Sarkissian et al., 2015; Librado et al., 2017; Wutke et al., 2018);
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JIOMAIHUN 1 TuKui Kposuk (Carneiro et al., 2014; Irving-Pease et al., 2018) u psazga apyrux BU0B.
OCHOBHOH BBIBOJI, KOTOPBIH MOJKHO C/ieJlaTh Ha OCHOBAaHHMH aHAJM3a PpPe3yJIbTaTOB
ITOJTHOTEHOMHOT'O CEKBEHUPOBAHHUSA U CPAaBHEHUST MOHOHYKJIEOTHAHBIX oTyinauid (Single Nucleotide
Polymorphisms — SNP) u pa3Ho0oOpa3us M3MEHUHBOCTH II0 KOIMMMHHOCTH KOPOTKHX T'€HOMHBIX
yuyactkoB  (Copy Number Variability - CNV) wMexzay JoMecTIIUPDOBAaHHBIMH U
OJINBKOPO/ICTBEHHBIMHM JUKUMHU BHIaMU, 3aKJII0YAETCA B TOM, YTO, B OCHOBHOM, B T'€HOMHBIX
o0J1acTsaAX, B KOTOPBIX JOKanu3yloTcsa auddepeniupyomue 3TH Bugpl SNP u CNV mapxkepsi,
JIOKAJIN30BaHBI T€HBI, MMPOAYKTHI KOTOPBIX CBA3AHbI C PA3BUTUEM HEPBHON W MMMYHHOH CHCTEM,
a TaKJKe XapaKTePUCTUKAMU IPOAYKTUBHOCTH KUBOTHBIX CEIbCKOX03ANCTBEHHBIX BU/IOB, IIPUYEM
BOBJIEKaeMbI€ B 3TH IMPOIECChl KOHKPETHbIE TeHbl BAPHUPYIOT B 3aBUCHMOCTH OT BH7A, TO €CTh,
CXOAHbIEe (PEHOTUITNUECKHE PEIIeHUsT IOCTUTAIOTCSA C BOBJIEUEHUEM Pa3HbBIX T€HETHYECKUX CHCTEM.

Y4yacTue B conpiaJiu3anii reHOB X03sUHa, a TAaK;Ke MUKPOOHOMa 1 BUpOMa

B nocsiestHue Top1 0c060€ BHUMAaHUE MIPUBJIEYEHO K KOMIUIEKCY T€HOB, MyTaIliHd B KOTOPBIX
MPUBOAUT K (POPMHUPOBAHHUIO CHHAPOMA THIIEPCOIUAIBHOCTH, CBS3aHHOMY C OIMCAHHBIM Y
YyeJIoOBeKa CHUHApOMOM YwuibsiMca-bepena (WBS, cuHIpOM THIEPCONHAIbHOCTH), BBI3BAHHBIN
COOTBETCTBEHHO reMUieIeIuel WK TeMUAyIUINKaIpell 28 reHoB B obJ1acTu 7q11.23 (Zanella et al.,
2019)). WBS sBisercs ayTOCOMHO-IOMHUHAHTHON MyTaled, BbI3BAHHOH TI'€HOMHBIMU
IepecTpoOMKaMMu W3-3a OOJIBIIIUX PErHoHOCIHeNU(pUUHBIX H3MeHeHUH, mpucyrcrsueM Alu
TPAHCIO30HOB (HEAaBTOHOMHBIX KOPOTKHMX AUCIEPTUPOBAHHBIX SIZIEPHBIX 3JIEMEHTOB), KOTOPBIE
MOTYT IIPUBOAUTH K HeaJlJIEIbHOI TOMOJIOTUYHON pekoMOuHaIuu B Metiose (Etokebe et al., 2008;
Ferrero et al., 2010; Antonell et al., 2010). Yactora Bcrpeyaemoctyt WBS B IOy IAIMK COCTABJIAET
0K0JI0 1/10000 g WBS remusurotHoctu u 1/20000 a9 WBS  remomymankamusM.
Henenus/aynankanus KpUTHUECKOH obJtacTu cuuapoMa YuiabaMmca-bepena (WBSCR) npuBoaut k
TEMU3UTOTHOCTH/TEMOAYIUIUKAIIUA  25-28 TeHOB, OOBsCHAIOINAS HX (HEHOTUITHYECKHE
nposieienus (Lopez-Tobon et al., 2020). Ota Kputudeckast 06J1aCTh COIEPKUT TeHbI, KOJAUPYIOIIHE
psx dakTopoB peryssanuu TpaHckpumniuu (Schubert, 2009). Ilpeanosaraercs, 4YTo U3MEHYHUBOCTh
B X KOMMUWHOCTH MOKeT U3MEHUTh OasaHc Bo30Oy:kaeHus/Topmorkenus (Makeyev, Bayarsaihan,
2011), 4YTO COTJIacyeTcsi C MHOTOUYHMCJIEHHBIMH JOKa3aTeIbCTBAMU, CBHJIETEJIbCTBYIOIIUMHU O
JcbajiaHce COOTHOIIIEHHS BO30YKIeHsI/ MHTHOMPOBAHUS KOPTUKAIBHBIX HEHPOHOB KaK OCHOBHOTO
cybcTpaTa pa3BUTHS CETH T'eHOB, JIEXKAIIUX B OCHOBE COITMAILHOM akTWBHOCTH (Sohal, Rubenstein,
2019; Lopatina et al., 2018). CpaBHUTeJbHBIE WCC/IEIOBAHUA, ITOCBSIIEHHbIE MeXaHU3MaM,
00yCJIOBJIMBAIOIIIAM TIOBBIIIEHHYIO CKJIOHHOCTh CO0AK K WHHITUUPOBAHHIO COITUAIBHBIX KOHTAKTOB,
10 CPABHEHHIO C CEPBIM BOJIKOM, OOBSCHSUIM 3TO IIOBE/IEHHE KaK THIl TOBEJIEHYECKOH HEOTEHUH,
COXpaHeHHe I0BEHWJIBHBIX UEepPT Y B3POCJIOTO YeJIOBEKA, UTO CaMO IO ceOe MOTEHIMAIBHO SBJISETCS
pe3y/IbTaTOM TPAHCKPHUIIIIMOHHOW HeoTeHuH B Moare (Somel et al., 2009).

OOHapy:XeHO, UTO CTPYKTYpHbIe BapuaHThI B reHax WBS JekaT B OCHOBE CTEPEOTHUITHOM
THUIIEPCOIUATIBHOCTH Y JoManHux cobak u e (von Holdt et al., 2017; Kukekova et al., 2018).

U3BectHO, yTo TpaHnckpunTbhl WBSCR17 mnpenMyIeCcTBEHHO 3KCIIPECCUPYIOTCSI B MO3IKEUKE,
THIIOKaMIle, TajlaMyce U KOpe ToJioBHOro Mosra Kpbic (Nakamura et al., 2005), npuuem
HCCIIeZIOBAHMS TIOJ/ITBEPKAAIOT €ro BINSHKE Ha MOP(QOJIOTHIO KIeToK U TpaddUuK uepe3 KIETOUHbIE
membOpanbl (Nakayama et al., 2012a, 2012b). WBSCR17 (N-aneTuirajiakrozaMuHIITpaHcdepasa y
yesoBeka GALNT17) BBICOKO BSKCIIpecCHpyeTcsi B KOPe TOJIOBHOTO MO3Ta, yJacTByeT B (DYHKITUH
JIN30COM, KJIETOUHOH aare3uu u ¢opMUpPOBaHUM BHeKIeTouHoro marpukca (Merla et al., 2002). B To
JKe BpeMs, OUEBH/IHO, YTO caMa Io cebe coluasibHasi aKTUBHOCTD SIBJIAETCS CJIOXKHBIM U, IO CBOEH
CYTH, KOJIMYECTBEHHBIM IMPU3HAKOM, UMEIOIUM T€HETHYECKYI0 U IapaTHUIIHYECKyI0 KOMIIOHEHTY B
CBOeH M3MeHUHBOCTU. Tak, McciieZloBaHuUs, BBIIOJIHEHHbIE Ha IEeHKaX 8-MH HeJIeJIbHOTO BO3pacTa,
MIO3BOJISAIOT IpEAIoJaraTb, YTO TPUMEPHO 40 % COIUAIBHOW aKTHUBHOCTU OIPEIEsISeTCs
TeHEeTHYEeCKOH KOMIIOHeHTOH. O/IHAaKO CYIIeCTBEHHAs €€ YacThb 3aBUCHT OT (haKTOPOB OKPY KAOIIIEH
cpenpl, BOCIPHUHUMYHUBOCT K KOTOPBIM TOXKE MO’KET HMETh CBOI TIe€HETHYECKYIO
00yCI0BJIEHHOCTh, (PDOPMUPOBAHUE KOTOPOU ellle MeHee JOCTYIHO Ui aHaynus3a (Bray et al.,
2021). CJI0>KHBIA XapaKTep HacJIeOBaHUSA UMEET U TaKas XapaKTEPUCTHKA, TECHO CBSA3aHHAs C
COITMAJIPHOM aKTUBHOCTHIO, KaK arpecCHBHOCTh. B YacTHOCTH, OOHAPY»KEHO, UTO SKCIIPECCHUS
MMPUMEPHO 1200 T€HOB OTJIMYAETCA MEXKAY ITOPOJaMU KPYITHOTO POTATOTO CKOTa C BBICOKOM
arpecCUBHOCTBIO (mopoma Jluaus, ceJeKIMUOHUpyeMas JJisi KOPPHA) U OTHOCUTEIBHO
npyskentooHol (mopoaa Barpio) (Eusebi et al., 2021).
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Bo mMHormx paboTax mpejicTaBjeHbl JaHHBbIE, CBUETEIbCTBYIOIIHE O TOM, YTO MHUKPOOHI,
obUTaIOIEe B KENYIOYHO-KHUIIIEYHOM TpaKTe, BJIHAKT Ha (QHU3HUOJOTHI0O W PpaboTy Mo3ra.
HcenenoBaHusi TOKa3ad, YTO MHUKPOOHMOTA JKEJTyI0YHO-KUIIIEYHOTO TPAKTAa MOJKET IT0/IaBaTh
CUTHAJIbI B TOJIOBHOU MO3T UYepe3 MHOKECTBO ITyTeH, BKJII0OUAsi HMMYHHYIO aKTUBAIIUIO, BBIPAOOTKY
MHKPOOHBIX MeTa0OJIMTOB W TEeNTHIOB, AaKTHUBAIUIO OJIy)KAAIONIero HepBa U BBIPAOOTKY
Pa3/IMYHBIX HEHPOMEIUATOPOB U HEHPOMOYJIATOPOB. B COBOKYIIHOCTH 3TOT JBYHAIlpaBJIEHHbBIN
IyTh M3BECTEH KaK OCh MHUKPOOHOTA-KHUIIEUHUK-MO3T. B OTCyTCTBME MHKPOOHUOTHI y MBIIIEH,
MMOJIyYaBIIUX AHTHOMOTHMKM ¥ He HMEBIIHUX MHKPOOOB, HAOJIOJATNCh H3MEHEHUs B psjie
IEHTPAJIbHBIX  (PU3HOJIOTHYECKUX IPOIECCOB, TaKUX Kak o00OpOT HEHpOMeauaTOpOB,
HeHWpoBoOcllasieHue, HelporeHe3 U MOpPQOJIOTHsA HEHpPOHOB. B0O3MOKHO, B pe3yjbTaTe 3TUX
HEBPOJIOTHYECKUX W3MEHEHUH IIOBeJleHHe >KUBOTHBIX C O0OEJHEHHOU MHKPOOHOTOH OCOOEHHO
3HAUUTEJIPHO OTJIMYAETCS 10 COI[MAJIPHOMY IIOBEJIEHHIO OT TIOBEAEHUs TPHI3YyHOB,
KOJIOHU3UPOBaHHBIX Oakrepusmu. I Haobopor, mo0aBjieHHME IKUBOTHBIM —OIpeIeIeHHBIX
rmoJie3HbIX Oaktepuii (Hamp., Bifidobacterium u Lactobacillus) MoryT IpPUBECTH K 3aMETHOMY
YJIYUIIEHUI0 COIMAJIHOTO IIOBEJeHWsI KaKk B paHHEM BO3pacTe, TaK U BO B3POCJIOM.
B coBOKymHOCTH 3TU Pe3y/IbTaThl CBUAETETHCTBYIOT O TOM, YTO MHUKPOOHBIE CUTHAJIBI BaYKHBI JIJIS
pa3BUTHUsA I[EHTPAJIbHOM HEPBHOH CHCTEMBI M IMPOTPAaMMHUPOBAHHA COIIUAJIBHOTO IIOBEJIEHUSA B
rosioBHOM Mo3re (Cryan et al., 2019). Xotsa uccienoBanusi GyHKIIMOHAIBHBIX U HKOJIOTHYECKUX
MMOCJIEAICTBUN JI/IT MHUKDPOOMOTHI KHIIEYHUKA Y €CTECTBEHHBIX IOMyJISANUN IIPOI0JI?KAIOTCS,
C DBOJIIOIMOHHOH TOYKKM 3PEHUS OCTAaeTcsA HESCHBIM, II0YeMYy U KOTJ[a BO3HUKJIU
B3aHMOOTHOIIIEHUsI MEXAY MHUKpOOaMU M CTPYKTYypaMH MO3Ta, OMIPEAEISIONIMMU COIHATbHOE
nosefenue (Sherwin et al., 2019). Tem He MeHee, aKTUBHO IIOJBUTAIOIIHECS HCCIELOBAHUA 3TOHU
OCH — KUIIIEYHUK — MUKPOOHOTA — MO3T — ITO3BOJISIIOT PACCUMTHIBATD HA YCIIEITHO PAa3BUBAIOIIHECS
MeTOAbl OaKTepHAIbHOTO JieueHusl psifa 3abojeBaHHUI, OJHOH H3 YepPT KOTOPBIX SBJISETCSA
necormanuzarus (Cryan et al., 2019). Tak, HanpuMep, MOJIYYEHBI JaHHBIE, CBUETETHCTBYIONIHUE O
TOM, YTO JIIOAW C OOJIBIIMMHU COITUAJBHBIMU B3aWMOCBA3SMHU, KaK IPABUIIO, UMeEWT Oosee
Pa3HOOOpA3HBI MUKPOOHOM. DTO MO3BOJISAET MPEIIOIOKUTD, UTO COIUAIbHbIE B3AUMO/IEHCTBUSA
MOryT (POPMHPOBAThH MUKPOOHOE COOOIIECTBO KUIIEYHUKA UesioBeKa. HampoTus, TpeBora u crpecc
CBSI3aHBI C YMEHBIIEHNEM pa3HOOOpasus U U3MeHeHueM coctaBa Mukpobmoma (Johnson, 2020).
HaxkamuBaercst uHGOpPMAIUs 0 TOM, YTO O€JIKH 9HAOTEHHBIX PETPOBUPYCOB, SKCIIPECCUs KOTOPHIX
B HOpMa II0JIaBJIeHA, B HEKOTOPBIX CJyYasx TPAHCIUPYIOTCA, YTO CJIYKUT OCHOBOM H3MEHEHUU
IIOBe/IEHYECKUX peakIuil u ux narosorui (Johansson et al., 2020).

B o9TOlf CcBsA3M 0COOBIM HWHTEpeC WPEACTABJAET BOMPOC HU3MEHEHUH MHUKPOOHOTHI Yy
JIOMECTHITMIPOBAHHBIX BHUJIOB [0 CPAaBHEHUIO ¢ OJIM3KOpojcTBeHHbIMU Aukumu (Alessandri et al.,
2019; Ikeda-Ohtsubo et al., 2018). CdopmupoBaHO mpejicTaBJIeHHE O TOM, YTO BO BpeM:
O/IOMAIIIHUBAHUSA HAa W3MEHUYUBOCTb MHUKDPOOHOTHI KHIIEYHUKA TaKXKe€ MOIJIM BJIUATH OJIM3KHE
KOHTAaKTHI ¢ uestioBekoM (Milani et al., 2017).

BupycHble MeTareHOMHbBIE HCCJIEIOBAHUS IPOJIEMOHCTPUPOBAIM TaK»Ke BBIpAYKEHHOE
pa3HoOOpa3ue 5yKapHUOTUYECKHUX BUPYCOB M OGakTepuodaroB (BUpoM) B (peKaausx JOMAaITHUX
BH/IOB, YTO MOKET OBITh TECHO CBA3AaHO C OCOOEHHOCTAMU AUeThl »KMBOTHBIX (Xie et al., 2019).
W3BeCTHO, YTO HPUMEPHO ITOJIOBMHA Te€HOMAa Yy BCEX BHU/IOB MJIEKOIHUTAIOIIMX IIPeCTaBjIeHa
BUPYCHBIMH U IPOBHUPYCHBIMH IOCTIEAOBATELHOCTAMUA W NPOAYKTAMU UX PEKOMOWHANWH, B
COBOKYITHOCTU CBO€N (OPMUPYIOITUH MOOWIOM M3 MOOWJIBHBIX T€HETHYECKUX 3JIEMEHTOB WJIN
TpaHcio30H0B (TE) — reHeTHUecKOTo pe3epBa BHyTPU- B MEKT€HOMHOTO oOMeHa. HakamnBaercs
nHpoOpMaIdst O TOM, YTO O€JKH SHAOTEHHBIX PETPOBHUPYCOB, SKCIPECCHS KOTOPHIX B HOpMA
[IO/IaBJIeHa, B HEKOTOPBIX CJAydasX TPAHCIUPYIOTCA, YTO CJIYKHT OCHOBOM W3MEHEHHI
IIOBe/IEHYECKUX peakIuil 1 ux narosoruii (Johansson et al., 2020).

BbIsIBJIEHO MEKKOHTHHEHTATIPHOE PACIIPOCTPAHEHHE PETPOBHPYCOB, MHOTOUKCIEHHBIE CIyUan
MEXKBU/IOBOI II€pelauil U IOSIBJIEHUSI Y XO35€B, MPEACTABJIAIONINAX [T0 MEHBIIEH Mepe 11 OTPSAI0B
MJIEKOIIUTAIOIINX, a TAK)Ke 3HAUNTEIbHASA POJIh PEKOMOMHAINH B AMBEPCH(PUKAIMN BUPYCHBIX JIHHUH
(Diehl et al., 2016). V3BectHO, yTo TE MIMPOKO YYaCTBYIOT B SUT€HOMHON M3MEHYHBOCTH, BIIIOYAS
Takhe IIPOLIeCChl, KaK W3MEHEHHMS pUCYHKAa METHWIHPOBAaHUS, MOAU(UKAIUA THUCTOHOB,
dopmuposanue mukpoPHK, Tparcreneparuontoe HacsiemoBanue (Hosaka, Kakutani, 2018; Lanciano,
Mirouze, 2018). MOKHO 03KH/ATh, UTO KOHCTPYUPOBAHHE HOBBIX HUIII, B KOTOPBIX YUACTBYIOT YEJIOBEK
U JIOMECTUIIUPYEMbIe BH/IbI, criocobcTByeT akThBauu TE v (GOpMHUPOBAHUIO HOBBIX PETY/ISATOPHBIX
cereli Ha ux ocHoBe (Cho et al., 2018; Colino-Rabanal et al., 2018; Shapiro, 2017).

39



file:///C:/!Current%20(Former%20Dwnld)/BGT2021/Johnson,
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosaka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29525544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colino-Rabanal%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=29691460

Biogeosystem Technique. 2021. 8(1)

3. 3aKJIIoueHue

HakoruieHHble JaHHBIE TO3BOJIAIOT  CllejlaTh  cleaylollee 3akmodeHne. (OcHoBa
bopmMupoBaHUs arpapHOI IIUBUIM3AIUKA 00YCI0BJIEHA aKTUBHOCTBIO UeJIOBEKA II0 BOBJIEYEHHIO B
CBOIO HHIILY JAPYTHX BHOB, CIIOCOOCTBYIOIIMX ITOBBIIIEHUIO €T0 aJAalITUBHOTO U PEIPOAYKTHBHOTO
noreHnuaina. CyIecTBeHHBIH BKJIAJl B 3TOT IPOIlecC BHOCHIN (DAKTOPHI, CBI3aHHBIE C COITUATbHON
AKTUBHOCTBIO UeJI0OBEKa, €r0 KOTHUTUBHBIMH (PYHKIIUAMU U €T0 CIIOCOOHOCTHIO IieJIeHAITPABIEHHO
U3y4aTh ¥ KOHTPOJIUPOBATH PA3JIUYHBIE XapaKTEPUCTUKHN BOBJIEKAEMBIX B JOMECTUKAIIUIO BHU/IOB.
OCHOBHBIE TPHU3HAKH, BXOAAIINE B  «JOMECTHKAIIMOHHBIH CHHIPOM» V  2KHBOTHBIX,
aCCOIIMMPOBAHbBl C HUX COIMAJIbHOM AKTUBHOCTHI0O U TEHOMHOM  HeCTaOMJIBbHOCTHIO,
00€eCIIeunBaOIEH MOABIECHUE IIIUPOKOTO (PeHOTUIINUECKOTO pa3HooOpa3us. X n3MeHUnBOCTh B
OIpe/IeJIEHHONU CTENEeHH 3aBUCHUT OT Pa3HOo0Opa3uss MHUKPOOWOTHI M TECHO C HEW CBA3AHHOTO
BHPOMA, BJIMSAIONINX Ha Pa3IUUYHble (PU3NOJIOTHUYECKHE CHCTEMbI MJIEKOITUTAIOIINX, B TOM YHCJIE B
Ha COIIUAJIbHYIO aKTUBHOCTD. CrenndrKa MeKBUIOBBIX COOOIIECTB TAKOH HUIIH, ONPEAEIAeMON
YeJI0OBEKOM, U3MEHUYHBOCTh MHKPOOHMOMAa W BHPOMA, 3aBHUCAINASI, B YACTHOCTH, OT 0COOEHHOCTEH
HCTOYHUKOB NUTaHHUs, (GOPMHUPOBAHHE Ha OCHOBE BHpPOMAa MOOMJIOMa B HX Te€HOMAax CO3/aeT
MaTepHaJbHble OCHOBBI JUII  (DEHOTHIIMYECKOTO pPa3HOooOpa3usa, IO3BOJIAIOIIETO0 BECTU
1leJIeHaNPaBJIEHHBINA 0TOOP 110 aJJalTHBHOMY HOTEHIIHAITY KHBOTHBIX U PACTEHUH K IIpeAIaraeMoi
YeJIOBEKOM HHIIE, a TakKe 10 pa3HOOoOpa3sHbIM (EHOTHUIIMYECKHM XapaKTEPHCTHKAM,
TTOBBIIIAIOIINM aIATITUBHBIN U PEITPOAYKTUBHBIN MOTEHIINAIT YeJIOBEKA B OPTaHNU3yeMOU UM HUIIIE.
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Yes10BEK M OMECTUIIMPOBaHHBIE BUABI (0030p)
Banepuii IBanoBuy I'tasko 2.0 %, T'ne6 FOpbeBuu Kocosckuii P, Tatbssua TeogopoBHa I'tasko 2P

a Poccuiickui rocy/lapcTBeHHbIN arpapHbiii yHuBepceuTeT — MCXA M. K.A. Tumupssesa,
Poccutickas ®enepanus
b HN U mymrHOTO 3BEPOBO/ICTBA U KPOJIUKOBOICTBA UM. B.A. ApanacreBa, Poccuiickas ®enmepanms

AHHOTamMA. ArpapHas IHUBWIN3anus Obuta chopMHUpOBaHA Osarozaps JOMECTHKAIUU
IVIABHBIM 00Pa30M IISITU BU/IOB MJIEKOITUTAIOIINX (KO3BI, OBIIBI, KPYITHBIN POTaThIi CKOT, CBUHBH,
JIOIIA/IN) ¥ OTPAHUYEHHOTO KOJIMYECTBA BU/IOB PACTEHUH, IJIaBHbIE U3 KOTOPHIX — IMIIIEHUIIA U PHUC.
9To HeDOOJIBIIOE KOJIMYECTBO BUJOB OCTasloch 6a30i arpapHOU IUBIJIM3AIUU U JI0 CUX IIOp, He
CMOTpPs Ha IPOJOJIKAKIIMecs IMOMNBITKH JOMECTHKalluK JPYrux AUKUX BUAoB. K Hacroamemy
BpPEMEHH CTaJI0 IIOHATHO, YTO JJOMECTUKAIUA ABJIAETCA OJHUM U3 BADUAHTOB MYTyaJIUCTHYECKUX
B3aMMOOTHOIIEHUN MeXy 4YeJOBEKOM MU COOTBETCTBYIOIIMMHU BUJIAMU. IDTO MOKET XOPOIIO
OOBACHATh OTPAHMYEHHOCTh KOJIMYECTBA BUJIOB, YCIEITHO BOBJIEKABIIUXCA B JIOMECTHUKAIIUIO,
IIOCKOJIPKY BO3MOXKHOCTH «CHMOMO03a» C YeJIOBEKOM BBICOKO BHOCIEMUIHBL. OTCIOZA CTAHOBUTCS
OUYEBUIHBIM, UTO yTpaTa pa3HOo0Opas3us reHO(POHI0B CeTbCKOX03SHCTBEHHBIX BUJIOB IPUHITUITHATIEHO
HEBOCIIOJIHMIMA, TaK K€ KaK U Jerpajlaids 1ouB, Ouocdepbl M SBJIAETCA MPSAMON YTPO30H A
CYIIIECTBOBAHUSA arpapHOM ITMBWIM3AIIUH, MOCKOJIbKY UMEHHO 3TH BH/bl HCTOPUYECKU JIEKAIU B
OCHOBe ee CyllecTBOBaHMA U pasButua. C 5TOW TOUKH 3peHUs coXpaHeHHe OHopa3HooOpasus
CEJIbCKOXO3SIICTBEHHBIX BU/IOB CTAHOBUTCA KPUTHMYECKHM YCJIOBHEM JUIA CYIIECTBOBAHMA arpapHOU
MUBWIN3aIUKU B OyaymieM. MexaHW3Mbl JOMECTUKAIUU — KJIIOUEBOM BOIPOC B TOHUMAHUH WU
yIIpaBJIeHUU T'eHeTUYeCKUMU PecypcaMM CeIbCKOXO3ANUCTBEHHBIX BUJIOB >KUBOTHBIX U pacTeHUU. B
0030pe paccMaTpuBaeTcsi OCHOBA (POPMHUPOBAHUSA arpapHON ITUBHJIM3AIMH, KOTOpas 00yCJIOBJIEHA
AKTUBHOCTBIO UeJIOBeKa IO BOBJIEUEHUIO B CBOIO HUIILY JIDYTUX BH/IOB, CIIOCOOCTBYIOIIUX ITOBBIIIIEHUIO
€ro aJaliTUBHOTO U PENpOAYKTUBHOTrO HoTeHIuasna. CylecTBeHHbIM BKJIa/ B 3TOT MPOLECC BHOCUIIN
(axTOpBI, CBA3aHHBIE C COIMATIBPHON aKTUBHOCTBIO UeJIOBEKA, er0 KOTHUTUBHBIMU (DYHKITUAMU U €T0
CIIOCOOHOCTBIO  IIeJIEHAIIPAaBJIEHHO H3y4YaTh W KOHTPOJIUPOBATh PA3JIMUHbIE XapaKTEPUCTUKU
BOBJIEKAEMBIX B JIOMECTUKAIMIO BUIOB. OCHOBHBIE NPU3HAKHU, BXOJAIINE B «JOMECTHUKAIIMOHHBIN
CUHAPOM» Yy JKUBOTHBIX, AaCCOIMUPOBAHbBl € MX COIUAJIBHOM AaKTUBHOCTHIO U TE€HOMHOU
HecTaOMIPHOCTBIO. VX N3MEHUHMBOCTD, CO37AIoNiasi OCHOBHI JUIA O0TOOPA, 3aBUCUT OT pa3sHOOOpa3usd
MUKPOOHMOTBI M TECHO C HEH CBsI3aHHOTO BHUpoMa. PopMupoBaHUE HA OCHOBE BHpPOMa MOOWIOMA B
reHOMAax CO3/1aeT MaTepHaJIbHblE OCHOBBI /IS (DEHOTHUIINYECKOTO Pa3HO00pasus, IMO3BOJIIONIETO
BECTHU IleJIEHAIIPABJIEHHbI OTOOp IO QJIAITUBHOMY IIOTEHITUANy JKUBOTHBIX W PaCTEHUU K
IIpeJiyIaraeMoi 4eJIOBEKOM HUIIE, a TAKKe 10 PA3HOOOPa3HbIM (DEHOTUITHMUECKUM XapaKTEPUCTHUKAM,
MIOBBIIIAIOIIUM a/IAIITUBHBIN U PEITPOAYKTUBHBIN IIOTEHITNA YeI0BEKA B OPraHU3yeMOU UM HHUIIIE.

KiroueBble cjIoBa: JOMECTUKAIUA, HUIA, COLUAIbHASA aKTUBHOCTb, MUKPOOHOM, BUPOM,
MOOHUJIIOM.
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Abstract

In organic agriculture the yields are roughly 25 % lower than in conventional agriculture. And
the quality differences are only small, save for pesticide residuals which are in general lower in
organic products. Some scientists think the lower yields are caused by the slow mineralization of
organic nitrogen. But in this article is demonstrated that the quality of the animal dung and the
warm compost hinders the uptake of organic nitrogen and other organic nutrients. The dung and
the compost in organic agriculture today are not treated well and because of this the plants are
hindered in their growth. Their symbionts in the soil can’t assist them in collecting the organically
bound nutrients, because they are lacking or silenced. Above that the dung and the warm compost
have lost lots of nutrients in the stables, during composting and while at the piles. Vermicomposts
on the other side have less losses, better microbes and no growth limiting poisonous organic
compounds. Compared to vermicompost, animal dung and warm compost give lower yields,
inferior growth qualities and less resistance to pests and diseases. The adding of earth into the
dung or the compost has comparable positive effects as vermicompost. The improperly treated
dung and warm compost lead to crops which contain too much non protein nitrogen and probably
also non protein sulphur. And the crops are not in balance for their other cations and anions. Just
like the crops in conventional agriculture. Through this cows for instance don’t become old and
they produce a poor quality urine and poop. And the milk is also of poorer quality. So there is a lot
to improve. In organic agriculture and in conventional agriculture.

Keywords: nitrogen deficiency, organic farming, organic agriculture, conventional
agriculture.

1. Introduction

Already more than 200 years there is a clash between organic agriculture and chemical
agriculture. It started around 1820 with the mineral theory (Sprengel) against the humus theory
(Thaer). Or, in other words, chemical oriented scientists versus organic theorists. Thaer versus
Sprengel and Liebig as mentioned... or Stoklasa, Frank, and Schanderl who studied the nitrogen

* Corresponding author
E-mail address: aonigten@hotmail.com (A.O. Nigten)

45



http://www.ejournal19.com/
mailto:aonigten@hotmail.com

Biogeosystem Technique. 2021. 8(1)

assimilation by all plants versus the proponents of inorganic nitrogen who denied that assimilation
by non leguminous crops; Jamieson versus Lawes in the phosphate battle; Hopkins -
representative of the fertilizer industry — versus Howard and Lady Balfour, the two proponents of
organic agriculture...

At the Wageningen agricultural university the last fifty years the conflict has hardened.
The scientists who are convinced that artificial fertilizers are unmissable have done everything to
stop organic research at this university. They used all means to oppose the organic research. That
led to personal dramas. But a real scientific debate was not possible. At the background the
fertilizer industry had a big influence through their funds and textbooks. There are at the moment
at either side no people who are able to bridge the gap. The arguments of the scientists on the side
of conventional agriculture circle around two themes: a. the yields of organic agriculture are too
low to feed the world, and, b. the claim that the products of organic agriculture are healthier is not
proven. The arguments on the other side, from the proponents of organic agriculture, emphasize
the risks of artificial fertilizers, pesticides and genetic engineering for the environment, for nature
and for men. Both sides have strong and valid arguments.

But both groups have more in common than they suppose. In order to bridge the gap the
presuppositions of the two approaches have to be clarified. Both groups for example have only very
summary ideas about what quality really is, and even here there is no agreement. The organic
proponents for instance claim lower levels of nitrate in their products. But the proponents of
conventional agriculture today say — in Western Europe - that nitrate in food is no longer a
problem. And they deny or ignore simply that the nutrient density of the crops has gone down. But
the nutrient density of organic crops is almost the same as that of the conventional agriculture.
and contain also, like conventional agriculture, too little trace elements (Swoboda®, 2016; Dangour
et al, 2009; Fan et al., 2008 ; Dimkpa, Bindrapan, 2016). A real stalemate.

Organic agriculture is not really ‘organic’ because in most cases the mineralization of its
nutrients is at the moment the only way in which the plants can get in their nitrogen, sulphur, and
other nutrients. As salt ions. Plants should be given the possibility to get their nutrients in an
organic form. Through their symbionts, or directly by themselves (see part one)..

In this article some new arguments for a real organic agriculture will be worked out which
can help to overcome the standstill. What we need is more reflection on the presumptions of
conventional and of today organic agriculture and a thorough paradigm shift based on that
reflection.

2. Discussion and results

Nitrogen in organic agriculture.

Yields.

The yields in organic agriculture are roughly 25 % lower than in conventional agriculture. But
that is indeed a rough figure because if we zoom in, we see that there are big differences. And those
differences are related to the following factors: the type of crop; annual versus perennial crops; and
the regions where the crops are grown. The differences are small for fruit and oilseeds. Vegetables,
potatoes and some grains, on the other hand, show large yield differences. The differences are
smaller in developed countries than in underdeveloped countries. And there are even more
nuances, such as with legumes that supply their own nitrogen, or the influence of the
craftsmanship of the farmers (Seufert et al., 2012).

Mineralization?

Various authors have concluded that the differences in organic yields compared with
conventional agriculture can be explained by a shortage of plant available mineral nitrogen (Seufert et
al., 2012; Opdebeeck et al., 2004%). Sometimes a shortage of phosphorus is also mentioned to explain

* “Micronutrient deficiency is a common constraint in organic farming worldwide” (Swoboda, 2016)

"In 2019 I have done a preliminary investigation on this subject, based on the data of Opdebeeck et al. and
on a great trial with potatoes by The Louis Bolk institute. This institute is founded in the Netherlands for
research in organic agriculture. My report is written in dutch and contains a lot of empirical data (Nigten,
2019).
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the differences in yield. In general, there is sufficient organic nitrogen present with good fertilization®,
but it is not released quickly enough — not at the right time and not in the right amounts.

‘The organic nitrogen in green manures, compost and animal manure is not transformed
quickly enough from organic nitrogen into a mineral form, so growth is slow to start and the
crop cannot fully grow out or continue to mature. As a result, the yields and the protein content
lag behind’, according to both authors.

The question is whether this statement is correct. At first sight, the facts seem to be correct.
Yes, many organic soils contain more than enough organic nitrogen in case of regular fertilization
(Lawes, Gilbert, 1858; Poschenrieder, Lesch, 1942; Hopkins, 1956). Nevertheless, the yields and the
protein contents in organic agriculture are lagging behind. But is this because of a too slow
mineralization? That is still the question. In fact, my central question. There are at least five other
ways in which plants can get their nitrogen (see part one). But why do plants on most organic farms
not use these possibilities? That is the real issue.

Let us look at it in more details.

Vermicompost, cow dung and warm compost.

A comparison between vermicompost, farmyard manure and/or warm compost shows that
there are big differences in composition, performance and microbial life:

“Earthworms vermicompost is proving to be a highly nutritive ‘organic fertilizer’ and more
powerful ‘growth promoter’ over the conventional composts and a ‘protective’ farm input
(increasing the physical, chemical & biological properties of soil, restoring & improving its
natural fertility) against the ‘destructive’ chemical fertilizers which have destroyed the soil
properties and decreased its natural fertility over the years. Vermicompost is rich in NKP
(nitrogen 2-3 %, potassium 1.85-2.25 % and phosphorus 1.55-2.25 %), micronutrients, beneficial
soil microbes and also contain ‘plant growth hormones & enzymes’. It is scientifically proving as
‘miracle growth promoter & also plant protector’ from pests and diseases. Vermicompost retains
nutrients for long time and while the conventional compost fails to deliver the required amount of
macro and micronutrients including the vital NKP to plants in shorter time, the vermicompost
does” (Sinha et al., 2009).

So vermicompost delivers the required amounts of nutrients in time.

This was verified by: Bhatia, 2000; Bhatia et al., 2000; Sinha and Bharambe, 2007; Krunal,
2009, and by Dalsukh, 2009.

* E. Hennig calculated that in a humus-rich soil where sufficient cobalt is present, enormous amounts of
organic nitrogen are found in the soil: “A soil with 4 % organic matter contains 120,000 kg (..) of organic
matter in the top 20 cm per hectare. It is stated in the professional literature that humus contains about 5 %
nitrogen. Based on this five percent, the 120 tons of organic matter have 6,000 kg of organically bound
nitrogen. (...) In one hectare of land there is an amount of nitrogen in the top 20 cm that is more than
enough to fertilize this one hectare with approximately 400 kg N for 55 years ”(Hennig 1996: 141-142). That
must of course be: 15 years. 15 X 400 = 6000. I suspect that something went wrong with the translation.
In calculating the amount of organic matter, Hennig assumed that a cubic decimeter of earth weighs 1.5 kg.
Checking with moist loamy sandy soil from my garden shows that a liter of this soil weighs 1140 to 1200 g.
But maybe it was too loose because I was scooping it up. Clay soil will be heavier.

Van Kessel calculated that a soil with 3 % organic matter contains 9000 kg N/ha in the top 30 cm. So with
4% organic matter it contains 12.000 kg N/Ha in the top 30 cm (Van Kessel, 2008). The difference is that
Van Kessel states that the C: N ratio in soil organic matter is 10: 1 while Hennig says it is 20: 1. To decide how
much nitrogen is in the top soil only measurements can give a definite answer. But a figure between 6000
and 9000 kg Nitrogen per hectare means there is a lot which the plants — at least theoretically — can get. And
a consumption of 400 kg N/year is pretty much, 100-200 kg is enough for most crops. For some crops more
is needed (and lost).

Hopkins gives the following data for phosphor, potassium (and nitrogen) in an average soil: “Here are some
figures from Cornell University in the U.S.A. In the soil studied, the figures for total phosphoric acid in the top
four feet of soil showed a content that could, if it were all available, support normal rotation cropping for
367 years. For potash, the calculated period was 1,435 years. Speaking more generally about the same matter in
this country, the late Sir Daniel Hall stated,'Roughly speaking, an average soil contains enough plant food for a
hundred full crops.' (Hopkins, 1956). Hopkins gives also the amount of nitrogen per acre in Prairieland in the USA
before the farmers came: “When the prairie land was ploughed, its nitrogen content was 6,940 pounds per acre”
(Hopkins, 1956). And ploughing alone gave a loss of 68 pounds per year per acre.
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elements between warm compost from cow manure and vermicompost (Table 1).

Table 1. Content of nutrients in warm compost from cow manure and/or of worms

Nutrient Warm compost from cow dung | Vermicompost
Nitrogen 0.4—-1.0% 25-3.0%
Phosphor 0.4 —0.8% 1.8-2.9%
Potassium 0.8-12% 1.4-2.0%

Important other nutrients contained in vermicompost are compared with nutrients in
conventional anaerobic and aerobic composts in Table 2. The three composts were made from the
same basic material: food and garden waste, but the differences were substantial, except for

potassium.

The extremely high levels of iron and magnesium probably come from the earth particles of
the weeds. In India, the grounds of the Deccan plateau for instance are very rich in iron and

magnesium, and worms also "digest" the soil, depending on the type of worms used.

Table 2. Content of nutrients in vermicompost, aerobic compost, and anaerobic compost

(Sinha et al., 2009)

Nutrient Vermicompost Aerobic compost Anaerobic compost
1) Nitrogen(N) 9.500 6.000 5.700

2) Phosphorous (P) 0.137 0.039 0.050

3) Potassium (K) 0.176 0.152 0.177

4) Iron (Fe) 19.730 15.450 17.240

5) Magnesium (Mg) 4.900 1.680 2.908

6) Manganese (Mn) 0.016 0.005 0.006

7) Calcium (Ca) 0.276 0.173 0.119

(Sinha et al., 2009).

The yields varied correspondingly to the kind of compost. The major differences are

presented in Table 3.
Table 3. Agricultural effects of worm compost, cow manure compost and fertilizer on the growth
and yield of wheat*

Treatment Input/Hectare Yield/Hectare

1) Control (No Input) 1.52 t/ha

2) Worm compost | 2.5t VC/ha 4.01t/ha

(vermicompost) (VC)

3) Cow dung Compost |10t CDC/ha 3.32t/ha

(CDC) NPK(120:60:40) kg/ha 3.42 t/ha

4) Fertilizer (CF)

*Keys: N = Urea; P = Single Super Phosphate; K = Murete of Potash (kg/ha) (Sinha et al., 2009).
With cattle dung compost applied at 10 t/ha (4 times of vermicompost), the yield was just
over 3,3 t/ha which is about 18 % less than that with vermicompost and that too after using 400%

more conventional [cattle dung] compost.
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Application of vermicompost had other agronomic, economic and environmental benefits.
It significantly ‘reduced the demand of water for irrigation’ by nearly 30-40 %. Test results
indicated ‘better availability of essential micronutrients and useful microbes’ in vermicompost
applied soils. A remarkably significant observation was ‘less incidences of pests and disease’ attacks
in vermicompost applied crops.

Agronomic impacts of earthworms and vermicompost vis-a-vis cattle dung compost and
chemical fertilizers on growth and yield of potted wheat crops are shown in Table 4 (Sinha et al.,
2009).

Table 4. Growth and yield of potted wheat under different fertilization

Biometrical data | Control Treatment 1 Treatment 2 Treatment 3

(average) Earthworms Chemical Cattle dung
and fertilizer compost
vermicompost

1. Percentage of | 50 90 60 56

germinated seeds

2. Height of plant (cm) | 34.16 85.22 39.97 37.3

3. Ear length (cm) 4.82 8.77 5.45 5.1

4. Number of seed |11.80 31.10 19.90 17.4

grains per ear (pcs)

5. Number of tillers per | 1 2-30 1-20 1-2

plant (pcs)

In an overview study on vermicompost, Pathma et al. wrote in 2012:

“Worm composting is the best alternative to traditional composting. It goes 2-5 times
faster. The material becomes more homogeneous. And the microbes in worm compost and warm
compost differ widely.

Worm compost is also much richer in bacteria and fungi than warm compost. And it
contains exactly the bacteria that belong to the rhizosphere™. They bind carbon to the metal ions.

Worm compost contains more humic and fulvic acids. These bind the released nutrients
better, making worm compost less saline than warm compost.

The nitrogen present in the given material is made available faster and better. There are
more nitrogen-binding bacteria and more growth-promoting substances.

Soil fertilized with worm compost showed better plant growth compared to soil fertilized
with chemical fertilizer or cow manure. The quality of fruit and vegetables was better, with less
heavy metals and less nitrate than with mineral fertilization” (Pathma, Sakthivel, 2012).

The importance of the right microbes is also proven by the use of vermicompost tea. Small
amounts of these teas are enough for good results.

The work of the following three authors gives a good overview of the worm compost research
(Sinha et al., 2009; Pathma, Sakthivel, 2012; Chaudhuri et al., 2016).

* Husssain came to the same conclusion: “vermicompost enhances the activities of beneficial microbes in the
soil (Arancon et al., 2005; Yardim et al., 2006; Cardoza, 2011; Singh et al., 2013; Xiao et al., 2016; Hussain et
al., 2020).

49



Biogeosystem Technique. 2021. 8(1)

Chaudhuri et al. have researched the results of different dosages of vermicompost in
pineapple cultivation. Among other things, they showed that loamy sandy soil turned into loamy
clay soil in a short period of two years at a dosage of 20 ton of worm compost per hectare per year.

“A 20 % decrease in sand content and 10% and 30% increase in silt and clay contents
respectively were noted in Plot T3 among different treatment plots. (..) Highest silt (27.5 %) and
clay (32.5 %) and lowest sand (40 %) in fact were recorded in Plot T3” (Chaudhuri et al., 2016).

Chaudhuri et al. also found that the amounts of carbon and nitrogen in the soil increased
with higher applications of worm compost. After application of the 30 t/ha of worm compost per
year, the amount of organic carbon increased by 16 % and the total amount of nitrogen doubled.

Vermicompost tea.

My colleague, Mr. Kennes, sprayed in 2020 vermicompost tea over pastures, over corn for
silage, and over fodder beet fields. Mr Kennes applied a mixture of vermicompost in water in
concentration of 1% in the dose of 80 1/ha. Then the growth of corn, which had almost stopped as a
consequence of the extreme drought of that season, restored. The pastures became green again.
The same effect was seen in the fields with corn, and with fodder beets. The growth of the corn and
the fodder beets went on till very late in the year. The fodder beets were harvested in December.
The beets had even then no fungi nor deficiency symptoms.

Mr Kennes’ results are very similar to those of Mr. Dixon who managed to overcome the 1826
drought without much difficulty. He had made compost from slurry, peat, swamp soil and ditch
dredge. In 1839, Mr. Dixon was awarded a prize of the Royal Agricultural Society of England for his
essay on his experiences with this method of composting:

“The full effects of this practice I first experienced in the dry season of 1826: I had some
clovers which had been manured the previous winter; my land was soon covered with crop, and
that so vigorous a one, that the hot weather did not overpower it. My cows, that summer, were
tied up during the day-time, and in the night they were turned out into the pastures ; most of the
stock in my district were much distressed from over-heat as well as from being short of food for
some weeks ; milk yielded little butter, scarcely any for a time was offered in our large market-
town : —no doubt that year will be remembered by many gentlemen on the Agricultural Society's
committee. I, however, was under no difficulties on account of the season: my clovers produced
plenty of food for my cattle, and in return they yielded as much milk and butter as I ever recollect
from the same number” (Dixon", 1839).

Future research.

To my opinion there is only one explanation possible: the vermicompost tea contains the
microbes which the land and the crops are missing. If this is correct, then it is really amazing that
such small amounts of microbes make the difference. Not only for the growth of the crops, but also
for protection aganist the heat and the drought and for the resistance against pests and diseases.

And are the microbes from the ‘slurry, peat, swamp soil and ditch dredge’ of Dixon
comparable to these in the vermicompost tea? Further on in the third article about nitrogen we will
see that mixing earth with manure or plant residuals gives very good results, because the nutrients
are not lost.

Here is a challenge for science. Do microbes in vermicompost, vermicompost tea or in with
earth and plant residuals enriched manure and compost really make the difference? Or is another
explanation possible or necessary?

Summarizing,.

Warm compost, farmyard manure and slurry are not (yet) suitable as food for the symbionts
in the soil and for the plants for various reasons. With vermicompost, and with farmyard manure,
slurry and plant residuals or compost mixed with earth, you can avoid these problems.

We see that the yields with organic material (i.e. vermicompost, or with earth enriched
manure and compost) can be the same or higher than with artificial fertilizers. Also the quality of
the plants, expressed as growth characteristics, is better with vermicompost.

* Mr. Dixon made two other remarks, worth to mention. 1. If you use ‘most foul or weedy mould’ plus liquid
manure, the urine kills all wire worms, slugs and destroying insects, and weed seeds as well. 2. He planned to
build a movable railway for the transport of the liquid manure to the fields, to make the compost heaps on
the spot. In this way he hoped to save a lot of money for transport.
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That needs more explanation because we have all learned — especially in organic agriculture
— that warm compost, farmyard manure and slurry are ‘the ideal plant foods’. Only in Biodynamic
agriculture, based on the teachings of Rudolf Steiner, the use of slurry is forbidden. Also Rusch,
the cofounder of organic agriculture in Switserland and Austria, had serious doubts about the use
of slurry. He also advised the use of fresh materials (dung and plant residuals) 6n or just under the
earth surface. (Rusch, 1968).

For farmyard manure and slurry, I want to explain why this is usually not (yet) a suitable
food for soil life.

Farmyard manure and slurry not (yet) a suitable food for soil life.

The urine of the cow

The cow's urine may be too rich in nitrogen because the animal is being fed a too protein-rich
diet, or because the nitrogen in, for example, the grass or the concentrate has not been sufficiently
converted into real protein. The feed then contains much nitrate, ammonium and other forms of
nitrogen like urea and nitric oxide, not converted into protein. These compounds ensure that the
plants don’t grow well, and become out of balance. And consequently, the animal’s digestion is not
optimal. The excess of protein and/or inorganic non protein nitrogen does not end up in the milk
as milk protein or in the meat, but is converted into urea by the liver, or directly removed as
sodium nitrate (Swerczek, 2007). We find this urea — and probably also part of the sodium nitrate
— In the milk on the one hand and in the urine on the other. Or it accumulates as sodium urate in
the (toe) joints (gout) or the skin. This may also contribute to arthritis and hoof and skin problems.
According to Bredon and Dugmore, an excess of phosphorus over calcium can also lead to hoof
problems (Bredon, Dugmore, 1985).

Nitrate can also be converted by the body via nitrite, into nitrosamine or nitric oxide (NO).
Neither is good for health. Nitrosamines are carcinogenic, and too much nitric oxide leads to
disruptions in various biological control systems of animals and man. Nitric oxide participates in
the pathogenesis of Alzheimer disease, but ‘many questions need still to be elucidated’ (Kadowaki
et al., 2005). Nitric oxide is an intercellular signaling substance and a neurotransmitter. NO is also
an important steering element for plants (Visser, 2010).

Not only cows and humans have health problems as a consequence of high NPN and high
protein levels in their feed:

“Vegetables have been a significant part of human diet since time immemorial. Besides
adding the elegance and attractiveness to a meal, vegetables are abundant source of vital
minerals, vitamins and several biologically active compounds essential for maintaining human
health. Most importantly, vegetables account for 70-85 % of total human nitrate intake [..]—
ubiquitous within food and physiological systems (..); after ingestion, the ingested nitrate gets
converted into nitrite by microflora in the oral cavity and in the gastrointestinal tract. This
results in increased oxidation of hemoglobin to methemoglobin, leading to
methaemiglobinnemia. Simultaneously, increased production of free oxide radical and free
radical nitrate oxide” occurs. These radicles predispose persons for carcinogenic and other effects.
The other effects observed were increased infant mortality, abortions, birth defects, recurrent
diarrhea, recurrent stomatitis, early onset of hypertensions, histopathological changes in cardiac
muscles, alveoli of lungs and adrenal glands, recurrent respiratory tract infection in children,
hypothyroidism and diabetes. Recent ongoing studies indicated that nitrate ingestion adversely
affects the immune system of the body as well”. (Umar et al., 2013, Foreword).

“It has been suggested by McCall and Willumsen (1998) that high rates of nitrate
application lead to increase in plant nitrate content without any increase in the yield. Therefore,
farmers who apply excessive fertilizers to ensure that nitrogen is not limiting for plant growth,
may increase the nitrate content of crops to the levels potentially toxic to humans, without any
increase in yield. (..) Moreover, there is an upper limit to the levels of N-metabolizing enzymes
that the plant can accommodate (Anjana, 2007). Therefore, the plant continued nitrate uptake
due to its abundant availability in the soil but was not able to assimilate it. As a result,
accumulation of nitrate in the plant to unsafe limits occurred” (Anjana, Umar, 2018).

Consequences.

*This should be: nitrogen oxide, NOy. Nitrate oxide does not exist (the author).
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So you can have healthy urine or unhealthy urine (and everything in between). The first is
relatively low in nitrogen in the form of urea, uric acid, hippuric acid and creatinine. The nitrogen
absorbed by the body of the cow is in this case efficiently converted into milk or meat proteins.
The unhealthy urine on the other hand is excessively rich in these nitrogen compounds or even in
protein, due to inefficient digestion. Once the cow has urinated, the decomposition of the organic
nitrogen in the urine begins, unless it is bound to earth particles and humus. The latter happens
automatically when the cow walks outside (and the soil is rich in humic acids, and/or clay particles.
Even sand can bind nitrogen (Frank, 1888).

If it is not bound and/or if the pH is too high, urea is converted into ammonia and carbon
dioxide by bacteria that release the enzyme urease. That should be avoided as much as possible
because you want to keep all the nitrogen and the carbon. The creatinine, which is also a
constituent of the urine, can be absorbed directly by the plant roots (Schreiner, Skinner, 1912).

I have not come across much research into the question whether the plants can also directly
absorb urea, uric acid or hippuric acid.

Dimkpa et al. suggest that plants can take up urea, but they need enough nickel for the
conversion of urea in ammonium:

“Prior studies with soybean showed that a Ni deficiency-induced regulation of the activity
of urease negatively impacted N metabolism in the plant, leading to urea accumulation and
necrosis of shoot (Polaccao et al., 1999; Sirko, Brodzik, 2000)” (Dimkpa, Bindrapan, 2016). (..).

... Urea can be assimilated exclusively by urease in higher plants. Moreover, urease is the
only nickel-containing metalloenzyme yet identified in plants (..) The importance of nickel for
urease activity was demonstrated by the observation that urea-grown nickel-deprived rice (Oriza
sativa) plants showed reduced growth and accumulated large amounts of urea due to reduced
urease activity™” (Sirko, Brodzik, 2000).

But there is another conclusion in the article of Gerendas et al. (1998) which is important for
the discussion about the risks of ammonia, nitrate and urea fertilizers:

“Although the growth of plants with NH,NO; was not affected by the Nickel supply, they
accumulated endogenous urea due to arginase action in conjunction with low urease activity. It is
clear that the Nickel status of a plant has significant consequences for the relative suitability of
urea and NH,NO;as nitrogen sources” (Gerendas et al., 1998).

So not only urea can lead to urea accumulation in plants but also NH,NO;, ammonium
nitrate.

Many farmers in the Netherlands use ‘Kalkammonsalpeter’ as a nitrogen fertilizer.
Kalkammonsalpeter is CaCO;NH,NO;. Sometimes it also contains magnesium. So the risk is that
our crops also compose urea from NH,NOs. In order to find out if this is a serious risk we should
measure the amount of urea in our crops. In our soils is nickel, but I don’t know if our crops absorb
it sufficiently. Remember that potassium and ammonium both hinder the uptake of many cations.

According to the overview of Schreiner and Skinner (1912) urea is harmful for higher plants,
but not for all of them. Hippuric acid is slightly harmful, and uric acid is beneficial.

Cyanobacteria can also absorb urea directly, in addition to nitrate and nitrite (Herrero and
Flores, 2019).

These cyanobacteria can then be "digested" by the plant roots as White describes. So also
indirectly, the urea can be absorbed by the plants in the form of organic (bacterial) nitrogen. A safe way.

If the urine of the cows is too rich in nitrogen, it can cause burn spots in the grassland.

Poor digestion.

* And this has also consequences for human health, because the stomach bacterium Helicobacter pylorum,
which is a normal habitant in our stomachs, can become dangerous if there is too much urea in the food:
“One of the most frequently mentioned examples in the recent literature is the urease from Helicobacter
pylori because of its essential role in the pathogenesis of this microorganism and the high prevalence of this
human pathogen” (Eaton et al., 1991). So plants can accumulate nitrate, ammonia and urea. All three are u
health burden for animals and men. One of the risks is the growth of pathogenic helicobacter pylorum.
Ammonia in the intestines is also a risk for our brains (Galland, 2014).
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If the digestion of the cow is not optimal, even more nitrogen losses will occur: namely via the
cow's mouth. Through its respiration, the cow loses not only methane — about 100 to 160 kg/year”
— but also ammonia (Regnault, Reiset, 1849; Reiset, 1863; Frere, 1863), and hydrogen sulfide
(Voisin, 1963). Various measurements taken in the 19th century showed an average release of
about 10 kg of ammoniacal nitrogen per cow per year via the mouth. In the 19t century there were
many outbreaks of diseases among cows. Almost every few years (see the different editions of the
‘Journal of the Royal agricultural society of England’: 1839 — 1880) thousands of cows and sheep
died from these diseases. With protein- or NPN rich feeding, as happens today, there will be even
more ammonia from the mouths.

The harmful compounds — too much protein; NPN and NPS — are all released in the rumen
where the wrong bacteria start working if the correct elements and trace elements for the
conversion of nitrogen and sulphur into bacterial protein are missing or insufficient. Phosphine
exhalation via the mouth was not measured in the 19t century. Nor today.

The correct balance of the macro elements is also important: not too much potassium, and
sufficient sodium, calcium and magnesium. You get wrong bacteria if the rumen environment is
not optimal, due to, for example, poor quality (silage) grass with high levels of potassium, or an
excess of protein or NPN / NPS from roughage and concentrate in the rumen. The bacteria that
break down the cellulose and hemicellulose into, for example, acetic acid and some propionic acid
should prevail, not the bacteria that feed on an overdose of protein, nitrates, ammonium or urea
and other forms of non-protein-bound nitrogen, or on non-protein sulfur and phosphor, without
sufficient magnesium and trace elements to convert these compounds in bacterial protein. They
also lower the pH. At too low a pH, you get proportionally more and more propionic acid and lactic
acid according to Kaufman et al. (1980). Also, the conversion of acetic acid to methane should not
get the upper hand, because that is a pure loss from the cow's point of view. If the rumen wall
absorbs acetic acid well, it is converted into milk fat. According to Kaufman et al., the optimal
absorption of the acids has everything to do with the right pH. If the acid concentration is too high,
the pH shifts further down. Too much concentrate/protein and NPN, NPS lowers the pH.

A cow with poor digestion tries to get rid of the harmful compounds in every possible way:
via the urine; through exhalation, through the milk and through the dung, and also via the skin'.
Or the cow will pile them up somewhere in the body after neutralization with cations, if the discharge
through these five routes is stagnant or inadequate. This occurs, for example, in the form of protein
accumulation in the connective tissue (Wendt, 1983) or as sodium urate between the (toe) joints and in
the skin. According to Swerczek, an American veterinarian, many cows have the potassium nitrate
syndrome. And he describes in detail which symptoms are part of this syndrome. Grass tetany, he says,
is the extreme form of this syndrome, and many cows don’t get tetany but are bearers of its preceding
stages. These animals are seriously weakened (Swerczek, 2007). Colleagues told me that in the
slaughterhouses in the Netherlands there arrive almost no cows with a healthy liver.

Calcification is also a form of accumulation. Calcification in humans usually involves calcium
phosphate. That is not surprising. The amount of phosphates in our diet is almost three times as
high as the RDA of 600 mg/day (Seelig, 1981; Itkonen, 2015). To neutralize these phosphates, the
body extracts calcium from the bones and teeth. As a result, these bones and teeth gradually
weaken, which in turn leads to osteoporosis and weak teeth. Research on phosphate poisoning is
now starting to gain momentum (Brown, Razzaque, 2015). We should check whether dairy cattle
also suffer from too much phosphate. We fertilize our crops intensively with the salts of nitrogen,
phosphorus and potassium — NPK. It should come as no surprise that these three elements are very
often in excess. In any case, phosphate salts are harmful to plants, as Jamieson and his colleagues
in the period 1880-1910 have shown in the “phosphate battle”. They were able to prove that
turnips grew better and healthier on natural rock phosphate than on phosphate salts (Jamieson,
1910). Based on tests and scientific arguments during thirty years, Jamieson et al. won the

* 100 kg/year is based on research of Smink et al., (2003). Smink et al. based this figure on 1993 research by
van Amstel. So this is older research. According to an overview by Rotgers, it is higher. Between 133 and
162 kg/year, depending on the calculation method (Rotgers, 2017).

" We know from sportsmen who eat extra proteins that part of the resulting ammonia can leave the body
through the skin. Their sportswear smells like a slurry pit. So I suppose that the same happens with cows.
Maybe this attracts the flies in the sheds.
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phosphate war, but the fertilizer industry, with superphosphate, ultimately won decisively over
science. Their economic power was too big to stop them.

The same for potassium. These are five conclusions from the evaluation by Khan et al. (2013)
regarding potassium chloride:

“- Based on an evaluation of more than 2,100 field trials, Khan et al. finds that potassium
chloride fertilization very often does not contribute to an increase in yield.

- Based on 1400 field trials, Khan and his colleagues conclude that the potassium chloride
fertilization is harmful to the crop, the soil and the consumer.

- The higher the potassium / calcium ratio, the less root nodules and root nodules bacteria
form on the roots of leguminous crops;

- Fertilization with potassium chloride is more harmful than fertilization with patentkali
(K-S0,.MgSO,), or potassium sulphate;

- High chloride levels in the soil promote the uptake of cadmium by plants” (Khan et al.,
2013).

Theel did in 1933 measurements on hay, collected from all over Germany, and concluded
that, compared to the amounts in the hay in 1880 and before, which Wolff had collected,
potassium, sulphur and chloride, had almost doubled (Theel, 1933).

Arzet demonstrated in 1972 that potassium in animal feed had gone up further, and
magnesium had gone down further since 1870 (Arzet, 1972).

Theel and Arzet didn’t look at sodium, but from the data of David Thomas for vegetables in
the UK we know that sodium also has gone down. Based on a comparison of 27 vegetables from
1940 and 1991, Thomas accounted that the vegetables in 1991 had 49 % less sodium. K/Na was 10
in 1940, and 17 in 1991". In 1991, phosphorus was 9 % higher. Magnesium was 24 % less and
calcium 46 % less. Potassium had gone down with 16 %. In 1991, copper was 76 % less. And
between 1978 and 1991 zinc had gone down with 59%, in no more than 13 years (Thomas, 2003).

More sodium in grass helps to convert non protein nitrogen into real proteins (Chiy, Phillips,
1993). Maybe in other plants this will happen too.

As a consequence, the potassium magnesium ratio in for example grass and grass silage
became steadily higher (Figure 1).

The golden rule is that all aggressive anions — acid residues with nitrogen; phosphorus;
chlorine or sulfur — above the physiological levels are, if not used for protein building, bound by the
body to the cations of calcium, sodium and magnesium®. In this way, they are neutralized. These
cations are taken from the body-stores and replenished from the diet, if they are sufficiently
available. And these neutralized compounds are quickly drained through the urine if the liver and
kidneys are working properly. If the liver and the kidneys cannot keep up or are fattened or
calcified, these substances accumulate in the body.

Calcification occurs in the most diverse places in the body and causes blockages, such as
arteriosclerosis in the blood vessels or calcification of the connective tissue (calcinosis) or the
brain. One of the most risky forms of calcification is that of the mitochondria. Kapustin relates
elevated levels of calcium and phosphorus in the blood to mitochondrial damage and increased
superoxide production in vascular cells (Kapustin et al., 2011).

* Today in 71 raw Dutch vegetables the potassium/sodium ratio is on average 16.8. I calculated this on the
basis of Food data of RIVM. RIVM is the Dutch State Agency responsible for public health and Environment.
And in a potato trial in 2012 all the potatoes of the thirteen different fertilizing schemes — organic and
inorganic — had a potassium / sodium ratio of 225 to 1 (My calculations, based on data from Rietberg and
van der Burgt, 2012).

* In a Finnish study was also shown that potassium had gone down (especially in cereals) in 30 years from
1970 to 2000, like most (trace) elements. Despite this the total potassium consumption from cereal and
vegetable foods between 1970s and 2000s had gone up with 15 %. (Ekholm et al., 2007). A scientific mystery.
# It is striking that potassium is never mentioned as an acid residue binder in the relevant professional
literature. The research by Frassetto et al. (1998) does point to a different role of potassium: potassium
bicarbonate acts as acid binder. However, the bicarbonate HCOj3- is the acid binder: HCO;~ + H + > CO, +
H.0. Both disappear through the breath.
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Hay 1880: K/Mg 5,3 Hay 1933: K/Mg 11,3 Silage 2010: organic K/Mg fresh grass 2014:
14,88 conventional K/Mg 14,9

Fig. 1. K/Mg ratio in Hay and silage (1880-2010)

If the mitochondria calcify, the oxygen-rich combustion can no longer work properly, and the
cell becomes a cancer cell that switches to lactic acid fermentation. Calcification is caused by too
low magnesium levels in the food / feed. Then potassium and magnesium disappear from the cells,
and their place is occupied by calcium, sodium and protons (Schroll, 2002). The cells calcify,
become saline and acidify. All in one. The cell pumps don’t work properly anymore.

Mitochondrial calcification is probably the missing link in Otto Warburg's work. Warburg
stated in 1956 that the main cause for the development of cancer cells must be sought in
mitochondrial dysregulation. He thought the cause of this were carcinogenic compounds such as
arsenic acid, radiation, urethane and hydrogen sulfide® (Warburg, 1956). However, Warburg
ignored the "normal dysregulation" of the mitochondria through calcification, which is a result of
insufficient magnesium levels in our foods and drinks.

To my knowledge, the extent to which salinization™ and acidification of the cell also play a
role in causing cancer has never been investigated.

Calcifications often happen after the consumption of too much phosphate or oxalate,
in combination with too little magnesium.

Sulfur can accumulate as sulfur stones (cistin), as homocysteine* or as hydrogen sulphide.
Too much sulfur in cows leads to brain damage (polioencephalomalacia), or it causes strokes
(Kobayashi, 1957) and hydrogen sulphide disregulates the cell mitochondria (see Warburg here
above).

* It is interesting that Warburg mentions hydrogen sulphide. Voisin warned already in 1963 for the risks of
this compound. Hydrogen sulphide is one of the compounds which are released when the digestion is
disturbed. Maybe the same is true for urethane. And arsenicum was very often used as a pesticide in
agriculture in the past.

"It is more correct to say sodium accumulation, because I don’t know if also chloride goes into the cell.

* On Wikipedia you can find a whole range of symptoms and conditions under the keyword Homocystinuria.
In that case, the blood and urine always contain too much homocysteine. This homocysteine normally has to
be converted into cisteine or back into methionine, but this conversion can stagnate due to a lack of
magnesium and vitamins B9, Bi12 and / or B6. "Hyperhomocisteinemia was detected in 69.8% of all the
[elderly] subjects evaluated. The study showed that 76.2% of the men and 66.4% of the women had high
Hyperhomocisteinemia levels (Janson et al., 2002). High Hyperhomocisteinemia has a strong correlation
with vascular diseases.
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Nitrogen stacks as ammonium, sodium nitrate”, NO, proteins / beta-amyloids’ or urea and
urates, etc.

When the whole body is calcified, it is called calcinosis universalis, general calcification.
I found a too visual description of this phenomenon in Roovers (1937). Sodium citrate (citras
natricus) (oral) in combination with calcium (Calcium Sandoz: intravenous) turned out to be a well
working medicine in the case study of a five-year-old girl described by this medical doctor.

Carson's research (Carson, 1998) shows that bacteria are almost always hidden in the
accumulated calcium compounds. The so-called nanobacteria. Roovers' description indirectly
confirms this. The girl who suffered from calcinosis universalis had regular temperature increases
before her treatment. Often 38 degrees, which can indicate chronic, low-grade inflammation —
Inflammation that does not get resolved, but continues to persist. Five weeks after starting the
treatment, the girl developed a high fever for many weeks. During the fever, “large and fluctuating
swellings, red and warm to the touch, developed. The swellings contained calcium grit™. After
months, the definitive recovery started. X-rays showed that the calcium deposits had disappeared
from her entire body.

Maybe we can use this therapy of Roovers against calcification today: the girl — five years old
— got 3-4 g sodium citrate per day. That is a lot for a girl of say 18 kg (165 mg sodium citrate/kg
body mass). An adult of 70 kg should get more — 11 to 15 g. That seems to me very much, so for
safety reasons a medical doctor should give say 8 g/day to start with. Plus 5 cm3 (or some more)
calcium Sandoz intravenous as Roovers gave the girl. More recently, Schmiedl et al advised
potassium citrate and magnesium citrate for the treatment of calcifications:

“...the combination of potassium citrate and magnesium citrate, which shows enormous
anticalcification efficacy, deserves high priority in clinical trials aimed at evaluating strategies
for the prevention of stones” (Schmiedl et al., 1998).

My assessment is that first, there are the calcium phosphate accumulations, and then the
growth of the harmful nanobacteria. In other words, first the environment changes, then micro-
organisms that feed on it and are harmful to humans. But according to Kajander et al. the nanobacteria
produce the calcifications as an envelope ‘at physiological phosphate and calcium concentrations’
(Kajander and Ciftcioglu, 1998). But they forgot to look at the magnesium level. Calcification offers a
nice test case to find out if magnesium is the missing link. From the literature, we know that
magnesium prevents calcification (Seelig, 1980; Driessens and Verbeeck, 1988). And magnesium —
especially magnesium chloride - improves our natural resistance (Neveu et al., 2009).

The faeces of the cow.

Poor digestion leads not only to nitrogen-rich urine and smelly breath, but also to faeces that
are abnormal. On many dairy farms in the Netherlands, the cows are permanently suffering from
diarrhea. As far as our measurements in 2019 were correct, there are in this respect no big
differences between organic and conventional dairy farms, but these measurements were based on
only one year with great variations in the weather: a severe drought, followed by much rain.
The grass was as a consequence extremely rich in crude protein (Vanhoof, Nigten, 2020).

Measurements by Wigle Vriezinga show that the dung often contains a lot of undigested
fibers and resistant starch. That starch, together with unused acetic acid in the manure, leads to

“The presence of sodium nitrate in the milk would also explain why an increased amount of sodium in the
milk is indicative of mastitis. The nitrate is of course a fantastic food source for bacteria. I suppose, sodium is
not the mastitis-causing element. The nitrate is. According to Nele nitrate in milk can vary between
20 pg/100 g and 1240 pg/100 g (Nele, 2006). The maximum is sixty times more than the minimum.

* Amyloid.. a protein that is deposited in the brain, the liver, kidneys, spleen, or other tissues in certain
diseases. “Studies have shown that amyloid deposition is associated with mitochondrial dysfunction and a
resulting generation of reactive oxygen species (ROS)”. Source: Wikipedia, english, keyword: amyloid.
Wikpedia refers to a study of (Kadowaki et al., 2005). The authors link ROS and NO to Alzheimer disease:
“These findings suggest that ROS and NO may be important mediators of Ab [= amyloid Beta] -induced
neuronal cell death in the development of AD” (Alzheimer disease).

* The words chalk grit and calcification are misleading in that the reader quickly thinks that it is pure
calcium. However, these are calcium compounds, mostly calcium phosphate and calcium oxalate. And the
acid residue is leading in our diet. There are also situations where it is the other way around. Then a cow gets,
for example, too much calcium in the form of calcium carbonate in the dry period. Then the body extracts
phosphorus from the feed or the bones to neutralize the calcium.
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methane formation (oral statement by Sentobin, Vogelsang), which means that the slurry pits
which are covered with low grade methane emission deposits (foams) can explode. As has
happened sometimes in the Netherlands. A few cows disappeared into the slurry pit and died.

The undigested fibers lead to a crust on the slurry. Both the foams and the crust prevent gas
exchange from the pit into the air.

Characteristic of good cowpats is that — in the pasture — dung flies come immediately, and
dung beetles and dung worms etc. etc. And that is again a feast for the meadow birds (de Ark,
2020; Wesseling, 2019). Jelmer Buijs' research states that residuals of insecticides, vermicides,
cleaning products and other poisons ensure that no insects, or very few, live around the slurry pit
and that the cowpats are no longer attractive to insects (Buijs and Samwel Mantingh, 2019). This
connection is disputed by Rotgers (2019). Perhaps the quality of the dung is the missing link...

From the research of Buijs (Buijs and Samwel Mantingh, 2019) we learn that there are many,
many residuals of pesticides, cleaning products and veterinary medicines in the dung, the fodder,
the concentrates, and the soil, even in organic dairy farms (but there on average less than on
conventional dairy farms). They have proven that there is a strong relation between these residuals
and the missing beetles and insects in the pastures:

“With the collected information we cannot conclude otherwise than that the ecosystem of
the livestock farms is seriously threatened by the multiplicity of pesticides that are present there.
This was further confirmed by the fact that in fresh manure of the cows no, or hardly any,
Coleoptera (beetles) were found on most farms. In the manure of farms where concentrated feed
and hay with relative high concentrations of insecticides were used, the occurrence of beetles in
fresh manure was significantly lower” (Buijs, Samwel Mantingh, 2019).

And look at the pastures where the cows defecate and draw your own conclusions. Usually,
the cowpats remain completely untouched by insects, beetles and worms. You can also see that the
cows almost always avoid the grass around the pats. If you travel crisscross through the
Netherlands by train, you can see this clearly. Because you sit higher than the surrounding
pastures, you see cow pats everywhere with lush growing grass that is not eaten.

Summarizing

The fodder and the concentrate of cows contain too much protein and/or NPN and NPS
(Schmack, 2020; Swerczek, 2007). And are not in balance for its cations too. Potassium is high and
sodium, calcium and magnesium are low. Silicon is probably also too low, but it is mostly not
measured at all. The K/Mg ratio has gone up since 1880. The same for the K/Na ratio.

The cows are unhealthy because of this low fodder and concentrate quality. There is an
accumulation of nitrogen and probably also sulphur compounds, and a calcification of the soft
tissues. Swerczek gave it a name: the potassium nitrate syndrome. But the stocking of risky
compounds is wider than that. Also in humans, we see comparable health problems.

Cows try to get rid of the accumulations. Partly they end in the urine and the poop. Both
become also unhealthy and out of balance. They rot and stink. The urine and the poop are above
that enriched with pesticide, insecticide, vermicide and antiobiotic residues. Through this,
the number of insects and meadow birds has gone down dramatically.

Artificial fertilizers give comparable problems and losses. Superphosphate weakens the
plants just as potassium chloride. Ammonia, nitrate and urea accumulate in the plants and this
attracts pests and diseases. Probably the same applies for sulphur. The sulphur in hay in 1933 had
almost doubled since 1880 (Theel, 1933).

The reasons for lower yields and less quality in organic agriculture.

So here we have the reasons why the yields in organic agriculture are suboptimal, and the
crops not that healthy:

- There is often too much protein, and/or NPN and NPS (and NPP?) in the fodder and the
concentrates for the cows, pigs, chickens etc. This ends in part in the deep litter manure and the
slurry, together with putrefactive bacteria and their toxins;

- A lot of nitrogen, carbon, sulphur, phosphor and other nutrients are lost from the slurry pits
and deep litter stables, and during warm composting;

- There is imbalance of the macro-elements in the feeds: too much inorganic nitrogen,
sulphur and potassium, and probably also too much phosphor. And too little sodium, magnesium,
calcium and silicon. Especially the healing role of sodium and magnesium, as well as the protective
role of silicon in roughage and concentrate, is heavily underestimated;
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- This results in farmyard manure and slurry which is also not in balance and not healthy.
With too much NPN, NPS and potassium. They contain putrefactive bacteria and other harmful
microbes. And these produce rotting products and toxins. The rotting compounds, and putrefactive
bacteria and their toxins inhibit the growth of the plants and suppress the symbiotic bacteria,
viruses and fungi;

- And warm compost also has the wrong bacteria, and it has lost a lot of nitrogen, carbon,
phosphor, potassium and other macro- and trace elements during processing. Heating leads to
wrong microbes, mineralization and big losses.

- A number of the organic farmers use antibiotics, cleaning agents, insecticides and
vermicides for their animals and in the stables, because the animals health is suboptimal, as the
fodder and concentrates are out of balance. The animals get fertility and birth problems,
abomasum twisting, mastitis and foot diseases, and attract flies and intestinal worms, which have
to be controlled with antibiotics, fungicides, insecticides and vermicides. The residuals of these
products end in the dung and from there present in the soil and the grasses, and other fodder
products.

Together all these factors hinder the uptake of organic nitrogen by the plants, and block the
nitrogen fixation in the soil and above the ground on the leaves and stems. So in this situation the
plants can only grow on ‘mineralized’ nitrogen — ammonia and nitrate — and mineralized
phosphor, potassium, calcium, sodium, sulphur and magnesium etc.

The release of the nutrients from manure and compost starts already during the winter, even
when the soil is cold. And the microbes eat them (Krasil’'nikov, 1958). But when the manures and
composts are given in the early spring, the regular practice in the Netherlands, the mineralization
must still start and the toxins and growth inhibiting rotting products hinder the plants. When the
soil is cold, nitrate is taken up before potassium can be taken up, and potassium is taken up before
magnesium is taken up. The putrefactive bacteria produce ammonia and nitrate and rotting
products and toxins from organic materials, which hinder the growth (Schreiner, Skinner, 1912).
The plants can’t get help from their symbionts to get organic nutrients.

Domagala-Swigtkiewicz and Gastol compared a.o. ammonia and nitrate in organic and
conventional agriculture in Poland. (Domagala-Swiatkiewicz, Gastol, 2012). Both are lower in
organically grown products than in conventional products in this Poland study. But still
considerable. I reviewed their results in: Nigten, 2019. Some studies which compare the nitrate
level in organic and conventional products conclude that nitrate in organic products is the same as
in conventional products, or slightly lower (de Waart, 1998). According to Dangour et al. nitrate is
definitely lower in organic products (Dangour et al., 2009).

With artificial fertilizers — ammonia, urea, nitrate, potassium chloride and superphosphate —
you avoid the barriers consisting of rotting bacteria, their toxins and growth inhibiting organic
compounds, but these artificial fertilizers also result in crops which are not in balance and
unhealthy. So the only way out is the production of amino acids, proteins, nucleic acids and
organically bound cations and anions from the manure and from the organic residuals from plants,
plus a plant friendly rhizobiome.

Mixing earth with manure and/or plant residuals, and conversion of manure and plant
residuals by worms into vermicompost give good solutions.

Urea madness.

In 2016 Mr Schmack, published a book, titled “Die beschadigte Kuh im Harnstoffwahnsinn”
(The damaged cow by the urea madness), which has been translated into Dutch and published by
“At the Origin” (Schmack, 2020). The word "urea" refers to the fact that the amount of urea in the
milk is always used as a measure of whether the animals are getting adequate protein. And by urea
madness, Schmack means that the farmers on average maintain a much too high urea number in
their milk as the standard. The maximum urea content is, according to Schmack, 10 mg/100 ml
milk or less. Almost all farm scores are higher, too much higher. At current German feed
recommendations, the urea number in Germany is 25 mg / 100 ml of milk. And 35 mg for high
yielding cows (Schmack, 2020).

The underlying "theory" is that the cows must get a lot of protein in order to be able to give a
lot of milk. At Wageningen University, the research into milk and animal feed, and the suppliers of
animal feed, are vigorously perpetuating this myth. This costs farmers a lot of money and has
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seriously affected the health of the dairy herds. And what does this mean for the quality of the milk
and meat? See for the quality of milk Appendix 1.

My assessment of the risks of ammonia, nitrate and urea that humans ingest through
vegetables, fruits, potatoes and animal products is in line with Schmack's findings. However, the
damage these compounds cause to cows is much greater and much more systematic, according to
Schmack's research, than I had already feared. Systematic means that almost no dairy farm avoids
it. Schmack then points out that this primarily leads to seriously damaged livers and kidneys. But
also the other known livestock diseases, such as fertility problems, abomasum twisting, udder
inflammation, paralysis, and leg problems can be traced directly to this excess of nitrogen that the
animals ingest. Schmack considers the role of bacteria, viruses and fungi in the development of
livestock diseases to be secondary.”80 % of livestock diseases can be explained by the excess of
protein in the feed”, according to Schmack (2020).

Schmack's assessment is entirely consistent with that of an American veterinarian, Swerczek
(2007). But Schmack has worked them out even more thoroughly at a detailed level.

It won't be much better in humans. The Dutch Kidney Foundation reports the following:

“1.7 million Dutch people™ have chronic kidney damage. People with chronic kidney damage
are at an increased risk of kidney failure and cardiovascular disease. For example, someone aged
55 with a severely reduced kidney function may die 12 years earlier than average”.

The Dutch Liver Patients Association writes:

“About 250,000 people in the Netherlands have to deal with an acute or chronic disease of
the liver or bile ducts. This can be caused by:

« a viral infection,

« an autoimmune disease,
« lifestyle,

« hereditary burden,

« or, for example, long-term exposure to alcohol or drugs”.

Ammonium poisoning does not occur in the story of the Liver Patient Association.
The amounts of nitrate, ammonium, nitric oxide, nitrite, nitrosamines and urea in the food are also
not measured by the RIVM. All these compounds contribute to kidney and liver poisoning.

According to a UMC' Utrecht employee, fatty liver disease is much more common than
chronic kidney damage:

"(..) fatty liver disease occurs in about 90 % of overweight people, which is equivalent to a
quarter of the world's population*"

With fatty liver you are not yet sick, according to the employee. But it can end in liver
damage: fatty liver => hepatitis => cirrhosis.

I have not been able to find hard figures in the Netherlands about how many people actually
have liver disease. An important reason for this is that livers can recover and that they can continue
to function on a small amount of healthy tissue, while a big part is already sick....until the moment
the livers can no longer function on the small healthy part, and then the damage is irreparable.

A study on liver diseases by Anthony Williams shows a much more serious picture as far as
the liver is concerned. Williams says that nine out of ten livers in humans are sick. And also that
many other systems in our body are diseased by a sick liver. But nitrate and ammonia are almost
lacking in his work. It is all about fats (Williams, 2018).

Galland has demonstrated that “Bacterial enzymes may produce neurotoxic metabolites
such as D-lactic acid and ammonia”. And he concludes: “The only mechanisms with a high level of
proof in humans are the neurotoxic effects of ammonia in HE [hepatic encephalopathy?] and of
D-lactic acid in short bowel syndrome”. (Galland, 2014).

* The Netherlands has a population of 17,777,085. So almost 10 percent has a chronic kidney damage.

*UMC is the University Medical Center in Utrecht, the Netherlands.

* And these are the data for obesity in the Netherlands: More than half of the adults in the Netherlands are
overweight (BMI (=Body Mass Index) higher than 25). This has emerged from research by the Central
Bureau of Statistics, 12.7 percent of all people — four years and older — even have some form of obesity (BMI
over 30). (CBS, 2019).

§ Hepatic encephalopathy gives these symptoms: “The mildest form of hepatic encephalopathy is (..)
experienced as forgetfulness, mild confusion, and irritability. The first stage of hepatic encephalopathy is
characterised by an inverted sleep-wake pattern (sleeping by day, being awake at night). The second stage is
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The ammonia in Gallands article is produced by bacteria, but we may suppose that ammonia
from plants or animal products has the same effect. The quantity is of course decisive.

3. Conclusion

The yields in organic agriculture are roughly 25% lower than in conventional agriculture.
On most organic farms, mineralized nitrogen and sulphur are the only nitrogen and sulphur
compounds for the plants to grow on, and there is not enough of it for the plants to create a good
yield. The plants are unable to take the organic nitrogen and sulphur etc. from the soil. Both are
normally sufficiently available.

Comparisons between warm compost, cow dung compost and vermicompost show that only
with vermicompost the plants get enough nitrogen in the right form. And the plant characteristics
during growth are proven to be better with vermicompost. The bacteria in vermicompost are the
bacteria that belong to the rhizosphere, which is not the case for the microbes in warm compost
and cow dung (compost).

Vermicompost contains more humic acids. These bind the released nutrients better, making
vermicompost less saline than warm compost and cow dung. The nitrogen and other nutrients
present in vermicompost are available faster and better.

Stimulated by vermicompost, the earthworms in the soil can break down the loamy sand
particles into loamy silt and clay.

And vermicompost tea can help to overcome severe droughts. The same for cattle manure
mixed with plant residuals and soil.

The urine and poop of the cows is very often not healthy because of too much protein, and/or
non protein nitrogen and non protein sulphur in their feeds. These compounds — nitrate,
ammonia, urea, hydrogen sulphide etc. — disturb the health of plants, animals and men after
accumulation in these organisms. In animals and humans, there is also another kind of
accumulation, which disturbs their health: calcification of the soft tissues of their bodies.

Very often the level of potassium in plants is much too high, and the sodium and magnesium
level much too low. Higher sodium gives lower potassium, plus higher magnesium and calcium as
well. Sodium in grass helps to convert non protein nitrogen into real proteins. But most crops are
in disbalance for their cations. And ammonium and potassium hinder the uptake of silicon and
other cations by plants, which lowers their natural resistance further.

During the ‘phosphate battle’ Scottish scientists have proven that superphosphate weakens
the plants grown on this salt.

In organic agriculture, just as in conventional agriculture, plants and animals are not healthy
because their ‘food’ contains too much NPN, and is not in balance for their cations and trace
elements. Their crops and fodder grow, like in conventional agriculture, on inorganic salt ions.
Many organic farmers have to use pesticides and antibiotics to repress these diseases. So todays
organic farming has much in common with conventional farming.

The inorganic nitrogen is not a safe plant food, and that plants can uptake organic nitrogen
from the soil or nitrogen from the air. But the results of Lawes, Poschenrieder and Lesch, and
Hopkins demonstrated that the uptake of organic nitrogen from farmyard manure is often a
problem, even if there is enough organic nitrogen in the soil. Giving warm compost does not solve
the problem either, as the comparisons with vermicompost show.

But at the same time not all organic nitrogen compounds are a good food for plants. Many
rotting N containing products from manure, slurry and warm compost also disturb or slow down
the growth of plants. The putrefactive bacteria, which are producing the rotting, are overruling the

marked by lethargy and personality changes. The third stage is marked by worsened confusion. The fourth
stage is marked by a progression to coma. More severe forms of hepatic encephalopathy lead to a worsening
level of consciousness, from lethargy to somnolence and eventually coma. In the intermediate stages, a
characteristic jerking movement of the limbs is observed (..); this disappears as the somnolence worsens.
There is disorientation and amnesia, and uninhibited behaviour may occur. In the third stage, neurological
examination may reveal clonus and positive Babinski sign. Coma and seizures represent the most advanced
stage; cerebral oedema (swelling of the brain tissue) leads to death”. Source: wikipedia english. Keyword:
hepatic encephalopathy.
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symbiotic bacteria. Especially when the slurry, the manure or the warm compost is given in spring,
while it is still rotting.

In the next article about nitrogen, we will show the simple solutions for these problems in
organic and conventional agriculture.
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Appendix 1
Milk quality has decreased
Cow milk in the Netherlands is no longer suitable for calves (Table 5). According to Agrifirm®,
Sprayfo and the Flemish ministry of Agriculture, the quality of cow milk is low.

Table 5. Cow milk no longer suitability for calves in the Netherlands

The milk is too fat (it contains two times more fat than the calf needs). The calves are at risc of
getting diarrhea.They can’t metabolize the fat properly.

The cow milk contains 1,5 times the amount of protein a calf needs. Too much urea in the milk is
arisc'.

The magnesium content should be twice as high (Flemish Ministry of agriculture)

The copper content is 8 times too low

The selenium content is 16 times too low

The iron content is 16 times too low

The manganese content is 33 times too low

The vitamin B1 content is too low;

The vitamin A is 2,5 times too low

The vitamin D3 is 10,3 times too low

The vitamin E content is 15 times too low according to the Flemish Ministry of Agriculture.

The exact amount of urea in the milk — much too high according to Schmack (Schmack,
2020) — is not listed in this overview, nor the amount of nitrate in the milk which can vary sixty
fold (Nele, 2006).

According to a study of Masterjohn also the amount of vitamin K2 — not mentioned here
above — has gone down:

“Commercial butter is only a moderate source of vitamin K.. After analyzing over
20,000 samples of butter sent to him from around the world, however, Price found that the
Activator X [ = vit K.] concentration varied 50-fold. Vitamin K-rich cereal grasses, especially
wheat grass, and alfalfa in a lush green state of growth produced the highest amounts of
Activator X, but the soil in which the pasture was grown also profoundly influenced the quality of
the butter. The concentrations were lowest in the eastern and far western states [in the USA]
where the soil had been tilled the longest, and were highest in Deaf Smith County, Texas, where
excavations proved the roots of the wheat grass to pass down six feet or more through three feet
of top soil into deposits of glacial pebbles cemented together with calcium carbonate. It was this
amazingly vitamin-rich butter that had such dramatic curative properties when combined with

* Agrifirm — a dutch company that trades in seeds, animal feed and fertilizers - published data on cow milk
quality in order to promote the use of artificial milk for calves which they are selling themselvs. They got the
data from one of the biggest Dutch Milk dairies “Friesland Campina’. After critical questions of farmers and
others they removed the data from their website. Sprayfo is another seller of artifical milk for calves.

* The average of the last seven years (2013 — 2020) of the Urea number (urea in mg/100 gram milk) in Dutch
milk was 22,5 (Veeteelt, 2021). Schmack advizes max 10 for urea in milk (Schmack, 2020).
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high-vitamin cod liver oil and nutrient-dense meals of whole milk, whole grains, organ meats,
bone broths, fruits and vegetables” (Masterjohn, 2008).

The butter of Deaf Smith county was send all over the USA because of its health promoting
qualities.

The groundwater of Deaf Smith county is very high in iodine, magnesium and trace elements.
Farmers used this groundwater to irrigate their crops. The bones and teeth of this area contained
five times more magnesium than the bones and teeth elsewere in Texas. In this area people had no
health problems with bones and teeth (Barnett, 1954).

In the same article Masterjohn describes the many functions of vitamin K in our body. Their
role in our brain is one of them:

“Vitamin K. supports the enzymes within the brain that produce an important class of lipids
called sulfatides. The levels of vitamin K., vitamin K-dependent proteins and sulfatides in the
brain decline with age; the decline of these levels is in turn associated with age-related
neurological degeneration” Comparisons of human autopsies associate the early stages of
Alzheimer’s disease with up to 93 percent lower sulfatide levels in the brain” (Masterjohn, 2008).

Too high levels of sulfatides are also a risk. But vitamin K. regulates the sulfatide
concentrations in the brain (Tsaioun, 1999).

* Masterjohn refers to the following article for this conclusion: Denisova, Booth, 2005.
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