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Introduction

The forest is a benefit, a meaning which
we will comprehend with its vanishing from the Earth.
L. Leonov «Russian Forest»

In the context of the ever increasing environmental and biospheric role of forests on one
hand and steady growth of anthropogenic influence on them on the other hand, the main purpose of
this book putting it in the words of my colleague professor N. A. Babi¢ (2006) is “the development
of the attitude towards the care of every plant, even if it’s poisonous, of every animal, although it is
dangerous, of every bird even if it’s a flesh-eater”. Therefore the motto of IUFRO XX World
Congress (1995) “Caring for the Forest: Research in a Changing World”is placed on the book cover.

The goal of the author is to capture the attention of the readers caring about Russian nature’s
uniqueness, value and even the mystery of ourwood species, keeping in mind the thinking by K.
Lorenz (1970) who said,“In the end it is every scientist’s duty to popularize to general public what
he works on” (p. 13). Following this thinking every specialist is caught between Scylla and
Charybdis, or is on the horns of dilemma to merge two difficulty-combining courses meaning
relevance and apprehensiveness for the general audience and non-trivial approach for professionals.
In consideration of the aim the author, to an extent, possibly omits dendrological, forest typological
and other identifications of wood species that are binding on botanists and foresters but hard taken
by non-specialists. In that regard the structure of the book is played off as a combination of unique
sketches, or arabesques.

The term “arabesque” has a long history and has changed its meaning. Originally it meant
medieval oriental pattern (Fig. 1). According to The Brockhause and Efron Encyclopedic
Dictionary, “Arabesques are an odd or grotesque decor of the Renaissance, in those cases when they
fall into over grotesque design”. M. Yampolskiy (2007) clears “Arabesques, or grotesques, first
draw attention during the opening of the Emperor Nero’s palace, The Domus Aurea in the
Renaissance. Fragments of the wall painting were discovered there; abstract ornamental motifs
joined with ligatures of odd lines played the main role. The vignettes that connected different

figurative pieces added compositional unity between the wall paintings and the ceiling pieces (p.
347)".

Fig. 1. Arabesque motif. Glazed ceramic. Turkey. (http://ec-dejavu.ru/a/arabesque 2.html).

In the Renaissance, arabesques fulfilled the role of “decorative fusion of pieces in whole”,
and served as “an impulse to restore the unity and hence the meaning," and also as “a form of a
mystic revelation of the whole and invisible links” (Yampolskiy, 2007. P. 348, 350). M.
Yampolskiy associates this phenomenon with the concept of “representation’that shifts the focus
from an artist’s skills to his semi-mythical ability to see images that appear in front of his internal
vision of imagination (Fig. 2). Johann Wolfgang von Gdthe in his article “On the arabesques” (Von
Arabesken," 1789) published in “Der Teutsche Merkur” journal connects the concept of arabesques
with the phenomenon of ornamental grotesque of antiquity (Dezhurov, 1993).
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Fig. 2. Arabesques. Illlustration from Brockhaus and Efron Encyclopedic Dictionary (1890—1907).

Immanuel Kant (1966) found arabesques as the best image of “free beauty”independent
from the comprehension of an object; and he used life flowers as an example. Russian writer
Nikolay Gogol (1835) represented his book “Arabesques”as a mixture of miscellaneous materials
such as journalism, esthetics, and prose. However M. Yampolskiy (2007) sees in the book not just
heterogeneity of the pieces but “the presence of motion that is capable to form these pieces in one
form," and the main role of arabesques by N. Gogol, in M. Yampolskiy’s interpretation, is “the
combination of earthly and heavenly, material and ideal” (p. 352, 353). Musical pieces in arabesque
genre stand out for its elegance and rich musical structure; it is a genre of an instrument theatrical
piece composed predominantly for piano (i.e., Robert Schumann, Claude Debussy), generally with
a complex structure, richly ornamented design and “lacy”’melodic curves (Kupriyanov, 2008).



The free artists at the beginning of the 20" century (Henri Matisse, Maurice de Vlaminck,
Andre Derain and others) painted in a so-called “fauvism”style to recreate a landscape image as the
arabesque of observation. This metaphorical term stood for a process of induced landscape
structuring along intentionally distorted lines. The landscapes painted in the fauvism style are
imbued with striving to project the intensity of life in nature. Their decorative effect was based on
an aggressive tone of big splashes of pure contrast colors pushed to the limit (Benjamin, 1993. P.
307). Nature and landscapes served them not much as an object of illustration, but rather as a cause
for creating tense and expressive colorful symphonies, however keeping the connection with the
seen reality (Fig. 3). The fauvists took the main color inspiration and motif from nature but
enhanced and gave an edge to it, often using a color outline to divide color splashes (Duthuit, 1977;
WWW.Zavadslgaya.wordpress.com).

Fig. 3a. Nude in Sunlit Landscape. Henri Fig. 3b. Landscape with red trees. Maurice de Viaminck
Matisse (1869-1954) (album.foto.ru/photos/22631) | (1876 —1958) (http://www.arteves.ru " painting.morris-de-

viamink.vlamink.html)

Later foliage patterns consisted of stylized foliage, flowers, and stalks came to be called
arabesques (see Fig. 4). In these latter days any glimpse sketches, “Ligature”of facts are called
arabesque, while an English-Russian dictionary defines “arabesque”as “crank’ (Addition to the Big
English-Russian Dictionary, 1980). A. Kupriyanov describes events and life line tangles of the
great representatives of botanical science in his two books “Arabesques of botany” (2003, 2008).

Here we will study some uncommon biological and ecological features of the tree species
naturally growing in forests of Russia. Unlike murderous vampire trees occurring in foreign forests
(Fig. 5a, b) all our trees have infallibly peaceful features.

Fig. 4. Arabesgue motif on silk ( http.//attoptem.ucoz.ru/news/struktura_arabeski_pechat_shelkovoj_tkani_khrizan/201 3-05-20—12).
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LJA Y e P, 7 T R -25
“American Weekly”, January 4, 1925 (Menninger, 1967).

THB N, o s ¥

Fig. 5a. Man-eater trees devouring birds, monkeys and people were discovered by explores in the 19" century
in the jungle on different continents. (http://akmaya.ru/post129362912/);
(http://animalspace.net/asanimals/asmythical/27 1-suschestva-okazavshiesya-mifom.html). ~ “Vampires of the green
world demonstrate complex types of movements, often more aggressive than most animals. They have at least hunting
and digestive reflexes, lie in waiting skills, and dispose of bio-waste. Now and then it seems they have a consciousness
of this, although it’s a destructive one. “Vampire plants are one of the miraculous wonders of the nature. O. Borisov
(2013) states that if human vampirism refers to the realm of legends then plant vampirism is a proven scientific fact.
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Fig. 5b. Trees-vampires. Painters: Edouard Riou (1833-1900) (Jules Verne “Five Weeks In A Balloon”, 1863) and

Max Ernst (1891-1976) (“A week of kindness”, 1934).
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Since Ancient Rus’ forest has always played the role of a man’s friend and defender from
different hardships, such as so called “foreign monsters,”African and Australian dragon tree and
different kinds of bottle trees (Fig. 6a,b) don’t play into the ideology and the structure of the book.

Therefore our forests stood at the origins of Russian people’s distinctive culture. Back in
the 19" century Russian thinker-russophile, philosopher, and sociologist, Nikolay Danilevskiy
(1822-1885), noted that unlike steppe nomadism, that ’indulges in laziness,” the forest promoted a
settled lifestyle of the Slavs, a development of primary culture and hence had a “strong cultural and
tribal power”. The forest also had another influence, “forest with its mystic grounds and shade
brings a poetic spirit to the people living in it”. I don’t think that this distinctive culture could
originate without any outside influence otherwise than in the forest country” (Danilevskiy, 2011. P.
276-277).

Fig. 6a. Dragoon Tree. (lat. Dracaena Fig. 6b. Baobab (lat. Adansonia digitate). Tree spicy occurring in

draco). Medieval scientists considered it as a African savannah.
half animal and half human and the red juice as | (http://photoflowery.ru/photo/c6/c6f20844573aebbab24a53760fd308
real blood. b8.jpg).

(http://www.liveinternet.ru/users/ugolieok/post25556

7355)).

Perhaps the forester Boris Sergunenkov (1981) experienced that particular sensation of unity
with forest, a sense of it, that distinct call of the wild while living in the forester’s office for a long
time. “When I walk in the forest and look absently around and then suddenly stand there like as if
was made of stone, or listen to the noise of a pine and I can stand like that for an hour or two not
moving a muscle, enjoying the sun or feeling the breeze; and I forget about the forest, people, about
myself and my existence and I think to myself if I’'m becoming a pine? I feel the sun and the wind is
like my brother and I stand turning to stone, and any bird could nest on my top and I would not
bother it. I can sense unfamiliar smells then, notice unseen tones of grass and flowers, and I am still
a human being and sort of not, but a pine or an animal. The forest, trees, ground, grass are all close
to me, like I was born here; I feel the connection, a nearby tree seems to be my brother, the river is
indeed my sister...” (P. 346-347).

B. Sergunenkov’s book named “My forest” is a unique inspired poem to the forest. “Woods
were still. They are quiet. They make noise but soundless. Why is it so? Because forest can never
be quiet. It can only aim to be quiet and still. If you let it be still it will immediately disappear, die
and fade away, even when it is still it always goes forward, moves every hour, every minute with its
every grass blade, waves its every leaf. The forest is meditative, it is menacing, angry and gloomy
and it rejoices. It always speaks loud or under breath, or loud and quiet at the same time” (P. 341-
342). One more thing, “It is hard to believe but the woods feel shy of good deeds. There is nothing
more disgusting for it than to seem good. That would be clear if it was naturally shy. But it is not.
As opportunity offers it can demand something and stand up for itself. This shyness of course has
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nothing to do with qualms of conscience after an evil deed; it has a different root. After all it doesn’t
lead to disharmony or mental disorder but to a pure feeling of stability. But also this shyness puts it
in so much trouble that it is ready to abandon good deeds gladly, and if it doesn’t do it it’s not
because the forest doesn’t want to, but because it cannot. Here it gave water to the one who was
thirsty, gave some berries to those who were hungry, showed the beauty and kept out of danger and
did what it was supposed to do. “What should I be proud of?”, — the forest thinks. What did I do
that I can be proud of?” I gave water to one thirsty man but how many are still thirsty? I fed a
hungry one with berries but how many are still looking for food? Showed the beauty but how many
are there who don’t see it, don’t feel it and don’t understand it?”” (P. 34-35).
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1. Larch — what a mysterious genus Larix Mill...

Larch (the genus Larix Mill.) (Fig. 7) is the only deciduous coniferous wood species of the
Northern Eurasia and the only wood species that is so often described by researchers as
“mysterious”. F. Arnold (1898) in his book “Russian Forest” mentions one of the mysteries of larch.
He illustrates the phenomenon of gradual complete “crust formation” on cut surfaces of
“living”’stumps as a consequence of their residual growth over the years after cutting down trees.
Neither naturalists nor even foresters could find an explanation of this phenomenon for a long time.
Nowadays this property is common to more than 150 species of wood and it is caused by the
concretion of root assemblage of nearby trees and the development of a combial layer that provides
mutual transfer of grafted trees. These days researches from Japan developed a computational
method to put the number of grafted root assemblages in a forest stand. According to M. Kalinin
and his coauthors (1998) the age of living stumps of the coniferous species can reach up to 90 years.

Fig 7. Siberian larch (Larix
sibirica Ledeb.): | —general view
(autumn coloration); 2 —basal, or
extending shoot; 3 —branch with a
brachyblast with needle and macro-
and microstrobile; 4 —macrostrobile:
a) cover and seed scales with a seed
bud, b) cover scale; 5 —branch with a
spur shoot, needles and
microstrobiles; 6 —microstrobiles; 7 -
formed strobile; 8 —mature strobili;
9 —seed (Forest encyclopedia, 1986).

Following aspects and evidences of larch mystery have bioecological as well as historico-
geographical origins. The Swiss scientist H. Miiller in his article “About the mystery of larch”, tries
to explain why common larch successfully grows in one condition and doesn’t in another. Why it
grows well in the Alpine high mountains (1700-2400 m A.S.L.) and why it gets infected with a
larch cancer throughout and dies in warm and moist climate of Germany and Scotland. Foresters
have been interested in why in permanent frozen ground and in high mountain conditions, larch is
barely harmed by injurious forest insects and diseases but grows in a form of sparse forest and very
slowly. Looking sad but in more favorable conditions of the European flat lands larch homogeneous
stands meet sample area level in productivity (sometimes it comes up to 2 thousand cubic meters on
hectare!) which is 2-3 times higher than the productivity of native species but along with that it
can’t be reproduced in a natural way.

II’inskiy (1937) finds outlier occurrence of larch in the Carpathian Mountains and the Tatras
mysterious and suggests that larch survived the Ice Age in different refugiums or “life refuges”.
Although Larix species is old, perhaps for that very reason it hasn’t been conclusively determined at
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what point of the development of the plant world this species first occurred. Single Pliocene
findings of larch took place in Northern Mongolia but the largest spread of larch here falls onto the
Pleistocene; and there is a hypothesis that the Khaingai range is one of the centers of origin of
“semi-taiga” larch forest (Dugarzhav, 1996). Pachoskiy (1910) considered one type of larch to be
similar to a fossil Galician type that is still represented in Western Europe as a common larch (L.
decidua Mill.), and that it must have grown on the territory from the Atlantic Ocean up to
Kamchatka or even further to North America.

Sukachev (1938) believed that in the beginning of the Tertiary era of at the end of the
Cretaceous period two branches of the modern Larix genus were defined; the western branch
includes larch, common larch and Siberian larch; Japanese larch, eastern larch, Korean Dahurian
larch all belong to the eastern branch that traces its roots to “somewhere in Asia”. The latter is
confirmed by E. Wulf (1944) writing “The genus most similar to the evolutionary range of larches
in which common larch, Siberian and Dahurian larch represent the end segment which is preserved
in the modern mountain flora of China” (P. 410).

Mostly larch, pine and birch were planted in Europe in the post glacial period but later as a
result of unfavorable factors, larch areas shortened. Possibly having in mind just the post-glacial
period, the Swiss Alps (by the professor A. Biihler, 1886) and Altai (by F. Keppen, 1885) were
considered as larch habitat, and II’inskiy (1937) believed that Larix genus undoubtedly originated
from Angara river region forming a continuous range there.

The expansive boreal and subalpine forests in the Northern Hemisphere are typically
characterized by evergreen trees. Dominancy of evergreen trees in harsh forest environments has
been attributed to the greater annual net carbon gain (Mooney, Dunn, 1970; Waring, Franklin, 1979)
and more efficient use of the nutrients and other environmental resources by evergreen trees
compared to species with a deciduous leaf habit (Chapin, 1980; Mooney, Gulmon, 1982). Needle
longevity of evergreen trees, for instance bristlecone pine (Pinus aristata Engelm.), may exceed up
to 40 years (Ewers, Schmid, 1981). The greater leaf longevity of evergreens has been suggested to
reduce the annual carbon and nutrient requirement to produce new foliage (Chabot, Hicks, 1982).
The conservative use of nutrients by trees in boreal and subalpine forests should be particularly
important, because nutrient availability is low due to adverse effects of low soil temperatures on
decomposition, mineralization, and nutrient and water uptake. A genus with a shorter growth period
and at the same time synthesizing enough amounts of metabolites necessary for life support during
a long rest period turns out to be more vigorous.

However larches, the deciduous conifer wood plants, are a common forest-forming species
in the most part of subalpine and boreal forests in the Northern Hemisphere. Deciduous form of
larch means annual full needle foliage replacement whereas evergreen species only replace a small
part of it. Additional carbon consumption related to the full needle fall puts deciduous species in
unfavorable conditions, especially in the permafrost areas with a short vegetation period. According
to the oral evidence of Efremov, frozen soil in Kamchatka shortens the life-sustaining period of
larch fine roots to two weeks per year.

Gower and Richards refers to that in the article “Larches: Deciduous Conifers in an
Evergreen World” saying, “The wide-spread occurrence of larches in subalpine and boreal forests is
an intriguing puzzle given the concept that the evergreen habit is more advantageous in harsh
environments. Larches therefore must possess physiological and morphological characteristics that
enable them to survive, grow and reproduce as deciduous conifers in environments where
evergreens normally dominate” (P. 818). Among the characteristics mentioned above, the most
important is carbon balance which is defined by foliage, photosynthesis efficiency and tree
“architecture”.

Gower and Richards see a larch “intriguing puzzle” in the fact that a complex of its
morphological and physiological characteristics supposedly doesn’t explain how this species sustain
atmospheric carbon fixation similar to evergreen trees. However, Ivanov (1936) proved among all
species, larch has a high efficiency to degrade carboxylic acid. Under the daylight conditions the
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amount of degraded CO; for 1 kilo of needle of spruce, fir and pine tree is 39%, 59% and 75%
respectively in reference to the larch figure. However larch is a light-demanding type; a minimum
light intensity in the crown dieback area for beech, spruce, pine and larch makes 1,7%, 3,2%, 10,5%
and 16,7% of illumination intensity of an open area respectively. Due to the fact that larch is a
photophilic plant “tree thick layers and long branches always turn south on both level ground and
mountain flanks; this fact is so well known and so true that Ural mining workers used it as a
compass” (Keppen, 1885. P. 211).

Physiological research of the Siberian larch run by the Russian scientists shows that the
species is characterized by a number of specific adaptive features such as the high photosynthetic
rate under sufficient lighting and short growth season. Also by more efficient thermal control of
photosynthetic system, strong transpiration on cold soils, the ability to form great assimilation
system of needle under low nutrient power, intensive development of lateral root system and root
initials on frost zone, enhanced cambial activity of root system and intensive growth of absorbing
(tender) roots over two summer weeks. Dominating development and long term functioning (up to
100 years) of brachyblast (spur shoot) with “bundle” needle under harsh climatic conditions define
needle saturation of the crown that among other factors compensate the respiration power use
(Bannikova and others, 1999; Pautova, 2002).

Bannikova and her coauthors (1999) considered the biological point of larch endurance on
subcellular, cellular, tissular, organismic and population levels and explain that in the extreme
conditions when “metabolism price” gets higher the species absorbing a high amount of energy and
using it for the most part for growth and reproduction turn to be most resistant. In this extremely
harsh condition, larch becomes a very long-living species, for instance, in the northern foot hill of
the Eastern Sayans (the left bank of the Uda River) some trees are 1350 years old and up to 56
meters tall (Popov, 1961).

Since a butt-log portion is protected by think bark (up to 25 cm), larch is considered as a
fire-adapted species and recovers well afterwards. There are known cases of Dahurian larch needle
rehabilitation from rest buds of 15 years old natural stand after a fall crowing fire on Kolyma
(Starikov, 1959). Sochava (1956) links a wide spread of larch in boreal forests particularly to
wildfires that destroy all the other species.

S g
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Fig. 8. The “Reindeer Brooks” nature park plan. Centuries-old larches marked with a red square (see Fig. 9).

Fig. 9. Larch veterans alley. Photos by V. Usoltsev.

Due to this characteristic larch can survive for centuries. In the vicinity of Nizhnie Sergi
(Sverdlovsk Region), on the territory of nature park named “Reindeer Brooks” (Fig. 8) there is a
unique alley of forest veterans centuries-old larches. It is known that old metallurgical plants
produced charcoal. Larchwood was not a good material in coal production; compared to coal from
other wood species, larch coal wasn’t firm enough and consumed lots of ash. Larchwood was more
valuable as a material for hydraulic structures but the plan of building a dam on the Serga River was
never implemented. That saved forest veterans from being cut down. Time has left indelible marks
on them, including the result of wildfires, but they are still alive... (Fig. 9).

Perm’ area studies specialist and writer Yan Kuntur writes the following about this kind of
centenarians: “Trees in general are weird and unrecognizable creatures. Not only are they older than
most of the buildings created by people, but even older than whole cities and even countries. They
are the patriarchs and lords knowing what will never fit in people’s limited memory...Trees seem to
grow through the time stringing beads of time on the axis of their body and the beads start
immediately spinning around following the sun. They are unseen and sensed...” (Kuntur, 2010. P.
64.).

If larch doesn’t make a high quality coal and almost isn’t used in charring of wood, then
since the dawn of time it’s been used as a construction material due to the high decay-resistance
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characteristics. There is a unique article by an unknown author,“About the influence of soil, felling
time and moon phases on the strength of carpentry wood and constructional timber”’published in
one of the issues of the “Forest Journal” (Lesnoi Zhurnal) back in 1874 that states the following
“The taller the tree, the weaker it is. The descent of sap period is the best for felling. Well wooden
pipes made of larch that grew on upland last for 60 years and the same types of pipes made of larch
growing on low land become useless in 30 years. Felling should take place during the decline of the
moon when sap goes down” (p. 184).

Yet history knows examples of a longer life time periods of larch in wooden constructions.
Venice is still based on 500 year old piles made of Siberian larch. Furthermore a 6 meter long float
constructed of fossilized larch trees was found in the mountains of Yakutia; each tree was so big
that you couldn’t put your arms around it. Larch there is of the same age as “Northern Noah”
(Borisov, 2015).

Beyond the main (boreal) area larch predominantly grows on mountain terrain: there is
common larch (L. decidua) in Central Europe (the Alps, the Carpathians and the Tatra Mountains);
Japanese larch (L. leptolepis) is in Japan; there is Prince Rupprecht’s larch (L. principis-ruprechtil
Mayr) and Chinese larch (L. potaninii Batal.) and Masters larch (L. mastersiana Rehd. et Wils) in
the south of China and there is Himalayan larch (L. griffithii Hook. f. et Thoms.) in the Himalayas.
In Northern America, Eastern larch is a well spread boreal species however, unlike Eurasian boreal
larch, it almost doesn’t get outside of the northern limits of evergreen trees dispersal.

Six larch types are presented in Sikhote Alin including the south Primorye; three of these
types are rare (1.5% of forest area) but yet a competitive species and herein historically young,
Larix komarovii, extend its area at the expense of such epiobiotic species such as Korean Dahurian
and Lubarsky larch (Gukov, 1969, 1981).

At the present time 15-19 species of Larix genus are document for the Northern Hemisphere
which includes 13-14 main species along Northern Eurasia and three hybrid species. Apparently
only Larix genus among other forest-forming species is represented by such a variety of species
ordered by climate gradient. These species successively rotate according to the climate
continentally gradient (Fig. 10): common larch — Sukachev’s larch — Siberian larch — Larix
Czekanowskii — Dahurian larch — hybrid species of Dahurian and Cajander larch — Cajander
larch with continentality indexes according to A. Borisov (1967) respectively 30 —50 —60 —75
—80 —90 —100% (Fig. 11).

Lno® L0 lag”

e

Fig. 10. Larch species areas in the Northern Eurasia: L. decidua Mill. (1); L. sukaczewii N. Dyl. (2); L.
sibirica Ledeb. (3),; hybrid form of the area joint of L. sibirica u L. gmelinii (L. x czekanovskii Turcz.) (4); L. gmelinii
(Rupr.) Rupr. (5); hybrid forms in the area joints of L. gmelinii u L. cajanderi (6); L. cajanderi Mayr. (7); L. maritima
Suk. (8); L. kurilensis Mayr. (9); L. leptolepis Gord. (10) (Abaimov and others, 1980).



Fig. 11. Climate continentally isolines in the Northern Eurasia rated by A. Borisov (1967) using a simplified Zenker’s
formula. Isoconts expressed in percentage terms.

On the east of Larix genus area species rotate according to the zonal gradient (from the
south to the north) in the following order: Japanese larches — Lubarsky larch, Korean Dahurian
larch, Komarov larch — Larix amurensis Kolesn., Larix maritima — Larix ochotensis Kolesn.,
Larix kurilensis Mayr. — Cajander larch in subzones respectively: subtropical softwood — mixed
coniferous-broad leaved forest — south boreal forest — middle boreal forest — northern boreal
forest (tundra forest); however the second listed order perhaps is not so much determined by the
present natural zoning as geological history of larch.

Tyulina (1929) characterizes larch as the hardiest tree out of all the coniferous species in
regard to climate extremes; larch spreads further north and forms a forest polar limit (Fig. 12, 13
and 14); and on the south it reaches deep into Mongolia leaving behind the rest of the coniferous
species forming a south forest line on the desert border. There larch forest are characterized firstly
by a high hypsometric level (1500-1600 m) and secondly asymmetry of their south and northern
aspects. In the mountains of Khangai, Mongolian Altay and the Darkhat Basin forests cover only
northern flanks. The south spread range of larch in Mongolia is Baytag-Ula Mountain (45°01 N,
91° E) but there are also more southern occurrences of larch in China (Fig. 15).

E it gtk 2 b i i : Eig. 12. Boreal forest in the Northern
Laris eafaran bl Ny LET B _ Hemisphere (marked as dark spots). Space
. e ] occupied by Dahurian and Cajander larch (Osawa,

; e Zyryanova, 2010).
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Fig. 13a. Siberian larch in the basin of Sobi river (Polar
Urals) in the forest line. 250 years old, 12 m tall, stem
diameter is 45 cm. Photo by S. Shiyatov

Fig. 13b. Larch on Staritsky Peninsula surrounded by
dwarf Siberian pine. Magadan Region (Mazurenko,
Andreyev, 2007).

Fig. 14a. Larch on the timber line. The Shemur
mountain range, Northern Urals (750 m A. S. L,
60°40°N, 59°40°E). Photo by M. Bogachev

Fig. 14b. Larch in the area of Cape “Tolstoy” on Magadan.
Photo by V. Ryabkov.

Fig. 14c. Larch open forest with brown willow
undergrowth on Kolyma Far North-East (Mazyrenko,
Moskalyuk, 2009).

Fig. 14d. Larch on 72" parallel on T. a;'myr “foreb;t that
escaped to tundra” (http://www.moya-
planeta.ru/travel/view/arymas_les_ubezhavshij v_tundru_3221/)
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Fig. 15. Prince Rupprecht’s larch (Larix principis-rupprechtii Mayr)

in Central China (https://commons.wikimedia.org/wiki/File:Larix_principis-
rupprechtii_Taihang Shan.jpg).

Putting multiple proofs of larch spread beyond steppe
limits in different regions of Siberia and the Urals together,
Tyulina (1929) suggests that larch resistance to both physical
soil dryness on the border with steppe and physiological dryness
on cryosolic subsoils helps larch to manage these extremes
being pushed off there due to its photophily by other species.
“And if so...”— Tyulina continues —“then larch can be
considered as a typical taiga resident only with known
limitations and might be...Siberian larch taiga is what rested of more continental conditions
dominating there before”(P. 15).

The world largest larch solid wood primarily with a very low productivity level (IV-Va site
indexes) is located in the Eastern Siberian north of latitude 48°N (see Fig. 13, 14). Due to harsh
winters cryogenic soils with melting depth of less than 1 m spread far south on the most part of
Siberia, where due to warm summers larch forests reach far north forming extensive open forests
while root competition takes the leadership (Sofronov, Volokitina, 1998; Sannikov and others,
2012). Extreme continental climate in this case helps to eliminate larch competitors and helps it to
spread to the tundra and in the mountains. Larch shapes the northern border of forest cover along all
of Siberia and the Far East going beyond the Polar Circle. In Khangay (Mongolia), Eastern Sayans,
Altay and partially the Urals, larch grows as a single species forest reaching 350 years of age; it
defines the forest line here that gets to 2500, 2220, 1900 and 1160 meters A.S.L. respectively.

The Siberian origin of larch in the European part of Russia was noted by Keppen back in
1885 saying, “Coming from Siberia and crossing over the Ural mountain range and spreading
throughout its entire length, larch deeply expands to the flat land of north-east Russia, on the west
reaches almost Lake Onega and on the south gets almost to the Volga River near Nizhny
Novgorod” (p. 223). Keppen (1885) supposes the mentioned western range dependence on the
transition from the Ural mountain range limestone, to Scandinavian granite ground and draws an
example of larch native habitat on the Solovetskie Islands that was confirmed during a recent forest
inventory (Polyakov and others, 1986).

In regard to hiatus between the Ural Range and Kama River (see Fig. 10) Keppen (1885)
states that larch “comes over to the western flanks widely unwillingly” (p. 231) and sees the
explanation in the buried soil of Permian formation with a rare limestone occurrence.

In the Urals larch starts losing its position in tree layer body. N. Nesterov (1887) gives the
following characteristics of its south taiga habitat on the western flank of the south Urals, “larch
single species forests are rare and small in area, 30-40 dessiatina, but usually mixed with spruce,
pine tree and birch; it likes to spread over mountains, stony and sandy loam soil and completely
avoids moors..., often it’s the dominate species on mountains tops but it barely sustains climate
difficulties there: it grows open, it nearly always has a dry crown and few short branches, and now
and then only a bare stem sticks out” (p. 707).

There are almost no wild single species forests of larch on the territory of European Russia.
As Keppen notes (1885), in the Perm and Vologda provinces it grows next to pine, spruce, fir tree,
cedar, birch and alder, and in the Kostroma province it occurs mostly as an“improper mix with
pine” (p. 217). It meant that there is a widespread story of pine under an open mature larch canopy
with a complete absence of larch reproduction. Arnold (1989) thought that was a consequence of
high photophily of the latter, and one of the reasons of its rare occurrence on the European part of
Russia.

Sambuk (1932) studying Pechora River Basin states that “spruce and pine displace larch
throughout, leaving the latter only the extreme range of silva” (p. 83). And further it says, that
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competition “result in the situation where larch started slowly retreating and keeps recoiling, and if
not for human activities it would have entirely disappeared” (p. 87). Sambuk meant an
anthropogenous origin of wild fires.

In the Northern European part of Russia (Arkhangelsk region, Komi, north of Vologda
region) larch grows as a mix of pine and spruce on well drained sandy loam soil with a close
position of limestone and it accounts for 0,75% of forest area (Polyakov and others, 1986). In the
territory of Udmurtia larch account for 0.3 % of forest area and mostly has human origin (Baranova,
2004).

West of Siberia, distribution pattern of larch changes in general. As II’inskiy (1937) notes,
“Siberian larch that covers great areas of Siberia has regressive and discontinuous area in the
European part of the Union and at the same time successfully grows in homogeneous forests both
west and south of country” (p. 350). Strip or discontinuous spread is characterized to the whole area
of Sukachev’s larch from the Arkhangelsk region to Kazakhstan’s steppe where it occurs only as a
single relict spot (Fig. 16).
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Fig. 16. Larch spread on the European part of Russia (Alekhin et al., 1961).

Since the beginning of the Subboreal period corresponding to the post-glacial warmth peak
(approx. 1000 years B.C.) and up to the middle of more the humid and chilly the Subatlantic period
(around 700 A.D.) south of the Urals steppes crowded our larch forests. Since the middle of the
Subatlantic period under the more humid climate conditions larch forest intensively spread over
steppes. L. Tyulina commonly found the rest of those forests as “living giants 400 years of age” and
the stem diameter of 1.5 m on chest level on steppe meadow margins and on south-east flanks of
Ilmenskiy range primarily on carbonaceous rocks. Their trunks were crooked and had exceedingly
fine texture, i.e. they bore “the marks of more than 300 years long battle with the last spots of
steppe” (p. 10).

One of a few nature sanctuaries still exists in the endless Orenburg steppes (Fig. 17).
Despite the great age larch abundantly bears fruit and along with that seeds have good germinating
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capacity. In 2012 several transplants were planted next to the parent tree; they established well and
in 2013 reached up to 1 m in height. This unique phenomenon conflicts with a well-known fact that
going north to south in a latitudinal profile and from the upper tree line to the foot hills in an
altitudinal profile, parthenocarpy and conophagus activity gets higher. As a result seed efficiency
equals to zero in the south Urals and on the foot hills of Khangay Mountain (Novozhenov, 1973;
Yanovskiy, 1980).

In 2013 vandals submitted the tree to “survival capability” test. They laid tires around the
tree and set them on fire. But the tree did get harmed: how would they know that the bark thickness
of this particular tree-veteran can get to a quarter meter and the crown can rehabilitate from the
resting beds even after completely burning-out during crown fires (Starikov, 1959).

Fig. 17. Relict 500 year old larch in absinthial sheep fescue and feather-grass steppe. Orenburg region,
Adamovsk sub-district, 18 km north of Bratslavka station. 12 m high, 80 cm stem diameter. Photo by A. Bornikov.

Absolutely healthy larches of over 400 years of age and with a 27 cm thick bark were found
at the end of the 19" century in Obshchiy Syrt (53°N, 57°E) that borders the south Urals on the west.
The tree diameters were 18 cm wide at the crown base that was raised 32 m high. This kind of larch
timber is highly firm, “neither a saw nor a froe can handle a tree basis; a special stage is supposed to
set up to cut it above human scale” (Simon. 1910. P. 1137). There are enormous larch stumps and
the remains of pine stumps here among stands on Devonian age sandstone. Under Peter the Great,
this part of wood referred to is ship-building timber. Under Catherine the Great, academician
Lepekhin travelled there and he wrote that he had seen dominating larch wood everywhere there.
Nowadays larch woods are unnoted” (p. 1134). D. Gerasimov (1926) dates the Maximus larch
spread in this region to the Boreal warm period and the first half of the Atlantic humid period.

Krasheninnikov (1937) supposes that these South Ural larch-pine-birch forests represent
well-preserved “Pleistocene forest-steppe”. Approximately 70 km away from the above mentioned
nature sanctuary (see Fig. 17) on the territory of North Kazakhstan (Kamystinsk forestry farm of
Kostanay region) these larch veterans occur in birch forest “islands” surrounded with young off-
springs (Fig. 18).



Fig. 18. Relict larches in birch forest outlier of Kamystinsk forestry farm of Kostanay region (a) and larch regrowth (b).
Photo by M. Semyshev.

age under its canopy. Photo by M. Semyshev.
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In the 1970’s, the Kazakh Scientific Research Institute of Forestry and Agroforestry ran a
high-profile project on creating experimental forest shelter belts (Bozrikov, Danchev, 1984). In the
former Kustanay region they mainly used birch and larch. Birch was later sufficiently harmed
during the herbigation, but larch survived. Furthermore, today larch forest shelter belts successfully
regenerate naturally (Fig. 19).

It’s a rather unexpected development due to the intensive growth on the western and south
area limits. Pure larch forests form a thick annual fall needle litter and larch canopy transparency
stimulates turf formation. All of that as a whole restrains natural seeding and as a result causes the
absence of regrowth. Having examined larch conditions on the Ufa plateau S. Konashova (2000 a, b)
states that the absence of larch regrowth leaves the future of those stands with no perspective to
rehabilitation.

Nature does nothing in vain: if in the natural larch forests in the north of the Krasnoyarsk
region, forest ungulates split the litter and turfy layer (Falaleyev, 1958), then in the anthropogenic
forests this function is fulfilled by cattle. As it was discovered in the Ekaterinburg and Kirov
regions, grazing of livestock causes a turf layer and litter disintegration and an increase of not only
a total amount of larch regrowth under the canopy, but also its part in relation to pine tree regrowth
(Konovalov, 1959a, Grozdov, 1960). Grazing of livestock might encourage natural regeneration of
larch in forest shelter belts on autumn fields in the Kostanay region. However heave litter
concentration around single larch trees is unlikely and conductive environment for larch regrowth
here is developed out of broken canopy of birch forest “islands” on sod formation resistant plots
(Fig. 18, bottom right). Yet in proper soil conditions, larch can grow further south on the territory
area-wise than the south most Naurzum pine forest of the Kostanay region (51°30 N, 64°15 E;
average annual rainfall is 233 mm; average annual temperature is 2.4°C). Larch tree plantations
outstanding now with great growth capacity and overall good conditions due to underwater draining
(Fig. 20) were formed in a herb-feather grass steppe on a dark-chestnut sandy loam soil of the
Dokuchaevsk plateau (oral report by M. Semyshev and T. Bragina).

7

Fig. 20. Larch plantations planted in Naurzum pine forest in 1965. Total area of 2 ha in 2013. Photo by T. Bragina.

Exceptional integrity of wood remaining on the north limit of forest vegetation allowed the
scientists of the Institute of Ecology of Animals and Plants of URAS (Ural Branch of Russian
Academy of Sciences) to reconstruct the polar border of larch spread by tree-rings and documented
that it sprouted in the Yamal peninsula at the beginning of the Holocene age, i.e. 9,000-11,000 years
ago. In the Holocene age, larch spread line consistently shifted to the south and three chronological
periods were defined: Eoholocene (10,500-7,400 years ago), Mid-Holocene (7,400-3,700 years ago)
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and Neoholocene (the last 3,700 years); during every mentioned period the spread line was
relatively stable. The last drastic shift of the larch north limit to the south fell on the second half of
Neoholocene (starting 500-700 A.D.) (Hantemirov, Shiyatov, 1999). It is related to the development
of a cool humid Subatlantic period and on the south line of the area that coincided in time with the
last larch expansion to steppe.

At the same time, around 745 A.D., larch intensively expands to the Polar Ural mountains.
The expansion lasted up to 13" century and reached 340 m A.S.L. at maximum tree size and stand
density in the comparison to the other periods and then the process reversed. Generally in the last
1250 years the larch timberline went down to 430-800m along the flank (Fig. 21, 22) (Shiyatov,
1995; Mazepa, 2011).

L
Fig. 21.Photographs taken in the same middle part of Transect 2 in 1983 and 2004, showing abundant old
woody remnants and contemporary uphill-dispersing larch (Shiyatov, Mazepa, 2011).
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Fig. 22. Distribution of various larch forest-tundra communities in the upper treeline ecotone in the early
1910s and 2000s; (a) —the area of the Rai-Iz massif; b —the Slantsevaya Mountain area; ¢ —the area of Chernaya
and Malaya Chernaya mountains (Shiyatov, Mazepa, 2011).

In homogeneous stands, there larch sets the productivity standards despite the growing
contradiction of Sukachev’s larch environment requirements to relatively mild climate conditions
on its western area line and thereby explaining it’s rarer occurrence in natural stands west from the
Urals.

In the northern taiga subzone on the Solovetskie Islands of the White Sea (65°N, 36°E), 47
year old pure species plantations of Sukachev’s larch have 400 m? per ha of standing volume and I
site index whereas in high pine and the spruce forests site index doesn’t go over V class (Polyakov
et al., 1986). In the same subzone in the vicinity of Plesetsk, the 189 year old larch forest reached
654 m3 per ha of standing volume. In general larch forests in the northern taiga subzone provide
1.5-2 times higher standing volume than pine forests (Kalinin, 1965).

In the middle taiga subzone on the Karelian Isthmus, Sukachev’s larch seeded by Fockel had
a standing volume of more than 1800 m? per ha by the age of 183 years which is 3 times higher than
the standing volume of native needle-leaved species (Fig. 23). In mixed coniferous-broad-leaved
forest subzone in Lithuania, 103 year old European larch in plantation had a 1084 m*ha standing
volume (Yankauskas, 1954); in Belarus by the age of 90 years —1132 m3/ha; in the Moscow region
at 60 years old —800-820 m?/ha; in Vladimir region at 76 years old —812 m3/ha (Polyakov et al.,
1986). Polish larch plantations at the age of 61 years in broad-leaved forest subzone in the
Ukrainian Polesye had a 771 m?/ha of standing volume whereas in the Carpathians 134 year old
larch plantation reached a standing volume of 1160 m?/ha (Nikitin, 1966).
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Fig. 23. Lindulovskaya Grove is a unique monument of domesi orestry. eningrad region, Vyborg district, oshchino
(http://dendrology.ru/books/item/f00/s00/20000009/st007.shtml). Photo by O. Yeviakhov.

Larch pure plantations in forest-steppe subzone on chernozems (Orel region) are
characterized by high productivity, reaching a standing volume of 528 and 803 m?/ha at the age of
50 and 80 years respectively. In the same subzone in the Ukraine in Sumy, Zhytomyr and Kiev
regions, Sukachev’s larch planted in chernozem sandy loam soil had a standing volume of 427, 643
and 979 m?/ha at the age of 32, 58 and 90 years respectively, which is three times higher in regard
to pine plantations under the same planting conditions and wood quality (Yablokov, 1934).

The mentioned numbers indicate negligible productivity differences of larch plantations by a
zonal gradient of the Eastern part of Europe (from North to South) and a balanced mixture of
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productivity factors for larch. However moving East to the more continental climate conditions on
the same latitudes, Siberian larch productivity on plantations decreases: in Povolzhye at 95 years
old its standing volume in plantations reaches 600 m*/ha (Karaseva, 2001), and in Krasnoyarsk
steppe at the age of 113 years it only goes up to 300 m*/ha (Panov, Shishiikin, 1998).

On the continentality pole (Yakutsk), natural larch forests (L. cajanderi) at the age of 130-
380 years have an average standing volume of only 100-150 m?/ha, and closer to the Pacific coast
(the Khabarovsk territory, the upper Amgun River) the 200 year old larch standing volume gets to
660 m*/ha. If in Yakutia larches are 27-28 m high at maximum, then in upper Amgun, they reach to
43 m and 45 m in Sakhalin (Kabanov, 1940; Povarnitsyn, 1949; Orlov, 1955; Pozdnyakov, 1975).

Within the main area in Eastern Siberia, the average larch forest height goes down from 36
m in the Valley of Gilyuy River (55°N) to 25 m if moving north to the valley of Indigirka River and
24-26 m on the steppe border in Mongolia if moving south (Dugapzhav, 1996). The crown shape
changes correspondingly — it goes from ovoid-pyramid shape under the better conditions to the
spherical and creeping shapes as a result of brose freezing in the north and to the flag shapes as a
result of one-sided dehydration caused by the cold breeze in sub-goltsy belt (Povarnitsyn, 1949).

In the low land conditions of the Siberian Far North, larch is able to survive stagnant
humidity or hydration, however on the rest of Eurasian territory, perhumid water-logged soil
disagrees with it both in the natural Siberian conditions (Povarnitsyn, 1941) and in the plantation in
Europe (Baranova, 2004). Larch plantations die on sandy soil from the moisture deficit in Belarus,
the Bryansk region, the Ukraine and the Buzuluk pine forest.

There are particularly many competing opinions related to larch cultivation where every
positive view on its cultivation issue plays off a complete opposite one (Biihler, 1886; Timofeyev,
1947). According to Miiller (Miiller, 1918), when it comes to common larch the cultivation of a
typical Alpine species on low land is considered as a natural occurrence. In relation to common
larch climate, requirement issue generally most of the western European specialists point at the
benefit and need of continental climate for a successful larch growth due to the Larix genus
historical origin (Timofeyev, 1947).

The nature of mixture with other tree crops is important for plantation survival; however in
this context, the examinations are also competing and sometimes are exactly opposite. There is for
instance a report (Kucheryavykh, 1948) that larch grows more successfully together with
broadleaved species. A. Verzunov (1975) differentiates their influence on larch and determines a
positive impact of the Tatarian maple and the small leaved linden and a negative impact of the
white birch and the ash-leaf maple on larch.

Due to the biochemical interactions through phytoncids, in a forest mixed with larch, 4 year
old birch reduces larch growth by 15-25% against the development excluded by the birch presence;
and at the same time birch increases its growth by 10-14% in comparison to a pure birch forest.
Unlike birch trees, in a larch-linden mixed forests the growth of larch increases by 20-24% and
linden growth by 7-16% in comparison to pure larch and birch plantations (Kolesnichenko, 1976).
Larch grows less sufficiently in the combination with birch than in pure stands and also in older
ages (Salmina, 1973).

During the first two decades after the planting the relationship between pine tree and larch
were in favor of the latter in the Middle Urals, on the flat lands of the South Urals and south of the
chernozem’ soil of Northern Kazakhstan (Kharitonov, Vidyakova, 1965; Shebalov, 1968, 1976;
Verzunov, 1975); hereby in below-ground sphere it was found that the larch root system was
developing towards the pine roots and by contrast the declination of pine roots from larch root
patches. The last phenomenon is also characterized for an above-ground surface: pine crown throw
(radius) is always longer towards the same species rows than to the side of confronting larches. Yet
at the age of 25 years, within the Northern Kazakhstan conditions the roles of these two species
change to the opposite and larch begins to fall short of growth in a degree proportional to the pine
share in the composition (Verzunov, 1975). According to V. Timofeev (1981), this kind of role
switch in the European part of Russia relates to the earlier age - 8-15 years.
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The similar pattern was laid down under the circumstances of a common upgrowth of pine
and larch in the Moscow and Vologda regions (Polyakov et al., 1986). Pine and larch plantations of
51 years of age grow successfully together on sod-podzolic soil of the eastern foot hills of the
Middle Urals (Talitsa), however the latter has started coming short of growth —by 10 % in height
and by 33 % in diameter (Kharitonov, Vidyakov, 1965). There is no more reliable information on
the combined larch-pine plantation development in the Ural-Kazakhstan region.

Interesting results came out on two lots of the 90 year old combined larch-pine plantation
planted on the Omsk forest-steppe chernozem’ soil. According to N. Gribanov, the share of larch
stand volume goes from 20 to 50% on the first lot and stays at 20% on the second one. On both lots
pines are distributed evenly. Since on the first lot larch was presented in isolated tree groups and on
the second lot, larch location had a random nature and it was suggested that the competitive
pressure on larch from pine was higher than it was from larch on pine (Kuzmichev, Sekretenko,
2001). It appears that all the attempts of combined larch growing with pine delivered negative
results in the central Russian and Western European areas in the long run (Klamroth, 1929;
Yablokov, 1934).

The mixture of larch and spruce is considered as the most advantageous one for the Moscow
region forests. In that case, stands are forming under the turf formation absence (Yablokov, 1934;
Tkachenko and others, 1939). Therewith larch spruce plantation gets higher grates based on the
aesthetic forest value scale (Kovtunov, 1962). However positive results of planting common larch
and spruce together in Western Europe came out only under the optimal larch growth conditions
(Klamroth, 1929), and there are some evidences that among the conifers spruce is the worse
component for larch (Kucheryavykh, 1948).

If all the attempts of larch plantation in the steppe zone of Ukraine didn’t bring positive
results (Nikitin, 1966), then there are numerous examples of a successful cultivation of this species
under extreme continental climate in the droughty steppe of Kazakhstan on the south forest line.
Larch in Aman-Karagay insular pine forest (Semiozerniy and Basamansk forestry farms of Kustanai
region) (52°20 N, 64°E) larch is characterized by a higher drought resistance, more extensive root
system and does not suffer from winter dehydration (Verzunov, 1986).

Siberian larch plantations put in leached clay-loam chernozem’ soil (310 mm of annual
rainfall) by Y. Sedlak in 1912 in the Kazakh Uplands showed great growth. Unique Siberian larch
plantations of 1904-1914 combined with pine, birch and brush on dark-chestnut soil in the steppe
zone beyond the south forest line (surroundings of present Astana, 270 mm of annual rainfall and 5-
8 m groundwater depth) are still in satisfactory conditions. Positive experience of larch plantations
in arid steppe of Kazakhstan in extreme continental climate does not mean that all the territory of
Eurasia beyond larch natural area can be used for its cultivation. There is no claim based on the
remaining larch stands that it grew successfully in the old days. Sometime afterwards, as a century
ago (Miiller, 1918), forester may ask again why larch cultivation was possible in 1900 and is not
possible in 2015, for instance? Good conditions of the old larch stands could be mandated by the
favorable combination of climate and soil conditions only in single locations. Ever increasing
aridization of the south forest area line cut down the number the habitat of that kind.

Tendency of larch area change can be determined by its rehabilitation ability in one region
or another. In this regard Siberian larch positions on the south area line in the South Altay
Mountains are rather inconsistent. Rehabilitation takes place in all forest types however it almost
failed on black forest earth throughout: under the dry conditions due to turf formation and soil
drying out, under the medium moistening conditions due to the developed grass canopy suppression.
Most successfully the process of natural rehabilitation occurs under a broken larch canopy in the
subalpine belt of the southern Altay (Povapnitsin, 1941; Lagov, 1961). The same process on the
Mongolian Khangai Mountains can be characterized as satisfactory but only on overripe
understocked areas (Dugarzhav, 1996).

Within the natural area in the Middle Urals, Sukachev’s larch has great rehabilitation
capacity under the canopy (Konovalov, 1959a), however further west there is no undergrowth due



29

to the developed ground vegetation and low germination capacity as a result and from the 1920s to
1980s the larch share in composition decreased threefold (Polyakov et al., 1986).

Larch plantation low rehabilitation capacity is also noted to the west and south of its natural
habitat mostly due to the same reasons: strong turf formation under transparent canopy specific for
larch and thick 10-15 cm litter (Yablokov, 1934; Verzunov, 1987). K. Klamroth (1929) also
referred to turf formation in single species plantations of common larch in the foot hill of Harz
supposing that the natural habitat of single species plantations of larch were located in the sub-
goltsy belt. It appears that turf forming is a circumstance of canopy transparence and forming of a
thick litter under the canopy is the result of extensive needle growth and fall hamper the natural
larch distribution both within and beyond its natural habitat.

The spread of larch within and beyond its area is also suppressed by the entomological
factor that doesn’t play a crucial role under the extreme climate conditions in the main larch habitat.
It is stated that 80-100% of latch seed in the Urals are effected by Lasiommalaricicola, larch tortrix,
dark pine knot horn, gall midges; and 90-99% of preserved seeds are empty (parthenocarpy). Seed
efficiency in the Polar Urals and zinc in the sub-goltsy belt of the Northern and Middle Urals is
almost four times higher than on the main territory of the Middle Urals and on the South Urals it
almost equals zero (Novozhenov, 1973). A similar occurrence is typical for the Khangai Mountain
belt where the activities of the mentioned above cone insects are more evident in mixed herb
foothill of larch forests. Cone infection rate there goes up to 90%. Under the extreme conditions of
sub-goltsy the belt cone insect activity slows down drastically and cone infection rate drops to 30%
(Yanovskiy, 1980). With the increase of the climate continentality and general hardening of the
environmental conditions, the harmful effect of the needle-eating and root insects (Siberian silk
moth and May beetle in particular) declines (Rozhkov et al., 1966).

It is known that green plantation stability to the damaging factors of the urban environment
is becoming a more pressing issue in proportion to the urbanization of the natural landscape, as then
the functional deviations on all the structural levels — cells, tissues, organs and organism — are
observed foremost among the conifers. Special research in Arkhangelsk, Tomsk, Krasnoyarsk,
Irkutsk and other cities showed that larch resisting abilities to damaging factors reveal also under
these conditions. It was found that the radial growth of larch practically depended on an urban
environment technogenic pollution level; larch crown 2-3 times less liable to defoliating and needle
decoloration as compared to spruce, pine, cedar and other conifers (Zhidkova, 2002; Kurovskaya,
2002).

Consequently natural spread of larch in Eurasia and the plantation survival beyond its area
are determined by the environmental conditions in which other species either cannot sprout or have
low leaf area potential. Developed adaptive reaction of larch including a deciduous status let it resist
extremely low temperatures, summer and winter dehydration and also damaging factors of an urban
environment. In addition to that, larch forms a well-lit, photosynthetic yield and nitrogen uses an
efficient crown that provides a level of atmospheric carbon fixation matched to evergreens.

As a typical continental climate species, larch has a continuous area on an immense territory
of Siberia at relatively low productivity and low density that goes beyond the area of other conifers.
However under milder and better forest growth conditions of the European and Far East parts of the
area, larch yields its leading positions to other species: its area becomes more “pierce”and it occurs
only combined with other species. West and south-east of Siberia, and with the reduction of climate
continentality, larch productivity level goes up and sometimes several times and outgoes in this
regard other species, but at the same time a set of growth conditions appropriate for successful
growth and reproduction of larch shortens.

Under this condition, intensive needle growth and metabolism with a transparent canopy
specific for larch encourage thick litter or turf formation that exclude natural reproduction. A thick
litter and turf formation and also massive damage of seeds by insect pests and diseases in the milder
climate and under better soil conditions become the factors limiting territory expansion of larch
even in more favorable growth conditions for it where larch is forced out by other tree species.
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On the south limit of the Eurasian forest zone in the sharp continental climate of the Kazakh
steppe, larch plantations are more resistant to the adverse environment in comparison to pine
plantations although the latter grows successfully here as a natural stand form with almost no larch
in it. In the Ukrainian steppe in the less continental climate, a general mortality of larch stands take
place, however pine cultivation there usually delivers great results.

The foregoing let us make a conclusion that larch can be successfully used in the urban
greening both within and beyond its natural area and in relatively mild and dry climate zones. The
above statement can be proved by the fact of a successful growth of larch on the streets of
Yekaterinburg and other cities.
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2. Scots pine (the genus Pinus L.) is “Cinderella”and the “Queen” of the Russian forests.

The genus of pine (Pinus L.) includes about 100 species spread in boreal and mid-latitude
zones and also in the mountain regions of the subtropical zone of the northern Hemisphere. There
are about 10 species in our country. The genus Pinus is divided into two subgenuses: five-needle
subgenus, or wingless seed cedars (Haploxylon) and two-needle pines with winged seeds
(Diploxylon or Pinus).

Scots pine — Pinus sylvestris L. belongs to the Sylvestres species of two-needle Pinus
subgenus (Bobrov, 1978) and in terms of area is the most common species of the genus Pinus in
Russia and among conifers only larches occupy a bigger area than pines. This a large evergreen
whorl-branching light-demanding tree with a transparent crown. Its needle foliage is adapted to
conservative water consumption, tolerates temperatures of -50°C to +50°C and lives for 5-6 years
(Mamaev, 1983). The bark is thick, scaly dark grey-brown on the lower trunk, and thin, flaky and
orange on the upper trunk and branches (Fig. 24).

Fig. 24. Scots pine (Pinus sylvestris L.): I -
General tree image; 2 - Two-needle spur shoot; 3 - A
branch with male and female strobiles; 4 - A female
blooming cone consisted of macrostrobiles; 5 -
Macrostrobile (a — seed scale with two seedbuds, b —
cover and seed scales); 6 - A branch with a
hibernating cone (a) and a matured cone (b); 7 — An
open mature cone after a jactitation;, 8 - staminate
cone built of micro strobiles; 9, 10 — microsporophyll;
11 — pollen; 12 — A sclerotic seed and cover scales
with a corymb; 13 — sclerotic seed scale with two
winged seeds: 14 — winged seed (Forest Encyclopedia,
1986).

A Scots pine usually grows to 40 m in height and has a 1,5 m trunk diameter. There are
however some exceptions: in 1990 in the Carpathian region, the author happened to see a unique
100 year old natural stand of scots pine with alm thickrhizosphere layer and limestone litter. Giving
that the stand was 60 m tall, the crown was concentrated on the 4-5 meter upper trunk. For some
reason this pine is lacking of a seed reproductive ability and the local forester tried to spring it using
the grafts brought by rock climbers.

Sometimes there are dark-bark mutants of Scots pine and one of its unique species occurs
nowadays in the Borovoy experimental forest district in the Buzuluk Coniferous Forest in the
Orenburg region (52°40° N, 52°10” E) in section 97 (Fig. 25).

According to the data (Tkachenko and others, 1939; Mamaev, 1999) the lifespan of pine is
up to 500-600 years. However these kinds of “Methuselahs” are no longer found in the Russian pine
forests because if they don’t burn down then they occasionally get to cut down. A rare exception is
the 500 year old single pines in Udmurtia (Fig. 26a).

There is a 350 year old pine in Buzuluk Coniferous Forest in the Orenburg region and it’s an
age mate to Peter the Great (Borovoy experimental forest district, section 218, division 17).
Apparently the tree was registered during the first forest establishment in 1844 (the third forest
inventory in the Russian history after Lisino and Elk Island) and survived despite the occasional
total crown fires due to growing on a sandy low hill in the middle of the once surrounding bogs
(Usoltsev, 2008).
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Fig. 26a. A rare example of a 500 year Fig. 26b. Aged (Elderly) pines and their young generations

old Scots pine in Udmurtia, Yegorovtsy village. | (offspings) in the morning fog. The Middle Urals, Nizhnie Sergi.
5.3 m stem diameter | Photo by V. Usoltsev

(http://www.geocaching.su/?pn=101&cid=10106).

5,000 year old Pinus longaeva D. K. Bailey that grow in Utah, Nevada and California
(U.S.A) and 2,000 year old Pinus aristata Engelm., or Bristlecone pine, which occur in Colorado,
New Mexico and Arizona (U.S.A.) are the oldest pines on the planet (Elias, 2014). In California
there is the Methuselah tree that got its name after one of the ancestors of the mankind that lived for
969 years. The estimate germination date is 2831 B.C., i.e. it came to life when a human being just
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started tilling the land (Fig. 27). As of 2015, the approximate life span is 4850 years. In its lifetime
it witnessed Columbus’ discoveries and was contemporary with Egyptian Pharaohs. The tree grows
among several old pines, the tallest one is 10 m in height and the rest of them are about 3 m tall.
The tree is growing high in the mountains at heights of 3,000 meters
gllt_gp:_{_/www.rumbur.ru/nature/S9-dolgojiteli).
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Fig. 27. The world s oldest pine - 4846 year old Methuselah tree, California (U.S.A.) http://lifefacts.ru/sosna-
mafusail-samyiy-staryiy-zhivoy-organizm-na-planete-4/).

Artistic people don’t pass by those forest veterans. The Ural painter captured a dramatic
moment in a forest: for the whole long life a pine doesn’t have a young generation; it is getting
surrounded by birch springs (Fig. 28).
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Fig. 28. An old giant pine in the spring round dance of birch coppice - by the Ural painter Gennadiy Mosin.

Scots pine is a pioneer tree with a short territory attack period. Winged seeds and good
floatation ensure high migration potential of pine. Seed migratory range downstream can reach up
to a few hundred kilometers per year (Sannikov, 1976; Petrova, 2003).
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Scots pine is adapted to both black soil and sandy soils. It forms frowy wood withwide-
ringed pine. As a result, sometimes a trunk falls to pieces during tree cutting and hitting the ground.
Such conditions are typical for instance for Scots pine planted in the steppe of Velikoanadolskiy
Forest park (Donetsk province of Ukraine) that was established by V. Graff in 1843. The foliage of
this type of pine only lasts for a 1 — 1.5 years. On the contrary pine forest growing in sandy soils
form a firm narrow-ringed wood (“close grain” pine) and roots can get 6 meters deep trying to reach

ground waters; under these conditions pine sometimes presents a “survival” standard (Fig. 29).
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Fig. 29a. Scots pine getting out of a sand | Fig. 29b. Loneliness. Photo by O. Belyalov. Fig. 29c. Agony. Photo
dune. Photo by Yu. Kuydin. by N. Nasryeva.

Scots pine has the largest ecological amplitude and is widely distributed in the contrasting
regions in terms of climate and site conditions. It doesn’t depend on warm conditions in the north
and drought resistancein the south. Pine environment is specific under dryland conditions is that
stands often “rebirth” by the regeneration of tree tops from lateral branches (Fig. 30). V. Nesterov
came to the conclusion (1949) that the “drying of pine tops and formation of a new crown from
lateral branches is typical for Buzuluk Coniferous Forest” (p. 67), herewith the process of tree top
drying and rehabilitation alternate in time. Under this extreme growth conditions up, 95% of root
systems unite/fuse togetherdelivering animprovement ofadaptivepotentialin general (Fig. 31). As a
result of the root grafting during decades you can see an increment accretion stumps.

Fig. 30. Pine architectonics under normal growth conditions
(a) and three times regenerated pine after drought seasons under
humidification deficit conditions (b) in Buzuluk Coniferous Forest,
section 137 (Nesterov, 1949). Calendar years are marked with
numbers.
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Fig. 31. Root system structure in a 120 year old pine forest on a sampling area in Kazakh Uplands, trees are
marked with numbers, root-grafting spots are circled (Koltunova, 2013)

A similar “renewal” phenomenon of pine in the “written-off” plantations, i.e. already
excluded from the forest fund, was registered in Aman-Karagay pine forest in Turgay Depression
(Northern Kazakhstan) when after the drought season in the end of 1970s, supposedly 10-15 year
old written-off Scots pines turned to be in good conditions at the end of the 1990s and were defined
by a steady growth with newly formed tops. However after decapitation on seed plantations
detached tree tops usually do not rehabilitate (Fig. 32).

Fig. 32. Topped scots pine with no height growth
on a seed plantation in Buryatia; 45 years old, topping
height is 4,5 m (Tarakanov and others, 2001).

In the Pleistocene age pine expanded from
the Western Siberian to the south, to the Kazakh
Uplands, Turgay Depression and to the Southern
Urals. Since The Atlantic Age due to the
warming pine as a light demander and thus -
uncompetitive species was supplanted on the west by broad leaved species and gave its place to
steppe on the south. Within the area pine always was supplanted to poor sandy soils, to limestone
and chalk outcrops (Fig. 33) and on the north to sphagnum bogs (Fig. 34), in other words to the
habitats where there was no competition (Bobrov, 1978). Scots pine mostly expands in the taiga
zone where it is often affiliated to sandy relief elevations and a river valley terrace and also builds
up unique sphagnous pine forest communities on bogs. Further East pines avoid regions of
continues permafrost areas and occupy large areas in the Middle Siberia.
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Fig. 33. P. sylvestris f. cretacea Kalenicz. ex | Fig. 34. Scots pine (P. sylverstris L. f. sphagnicola) on a peat bog
Kom. on the chalk outcrops from Bryansk to (http://www.roadplanet.ru/home/reports/1215/)
Slavyansk (Forest Encyclopedia, 1986). Specially
protected type of Scots pine.
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Today in better conditions pines are not capable to compete with spruces, firs, Siberian pines
and are displaced by them to the worse habitat areas; pines usually dominate on dry sandy soils and
boggy grounds. Although due to a deep root system and a thick bark, pines suffer less from forest
fires then spruces, firs and Siberian pine and that’s why the most part of pine forests was formed
after fires on dark coniferous forest areas (Sukachev, 1938).

In the Pleistocene age, Western Europe was covered with tundra and forest-tundra and
coniferous forest were pushed to the south beyond the Alps. In the Holocene Scots pines restore its
area in Western Europe. In the middle of the 19" century, buried Scots pine stumps related to the
first half of the 16" century were discovered in The Forest of Compiégnenear Paris, but later pines
were supplanted by deciduous species. In the historical time P. sylvestris forests covered the most
part of the Great Britain and some of them remained up till today in Scotland (Fig. 35) and on some
islands of the North Sea (Jenik, 1987).

Fig. 35. Remaining parts of Pinus sylvertris forest in
Scotland (Jenik, 1987).

In relation to the relict pines of Scotland let’s
make a retrospective journey into their ancient history
(see Fig. 35). Sprouts of pine “forefathers” so called
“Norfolk Island” pines can be tracked back to the depth
of the centuries (Fig. 36a). There is a unique paper by
unknown author about the discovery of the most ancient
forest of fossilized Norfolk Island pines in the “Forest
Journal” (Lesnoi Zhurnal), no. 23, 1847. Here are some
snippets:

“On the Isle of Portland near England coast there
is one of the most wonderful memorials that witnessed
revolutions taking place on the planet. This is the forest;
the trees have stayed in their place with all the roots on
the primitive soil that was fossilized under the water
actions that once gained on this country. This fossilized forest withstood the ravages of time in
order to become an object of botanical research. Humus is 12 to 18 inches deep, tops a calcareous
layer, it is black and dark brown in places and consists of decomposed vegetation, clay and silicon.
The tree, which roots often go deep to the second calcareous layer, grows close to each other and
mostly broken... The trunks are up to 30 feet in height and according to the researchers, belong to
the Norfolk Island pine species (Araucaria excelsa) and are not found in this form anymore. There
are stumps in the shapes of a pineapple and an artichoke by their feet (Fig. 36b). ... The Isle of
Portland forest does not include any plant substance: it has tuned into a transparent stone allowing
seeing the inside of a former plant so that its elements are subject to study” (p. 183).

Then this unknown author tries to explain the phenomenon of this tree in a historical context.
“Once it also grew in Europe and by its structure resembled a palm tree also having some conifer
and fern features. In this transition from one family to another you can trace a common link that
connects plans with each other and brings them to some primitive species. The image of this fossil
space gives an idea of an inconsistency of the climate and geographical location of countries. The
calcareous layer of soil is full of sea shells; hence it’s fair to suggest that before plants first appeared
the sea was covering all the space of this part of England. Little by little the solid mass was rising
above waves, grew over and produced a plant fragment and, finally, there was a whole forest and
then being high above the sea level only during a certain amount of time the isle was covered with
water with all the plants on it again. ... From there the country went a few hundred feet down to the
depth of the sea and then rose up again right before us as we see it today. A part of the layer




37

covering the forest was washed away with water streams; it came out of the gulf, was washed to a
steep shore and now is exposing all the secrets of the great revolutions of the primitive world.
Besides that, this country suffered a lot of local changes; for example, some parts of the forest area
declined already after the vegetation development and some of the trunks stood crooked...” (p. 184).

(Ouswaniian Hopeoieisa saenn)

Fig. 36a. A sketch of the Petrified Forest on the Island of | Fig. 36b. A petrified stump of the Norfolk Island pine (The
Portland on England coast by an unknown author (The | Petrified forest..., 1874).
Petrified forest..., 1874).

Fig. 36¢. Norfolk Island pines (Acaucaria | Fig. 36d. Norfolk Island pine lace | Fig. 36e. Norfolk Island pine in
heterophylla) in the modern Australia | radial fronds (Rychagova, Natapov, | Gondwana — the tree of
(http://www.shutterstock.com/s/"araucaria+heteroph | 2004). dinosaur  age  (Rychagova,
yila"/search.html). Natapov, 2004).

Apparently the mentioned above author insisting the Norfolk Island pines (araucarias) do
not occur anywhere else was wrong. Araucarias (total approx. 40 species) have a reputation of
“botanical hermit” and they grow in separate groups mostly in the Southern Hemisphere on the
continent of the former Gondwana: in Australia, Southern America, New Guinea, New Caledonia,
New Zealand. And only the Norfolk Island pine (Araucaria excelsa, or Araucaria heterophylla)
reaching 40 meters in height and having a 1 meter trunk in diameter ended up “in a lucky island
isolation” (Rychagova, Natapov, 2004).

The Norfolk Island pine is indebted to the British navigator of the 18™ century captain James
Cook for its discovery and name. On October 10" 1774 the captain and the naturalist, J. R. Forster,
accompanying him, came ashore of a small deserted island in the Pathetic Ocean. The mountain
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island was overgrown with gigantic deep-green trees looking like pines. The explorers were amazed
not only with the gigantic tree size but also with an image of branches never seen before. The
samples of this tree were transferred to the London Royal Botanic Gardens. Later it was proved
there that the samples belonged to the Araucariaceae family. Cook named the discovered island
Norfolk in honor of a proud name of his compatriots, and the trees were dubbed Norfolk Island pine
and included Araucaria heterophylla species (Rychagova, Natapov, 2004).

Norfolk Island pines come under the notion of pagoda trees — their shoots grow as horizontal
layers and due to their location, a tree outline causes association with a pagoda (Menninger, 1967)
(Fig. 36b). Norfolk Island pine has wide lace radial branches looking like fronds and slowly taper
with the distance from the trunk (Fig. 36d). Casting symmetrical branches leave unique clear hoops
(Rychagova, Natapov, 2004).

Based on numerous fossilized molds, in subsurface rocks of the Triassic and Jurassic periods
Norfolk Island pines first appeared more than 200 million years agoon the Northern and Southern
Hemispheres including the territory of former Gondwana. During that time dinosaurs prevailed in
the animal world (Fig. 36e). Perhaps it is not a coincidence that the idea of the writer of Jurassic
Park, Michael Crichton’s, and genetic material of dinosaurs was abstracted from the Mesozoic
bloodsucking insects sealed in ancient amber. Traditionally it was considered that amber originated
from the fossil pine (Pinus succinifera), however using the modern infrared spectrometry it was
discovered that amber originated from araucaria gum (Rychagova, Natapov, 2004).

Hence the origin of our “Cinderella” and “The Queen” of the Russian forests possibly dates
back to the age of dinosaurs and the tree that has out lived them by many millions of years inspires
a special respect.

P. sylvestris area is the largest in comparison to the other tree species areas and is
characterized with a wide range of climate conditions. This species grows in the most natural zones
of Northern Eurasia. On the north—west it reaches the North Sea Islands, on the Kola Peninsula as a
prostrate tree it forms the norther forest line at heights of up to 500 m, on the far east side of
Siberian, it spreads up to the Sea of the Okhotsk coastline, on the west — up to Switzerland and on
the south pine forests get to the border of the steppe (Fig. 37).

Pine avoids regions of a complete permafrost occurrence. That becomes the main obstacle of
pine spread to the north, and pine there has adjusted to the harsher conditions than in any other taiga
regions. Under the same overground phytomass amount of pine on non-permafrost and of larch on
permafrost root mass in the first case which will be twice smaller than in the second one that is
determined with the deficit of nutrients and a corresponding compensation effect (Kajimoto et al.,
2006) (Fig. 38).
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Fig. 37. Scots pine (P. sylvestris L.) area on the territory of the former USSR (Forest encyclopedia, 1986).
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Fig. 38. The relation between aboveground biomass and coarse root one in pine and larch forests in Siberia (Kajimoto
etal., 2000).

Due to the permafrost ubiquitousness and well developed moss layer on the growth limits
during the evolution, pine has developed a capacity to successfully sprout on burned spots after
forest fires where there are optimum conditions for reproduction and congelation goes up to 2
meters deep. Pine maintains its positions until the ground vegetation development and soil
hydrothermal regime deprivation becomes the obstacle to the natural regeneration that also causes a
supplantation of pine with the other species (Boichenko, 1970).

From the North to the South of Western Siberia, in the direction from forest-tundra towards
the north, middle and south taiga and then to forest-steppe and steppe average volume of mature
growing stocks are 70, 116, 138, 128, 193 and 134 m’/ha respectively (Taran, 1973). Hence the
ecological optimum (most favorable combination of warmth and moisture) of Scots pine on the
horizontal gradient is located in forest-steppe subzone (Gabeyev, 1990).

P. sylverstris area is regressing and fragmentary on the Far East. There pine is a relict
species that survived the past period of its more abundant distribution. East from Amgun-Bureya
interfluve pine does not grow anywhere under the oceanic climate conditions and all the occurrence
spots affilialed to the continental climate conditions. Negative attitude permafrost, sandy soil
preference and poor development on clay soil leaves pine a limited number of possible habitats
where it’s capable to lead and compete with other species (Kolesnikov, 1945).

The south area line of Scots pine isn’t determined due to implicit distinction between the
continuous and outlier distribution regions. Keppen (1885) provides a list of the main pine outliers
on the European part of Russia that “in the old days were directly connected to the continuous
distribution region” (p. 81): Polesye and also along the Dnepr River on sandy soil up to 49°N, along
the Psel, Vorskla, Severski Donets, Oskol, Don, Bityug and Oka rivers (in former Kyev, Poltava,
Kharkov, Kursk, Voronezh and Tambov provinces).

In the Asian part of Russia the south distribution line of Scots pine is represented with the
pine forests: Buzuluk, Dzhabyk-Karagay pine forests, pine forests of Turgay Depression (Ara-
Karagay, Aman-Karagay, Kazanbasy and Naurzum), the Kazakh Uplands pine forests, the ribbon
pine forest of Priirtyshie, Bayano-Karkaralinsk upland sparse forests, pine forests of Kalbinsk range
and the ribbon pine forest of the Minusinsk lowland on the south of Krasnoyarsk region.

Keppen (1885) writes that “in ancient time the present Orenburg steppes abounded with
great forests that afterwards were destroyed by semi-wild Asian nations being nomadic here up to
the begging of the 18" century” (p.109). However at the end of 19" century, according to the
articles 119 and 120 of “The Steppe Provision” lands of Akmolinsk (present Astana) region as a
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part of Steppe Governorate General and spreading to the border of Tobolsk province, occupied by
nomads are declared to be state property but at the same time remain “in permanent public
utilization of nomads... Hence having the right to be nomadic in forest lands the Kirghiz are
allowed to forestage and only in the recesses the common law to collect fallen deadwood and
branches for free is applied” (Yatsenko-Khmelevskiy, 1908. P. 60).

Developed in the Pleistocene, a continuous pine forest belt to the south of the west Siberian
Plain nowadays is split into 5 isolated pine forest massifs that represents an intrazonal phenomenon
in the semi-dry and dry steppe zone (Fig. 39).
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Fig. 39. Steppe pine forests of Kazakhstan and the Altai Territory. I — Outlier pine forest of Turgay
Depression; Il — Pine forests of the Kazakh Uplands, III — The ribbon Pine Forest of the Ob—Irtysh Interfluve; IV —
Bayano-Karkaralinsk upland sparse forests;, V — Pine forests of Kalbinsk range; 1 — present pine forests; 2 —
disappeared pine forests (Gribanov, 1960).

A land area of the most south pine forest of the Turgay Depression Naurzum pine forest (51°
30°N, 64°15’E) was about 5.5 thousand ha in 1884, decreased by 82% (Tekhneryadnov, 1959) and
was about 1 thousand ha by 1940; according to Keppen, the Naurzum pine forest is “an ideal oasis
in a desert” (Fig. 40). By 1970s the land area decreased by 90% more as the result of forest fires
(Smetana, Malanin, 1974). With annual precipitation in Naurzum, that in the last 20 years was
about 217 mm the groundwater level didn’t go above 4 m (Tekhneryadnov, 1959), however all the
attempts of an artificial regeneration of pine on wind-blown sand remained after the fires didn’t
succeed. The only method that delivered a positive result in the 1980s was a planting in the broken
with a digger ground that would protected seedlings from sand abrasion and at the same time draw
the groundwater level nearer to the roots, but for obvious reasons was not suited for use on long
distance burned areas. Nevertheless, planted in broken ground pines of the 1980s are well preserved
and continually grow today.

Fig. 40. Pine forest on Naurzum nature reserve on
sandy soil. Photo by O. Belyalov (Bragin, Bragina, 20006).

The Kazakh Uplands (see Fig. 39) is an
ancient folded rock land formed with sandstones,
conglomerate, prostrate trees and limestone. This
rock mass is torn with a granite intrusion of a
different age. Long continental regime led to the
wide spread of weathering crust on the bed rock. An
average annual precipitation is 444 mm. Pine grows
on granite on the slopes and on mountain tops at up
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to 600-1000 m high forming a rocky pine forest (Fig. 41). 15 meter trunks are usually covered with
lichen. Longevity of the needles is up to 9-10 years.
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Fig. 41. Rocky pine forest of the Kazakh Uplands in the northern Kazakhstan: (a) the view to the Borovoe Lake
from the Sinyukha Mountain (947 m a. s. 1.) and (D) the view on the Blue Bay of the Borovoe Lake: there is Okzhetpes
Rock (“An arrow can’t reach”) in the background on the right and there is Zhumbaktas Rock (“Rock of mystery”, or
Sphinx) on the bottom. Photo by Kuydin.

The ribbon pine forests of Ob—Irtysh interfluve (see Fig. 39) originated on the ancient sand
banks formed due to melt waters of Altai ice flow that brought lots of sedimentary rock from the
mountains. The ancient flowing dells like five parallel ribbons cut the steppe from north-east to
south-west being starkly different from the surrounding environment by terrain, topsoil and
vegetation. Among all the dry pine forests of the south pine area limit, the ribbon pine forest of
Ob — Irtysh mmnterfluve are under the worse climate conditions in comparison to the Buzuluk pine
forest, Turgay insular pine forests and Minusinsk pine forest.

Bayano-Karkaralinsk upland sparse forests (see Fig. 39) have features of highly rugged
rocky low mountains or flattened hills with soft landscape (Fig. 42, 43). Rocky low-hill terrains are
built with granite intrusions and appear in the shape of small (100-400 km?) isolated stocked woods.
As a result of forest fires the land area of pine sparse forests there decreased: between 1816 and
1949 in Bayanaul by 6 times and between 1901 and 1955 in Bakhtinsk pines forest by 10 times.
Despite the southward extended location, arid climate features in Bayano-Karkaralinsk low
mountains are significantly less prominent than in the ribbon pine forests of Priirtyshie (Tokarev,
1969).
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Fig. 42. Scots pine on “layer-pie” of Fig. 43. Scots pine against a (on top) and on b (on the
granite slabs in the Karkaraly National Park. | bottom) gigantic granite exposure in the Bayanaul National park.
Karkaralinsk upland sparse forests with the | Bayanaul sparse forests with the highest elevation point of 1027 m
highest elevation point of 1403 m A.S.L., western | A.S.L. (Akbet mountain top), southern part of Pavilodar’ region,
part of Karaganda’ region, Central Kazakhstan. | Central Kazakhstan. Photo by Belyalov (Ogar’, Ivashchenko,
Photo by Bondin and Yakushkin. 2006).

One of the pine characteristics in these sparse forests is large seed production and high
progeny quality of seeds (96-99% of germinative capacity). The amount of cones is almost 30 times
higher than in the main forest belt of Russia. Here pine finds the optimum conditions for sprout and
survival in the poorest and driest rock habitat revealing the most competitive abilities against
grassland and scrub vegetation. Ground forest fires destroying steppe vegetation encourage pine
regeneration in sparse forests: on fire-sites the regrowth amount is 5-6 times higher that on land of
pieces that were not touched by fire. However due to the high fire frequency their positive role
comes to nothing since the regrowth suffers the most from the fire (Tokarev, 1969).

Three ribbons of Minusinsk pine forest located on the south-east edge of the Minusinsk
lowland are the eastern analogue of the Ob-Irtysh interfluve ribbon pine forests (Fig. 44). They
were shaped on lake and river deposits of once powerful and now shrinking rivers which valleys
spread in the direction from the north-east to south-west, from the Tuba River to the Yenisei and are
accompanied with upland fringes and dune hills down the river stream. Overall the Minusinsk pine
forest has better habitat water availability characteristics than Kazakh pine forests. Longevity of
needles in Minusinsk pine forest is up to 6 years.
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Fig. 44. Layout of the Minusinsk ribbon pine forest on the south-east of the Minusinsk lowland (Orlovskiy and
others, 1974).

Pine forests are characterized as the most fire-prone forests. Fires cut down the land area of
the Dzhabyk-Karagay pine forests on the south of Chelyabinsk region to 60,000 ha and once
together with the other isolated pine forests in the south of the region, it used to be one united large
area of tall-trunk pine (Mamaev, 1999). Pine forests that survived on the south edge might be
completely destroyed by the forest fires that are devastating to nature (Fig. 45) and year by year are
becoming more frequent due to the aridization of the southern forest area part (Shvidenko,
Shchepashchenko, 2013).

The Buzuluk pine forest is under the most danger since there are about 160 oil-wells there
(Fig. 46). In 1974 after the large oil leak and heavy forest fires the oil wells were suspended. In
2002 the National Nature park establishment campaign was started on the territory that previously
was under the jurisdiction of “the Buzuluk pine forest” forest administration. The director of the

Steppe Institute of URAS Alexander Chibilev led the planning project.

Fig. 45. Crown fire is a tragedy for all forest flora and Fig. 46. Ticking bombs in the Buzuluk pine forest —
fauna (Forest encyclopedia, 1986). the wells are still effusing water and oil mixture. Photo
by Chibilev (http://www.nkj.ru/archive/articles/21437/).

Chibilev’s achievements as a scientist and steppe specialist do not raise any doubt and his
work deserves respect. However after the new “Forestry Law” backed all the foresters into a corner,
he took advantage as the “main ecologist” of the region. Upon that he excluded all the research
foresters of the Forestry Department of the Orenburg State Agrarian University from the project,
moreover with the support of oil business owners he started a bullying campaign against foresters in
mass media, on all the TV channels, in the newspapers and on the radio under the slogan “Foresters
are the forests’ main enemy”.

Chibilev got to work being armed with “landscape and ecological knowledge” without
acknowledging forestry basics known by every forestry department student. The research results by
the research foresters of several generations in the Buzuluk pine forest (G. Morozov, A. Tolskiy, S.
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Korzhinskiy, V. Sukachev and many other) were ignored. In the “Ecological-economical grounds
for the foundation of a national park” (2008) Chibilev set himself up over the Russian classical
foresters: “Foresters and wood cutters think that they and only they know the life and issues of a
forest” (p.135). The soil scientist A. Klimentyev (2010) also associates himself with his chief and
institute colleague: “So called “technical” management forced by men destabilizes the structure of
pine forest ecological community which life is based on the principals and “recipes” that know no
equals among physical systems offered by people” (p. 371).

By Chibilev’s project (2008), more than 70 “utility zones” around the suspended wells are
excluded from the national park land use (Fig. 47). He assures that according to the project, there
will be no oil production in the Buzuluk pine forest. However if the project does not provide for the
oil production in the “utility zones” around the wells what benefits did “Buzulukneft” of “TNK-BP
Holding” pursue funding the print publishing of the mentioned “Ecological-economical grounds”?
Yet “Buzulukneft” is already producing oil at both on the pine forest land (Komsomolskiy village)
and peripherally (Troitskoe and Pasmurovo villages and other). Oil production numbers (URL:
http://www.orenburgneft.ru/press/news/?year=2009&month=08) and unavoidable oil spills (URL:
http://www.ecoindustry.ru/news/view/9175.html) increase year by year.

P

P i d """"

o o i o, WY
a e 3'__’ o —
o ! 1_:_L =% - '.;'1:- T g
h:?— — S iy h_:. & ﬁ'
T T . e il . g ® -

B kni
L e,

Fig. 47. Map of the national park “Buzuluk Pine forest”. “Utility zones” around the wells are parked with red
circles; present mining allotments are marked with green, forestry sections are marked with circled yellow numbers
(Chibilev, 2008).

Chibilev holding himself out as a “fundamental science representative” forbade any kind of
interference in forest ecosystems including sanitary felling and deadwood cleaning. He turned the
Buzuluk pine forest into a “profound rest zone” by setting it up for a transfer to absolute deadwood
abundance” and an ecological disaster zone taking into account oil splits.

Over the course of its history, the Buzuluk pine forest burned multiple times. According to
Keppen’s witness (1885) 5,000 ha of the Buzuluk pine forest burned down only in 1843. As a result,
about 60,000 ha remained and again in 1868 another 3,600 ha burned down. However the foresters
regenerated it occasionally and now it appears as a specific artificial ecosystem to the wide extend.
As known, artificial forests are less resistant to damaging factors than natural ones. Now the pine
forest can only exist in a so-called “managed forest” status. It’s a common biological law: no wild
animal raised by a human survives going back to their natural environment. That’s why quoting
Antoine de Saint-Exupéry, “You're responsible for what you have tamed”.
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It’s impossible to bring the Buzuluk pine forest back to the unspoiled condition using the
methods that are forced into application by the ecologist and steppe experts of the mentioned
institute particularly considering growing human pressure and aridization of climate. The main
curse of the pine forest is not the foresters as Chibilev thinks, but a pine fingus (Fomitopsis
annosa) — a basidiomycete and a dangerous agent of brown pocket rot in the middle part of roots
that causes extensive windfalls. Foresters used to manage this trouble one way or another but today
it turns this “rest zone” into a burial ground of the forest. Another curse is a pine sawyer
(Monochamus galloprovincialis). Since even a sanitary felling and deadwood cleaning are
prohibited in the “rest zone,” old pine forests that used to be cut down forechand now turn into
windfall timber and thus sawyer reproduction spots that also has started spreading on old by still
growing woods. According to the scientific forecasts climate aridization especially on the south
forest zone ultimately leads to more frequent insects epidemics and extensive mortality (Shvidenko,
Shchepashchenko, 2013) and thus further debris-strewn forests.

As the result “landscape ecologist” activity passed a final death sentence on the pine forest
and if this “fire pit” dished up with some oil inflames as it already happened on the European part
of Russia in 2010, then a desert or in a better case-scenario a steppe beloved by Orenburg
“landscape ecologists” will replace the pine forest. They are convinced steppe is more productive
and is a better carbon depositor than the forests, which by the way disagree with generally known
facts.

An extensive area of Scots pine determines its strong geographical changes and in
consequence of which it is represented with lots of different species and subspecies, forms and
mixes (Pobedinskiy, 1979). A top mountain zone in the Carpathians and the Caucasus region is
often covered not with snow but with mugo pines, or mountain pines in a prostrate tree form (P.
mugo Turra) occurring also in the mountains of middle Europe, Northern Italy and the Balkan

Peninsula and was included to Montanae species by E. Bobrov (1978) (Fig. 48).
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Flg 48. Mugo IPine (Pinus mugb Trra) in the Teberda National Park in the Caucasus (a) and in the Rila Planina
Mountain at 1800 m A.S.L. in Bulgaria where its branches rich 20-25 cm thick and 4-5 m in heights (b). Photos by V.
Simonenkova and S. Goroshkevich (http.//pocxeounsie.pp/index.php? page=user&login=gorosh).

In the Caucasus, P. sylvestries forms a pine subspecies (P. sylvestris L. ssp. hamata (Stev.)
Fom.) that has been lately marked out as an independent species P. hamata D. Sosn. (Bobrov, 1978).
P. hamata D. Sosn. is widely distributed in Crimea and in the Caucasus and reaches to the boarder
of Turkey; often occurs as a single species plantation in the Kura Gorge, in the Borjomi
surroundings sometimes occupying several thousand hectares (Fig. 49). Pine here is under 280
years old and up to 30 m in height. Together with birch trees, pine often forms a forest line as high
as 2500 m A.S.L. keeping trunks straight and slim and not higher that 6-7 m (Keppen, 1885).




Fig. 49. Pinus hamata moutains Fig. 50. Umbrella pine or stone pine Fig. 51. One of a kind the Pitsunda
(P. hamata D. Sosn.) in the (P. pinea L.) is typical element of the pine grove (P. pithyusa Stev.) on the
Caucasian biosphere reserve Mediterranean landscape and is the Black Sea shore in Abkhasia.
(Forest encyclopedia, 1985). cultivated in the Crimea and in the Crimean Caucasian flora relict

south Caucasus as an ornamental (Forest encyclopedia, 1986).

plant. Stone pine has an open

umbrella-type crown, seeds are eatable

nuts that are bigger and taste better

than Siberian pine nuts (Komaskella,
2002).

Fig. 52. Eldar pine (P. eldarica Fig. 53. Weeping pine (P. Fig. 54. Jack pine during the blossom
Medv.). patula Schlecht. et. Cham.) on season in the Komsomol Park in
the Caucasian Black Sea Viadikavkaz, North Ossetia (Gabeyev,
shore (Forest encyclopedia, Olisayev, 2004).
1986).

Two other species of pine - Pitsunda pine (P. pithyusa Stev.) and Eldar pine (P. eldarica
Medv.) are characterized with a local distribution in the Caucasus; the first one occurs in the lower
alpine of the Greater Caucasus Mountain Range along the Black Sea coast line, the second one
distribute in the lower alpine of the Eastern Transcaucasia on Eliar-Oug Mountain. Both species
refers to the specially protected plant group. E. Bobrov (1978) included Pitsunda pine that is also
known as Corsican pine (P. brutia Ten.) to Halepenses subdivision. The spreading crown of the
Pitsunda pine bares similarity to the crow shape of the umbrella pines (Fig. 50). There is only the
large Pitsunda pine grove on the Pitsunda cape where it grows well on the sandy seashore (Fig. 51).
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The Eldar pine (P. eldarica Medv.) is a distinct xerophyte and grows as an open stand on
stiff slopes on stony soil with clayey sand. It’s a beautiful relatively tall tree reaching 15-20 meters
tall with a wide slightly spreading crown and a trunk diameter up to 60 cm, covered with a thick (up
to 20 cm) grey-orange bark (Fig. 52). An extensive root system penetrates up to 4 meters deep into
sandy soil cracks (Tkachenko, 1939).

Another morphology wise very elegant species is Patula pine or Weeping pine (P. patula
Schlecht. et Cham.), native to Northern America, grows on the Black Sea coast close to Sochi and
Sukhumi. The tree is 15-20 meters tall with wide light crown with light green hanging needle-

foliage (Fig. 53).

Jack pine (P. banksiana Lamb.) naturally growing in Canada and forming pine forest on
poor sandy soils is often used for the urban greening in the south of Russia. A tree is up to 25
meters tall and the trunk often branching by the base. It is also cultivated in the south of Russia,
Ukraine and Belarus. Its cultivation is more practical in the forest zone of the European part of
Russia on the poorer sandy soils inadaptable even for Scots pine (Kachalov, 1970). It has high
decorative characteristics and has been used during park and green constructions (Fig. 54).

Crimean pine (P. pallasiana D. Don) grows in Crimea, on the Balkans and in Asia Minor
(Fig. 55). The species has about 20 synonyms (Kovaleva, 1999) and was included into the Nigrae
species classification by Bobrov (1978). In Crimea, this species prefers the southern slopes and
ranges from the lower limits of the beech belt to 900-1000 meters, in the Caucasian Mineralnye
Vody region (Kislovodsk, Pyatigorsk) forests distribute up to 1500 meters. F. Arnold (1898)
characterized it as a huge tree 35 meter tall and diameter of 1.5 meter wide reaching up to 600 years
of age, and according to Keppen (1885) “this tree grows not so much in height as getting thicker
forming a spreading and with age a perfectly doming top” (p.187). In the Caucasus Crimean pine

needle-foliage last up to 5 years on 1200 meters A.S.L. and up to 4 year on 1500 meters.
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Fig. 55 Crimean pine (P.
pallasiana D. Don) on the
Crimea yayla at 700 meters
A.S.L. (Sannikov and others,
2004).
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in the Mediterranean region

(https://ru.wikipedia.org/wiki/Cocna_anen

nckastt/media/File: Pino_secolare -
Castelleone di Suasa.JPG).

Fig. 56. Aleppo pine (P. halepensis Mill.)

Fig. 57. Maritime pine (P. pinaster
Sol.) in Montenegro
(http://www.plantarium.ru/page/image
/id/216163.html).

The needle biomass of the Crimean pine forests is twice size of the same index of the
hamata pine ones (Kovaleva, 1999). Occasionally the Crimean pine together with the Hamata pine
forms an upper forest line and small groves in the northern regions of the Black Sea coast where
also the Pitsunda pine is present. The Aleppo pine (P. halepensis Mill.) falls into the same group in
the Mediterranean region that reaches up to 14 meters in height and 0.5 meter diameter (Keppen,

1885) (Fig. 56).

Maritime pine (P. pinaster Sol.) is distributed on the Mediterranean Sea coast in Portugal,
Spain and in the south-west of France that relates to fast-growing species: by 10 years of age it can
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reach up to 4 meters in height (Fig. 57). It prefers loose deep soils; it grows well on light greensand,
establishes itself deep and likes an open position. The needle length and cone size are the largest
among other European pines (Ovsyannikov, 1934).

In Japan, the Japanese red pine (P. densiflora Sieb. et Zucc.) is most common and it was
included in the Sinenenses sequence by Bobrov (1978). The tree resembling Scots pine has a red-
brown scaly bark and bare grey-brown shoots, reaches 36 meters in height; prefers clayey soils
however, grows on any ground except boggy soils from the south of Hokkaido to the southernmost
tip of Kyushu (Fig. 58). It is a light depended species, prefers dry high lands, the optimum
altitudinal belt for it is 2000 meter A.S.L. The Japanese black pine (P. thunbergii Parl.) grows on
the Shikoku, Kyushu and Honshu islands which relates to the European black pine; this tree is up to
40 meters tall and prefers sandy coasts (Ovsyannikov, 1934) (Fig. 59).

Fig. 58 Japanese red pine (P. Fig. 59. Japanese black pine (P. thunbergii Parl.) (a)
densiflora Sieb. et Zucc.) (http://upload.wikimedia.org/wikipedia/commons/8/86/Omiya_no_Matsu.JPG
(http://pitomniki.su/index.php | ?uselang=ru) and Japanese black pine bonsai (b)
?option=com_pitomnik&task=photo& | (http://pitomniki.su/index.php?option=com_pitomnik&task=viewtree&id=>57)
id=56&file=Pinus_densiflorajpg&lte | .
mid=69).
Pinus funebris Kom. or tomb, cemetery or funeral pine grows in the south of Primorye and
the Far East (Fig. 60). It got the name due to its cultivation in cemeteries in North Korea. It is one
of the hybrid forms of Japanese red pine (P. densiflora) and Scots pine. The most common Pinus
species in China is Chinese pine (P. tabulaeformis Carr.) (Fig. 61) and its characteristic feature is a
propensity to h bdization with other species (Bobrov, 1978).

Fig. 60. Pinus funebris Kom. in Primorye (Forest | Fig. 61. Chinese pine (P. tabulaeformis Carr.)
encyclopedia, 1986). (hitp://www.plantphoto.cn/tu/166716).

Coming back to Scots pine we can summarize that its “Cinderella” status as being
everywhere supplanted by other species from the best Eurasia habitat resulted in a situation that it
can successfully grow under the conditions where other wood species and sometimes even some
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grass and shrub species cannot (Fig. 62 and 63). As a result it is widely spread on large territories
and is only second after larch by this index. Due to the drastic cut of the agricultural land usage in

the last decades, pine intensively spreads to the old arable lands throughout Russia (Fig. 64).
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Fi. 62. Love for life: “On a rugged cliff, the very edge, above the endless chasm...” (Vladimir Vysotskiy); (a): Photo
by A. Selyunin; b: “the tree of life” in the Olympic National Park (Washington State, USA).

Fig. 63. Nature mistake? Baikal Biosphere Nature Park. Photo by L. Afonov.

Fig. 64. Scots pine spreads to unused old arable lands. Chelyabinsk region, Dzhabyk-Karagay pine forest, Annensk
forestry farm, section 110, polygon 14. Photo by L. Atkina, 2002.
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During the phylogenetic process, pine has adapted to the extreme growth conditions both on
the northern and southern area line. A low warmth requirement in the sub tundra zone explains
adapting compensation of warmth deficit to enhanced light absorption and also high root absorption
activities. On the south line pine makes up the deficiency in water and nutrients by an extreme
intensive development of root-ends that weight wise are equal to 65-82% of the root system
(Usoltsev, 1988). Moreover Scots pine is one the most commercial valuable species. The
combination of pine unpretentiousness to the site conditions, relatively fast growth, large trunk
timber stock and high stem volume per ha is the reason why 40% of the total annual forest planting
works on the land of 800,000 hectare accounts for Scots pine (Forests of Russia..., 2006).

However pine plantations often get damaged by elks (Fig. 65). Intensive conifer storage on
the large lands is followed with the regeneration of cutover stands with young larch stands that
serve as an appealing elk feed and stimulates an elk population growth. If a pine is planted in this
kind of land then young plantings of 0.5-2.0 meter tall are completely or partially damaged by elks.
There is a conflict of interests between foresters and hunters. A mature elk eats about 20 kg of
woody forage young bark per day. Within the elk population, pine has different appealing levels
among species: it makes up 83 % in a male elk diet and 26-40% in a female elk diet (Galako and
other, 1994).
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Fig. 65. Elk (Alces alces) in young pine plantations of Naurzum pine forest. A
winter “memorable” places. Photo by Bragin (Bragin, Bragina, 2006).
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Elks do not eat pine in summer; foliage is enough for them. Although pine is not the best
feed for elks, during snowy winters when animal activity decreases and grass and bushes are out of
reach, young pine plantations become almost the only source of feed. There is a high number of rich
fresh shoots in young plantations and they usually are range on open fields that allows animals to
get a better overlook and see the danger in time. That’s why in thin plantings trees get damaged by
elks twice more than in thick plantings. Spruce is not good for feeding and elks don’t touch 50/50
mixed plantations of pine and spruce at all (Galako and other, 1994).

Elks are concentrated on those parts of forests where they are bothered less. In winter trying
to hide from hunters, elks seek safety in nature parks and reserves and the number of “migrants”
skyrockets. Certainly there is not enough feed and if there are young pine plantations then they are
completely devastated. If there is no feed left then elks under the stress of fear stay in place until
they exhaust the option of choosing to die of hunger rather than getting killed outside of the
protected area (Adamovich, Vatolin, 1973).

Coming down to the young pine plantation site elks choose, each line of trees move
alongside of it till the end carefully gnawing the upper part of each tree. Usually the tree line
rehabilitates from lateral branches and under certain external influence/environment they build up
strange looking “dancing” groves with age (Fig. 66).
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Fig. 66. “Dancing” pine forest planted in
1960 in the National Park “Curonian Spit” outside
Kaliningrad city (a, b)
(http://oxablogg.blogspot.co.il/) and in Gryfino,
west Poland (c) (http://www.few.su/blogs/vsjakaja-
vsjachina/-krivoi-les-v-polshe.html).

Despite the relatively low air and industrial pollution resistance of pine it’s widely used in
urban greening and different kinds of protective belts. Mamaev emphasizes the importance of
conifer use for greening, including pine in order to create a modern city landscape. Mamaev’s study
(1983) focuses on outlook evaluation of Scots pine and other conifers in urban greening and reveals
all pros and cons of our pine cultivation in cities and urban forests.

Probably many of you noticed unusual constructions on tree
crowns that look like huge balls or nests. They are popularly call
witches’ brooms (Fig. 67). In the old days people either enchanted them
or were scared of them or used them as a protective amulet. It was
thought it was witches or evil spirits’ tricks: they fly around forests and
bewitch trees and their future “transport” starts growing on them.
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Fig. 67. “Witch’s broom” on a Scots pine | Fig. 68. “Witch’s offspings” at the age of 8 sprouted of
(http://commons.wikimedia.org/wiki/ File: | “witche’s broom” seeds of a parent tree; a — “broom” gene
Zmiany niepasozytnicze pinus_sylvestris_ type, 24 cm tall; b — normal type, 152 cm tall (Shulga, 1979).

beentree jpg?uselang=ru).
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Drastic changes of branching structure within a crown in the form of tight short shoots
accumulation occurs in many conifers. The question of their origin still stays unknown. There are at
least two most common explanations. The first one refers to different kinds of rust fungi infections
and the second one relates to a mutative nature (Vanin, 1955; Noskov, Negrutskiy, 1956; Khirov,
1973; Shulga, 1979; Yamburov, Goroshkevich, 2007).

Following the second version the off springs sprouted from “witch’s broom” seeds were
studied. The offspring splits into “broom gene” (scrubby and heavy branched) and normal species
(Fig. 68) which confirms the mutative nature of the phenomenon. However the share of the first
ones ranges: 30, 39, 45 and 100% (according to Khirov, 1979; Noskov, Negrutskiy, 1956; Samofal,
1940 respectively) that’s why genetic interpretation is not defined (Yamburov, Goroshkevich, 2007).
According to the professor B. Chadov, “phenotype “witch’s broom” has a genetic nature and
occasionally occurs as a somatic mutation” that can be inherited but doesn’t have whole penetrance
and can rete to the mutation category of regulatory gene, i.e. development controlling genes.
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Fig. 69. “Witch’s” offspring at the age of 40 (3 meters | Fig. 70. “Witch’s” offspring at the age of 40 (about 4
tall) in the park of the Kazakh Forestry Research Institute | meters tall) sprouted from a witch’s broom seed of a
(Shchuchinsk, Kazakhstan): “witch’s broom” of a parent | parent tree in The Botanical Garden of URAS (Photo by
tree, grafted to a normal type pine transplant; the grafting | V. Usoltsev).

spot is visible (Photo by V. Usoltsev).

Both “witches’ broom” pieces graft to normal pine stocks (Fig. 69) and a tree sprouted
from which “broom’s seeds” (Fig. 70) keep a specific shape of a crown by damped growth and
reproduction abilities (Fig. 71). The dwarf form of Scots pine with a close oval low falling, short
needles and tiny cones crown occurs on the south of the Scots pine area under harsh arid conditions
of the central and southern Kazakh Upland, ribbon and insular pine forests of Northern Kazakhstan,
on the rocky outcroppings of the Shirinsky steppe in Khakassia; it’s half as short as the other
species of the same age and ground phytomass and needle volume is 16-17 times smaller (Shulga,
1979; Tikhonova, 2013). By seed propagation, 43% of plants keep this feature. By vegetation
propagation using grafting, the results are similar to the ones of “witches’ broom” piece grafting, i.e.
the crown of a specific shape and damped growth.

, s _ e

Fig. 71. Generative organs in the “witch’s offspring” crown in the Botanical Garden of
URAS (Photo by V. Usoltsev).

A unique and original shape of these pines makes them look
decorative and that can be used for selective programs, landscape design
and urban greening purposes (fig. 72).
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Fig. 72. DendroArt: Graftings of
scots pine witch’s broom (a) and
mountain pine (b)
(http://www.wildli
fe.by/node/162).
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3. Spruce (the genus Picea Dietr.) — its geography and biology puzzles

As it follows from the feature description of larch in Chapter 1, all of the puzzles of one or
another plant relate to insufficient information about it and as a result the contradictory of both
observed facts and their interpretation. Such kind of ideas and a learning process as a whole has a
historical nature. For example, we first learned about a unique desert tree saxaul (a present name of
Haloxylon Bunge genus) from the first corresponding member of the Saint Petersburg Academy of
Science P. Rychkov from Orenburg in 1762 (Drobov, 1921). Later in 1786 Falk mentioned it
(Litvinov, 1913) using an absurd name Pinus orientalis: he took sick “shortened” branches of the
saxaul that shape-wise resembled cones of conifers as real cones. 38 years later Eversmann defined
this genus as Tamarix and later in three more years, K. Mayer first gave an accurate description
under Anabasis Ammodendron. Later Bunge referred it first to the Arthrophytumgenus and only
later to Haloxylon genus. Finally in 1913 Litvinov singled out three independent species in
Haloxylon the genus, and there are five of them today.

The genus Picea Dietr. includes about 45 species however, a relatively intensive
hybridization complicates even their simple description. Usually Meyer’s classification scheme is
applied, which splits the genus into three sections — Morinda, Casicta and Omorica (Bobrov, 1978).
There are several theories related to the place of origin of the genus. The mountain theory supposes
the origin of Picea genus in the mountain conditions during the Tertiary (Tolmachev, 1954; Orlov,
1955).

According to Nat (1915), the conifers appeared in the Middle Urals region when “orogenic
processes caused a split-off of the Ural Island among the Jurassic see” (p. 542). In the late Jurassic
period spruce forests took a dominant position/ascendant among conifers, well after pine comes into
existence and even later the Siberian pine. They occupied slowly the Ural slopes and the entire
Transural region that were gradually reviling from the sea.

European spruce forests survived the Ice Age in the Alps and the Carpathians and have
distributed from there after the glacial retreat. The isolation of the Picea genus in several refugiums
determined/conditioned its gradual differentiation. At the end of the Pliocene, the east margin of the
Eurasian continent crept by 2000-3000 m and it led to the East Asian spruce differentiation (Bobrov,
1978).

During the Ice Age in Siberia, the Siberian spruce (P. obovata Ldb.) survived in the Altay-
Sayans “refuge” and after the retreat of a glacier it spread to the west towards the common spruce
migration (P. abies (L.) Karst.) and later their hybrid mixture started (Alekhin et al., 1961; Bobrov,
1978). The most common hybrid today is P. x fennica Rgl., that is distributed in Finland, Sweden
and Norway and also to the east of the 30" longitude in the European part of Russia. According to
Bobrov’s observations, (1978) the hybrid process takes place on the Far East between P. obovata
and P. jezoensis and towards the south between P. jezoensis and P. koraiensis Nakai.

Common spruce (P. abies (L.) Karst.), Siberian spruce (P. obovata Ldb.), oriental spruce (P.
orientalis (L.) Link), Schrenk’s spruce (P. schrenkiana F. et M.) and Ajan spruce (P. jezoensis
(Siebold & Zucc.) Carricre) are the most distributed in Eurasia (Fig. 73). The common spruce area
is fragmented and set before with three local areas — Alpine, Carpathian and Baltic ones that
independently developed in the postglacial time (II’inskiy, 1937). Distribution of common spruce to
the south of the Western Europe and almost to the Arctic Ocean shows that its climate dependence
has a wide range. It is frost-resistant but sensitive to high temperatures and air aridity. A lateral root
system conditions signify a soil moisture dependence. Spruce is characterized with high shade
tolerance; needle longevity reaches from 5-7 years in the mid taiga subzone and up to 12-18 years
in the Khibiny forest tundra.
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Fig. 73. Areas of the main spruce species in the former USSR (Forest Encyclopedia, 1985).

In the undisturbed forests, common spruce was a very sustaining tree — in the Bohemian
Forest spruces were often up to 500 years old and in 1832 a 1200 year old spruce was discovered in
Piedmont. In 1879 a fairly healthy 1029 year old spruce was found in Finland however generally
spruce trees in the south of Finland are no older than 130-150 years (Keppen, 1885).

If in Western Europe common spruce reaches up to 50 meters in height and 2 meters in
diameter, then eastward its height expectedly gets shorter and already in the European part of
Russia it is only 30 meters tall (Sukachev, 1938). By biological characteristics is resembles the
Siberian spruce (Fig. 74, 75).

Fig. 74. Common spruce (Picea abies (L.) Karst.): I — general | Fig. 75. Abudant seed production of common
view,; 2 — macrostrobile; 3 — a cover scale and two seed buds,; 4 — | spruce. Photo by A. Tarko.

seed and cover scale; 5 — microstrobile; 6 — pollen; 7 — a mature
cone; 8 — seed scale and two mature seeds; 9 — seed and cover
scale of a mature cone, external view, 10 — a mature seed; 11 —a
needle; 12 — needle top;, 13 — a needle crosswise cut (Forest
Encyclopedia, 1985).
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On the north-east territories of the European part of Russia in the 19" century, closed spruce
forest were primarily of pristine status and had absolutely poor species composition and ground
vegetation represented with a thick layer of moss (Keppen, 1885; Nesterov, 1887; Arnold, 1898;
Sochava, 1930). Tyulina (1922) gives the following characteristic to the pristine sustainable spruce
forest of the mid-taiga subzone near the Pinyug village of the Kirovsk region (what Dyrenkov (1984)
later called spontaneous taiga): “Dark forest canopy is extremely monotone on long ranges, ... a
solid thick moss blanket. Ground surface is often piled with rotting detritus heavily clothed in
spruce regrowth; steady regrowth grows crossing in all the directions gave a unique image to this
back forests” (p. 162).

Nat (1915) called the pristine spruce forests of the northern taiga Cis-Ural region on the
western slope of the Urals foot hill located east of the Pechora river “Great Parma”. He
characterizes it as “a stable type and permanently associated with the occupied soils perhaps during
the whole geological age periods” (p. 556). The moss carpet here is unbelievably thick (up to 80
cm), a “natural represser,” but at the same time it is a “huge moisture condenser”. It is impossible to
for a spruce seedling to break through its thickness and “the regeneration takes place only on the old
felt with the wind tree trunks or on the reached over the moss carpet stumps” (p. 557). A distinctive
feature of “parma” life is a total oppression. That’s why it is always a single species forest with any
addition of light dependent species. The stand volume is no more than 130-180 cubic meters per
hectare.

Keppen (1885) writes the spruce forest “harsh nature” growing “in the true spruce
motherland” of the Ural Mountain Range and describes them as a “proper spruce forest, the most
wild and lonely” (p. 299) that occupy the deepest humid mountain regions. N. Nesterov (1887)
gives the following characteristic to the old-growth forest of the western Ural mountain slope along
the Nizhnie Sergi — Mikhaylovsk — Nizhniy Ufaley line: “Spruce is a typical species in these
regions; it occupies a large space, covers the mountains, fills valleys and gills. Thick spruce forests
occur also on bogs and mountain tops. Spruce is primarily a mountain tree however, here it is often
accompanied with larch and the higher you go the more you find the latter in the forest composition;
and on the very mountain tops, larch is already dominating over spruce species” (p. 707).

Spruce as a “natural tyrant” in the limits of a spontaneous dark coniferous Ural taiga shows
an intensive expansion to the idle lands including urban territories. A unique alley, called Rest
Street, that connects the residential areas of Nizhnie Sergy town (Ekaterinburg region) and Nizhnie
Sergi Sanatorium, was opened through the pristine spruce and fir forest. Today, the metal tower
structures that were put up alongside of the street represent a special “opposition arena” of the wild
nature to urbanization pressure where the forest tries to win temporally lost dominant positions back
(Fig. 76). The opposition goes with varied success (Fig. 77). However, as soon as people drop back
nature takes its course... (Fig. 78 and 79).

The phenomenon of a spruce terminal shoot growth inhibition with electric waves of a
power transmission line stands out in the mentioned “opposition alley” (fig. 72). It’s well known
that we live and function in the broad and complex energy ocean: as a consequence of the
biochemical processes, growing tissues radiate ultraviolet light (Gurvich, 1944). This radiation
becomes “visible” in the induced high frequency field and that allows it to get its photo image (V.
Kirlian, S. Kirlian, 1964).

Marchenko’s (1976) experiments confirmed that biofields of different tree species do not
recognize each other. It turns out that the foliage biofield of our tender white birch, a poetic symbol
of Russia, impresses the prickly needles by 4 N (Fig. 73 and 74). Foresters account for the known
needle “blow-off” effect under surrounding decidious species impact for its mechanic “whipping”.
It is hard to imagine and yet how tender birch foliage can whip a bristle spruce or pine if anything.
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Fig. 77. Cut spruces that settled down among the towers and endangering the high tension lines.
young optimists. Photo by V. Usoltsev.
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Fig. 79. Chernobyl radioactive wolfs. The world largest population of wolfs has formed in Chernobyl zone.
(http://chornobyl.in.ua/radioaktivnye-volki-chernobylia.html) (http.//nwn.su/pripyat/)

Fig. 80. Growth inhibition of a spruce leading shoot (middle) with the electromagnetic field of the power line
as the result of its repulsive impact on spruce biofield: in summer (a); in winter (b). As the result of leading shoot
growth inhibition the tree top assumed a spherical shape; snow piles on it in winter. Photo by V. Usoltsev.


http://pripyat.at.ua/photo/pripyat_city_volk/1-0-121
http://nwn.su/pripyat/
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Fig. 81. Changed structure and shape of spruce bioelectrical field that was registered on Marchenko’s photo plate
(1976) with the use of balanced output generator by V. Kirlian and S. Kirlian’s procedure (1964).
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Fig. 82. Birch biofield shapes: closely-spaced shoots (a) and after drawing them apart (b) (Marchenko, 1976). A single
tree bio field fades with the distance from a trunk and biofield of closely growing trees bounce off, forcing tree trunks to
separate to a certain distance so a “peaceful equilibrium” is reached between them.

There is a similar situation on the central sanatorium alley: the birch “blew off” needle-foliage
of the closely growing spruce so that the top part of spruce crown is almost bare. However the
spruce is clinging to life, there is still hope to survive because terminal shootbuds remain (Fig. 83).

Common spruce doesn’t distribute in the mid-taiga of the European part of Russia, but
instead only on sandy soils and sometimes on bogs. North to the northern taiga subzone and then to
forest tundra, spruce role in the cover canopy composition changes. The space where it is absent is
getting bigger and its dominance in the stands over other tree species becomes less full. The tree
size decreases and its growth slows down. In the forest tundra itself, spruce takes clearly a more
selective habitat position choosing windproof and well warmed spots. By the north area line,
spruces occupy a miniscule space in the local favorable conditions and, also integrated in the
surrounding tundra, affiliate to the sunny slopes (Tolmachev, 1962).



61

= ¢ e T \

Fig. 83. “Blow-off” of spruce needle under nearby birch biofield influence (a — in summer; b — in winter). In
the winter time without experiencing any pressure from the bare birch tree the spruce leading shoot is straightened.
Photo by V. Usoltsev.

In the European part of Russia, towards the north, the spruce seed productivity isdecreasing
but along with that the share of buds damaged by plant pests also decreasing: in the middle taiga —
39-88%; in the north — 19-28% and in the forest tundra — 5%. The abundance and species
composition of the parasitic fungi and the spruce forest related to them stand defectiveness drops
with the same progression (Chertovskoy, 1978).

Proceeding to the southern distribution line, the spruce role in the vegetation composition
gets smaller. Then the cutback of viability appears (decrease of age limit and seed productivity).
Spruce transfers to the colder habitat (northern slopes) showing also here a strictly selective attitude
towards to the particular conditions, but quite the opposite of the one that can be noted on the
northern area margin (Tolmachev, 1962). The description of the only spruce occurrence in
Obshchiy Syrt by F. Simon (1910), is a distinctive confirmation of what was mentioned above.
Here, far beyond the area, among chalky sheer cliffs and gorges, a good quality spruce stands with a
continuous moss carpet occupies a smooth northern slope. There are “only sad looking pine and
birch trees out all the tree species in the hard limestone gorges” on the rest of the territory (Simon,
1910. P. 1124).

In the north of Belarus, a common spruce is a dominant species however, the Belarus
Polesye is located outside of a spruce continuous distribution and spruce stands have a forest outlier
nature here. During the glacial retirement, Polesye was represented as a gigantic plavni that became
the reason of the late distribution of spruce here. According to Polyanskaya (1931), these spruce
outliers lasted until at least the beginning of the 20" century, not the remains of spruce shrinking
area but the outpost of its spread. However since 1960s due to the climate aridization, spruce area
shifts to the north and the Belavezha spruce forests come out of their ecological niche which caused
their degradation, massive dying-off and secondary pest spread (Rodin, 2005).

Productivity degradation in the northern direction is also applied to the Siberian spruce:
along the Ural longitude its site index declines from I-II in the South Urals to V and lower on the
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Near-Polar Urals (Mamaev, 1973). Along the Ural Mountain Range, spruce in the dark coniferous
taiga composition rises up the upper line from 400-500 meters in the Northern Urals to 900-1000
meters in the Middle Urals (Denezhkin Stone and Konzhakovsky Stone) and further up to 1300
meters in the South Urals (the Yamantau and Iremel Mountain tops) (Sochava, 1956). However,
spruce single species forests on the upper line primarily occur only in the South Urals and in the
southern part of the North Urals. Wells developed and regenerated spruce forest block at the age of
100 years, 30 meter tall and with the average trunk diameter of 45 cm occurred in the southern
Trans-Urals (around 55°30° N, 61°E) on slightly bleached fresh light clayey loams layered with
lake marl. Tyulina (1929) thinks these spruce forests are growing far beyond of their continuous
area as the relicts of cold and humid ice age.

A geographical grade of assimilative and generative organ size of the Siberian spruce is
determined in the Urals: needle length in forest steppe is 12-14 mm, in the south taiga (Tavda,
Yekaterinburg Region, 58°30°N) it grows to 14.6 mm and then to the north it gradually goes down
to 13 mm in the mid-taiga, to 12-13 mm in the north taiga and to 11-12 mm in pre-forest tundra
forests (Tyumen region, 67 °©30° N). Respectively the cone size changes: from 55-60 mm on
Magnitogorsk latitude to 75-77 mm in the south taiga and there is a following decrease to 55 mm in
the Usa River basin (Mamaev, 1973). East from the Urals Siberian spruce spreads from the north
along the Siberian river sides (Fig. 84).
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Fig. 84. Siberian spruce on the Lena riversides. Photo by Ryabkov.
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Eastern spruce (P. orientalis (L) Link) as a representative of Picea genus in the Caucasus is
an endemic (Fig. 85). Eastern spruce belongs to the early species that has existed in Western Europe
during the Cretaceous period (Keppen, 1885). Dark conifers reached a wide spread in the Caucasus
under the climate cooling conditions although they were distributed there earlier, in the Tertiary
period. Biologically, the Eastern spruce in the Caucasus resembles a common spruce. Having found
its way into the eastern Caucasus during the climate-favorable period of the last glacierezation, the
Eastern spruce was found to be on the very east of the area, in the unnatural area for it conditions
due to the post-glacial climate change. In dry years it doesn’t only suffer from drought but also gets
attached by bark beetle (Ips sexdentatus Boern.) that brings no harm to the common spruce in the
north (Dolukhanov, 1940).

N R

Fig. 85. Eastern spruce (P. orientalis (L) Link).

The Eastern spruce is purely a mountain tree and lives for up to 500-560 years. Growing
stick in spruce forests is up to 2600 m3/ha however, average value gets to 800-1000 m3/ha (Keppen,
1885; Orlov, 1951). This species is typical for the western part of the Caucasus Isthmus and on the
south-west it reached to Turkey.

Eastern spruce occupies the most favorable area, for it is in the middle of the altitudinal belt
in the north-west Caucasus (1100-1600 m). High summer temperatures and poor rainfall prevent its
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spread to the low-hill terrains and a short vegetation season and thick (up to several meters) snow
coat doesn’t allow the spruce to extend upslope. Single spruce forest rarely occur here, usually
spruce grows here as a mix with Caucasian fir that dominates in terms pf area. The maximum age of
560 years of the eastern spruce was registered on the Pakhvova River terrace (the Malaya Laba river
basin). That tree was 65 meters tall and 1.9 meter in diameter (http://alanles.ru/dolgovechnost-
derevev.html). High height and productivity of the dark conifers in Caucasus are related not as
much to high intensity as to enhance growth time by la-1b site indices. Unlike lowland spruce
forests of European Russia where growth in height stops by 160-180 years, and in Caucasus spruces
of that age keep actively growing (Orlov, 1951).

Another representative of Picea genus Schrenk’s spruce or Asian spruce (P. schrenkiana F.
et M.) (Fig. 86) in the Tian Shan Mountains is an endemic. Schrenk’s spruce is a massive well-
shaped tree with thick narrow cylindrical or conical shape crown that under the better conditions
reaches up to 50 meters in height and 2 meter trunk diameter; the distinctive features are a
significant crown density, poor self-pruning even in closed stands and high needle longevity of 20-
25 years. Although the areas are adjoined, the Schrenk’s spruce differs from the common spruce
with longer needles (20-40 mm) with wax coating, heavier seed weight and in other bio-ecological
ways (Gan, 1970). Here is Yuriy Linnik’s characteristic of Schrenk’s spruce (2015): “Tian Shan
endemic going high into the mountains as if it gets away from the gravity power and that reflects in
its proportions: it seems that angles becomes sharper and the outlines are more gothic. That’s the
way it should to be according to Newton’s formula!” (p. 210).

1987).

Shrenk’s spruce growing conditions are starkly different from the growing condition of all
the other species of Northern Eurasia. Annual rainfall is from 230 to 730 mm and 75% of it accrues
for winter and spring time. Due to the rare rainfall in the summer, growing conditions are close to
semi desert. The rainfall amount correlates with the altitudinal zonality and rises with the elevation
increase. An average annual precipitation on the Terskey Alatau range at a 1770, 2040 and 2550
height are 497, 676 and 717 mm respectively and humidity factors are 0.46; 0.75 and 1.13
(Chernykh, 1985). Due to the dry climate, the snowline goes on 3400-3500m high, which is 1000 m
higher than on Altay Mountains (Gudochkin, Chaban, 1958; Alekhin and other, 1961; Bayzakov et
al., 1996).

The Tian Shan spruce forests occupy almost specifically the northern slopes, and are limited
to flowing cloughs, broken and have a park-like nature. As the result, the grass community is well
developed there and this forest grows according to the I-II site index. Spruce forests with moss
carpet at 1600-2600 meter elevation that belong to the III-IV site index are also typical for the
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Kungey Alatau Range although they are distributed less there. In the Dzhungarsk Alatau Range, dry
rocky spruce stands at the V-Va site index and have been forming on slopes with a 35°-40°
inclination at a 1700-2400 meter elevation. Schrenk’s spruce “krummbholz” are usually typical for
the timberline in the Tian Shan Mountains. A quite rare prostate form of Schrenk’s spruce occurs in
the subalpine belt of the Zailiyskiy Alatau, Terskey Alatau and Kungey Alatau Ranges.

Ajan spruce (Picea jezoensis) is one of the main forest forming species of the Far East (Fig.
87). As some other Picea species, it has a lateral root system and that’s why it is very sensitive to
the moisture stress in dry seasons, which is one of the reasons why premature spruce stand are
dying-off. It is a slender beautiful 40-50 metes tall tree. The crown has a right conical peaked shape.
The trunk is straight, covered with dark gray bark, almost smooth early in life and with flaky
roundish chips at the old age. Shoots are light dun or a yellow-green color. It is easily distinguished
from the other species by its flat 2 cm long needles. It is distributed on mountain slopes with other
species at 400-1200 m A.S.L. elevations. Mostly it forms mixed stands. Genealogically, Ajan
spruce is a very old species. In North America and the Balkans, spruce species belonging to the
Omorica species like the Ajan spruce are found and are very similar to it. Ajan spruce can be named
as on the oldest species of the Primorye flora.

Fig. 87. Ajan spruce (http://boomerangclub.ru/up/images/informaciya/priroda-sakhalina-i-kuril/multemediinie-
diski/Drevesnue/el%20ayn.htm).

One of the features of the Ajan spruce stands is high stand density (unlike Shrenk’s spruce)
which provides a relatively high volume stock (Orlov, 1955). In spite of the wide ecological range
of the Ajan spruce, the majority of the stands refer to medium and low capacity stands (III — IV site
indices) and some parts die at a standing stage under different kinds of factor impacts and do not
reach a physical maturity (Zolotarev, 1950).

Several Picea species can be named that are distributed outside of Russia however; they are
successfully cultivated throughout the country. The Glehn’s spruce (P. glehni Mast.) is growing in
the south of Sakhalin and on Hokkaido Island in Japan. 40-50 m tall tree with a cone-shaped thick
crown and reddish-brown bark (Fig. 88).

Brewer’s spruce (P. breweriana S. Watson) grows on the border between the North
American states California and Oregon (Fig. 89). It is considered as one the oldest spruce species.
The tree is up to 40 meters in height with a 150 cm diameter trunk; with a cone shaped crown and
distinctive weeping level branches. The shoots that are a red-brown tomentous, later change color to
a silver-grey. The bark is purple-grey in color. Buds are 5-7 mm long and rounded on the bottom.
Needles are 16-35 mm long, flattened in cross-section, dark green in color at the top and mat grey
below. The cones are cylindrical, 6.5-12 cm long, dark purple when immature and maturing red-
brown with wide scales. They can reach up to 900 years of age. The typical weeping branches
develop only by 10-20 years of age.

The white spruce, or Canadian spruce P. glauca (Moench) Voss (Fig. 90) is a coniferous
evergreen tree which grows to 15-20 m tall but rarely can reach 40 m tall. Trunk diameter is up to 1
m. The bark is thin and scaly. The crown is narrow — conic in young trees, becoming cylindrical in
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older trees. The needles are 12-20 mm long, rhombic in cross-section, blue-green at the top and
blue-white below. The cones are slender cylindrical, 3-7 cm long and up to 2.5 cm wide. They are
green or reddish, maturing to brown. The seeds are black, 2 - 3 mm long with a light brown 5-8 mm

long wing.

Fig. 88. The Glehn’s spruce - P. glehni | Fig. 89. B
Mast. breweriana

(http://www.planetarium.ru/page/image/id/96457.html) | (http://flower.onego.ru/conifer/en_5053.jpg) | (http://www.uzhniy.ru/sale/52/1858/).

i

rewer’s spruce - Picea | Fig. 90. The white spruce or
Canadian spruce - Picea glauca

The Serbian spruce — P. omorica (Panci¢) Purk. (Fig. 91) grows in the south of Europe and
the Balkans (the former Yugoslavia) on steep banks of the middle course and upstream of the Drina
River, on the rocky limestone slopes at an altitude of 950-1500 m. The tree is up to 40 m tall with a
narrow pyramidal, almost conical crown keeping the shape throughout the years; the shoots are
relatively short spaced from each other and elevated. The needles are glossy, dark-green, with two
white-blue strips below; very beautiful. It lives up to 300 years in the wild, unpretentious in soil and
climate conditions, propagated by seeds. In terms of ornamentality, it only yields to the Blue spruce;

it is shade-tolerant, prefers moist air and is wind and gas resistant.

Fig. 91. The Serbian spruce - Picea omorica
(http://www.tsvetnik.info/pinophyta/picea_omorica.htm);
(http://flower.onego.ru/conifer/picea.html).

Fig. 92. The Engelmann spruce - Picea

engelmannii
(http://resinosa.ru/trees/coniferous/spruce/spruceengelmannii/).



http://resinosa.ru/wp-content/uploads/2013/02/Копия-2-Picea-engelmannii..jpg
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Fig. 93. The blue spruce — P. pungens

(hhtp://www.forestalinews.it/conifere- | obovata var. coerulea
abete-rosso-del-colorado/). (http://www.lestrade.ru/photos_comp/al
bums/284/1851/)

Engelmann spruce — P. engelmannii Parry ex Engelm. (Fig. 92) grows in the western part of
North America as single and mixed stands at altitudes of 1500-3500 m, up to the alpine tree line,
most often on the northern mountain slopes and valleys. Species area includes a forest belt of the
Rocky Mountains. The tree is 30-50 m tall with a 90 cm diameter trunk. The crown is thick, conic
and sometimes asymmetrical with slightly dropping shoots. The bark is fissured, scaly, thin and
brown-red in color. The young shoots are yellow-brown and rusty pubescent. The needles are 15-25
mm long, 1.5-2 mm wide and rhombic in cross-section.

The natural range of the blue spruce — P. pungens Engelm. (Fig. 93) is located in the west of
North America from the south-east of Idaho to the south through Utah and Colorado and up to
Arizona and New Mexico. It grows at altitudes of 1750-3000 m. The tree is 25-30 m tall, rarely up
to 46 m tall; the trunk diameter is up to 1.5 m. The bark is thin and scaly. The young trees have a
narrow conical shape that later matures to a cylindrical one. The needles are 15-30 mm long and
rhombic in cross-section. The color ranges from grey-green to bright blue. The cones are slightly
cylindrical and 6-11 cm long and 2 cm wide. The cone color ranges from red to purple; mature
cones are light brown. The seeds are black, 3-4 mm long with light brown 10-13 mm long wing.
The blue spruce is widely used for unban greening in Russia.

The majority of the foresters think that the native Canadian blue spruce, mentioned above,
(P. pungens Engelm.) widely used for urban greening in Russia, is the only blue spruce species.
However blue species of the Siberian spruce (P. obovata var. coerulea Malyschev) grow in Baikal
Siberia that was included in the regional Red book (Pleshanov, Shamanova, 2007). The tree is up to
30 meters tall with the pyramidal crown, grey and with fissured bark. The needles are hard, angular
in cross-section and spiny with tints of blue. The wax bloom gives the needles a tint of blue. It
grows in the eastern Sayan Mountains in the Shumak river valley, on the south coast of Lake Baikal,
in the Utulik, Babkha, Khara-Murun and the Small Mangyly river valleys. It also grows in the
mountain river terraces in small groups or as a single tree. It propagates by seeds. In the north-west
region of Khamar-Daban, a relict blue form of spruce grows together in the fir forests however it
also forms its own stand on the small land pieces. There are five isolated blue spruce populations —
Khamar-Daban, Sayan, Charsk, Sokhondinsk and Upper-Amur’ (Shamanova, Semenova, 2004).


http://images.yandex.ru/yandsearch?source=wiz&uinfo=ww-1903-wh-985-fw-1678-fh-598-pd-1&p=1&text=%D0%B5%D0%BB%D0%B8 %D0%BA%D0%BE%D0%BB%D1%8E%D1%87%D0%B5%D0%B9 (%D0%B3%D0%BE%D0%BB%D1%83%D0%B1%D0%BE%D0%B9)  Picea pungens ENGELM.&noreask=1&pos=50&rpt=simage&lr=54&img_url=http:/itv.ge/videos/img-26295-1355990333-s.jpg
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The blue spruce is drawn towards the foothills, rivers and lake valleys. Due to its high oriental
qualities, it is successfully used for urban greening in the Siberian cities. Though the needle
“blueness” remains, only on the shoots of the current year and the central part of the crown is the
typical Siberian spruce dark green color (Fig. 94). The Siberian spruce with blue needles was also
found in Altai and the Kuznetsk Alatau and was described as an Altai sub-species P. obovata var.
altaica Tepl. (www.moydom-dv.com).

In the Figures 95 and 96 you can see the shoots of four spruce species that are not presented
in the Ural forests, but are cultivated in the Botanical Garden of URAS. The pictures were taken at
the initial stage of tillering at the beginning of June. As seen, the Ajan spruce shoot start growing
earlier when the rest of the three species only break their buds.

a b

Fig. 95. The shoots of the Ajan spruce - Picea jezoensis (a) and of the blue spruce - Picea pungens (b). Photos
by V. Usoltsev.

Fig. 96. The shoots of the Serbian spruce - P. omorica (a) and the Snake-branched spruce - P. abies var.
virgata (Jacq.) Casp. (b). Photos by V. Usoltsev.

ek

Some bioecological characteristics typical for the Picea genus in general are of interest.
Under the upland conditions on stony soils, spruce sometimes reproduces vegetatively, i.e. with
layers (Fig. 97). According to Guman’s data (1931), up to 30% of the fir and spruce trees of the
Urals and Altai have vegetative origin. Spruce capacity of layering and forming “round shaped
groups of associated trees around the parent tree” was mentioned by F. Arnold (1898. P. 435) and
by several of his forerunners, where that entailed the common spruce in Germany.

In 2004 the internet dropped a bombshell: in central Sweden (the province of Dalarna), a
supposedly 10 thousand year old spruce was found at 910 m elevation! It grows in a group of 20
spruces no less than 8 thousand years of age. In fact that age was defined for the root system (using
the radiocarbon analysis), the trunk was only 600 years old: as soon as one trunk dies the root
system reproduces a trunk “clone”, i.e. a new trunk to replace the old one. A younger spruce was
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rising above each of these dead trees (Fig. 98a). Yuriy Linnik quotes, “a vegetative image of an
eternal life. It is declared bright and unique among the Scandinavian moraine” (2015. P. 212).

Fig. 97. Vegetative reproduction of the common spruce (Picea abies L.) on a rubble slope in the Central
Europe Mountains (Jenik, 1987).

In general spruce life ending is very usual (Fig. 98b).
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Fig. 98a. 600 year-old common spruce rising Fig. 98b. Fatal case of the common spruce in the Moscow region.
above the remains of the 10 thousand old parent | It has to die standing up... Photo by A. Tarko.

tree in the Sweden tundra (http.//kiev-
services.info/forum/index.php?topic=1038.0#.U2
yhO0 I0OUk).

Spruce is characterized by a wide diversity of shapes. Snake branch spruce (P. abies f.
virgata (Jacq.) Casp.), with long sparse heteromallous branches and crowded shoots needles (Fig.
99) is marked out in the Carpathians and Alps. That is conditioned that being in the vegetative
phase, the shoots don’t branch out. The mature tree reaches 10-12 m in height and 4-5 m in
diameter. With the lapse of time the branches of the bottom crown part go down to the ground and
spread around the tree like snakes. The weeping spruce (P. abies var. pendula Nach.), slender,
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hanging down and pressed to the trunk branches, the rounded-pyramidal spruce (P. abies. var.
erecta and pyramidalis Carr.), the columnar spruce (P. abies var. columnaris Carr.) also occur there.
By the cone color they distinguish a green cone spruce (P. abies var. chlorocarpa Purk.) and a red
cone spruce (P. abies var. erythrocarpa Purk.) (Gensiruk, 1971; Tsurik, 1981).

Fig. 99. The snake branch spruce
(Picea abies f. virgata (Jacq.) Casp.)
in the Botanical Garden of the Baltic

Federal University (a)
(http://www.kantiana.ru/garden/gallery/1231/
30538/)

and in the Botanic Garden of URAS
(b). Photo by V. Usoltsev.
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In 2012 one of the specialists of the Ural State Forest Engineering University, Anton
Opletayev, found a spruce in terms of shape resembling a cypress 15 km far from Artemovskiy
town in the Ekaterinburg region, not far from the White Lake (Fig. 100). The branches hang down
and seem like they hug the trunk in a spiral. Crown shape wise, the tree resembled the Serbian
spruce (see Fig. 91) although the latter one has a completely different branching type and how
would a Balkan native get to the Ural taiga? Most likely it was a mutant.

Fig. 100. “Artemovsk mutant” of the Siberian spruce.
(http://www.artblog.tvwp-contentuploads201210KWvliads1ss8.jpg).

_ Spruce distinguishes itself in the evident branching

pattern differentiation that supposedly has a hereditary nature
(N. Silven, quoted by N. Yurre, 1939). V. Sukachev (1938)
singled out 5 forms of spruce by branching type. In some
research, it was registered that spruce shapes by branching
type have association with certain ecological conditions.
Shishkov (1956), Nekrasov (1966), Ronis (1968) and
Shcherbakova (1971) determined that in the Leningrad (St.-
Petersburg) region, South Karelia, Latvia and in the Middle
Urals, that the share of trees with a pectinate branching pattern
goes up under the improvement of the site conditions, but in
the Kirov region forests (Petrov, 1976) it decreases, and also
this share decreases with the plantation age. In the Tver region
and Belarus, the dependence between spruce shapes and side
conditions is not determined (Yurre, 1939; Yurkevich and
other 1971). Shcherbakova (1971) thinks that a branching pattern depends on the coenotic position,
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where the leaders (I-II productivity classes) present pectinateand a comb-like corymbrose branching
pattern and suppressed trees have flat branching patterns.

A distinct feature of the Picea genus is a defined shallow root system in consequence of
white spruce always depends on the shallow horizon soil moisture that can easily die out even
during a short dry season. From here it follows that the spruce is affiliated to moist sites and is
absent (as well as fir) in the regions with very low winter temperatures followed by dry air
(Sochava, 1956).

Kabanov (1940) noting the discrepancy between the prominent shallow root system nature
of the Ajan spruce and its distinguished wind resistance in Sakhalin climate tries to find the
explanation. He explains a high wind resistance of spruce in the mixed with Sakhalin fir (4bies
sachalinensis Mast.) plantations by the compensation of the wind effect of the fir second growth; in
the single spruce stands in the north part of the island he sees the reason of this occurrence in “a
very tapering trunk and in a significant root swelling such that spruce takes more stable positions”
(p. 36). That cannot be considered as an exhaustive explanation because the spruce wind resistance
phenomenon in the mountains is commonly registered, but nowhere and no one associatedit with
the vertical stand closure. Moreover, a distinct tapering as it’s known, is typical exactly for
understockings and in this respect a swelling lower part of a trunk protects the tree from the wind
break but not from the wind fall. Obviously the reason of the phenomenon is in something else.

It was already mentioned above that the genus representatives has spread from the Altai-
Sayan, Ural and Carpathian refugiums and in the East, the Tian Shan and Ajan spruce description
they were characterized as typical mountain species. Their root systems shallow spread around large
space successfully settle on underdeveloped stony and rank soils, which provides a good wind
resistance to the mentioned species (Keppen, 1885; Arnold, 1898; Sukachev, 1938; Orlov, 1951,
1955). Andrievskiy (1915) characterizing the Shrenk’s spruce writes the following “The
Semirechye spruce is highly wind-resistant and doesn’t have much of a windfall and even less of a
windbreak” (p. 445).

In Orlov’s opinion, (1955) tree species with an extensive shallow root system (the genus
Picea in general) historically developed in rock habitat, on stony underdeveloped soils. On that
basis he supposes that the common spruce and Siberian spruce shallow root system that conditions
their insufficient wind resistance on lowland soils also characterizes them as typical mountain
species by origin and their lowland habitat is an epiphenomenon (Fig. 101). Nat’s examination
(1915) during his study of the old-growth Siberian spruce forest on the western Ural slopes can
confirm it: “... spruce in “parma” is more resistant in regards to the wind than the spruce on the
lowlands in Kostroma, Vyatka and the south part of the Vologda region” (p. 557) that was
distributed there historically much later. In the spruce and deciduous forest zone that presents “...a
unique battle zone of the two forest vegetation types — taiga and broad-leaved ones” (Timofeev,
1936; p. 110) a 100-120 year old spruce can reach 36-40 m in height with 60-70 cm trunk diameter,
but due to the massive fall, the growing stock doesn’t get higher than 200 m3/ha, which is about
60% to the growing stock of the III productivity class spruce of the same age on the sandy soil there
(Timofeev, 1936). That’s why for the spruce ecology researchers, an all-important question
could’ve been whether the windfall phenomenon is the result of the spruce expansion beyond its
natural historically conditioned area.

The biological characteristic of the genus Picea — the already mentioned association of
spruce natural seeding to the so-called decayed logs i.e. to fallen old moss-covered tree trunks and
stumps (Fig. 102) seems exceptionally puzzling. Spruce settled on a rotten stump, roots into “the
core” (Fig. 103) however, if that happens on a relatively fresh and tall stump, so-called “stilted
spruce” occurs there (Fig. 104). This kind of phenomenon is not typical for larch and its rooting on
a stump (Fig. 105) took place possible only due to a hollow in the stump.



Photo by V. Usoltsev
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Fig. 101. Spruces growing on eécky remnant of the Kurortnaya Mountain, the Middle Urals, Nizhnie Sergi.

Fig. 102. Siberian spruce that
grew on a fell larch trunk on the Ural
Range, Bilimbay forestry farm,
Ekaterinburg region. Photo by G.

Terekhov.

Fig. 103. A young spruce rooted
in a rotten stump on the Kurortnaya
Mountain  slope (Nizhnie Sergi,
Ekaterinburg region). Photo by V.
Usoltsev.

Fig. 104. Common spruce that grew
on a tall and later rotten stump in the
Shumava Mountains, Czech Republic
(Jenik, 1987).
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Fig. 105. .Larch settled on stump on the Chuisk road side, Gorny Altai. Photo by V. Usoltsev.

The first mentioning of a “stilted spruce” (Stelzenfichten) phenomenon occurred in the 191
century (Teploukhov, 1850, quoted according to Molchanov, Shimanyuk, 1949; Geldt, 1858;
Middendorf, 1867; Keppen, 1885). Arnold (1898) describes it in the following way “spruce trunk
starts not by the ground surface but at a low height and it staked with its root so high that you can
go under it slightly bent: by the first impression it seems that spruce clambers out of the ground. In
fact, the origin of these spruces is the following: the tree seeds fell on a broken spruce stump or on
rotten timber; both provide all favorable conditions for a conifers sprouting and usually a whole
thick “nursery” of little spruce grows on them. Now with this growth, the roots spread more and
more, going down the stump sides, that are already rotten too, to the ground, root in it, meanwhile
the stump rots more and destroys...” (p. 435).

This kind of trees sparked some folk-beliefs in the old times. It was thought that the tree
makes a connection between the worlds (Fig. 106) and that going up the trunk people can get to
heaven and crawling under the root they could get to the other side. The basis to this belief was the
assumption that the roots were in the underworld where the departed rested, the trunk stays in the
world of people and the crown reaches the sky. Werewolves used these unique “under root gates™:
crawling back under them and forcing people to turn into a wolf or a bear and vice versa (The Great
[ustrated Encyclopedia, 2010).
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Fig. 106. The image of the World
Yggdrasil tree that rises in the World
Center and connects three cosmic levels —
the Heavens, the FEarth and the
Underworld. Its branches spread above all
the world and go higher than the sky.
There is Asgard city by the tree top — the
dwelling place of the Aesir gods and
goddess. This world axis impenetrating the
Universe and symbolizing its constant
renewal is like a tree that sheds leaves in
fall and covers with buds in spring
(http://narodworld.ru/germantsy/germants
y-religiya.html).

lobilankes, Abebosy

In the west, more old-growth spruce forests of mid taiga, in the regions of the common
spruce and Siberian spruce area combinations (Shenkursk and Velsk of the former Arkhangelsk
province, 62°N, 42°E). Rozhkov (1904) describes a “common occurrence that seedlings more often
and most likely emerge as beds on rotten breakage (p. 704). He notes the regeneration impossibility
due to a high spruce canopy closure at least up to 150-160 years. “Only with the tree fall there is a
light excess” for seedlings and “the rotting breakage itself provides more nutrients, is not as much
cover with moss as the ground, more moisture accumulates on it and at the last it is higher against
the ground level and well ventilated” (p. 704).

Under the south taiga of the former Petrograd province, Yatsenko (1916) acknowledges the
all-around nature of spruce regrowth spread on slightly rising ground that wasn’t necessarily formed
by breakage or stumps however, the natural seeding “impresses with its abundance” only on the
breakage (p. 996). Here is a typical picture described by Yatsenko, “Regrowth on rotten timbers
appears in the form of a plantation tree row as it can be here abundant and lined up” (p. 996).

Tkachenko (1911) who first applied the quantitative distribution of spruce regeneration
according to the micro-relief in the pristine spruce forests of the former Arkhangelsk province
stated that 95% of the total spruce regrowth had rooted in felt moss-covered timbers and 5% on the
ground. He thought that young spruces partly avoided a thick moss carpet on decayed logs and at
the same time drier conditions in regards to the surrounding territories were established there. It
corresponded with the Siberian spruce regrowth spread “... on old windfall trees or stumps” (Nat,
1915. C. 557) as the only way for the pristine “parma” regeneration in the north taiga, the Cis-Ural
region in the case of 80 cm thick moss layer.
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Sukachev (1921) and Tyulina’s (1922) research does not confirm that spruce natural seeding
choice of moss-covered decayed logs is a refuge from the continuous moss carpet under the spruce
canopy (Rozhkov, 1904; Tkachenko, 1911; Nat, 1915). Under the middle taiga conditions on the
common spruce and Siberian spruce contact line (Pinyug village in Kirov region, 60°30°N, 48°E)
Tyulina discovered that “the most extensive moss development that appears as a continuous thick
cushion is on decayed logs in evidence, and young spruces most commonly occur on the most
moss-covered, i.e. most rotten decayed logs” (p. 165). Sukachev (1921) gives a wider interpretation
to this phenomenon: “As the research in the Vyatka province showed, since in a spruce forest,
decayed logs are usually covered with a heavy moss carpet that not only comes short of moss carpet
capacity outside of decayed logs, but also often predominates over it, and since at the same time
usually young spruce regrowth doesn’t occur on the open spots with no moss carpet we can come to
a conclusion that moss layer does not have a bad influence on the spruce regeneration but rather
helps it along” (p. 75). He also considers that as the main reason of the spruce supplementation of
other species.

Timofeev (1936) is at loss in regards to the common spruce dense regrowth on semi rotten
decayed logs, whereas despite the heavy semination, the regrowth is completely absent on the rest
of the land area with no turf forming marks. In this “battle field” of the taiga and broadleaf
vegetation (the Bryansk forests), Timofeev assigns a pure technical part to rotting decayed logs in
describing the phenomenon which is the role of “a mechanical role of leaves overthrown from
heights which are represented by stumps and decayed logs™ (p. 113). On the surrounding decayed
logs, space oak and other broad leaf species, leaves pressed by rain and snow “form a continuous
litter layer which is causing spruce sprouting to have a hard time getting out through; the layer
presses them down, stifles them and is the main reason of the poor spruce regeneration in these
stands” (p. 114). Orlov (1951) noted a similar occurrence on the border of the Caucasus deciduous
and dark coniferous forest with the only difference that the litter there is formed with beech leaves
that are an invincible obstacle for the Eastern spruce sprouting establishment but can be easily
pierced with the vertically-aligned roots of Caucasian fir sprouting.

Obnovlenskiy (1935) determined in the spruce forests of the mixed coniferous-broad-leaved
forest subzone (Moscow and former Western region), that out of nine examined forest types, 80%
of spruce regrowth was concentrated on the rotting windfall at the ferns-herbaceous forest type on
clay soils with the ground waters 1.0-1.2 m deep, at the rest of the forest types this number reached
from 0 to 27% whereas dissembling how large the rotting logs under the canopy of the latter were.
Merzlenko (1999) also states a distinguish affiliation of the spruce regrowth with semi decayed
stumps and windfall at the same subzone (Klinsko-Dmitrovskaya Hills).

According to Sukachev’s examinations (1921), in the Suvodskiy forest district of the Kirov
region (present Sovetsk city, 57°30” N, 49°E), under the south taiga conditions at the contact line of
the common and Siberian spruces, the spruce regrowth affiliation with decayed logs is typical for
the most humid habitats where “... spruce chooses more or less dry areas on the decayed logs
surface (p. 75). Stratonovish and independently from him Uskov (quotation according to Dekatov,
1931), under the Leningrad region conditions, confirm the common spruce regrowth preferences of
the organic loadings on the rotting windfall exceptionally on the stagnant moisture habitat while
Yatsenko (1916) observed this occurrence in the same region with all the forest types. Also in the
subzone of the Ural south taiga under the primordial dark, coniferous forest canopy regardless of
the forest type 80% of the spruce regrowth root on the micro elevations of decayed wood covered
with green moss and wood sorrel (Galtsev, Isaeva, 1977). The Ajan spruce in Kamchatka also
prefers a rotting windfall in all the forest types (Man’ko, Voroshilov, 1978).

In the three types of the grass spruce forests are characterized by the different flowing
moistening extent in the mid taiga subzone of the Vologda region “... the spruce regrowth spreads
unevenly, it is limited to the “windows” and roots on micro elevations of rotten wood remains of
fallen trees. In the different types of the spruce forests the number of young spruces rooted on over
moistening micro elevations gets to 92% (Izvekov, 1962; p. 29). According to Kravchenskiy’s
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statement (1911; cited by Dekatov, 1931), 90% of the spruce natural seeding in St. - Petersburg
forest suburbs root on decayed logs and other kinds of micro elevations due to the over moistening,
and only 10% - is on mineral soils. The universal phenomenon in nature is typical and
alreadymentioned “parma” in the north taiga Cis-Ural region (Nat, 1915), as well as the old-growth
spruce forests of the south taiga Cis-Ural region near Kudymkar city 59° N, 55° E (Vasiliev, 1935),
all around the Perm region (Yurgenson, 1958) and on the western slope of the South Urals around
Mikhaylovsk sity, 56°30° N, 59° 20 E (Nesterov, 1887).

The selective capability of the common spruce sprouts in the former Petrograd and the
Western province in regard to rotting windfall and micro elevations was explained with the need of
aeration of the soil and nutrients by Geldt (1858), Yatsenko (1916), Guman (1931) and
Obnovlenskiy (1935); in the Perm region - by Yurgenson (1958). “Spruce sort of avoids slightest
over moistening and the lack of air access and ... that’s why it does not develop on the lightest
topographic low where there is at least a temporary water stagnation” (Yatsenko, 1916; P. 997).
“Decrease of aeration in the low growth class spruce forests makes the spruce settle on elevations,
near stumps, on stumps themselves, decayed logs and remaining areas (Guman, 1931. P. 60).

At the same time Tyulina (1922) did not regard to the need of sprout root aeration as the
phenomenon reason because “on the stiff slopes with well grained soil, almost all the regrowth is
concentrated on the decayed logs” (p. 168) and explained it with better light, temperature and
nutrient conditions provided by the windfall. Danilik (1965) observed the spruce regeneration
affiliation with the decayed windfall remains in the mountain forest of Tian Shan and the Urals, not
only on the wet and humid soils, but also under the fresh site conditions on the well-drained slopes.
More over Man’ko and Voroshilov (1978) give the following comment on the Ajan spruce regrowth
spread on the decayed windfall: “Apparently a relative dryness of the surface layer blocks the
rooting of the spruce outside of the windfall” (p. 131).

The explanation of the spruce sprouting affiliation with the rotting windfall by the drainage
lack of the per humid sites does not find endorsement in the Eastern spruce plantations growing in
the medium-altitude mountain belt of the north-west Caucasus on stony soils: everywhere the
spruce regrowth prefers moss-covered windfall (6-10 years of age, 35 items per m?) whereas the
Caucasian fir regenerates better on the spaces with grass vegetation (Orlov, 1951). A similar
explanation also doesn’t find endorsement in the Ajan spruce plantations on the cryogenic stony
underdeveloped soils in the Amgun—Bureinsk interfluve where the spruce regrowth is also limited
to rotting windfall and avoids the sites with thick ground vegetation (Orlov, 1955).

Man’ko and Voroshilov (1973) distinguished brush and mixed herbs, moss, cloud and
polytric spruce forests in the Ajan spruce woods on the permafrost under the Central Kamchatka
Depression. There are 1.1 — 4.0 thousand pieces of the spruce regrowth under the canopy, 84-100%
of which is in the brush and mixed herbs spruce forests, 65-80% spreads on rotten windfall in the
cloud and polytric spruce forests, and the spruce population resistance in the moss type forests
directly relates to the occurrence of the rotten wood under its canopy: “The spruce positions in these
type forests group are fairly steady however the regrowth number ranges on the specific sections
and depends not only on the stand conditions but also on the occurrence of the old rotten windfall
that serves as the main substrate for spruce rooting” (Man’ko, Voroshilov, 1973. P. 221).

The same thing happens in the Sakhalin Mountains without the permafrost conditions in the
Ajan spruce of Vaccinium forest type on hillock tops and ridges where the extensive spruce
regeneration “spreads in forms of trellis along rotting fallen trees” (Kabanov, 1940. P. 44) also
drawing the lichen masses. Higher up the mountain slopes, the regeneration in the bilberry Ajan
spruce forest “groups in the dents near the windfall” (p. 50). During the special research by
Romanov in Sakhalin (cited by Vlasov, 1959), it was found that the mentioned phenomenon is
proved for all the forest types with up to 80 samples of regrowth per 1 m?of windfall. The regrowth
root systems at the age of 8-10 years old is 4-5 times stronger than single fir samples (about 1
individuals per m?) growing in the soil.
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On the south of Finland, decayed wood hosted 63% of the spruce seedling although these
microsite types covered only 28% of the land studies and that’s why the regrowth has a significant
group distribution. In the managed forests oriented on the natural spruce regeneration, it is
recommended to create similar microsites to those created by natural disturbance, i.e. uprooting
niches and decayed logs (Kuuluvainen, Kalmari, 2003).

All the spruce production is oriented on the natural regeneration in the Alps high-mountain
spruce forests. The mineralized lands quickly get covered with herbs although spruce extensively
roots on the windfall which find an explanation in a constant temperature regime and subtract
humidity, shower protection and better rooting conditions and so on. The seedling preference of
decayed logs is so evident that with the purpose of the natural spruce regeneration, it is
recommended to place the windfall and wood remains there (Mai, 1998).

The distribution of the spruce regrowth on the micro elevations formed of rotting and loose
wood makes the spruce natural regeneration and survival very successful in the old-growth forests;
however in the managed forests it carries a threat of its existence. The case is that the regrowth
roots do not hold hard in this kind pf substrate and can be easily pulled out with mild tension.
That’s why the spruce regrowth get harmed worse during the large people attendance and
mechanical timber harvesting than the fir regrowth that has no regular affiliation with the microsites
(Danilik, 1965).

Arnold (1898) summarizing his 50 year experience of the artificial common spruce
cultivation in Russia explained the seedling failure as a result of the frost supplantation of the
nursery stock. Kravchinskiy (1911; cited by Dekatov, 1931) and Yatsenko (1916) justified the
spruce plantation issue through the disregard of the micro-relief and geometrical planting point
arrangements, “along the line”. Yatsenko (1916) “saw the main reason of this failure ... in the
complete neglect of the spruce seed sprouting principle in the relation to the micro-relief” (p. 997).
Dekatov’s experiment (1931) showed that there is no seedling frost lift phenomenon on the rotting
wood in particular and structurally similar substrate to it and he recommended planting only on the
positive micro relief element with the litter retaining.

On the U. S. Pacific northwest trunks, stumps and large wood remains have 6 to 14%
surface of a projective cover, although they host 98% of the regrowth. The sprouting find a refuge
on detritus from the developed moss and grass cover however, they root on the decayed logs only
until the moss cover becomes too thick and aggravates the seedling rooting. The wood
mineralization carries very slowly whereas the litter and earth humus cover forms a lot quicker on
logs and provoke the seedling rooting on it without any opportunity for the roots to get established
on firm undergrated wood (Harmon, 1987). Takahashi and other (2000) find it to be a paradox when
pulled out tree roots and moss covered windfall become a more attractive sites for spruce regrowth
establishment, however they contain too little nutrients for its following growth.

In the Carpathians on the headstream and the divide of the Tizsa and Pruth rivers (Rakhov,
Yasinya, Delyatin), under the alpine stand canopy of the common spruce on the rotting windfall,
covered with moss there are on average 34 pieces of sprouting and regrowth per 1 m?
predominately 6 years of age (Gensiruk, 1971). The spruce regeneration also takes place on the
moss carpet without the rotting windfall but only at the moss carpet of up to 5 cm thick. There is no
spruce regrowth on the more than 10 cm thick moss carpet with no windfall and the litter of more
than 7 cm thickness with no moss. Gensiruk (1971) accounts better regeneration growth on the
rotting windfall than on the ground and its abundance here for rotting windfall in the predominant
rank soil in the Carpathian Mountains as the only condition favorable for sprouting and regrowth
occurrence and growth.

As the research result of the overall common spruce regeneration on the rotten wood
remains in Norway forests, Mork (1927) came to a conclusion that the reason of this phenomenon
was mostly the favorable substrate physical conditions and also the symbiosis of roots and
mycorrhiza hypae that occurs on the sprouting roots as soon as they come out of the seed cover and
helps the sprouting to use poorly decomposed nitrogen compounds.
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In the old-growth forests of the Alps, (Brigels) a distinct light brown mycorrhiza forms on
the roots of the common spruce regrowth that is concentrated on rotting logs. With the availability
of the humus and moss carpet on logs, the regrowth phytomass is 4-20 times higher in comparison
to the logs without a similar cover, and the correlation of root mass to the top declines twice
respectively. The latter is clarified with the fact that the rotting wood substrate is provided with less
nutrients than humus (Go6bl, 1968). A relative nutrient poverty of the rotting trees and intensive
spruce rooting on logs with the development of the moss carpet was also noted in the dark
coniferous timbers on the Hokkaido Island in Japan (Takahashi, 2000).

In the Ajan and the Sakhalin spruce (P. glehni Mast.) stands on Hokkaido Island and in the
central Japan nurslings successfully root on logs with the II (low) and V (high) decomposition
degrees. There is no sprouting or regrowth on the new logs however, their number grows with the
wood mineralization. Although the general log projective cover is about 21%, the logs with the III
(mild) decomposition degree cover less than 4% of the space. That way the role of the detritus logs
as a preferable spruce establish site is limited both in time and space. Nevertheless they play the key
role in the spruce boreal and temperate forest dynamics (Takahashi at al., 2000; Narukawa et al.,
2003).

A preferable common spruce regrowth establish on logs in the Nordic countries is justified
with the optimal water and light supply, lack of competition of the other vegetative species and
bacterial nitrogen fixation of rain and solid precipitation that gradually progresses with the wood
mineralization and its humidity increases (Jurgenson et al., 1987; Hendrickson, 1991; Kuuluvainen,
Kalmari, 2003; Brunner, Kimmins, 2003). The nitrogen fixation in the coniferous forest detritus of
the Vancouver Island in Canada and in Oregon State in the U.S. varies between 1.0 and 2.1 kilos of
N per 1 hectare a year and depends on the substrate mass suitable for nitrogen-fixing bacteria
activity. The water contain (to the dry mass) in coniferous species detritus increase in the first 80
years and then stabilizes at 250% level in summer and 350% level in winter (i.e. it increases in
comparison to the fresh condition in 2.5 — 3.5 times), and the wood density respectively decreases
(approximately by 5 times) and stabilizes at 0.15 g/cm® grade (Sollins et al., 1987; Brunner,
Kimmins, 2003). According to the polish researches’ examinations in the subalpine Carpathian
spruce forests the larger logs are more preferable for the natural seedling rooting than small woods
(Holeksa, 1998), and in Japan, spruce almost doesn’t establish on logs smaller than 20 cm thick
(Takahashi et al., 1994).

The examined phenomenon of the spruce specific regeneration was also described in the
studies by Krudener, Bitrich, Tyurin (sited by Dekatov, 1931), Melekhov and Alabysheva (1937),
Molchnov and Shimanyuk (1949), Kapper (1954), Sochava (1956) on the space from the
Belovezhskaya Pushcha (Belorussia) to the north east of the European part of Russia; it is typical
for the common spruce in Sweden (Anderson, Hesselman, 1907), for the red spruce (P. rubra Link),
the white spruce (P. canadensis Britt.) and the black spruce (P. mariana Britt.) in the United States
(Dekatov, 1931).

In 1924 in order to figure out the mechanism of the phenomenon, Tkachenko initiated a
special research in the Lisinsk experimental forestry (Leningrad region), in the typical for the north
bilberry spruce forests of II-III productivity classes with inundation traces that was finished by
Dekatov (1931). The quantitative record of the natural spruce regrowth, areal distribution against
the micro relief, showed that 58% of the regrowth established on mineralizing wood and 35%
rooted on the other elevated parts of the micro relief (Dekatov, 1931). Both the rhizosphere of the
natural regeneration and the rooting zone of the special seeding under the different micro relief
conditions under the canopy including beds were under the examination.

Obtained results (Dekatov, 1931) basically repeated the mentioned above Rozhkov’s
arguments (1904) and his explanation of the phenomenon of the spruce sprouting affiliation with
the rotting logs and stumps: it’s a high water capacity of the substrate that provides a needed
aeration and smaller depth of the moss carpet. Dekatov (1931) conclude his research with the
following statement: “without bringing the issue of the rotten substrate as a nutrient solution to a
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close, the stated results determine the meaning matter of the rotting wood in the spruce regeneration
process and indicate that the matter lies in the elevated location against the soil surface that it takes
and in its physicals” (p. 293). Danilik (1965) explains the spruce sprouting preferences of
mineralizing wood by the high water capacity and rotting wood hygroscopicity.

Thus the whole picture of a typical for spruce regeneration phenomenon looks rather
controversial. According to some evidence, spruce natural seedling uses decayed logs as a refuge
from the moss carpet on the ground (Rozhkov, 1904; Tkachenko, 1911; Nat, 1915; Jurgenson,
1958), however according to the other research in the same region (the north-east of the European
part of Russia), moss carpet is the most developed exactly on decayed logs (Sukachev, 1921;
Tyulina, 1922).

Some authors (Nat, 1915; Yatsenko, 1916; Vasilyev, 1935) emphasize the general nature of
the spruce regrowth preferences to decayed logs that is typical for all the forest types in this region,
and the others (Dekatov, 1931) give the data of this phenomenon only in the forest with the
excessive stagnant moistening. However it is unknown whether the dryer sites were provided with
the windfall to the same extend as humid ones, i.e. whether the forest types were compared by the
rotting wood availability there.

According to the earlier phenomenon studies of the spruce regeneration on logs (Geldt, 1858;
Rohkov, 1904; Yatsenko, 1916; Guman, 1931; Obnovlenskiy, 1935) the higher nutrient content in
them was registered, but later mostly foreign research did not support that and by contrast stated
that rotting windfall substrate had a poor nutrient content in comparison to the moss carpet and
humus (Gobl, 1968; Takahashi et al., 2000). Hence the phenomenon reason depends not on the
nutrient content but something else.

Under the European Russia conditions, the common and Siberian spruce regenerate on
decayed logs since the regeneration is not possible on the rest of the space due to the excessive
stagnant moistening (Rozhkov, 1904; Tkachenko, 1911; Yatsenko, 1916; Dekatov, 1931;
Obnovlenskiy, 1935; Jurgenson, 1958). Nevertheless, Ajan spruce on the stony underdeveloped
soils both on permafrost in the Amgum — Bureinsk interfluve and Kamchatka and without it in the
Sakhalin Mountains, Norway spruce (P. abies) in the Alps and the Carpathians and Eastern spruce
in the Caucasus (Kabanov, 1940; Orlov, 1951, 1955; Gensiruk, 1971; Man’ko, Voroshilov, 1973,
1978; Mai, 1998) anyways regenerate on decaying organic matter however, there is no stagnant
moistening and sometimes there is a moisture deficit there (Man’ko, Voroshilov, 1978).

The moisture content in detritus at 250-350% level under the appropriate substrate porosity
is apparently the optimum conditions for spruce regrowth. That’s why the regrowth chooses logs
both in more humid and drier habitats. Since the majority of the other species does not lean towards
the windfall would it mean that this kind of substrate moisture is pessimal for them?

The moss presents on detritus is a necessary condition for the spruce natural seedling rooting
(Gobl, 1968; Takahashi et al., 2000) however a too thick moss carpet can keep it under (Nat, 1915;
Harmon, 1987). Evidently a certain moss carpet thickness is optimal for the spruce regrowth. Since
the majority of the other species does not establish on logs would it mean that this moss carpet
thickness is pessimal for them?

In the “battle zone” of the taiga and broadleaf vegetation, the common spruce prefers
decaying logs since the regeneration is not possible on the rest of the space due to a typical dense
layer of broadleaf species foliage (Timofeyev, 1936), but as it is known, the broadleaf species do
not grow on the deep-frost soil, however the Ajan spruce still regenerates there on decaying
windfall (Orlov, 1955; Man’ko, Voroshilov, 1973).

It follows from what just been said that the spruce natural seedling finds favorable
conditions for rooting and the further development in the decaying windfall as a result of a physical
factor complex - humidity, porosity, temperature and lighting. Yet with few exceptions mentioned
characteristics of a decaying windfall are not appealing to the other species. Further we can say that
an extensive mycorrhiza formation is due in no small part to this occurrence (Mork, 1927) but it is
also well known that almost all tree species and not just spruce “like mycorriza”. All that is
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mentioned above conveys the suggestion that this phenomenon nature doesn’t have an ecological
but biological and biophysical habit.

Comparing the root architectonics of the two spruce regrowth samples in the Fig. 107 that
was taking from the Dekatov’s research (1931) two obvious facts draw our attention:

1) the regrowth on the decaying fallen trunk wits a 30 cm diameter since the first years
forms extensive branched healthy root systems spread along the trunk. The regrowth upon that
avoids mineral soils (Dekatov, 1931) forming a lateral root system typical for spruce;

2) a seedling root established in a wet micro depression, in unfavorable conditions
stretches to the nearest log and forms there a branched system of absorbing root endings that raises
up to the log to the seedling crown level. It seems that on some kind of grounds spruce seedling
“feels” near by the necessary habitat for its survival over a distance. If the phenomenon of species
cooperation, for instance, by the means of their biofields (Marchenko, 1995) or released phytosides
(allelopathy phenomenon) (Kolesnichenko, 1976) is known, why can’t we suggest that we observed
a similar phenomenon above? If larch roots spread preferably towards nearby spruce roots, why
can’t we suggest that young spruce biofields and decaying wood radiance (radiant “touchwood”)
cooperating on some energetic level or that certain microorganism outflows (miasma, saprolins and
other) decomposing dead wood is not inhibitors but attractors for the spruce seedling roots? We will
revive the plant biofield issue in the next chapters.

Fig. 107. Spruce regrowth root system in haircap-moss and bilberry spruce forest of mid taiga on heavy clay
loam growing (a) on a decaying log and (b) on in a wet micro depression near a log where the root developed
(Dekatov, 1931).

The question now arises of whether the two typical for Picea genus characteristics —
meaning the lateral root system habit and regeneration affiliation with decaying organics — have a
common nature and history going back to the past? It is fair to assume that under the alpine
conditions of Picea genus origin places on stony underdeveloped but relatively humid soils the
capability to regenerate on windfall as well as the capacity to establish on these kinds of soils by the
means of lateral long roots were developed as a necessary condition for survival and were
consolidated genetically by several spruce regenerations over thousands of years.



81

The philosopher Yuriy Linnik (2015) has a dialectical approach to this phenomenon: “here
you unwittingly start reflecting on life and death relations in the forest world perspective. Here they
are comparative. This rotten stump kind of presents us an entropy triumph. But look carefully — it
has become a nursery for a sprouting spruce seed; it nourishes and supports it. The generation
connection, the unity of ancestors and descendants presented to us visually”. Yuriy Linnik
comprehends this unique case of tropism (see Fig. 107b) a la Fedorov turning it into an allegory:
“The dead invests in the live ones and kind of arises in it. This decaying trunk and young regrowth
on it — we see a whole complex, something similar to symbiosis. However, in spite of the definition
the cooperation takes place between the living and the dead. What is the benefit for the dead? The
benefit of the living world as a whole!” (p. 211).

Was it this regeneration characteristic together with spruce unusual shade tolerance and
noted by Nat (1915) and Sukachev (1921), the capability of a mutually beneficial coexistence with a
heavy moss carpet let the spruce not only widely spread on Eurasia lowlands but also, as it was
mentioned by Keppen (1885), displace other typical alpine species as larch and cedar pines (for
example in the Swiss Alps)?

This issue, as well as interspecies relations in general, that significantly determine a
distribution behavior of woods in the Northern Eurasia deserves an individual research. The issue is
complicated by an extreme variety of the local site conditions that often does not let them reveal
relatively common patterns. For example, in the middle taiga subzome (Kostroma region) the
displacement of larch to pine was registered (Keppen, 1885), and a little north in the middle taiga
(Shenkursk and Vel’sk of the former Arkhangelsk province) pine was throughout displaced by
spruce (Rozhkov, 1904). Morozov (1900. P. 558) writes that “Only within Voronezh province itself
we have on one hand Khrenov pine forest where there is no... pine natural regeneration and it is
displaced with oak, but on the other hand there are Uglyansk forestry and Borovsk “datcha” in
Voronezh forestry farm where vice versa pine displaces larch species”. Partially we will revive back
to the mentioned issue in the following chapters.
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4. Fir (the genus Abies Mill.) is a taiga companion of the Siberian spruce.

There are about 40 fir species in the Northern hemisphere. Fir is a regular spruce companion
and is a typical representative of dark coniferous forests. There are three of the most common fir
species in Eurasia — Siberian fir (4bies sibirica Ldb.), silver fir (4. alba Mill.) and Khingam fir (4.
nephrolepis (Trautv.) Maxim). (Fig. 108). According to Keppen (1885) Siberian and silver fir
originated “... from the same ancestor that grew in the central and eastern Asia mountains and by
its characteristics was close to the occurring nowadays balsam fir (4bies balsamea L.) in North
America” (p. 420). He refers to the Altay and contiguous ranges as the place of silver spruce origin.
From here its original form in the Tertiary era distributed to the south west and then along the high
mountain range to Asia Minor. It formed a new species Nordmann fir (A. nordmanniana (Stev.)
Spach.) in the Caucasus, from Asia Minor it came to Europe — to the Balkans, Alps and the
Carpathians and then further to the Apennines and the Pyrenees.

Sukachev characterizes Siberian fir (Fig. 109) as a 30 m tall tree with and up to a 55 cm stem
diameter, reaching up to 250 years of age. Due to its secure root system, a distinct major root and a
narrow crown fir is windfall resistant. Dence crown needle, up to 10 years of needle longevity, poor
self-pruning witness of Siberian fir high shade tolerance, which only falls short of the other trees. It
is highly sensitive to forest fires even to small ground ones due to its thin bark.
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Fig. 108. Main fir areas in the former USSR (Forest encyclopedia, 1986).

Fig. 109. Siberian fir (Abies sibirica Ldb.): 1 — general tree
view, 2 — a branch with male strobiles, 3 — a branch with female
strobiles, 4 — macro strobile (seed scale with two seed buds), 5 — a
mature cone, 6 - central axis of broken strobile, 7 — seed (Forest

Encyclopedia, 1986).

Seemingly, fir timber resembles spruce timber with the
exception of the absence of a gum duct; it is
homogeneous white in color and has a typical fir balsam
scent coming from the bark. Unlike all the other
Siberian coniferous species, fir has no gum in the timber
and a low wood density and that’s why it does not last
long. Fir trunks are exposed early to fungal discases,
and often begin to rot at the age of 100-150 years and by
220-260 years of age usually break off (Falaleyev, 1982) (Fig. 110).
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Siberian fir yields well up to a great age but not yearly: in the Urals, every 3-4 years in the
east of western Siberia, every 6-7 years and in the Eastern Sayans every 10 years. Unlike spruce, fir
cones are concentrated in the extended upper part of the crown and during mast seed years tree tops
loaded and completely covered with cones they break in the wind. Several new branches are
forming from a lateral branch to replace a broken top. A multiple top phenomenon is very typical

for lare ﬁrtrees Falale eV 1982 Fig. 111).

vermatured silver firs (A. alba) in the Czech Fig. 111. Asketch of a Siberian fir with a broken
Republlc The days of this fir queen are numbered (Jenik, | top in Tsarskoye Selo Park outside of St. Petersburg
1987). (Arnold, 1898).

Wings seeds are distributed with the winds for 10 km. Unlike spruce, fir regeneration does
not give preference to windfall and adapts to the grassy clearing, forest margins and canopy gaps.
Vasiliev (1935) stated that fir formed stands with its domination mainly around villages. He
explains that by the fact that windfall favored the spruce and due to that it takes a dominating
position, got trampled down by cattle and picked up as firewood by people in these kinds of areas,
in turn eliminating fir’s main competition.

In comparison to the other species of Abies genus, the Siberian fir has the largest area (see
Fig. 99) spreading from the basins of the Northern Dvina and Mezen Rivers on the west to the
Upper Aldan on the east. The northern limit in the Pechora river basin and north from the Lower
Tunguska River reaches to the polar circle. The largest alpine Siberian fir stands are related to the
Altay and Sayans Mountains where they form a so called pristine (“chernevaya”) taiga forest.
Advancing to the east, fir share in the forest composition declines and in eastern Siberia, fir forests
are very rarely situated as a thin line in the river valleys. The largest number of Siberian firs occurs
in the taiga zone of Siberia and the Urals (up to 40-50%) in the mixed spruce and fir forests. On the
area borders, fir depopulates and does not grow as a single trees but in small groups that are located
for example along the Upper Sukhona River and the floodplain of the Usa River up to the Polar
Circle.

The nature of the dark coniferous forests of the north-west (faced Lake Baikal)
marcoslope of the Khamar—Daban range (1700 m A.S.L.) with the fir bergernian type forest
dominance is unique (Fig. 112). It is linked to the unique Siberian climate conditions — the
combination of a heavy annual rainfall (1000-1200 mm) and moderately cold winters due to the
softening Lake Baikal influence. Many researchers consider the local vegetation as the most ancient
forest formation in the region.
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However in the last decades, a progressive drying out of the Baikal Lakeside forest that
mostly spread on the fir population (Fig. 113). In some regions of the north-west macroslope of the
Khamar—Daban Range, there are fir forests with local brown needles. The studies showed (Voronin
et al., 1986) high scrape content in brown needles. Needle longevity of the damaged trees decreased
by 3 times, its weight and size went down by 20-30%. Annual wood growth of the fir forests in
general declined by 40-60%, pollen sterility went up by 4 times and the number of empty seeds
doubled. At the early stages the dieback of 65% of female cones was registered which outnumbers
the norm twice. The growing stock decay rate (tree transition from “irretrievably weakened” to
“dead tree” category) has reached 50% per year.

Fig. 112. A general view of the north-west slope of the Khamar—Daban | Fig. 113. Brown discoloration of
Range (1700 m A.S.L.) from the Lake Baikal side. The photo was taken on the | fir needles on the Khamar-Daban
Upper Bolshoy Mamai River (1200 m A.S.L.). Photo by Agafonov. Range. Photo by Agafonov.

It should seem that the main reason of the fir forests degradation is the pollutant emission of
Baykalsk Paper and Pulp Mills (Fig. 114), since among all the conifers, fir is the most sensitive to
the air pollution. However numerous soil tests and air analysis do not reveal any departures from
MPC. A similar situation of fir forests (Abies fraseri (Pursh) Parret) drying out takes place in the
Appalachian Mountains, USA (Fig. 115) away from any pollution sources, and the researchers from
the University of North Carolina also cannot figure out the drying out reasons, at least the main one
has not been revealed among the confirming facts complex (Hollingswworth, Hain, 1991).

Fig. 114. Baykalsk Paper and Pulp Mills. Smog over Fig. 115. Fir forest damage (Abies fraseri (Pursh)
the lake. Photo by Agafonov, 2009. Parret) in the Appalachian Mountains
(http://en.wikipedia.org/wiki/Fraser Fir).

Siberian fir is a very winter-resistant species and can survive -50°C. As a species requiring
rich soil, it is a weak competitor for spruce. Spruce as a podzol formation element causes an
impoverishment of soil and thus suppresses fir. As a result, fir does not yield well and slowly
transition to the asexual propagation reproduction getting weaker every year. The trees as a result of


http://upload.wikimedia.org/wikipedia/commons/6/62/Abies_fraseri0.jpg
http://en.wikipedia.org/wiki/Fraser_Fir
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layering are earlier exposed to fungal diseases accompanied with decay and die before reaching
sufficient sizes (Falaleyev, 1982).

Tyulina (1922) give the following comment to the phenomenon: “... Perhaps excessive
moisture and poor aeration of soil that apparently fir is more sensitive than spruce are the reason
behind abnormal fir development. Yet here is a question — why doesn’t fir escape from excessive
moisture to logs as it was noted with spruce? There is no fir regrowth on logs anywhere. It is
possible that this phenomenon is more complex, and the answer lies somewhere deeper” (p. 169).

On the northern area line, Siberian fir has the form of a prostrate tree (Fig. 116) limited to
humid and water-logged dark coniferous forests with heave moss carpet. This moss carpet and
excessive moisture eliminate a seed regeneration of fir (whereas spruce keeps successfully
regenerate on logs). Bottom fir branches get covered with moss, produce an adventitious root and
lose the connection with a parent tree, spread through a moss carpet at a distance up to 5 meters
(Fig. 116,a). In the case of adventitious roots reaching the inorganic soil, shoots take a vertical
position and become a regular although, stunted regrowth (Fig. 116,b). Although in comparison to
spruce, fir is a more thermophilic species, nevertheless it occurs in the Urals and Siberian
Mountains even among the alpine tundra where it forms a unique prostrate type. This alpine type, as
it was called a “special ecotype” by Korchagin (1936) forms a timberline in Altai (Fig. 116,¢) and is
different from Siberian fir by the external features: it does not get taller than 1,5 m, there are very
few cones and they are smaller in size.

13

European Russia in the form of a prostrate in a moss carpet vegetative shoot with adventitious roots (a) or rooted in
regrowth soil (b) (Korchagin, 1936) and an alpine form of A. sibirica f. alpine Polijak of a seed origin on altitude zonal
limit in Altai (c) in comparison to the common form of Siberian fir (d) (Polyakov, 1931); 1 —moss carpet, 2 - inorganic
s0il.

People who happen to be in the dark coniferous taiga for the first time usually confuse fir
with spruce. It has similar cones and needle foliage and a narrow conical crown shape. However
unlike spruce, fir does not have a small scale but smooth blue and grey bark, and cones do not hang
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down but point upward vertically (Fig. 117). As it was already mentioned, unlike other coniferous
species, firs have no gum in its timber. Therefore in the bark in special vessels (gum pockets) there
is a fragrant turpentine rich gum that is used for fir balsam production that out into use in the optical
industry and medicine. The balsam has high microbicidal properties that wood choppers working in
fir forests prefer always ready fir gum from freshly chopped resin galls to a first aid kit in case of an
open cut. Fir needle oil is produced from the needle foliage by means of steam treatment that can be
n medicine, perfumery and camphora production.
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Fig. 117. When maturing unlike spruce cones (see Fig. 74, 75), | Fig. 118. Gum pockets are well seen on Siberian fir
fir cones keep an “upright” position (Petrov, Dorozhkin, 2002). smooth bark (Petrov, Dorozhkin, 2002).

Silver fir (4. alba Mill.) is distributed in Western Europe from the Pyrenees and Apennines
to the Carpathians, occurs on Corsica Island and also in Belovezhskaya Pushcha. The tree is 30-50
m tall with up to 1 m in stem diameter, with a conical shape crown, smooth reddish grey bark (Fig.
119). Silver fir is sensitive to cold and dry weather and consequently its cultivation in eastern
Germany is challenging, and outside of Moscow it is frost nipped and does not develop to a mature
tree (Arnold, 1898).

Fig. 119. Silver fir (A. alba Mill.) (Komaskella, 2002). Fig. 120. Silver fir coppice growth on its own stump
(Kurdiani, 1908).

If in the alpine conditions due to the special relief the stand canopy is broken and the
conditions are favorable for silver fir regeneration, then on lowland under the heavy canopy there is
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either no fir regrowth or it is extremely stunted: being only 5-9 cm tall the regrowth is 80-120 years
old. There is no fir regrowth on large grassy clearings but by a different reason — due to the high
lighting intensity and soil drying out. Regrowth only survives on the grassy clearing of 230-450 m?
in area (Yatsenko, 1916). Similar grassy clearings in old-growth forests often appear as a result of
the fall of one or two over mature trees on which decaying trunks silver fir regrowth found
favorable conditions unlike Siberian fir regrowth in dark coniferous taiga (Shenberg, 1904): “As
time goes by, the trunk disappears and only straight lines of trees can testify of their development”
(p. 871). Sometime silver fir can reproduce vegetatively but not by the means of layers but start a
coppice growth from stumps (Fig. 120).

In the Khabarovsk and Primorsk territories and also in the north-east of China and
The Korean Peninsula, there is the East Siberian fir (4. nephrolepis (Trautv.) Maxim.) (Fig. 121) —
an unfailing companion of the Ajan spruce. The tree is up to 20-30 m tall up to a 50 cm trunk
diameter, with rich narrow pyramidal shape, crown and smooth and very light bark with numerous
gum pockets. It doesn’t form a single species stands, it is distributed in the floodplains on rich soils.
During the first 20 years it grows faster than the Ajan spruce. East Siberian fir requires a lower
temperature for growth than spruce. That’s why its share in the mixed with spruce forests goes
down advancing from the south to the north and with higher altitudes (Orlov, 1955).

There is also the Manchurian fir (4. holophylla Maxim) (Fig. 122) on the south of the
Primorsk territory and in the north-east of China and the Korean Peninsula. Manchurian fir is a
large tree of 30-40 m of height and with a narrowly conical crown; mature trees have a flat top. In
the south of the Primorye they call it black fir; it forms black fir and deciduous forests with a

hornbeam share or single black fir forests that are typical glen forests (Bobrov, 1978).
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Fig. 121. East Siberian fir (A. nephrolepis) in the Far | Fig. 122. Manchurian fir (A. holophylla Maxim)
East (Forest encyclopedia, 1986). (http://pihtahvoya.ru/chvoynie-derevya-i-kustarniki-

dalnego-vostoka/rod-pichta/).

If the most common in Northern Eurasia types of firs — Siberian, silver and East Siberian
fir — belong to a group of smooth bark, scrub trees reaching up to 200 years of age, then growing in
the Caucasus endemic Caucasian fir (4. nordmanniana (Steven) Spach) (Fig. 123) belongs to the
group of tall trees with friable bark reaching up to 500-650 years of age (Orlov, 1951). Caucasian
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fir survived in the Caucasian glens since the pre-glacier period and during the pre-glacier period it
formed present fir forests (Krylov et al., 1986). The area of the species spread from the western part
of the Greater Caucasus Mountain Range and along up to Caucasus Minor rounding the Black Sea
coast (see Fig. 108).
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Fig. 123. Caucasian fir - A. nordmanniana. (http://geophoto.ru/?action=show&id=177882).

Caucasian fir is a haughty tree becoming “a subject of wonder and delight of European
foresters” (Arnold, 1898; c. 463). Together with oriental spruce (Picea orientalis) (see Fig. 85),
Caucasian fir forms Caucasus dark coniferous forests. Caucasian fir has a rounded shape crown
attached to the upper third of a trunk. When a tree is young the bark is smooth, grey; approximately
at the age of 90 years old it becomes lateral, friable and by the mature age it turns into a grey and
brown color with deep grooves. It is a very ornamental tree being superior to Siberian and silver firs
in beauty and size. Single species fir forests prevail on the North Caucasus, regrowth is spread more
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evenly than spruce regrowth in fir and spruce stands which in the last case explains spruce
regeneration affiliation with decaying windfall.

Caucasian fir is a purely alpine tree. This species is wind resistant with a deeper than spruce
root system: in mature stands 80% of the root weight is located in a 0-40 cm thick layer whereas the
oriental spruce root go only 0-20 cm deep (Fig. 124). The stem reaches up to 52 m in height and up
to 2 m and more in diameter, stem volume is up to 39 m3, growing stock is up to 2,000 m* per 1 ha
(Orlov, 1951).

Fig. 124. Root systems of Caucasian fir (a) and oriental spruce (b) on the northern slope of the Caucasus
Mountain Range (Krasilnikov, 1951).

The Tien Shan dark coniferous forests are equally formed with Tienshan fir (4. semenovii B.
Fedtsch.) and Schrenk's spruce. Their canopy density is not that close and they have a park
appearance, occupy mountain forest belts at the altitudes of 1600 to 2500 m. Tienshan fir survived
in the mountain refuges of western Tien Shan since the pre-glacier period (Krylov et al., 1986) and
usually occupies northern slopes. It is an up to 40-50 m tall tree with a stem diameter of up to 1 m
with a pyramidical shape crown and smooth grey bark (Fig. 125). A total forest area of this fir
species is 1r4900 ha and the regeneration goes very slow (Bobrov, 1978).
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Fig. 125. Tienshan fir | Fig. 126. Sakhalin fir | Fig. 127. Abies mayriana Miyabe et
(http://www.plantarium.ru/pa | (http://www.vashsad.ua/ency | Kudo (http:/fkvetok.ru/rastenie/pikhta-
ge/image/id/9758.html). clopedia-of- maira).
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Sakhalin, the south islands of Kuril Ridge and Hokkaido Island (Japan) make the area of
Sakhalin fir (4. sachalinensis Fr. Schmidt). The tree is up to 30-35 m tall with a pyramidal and
pointed shape crown and relatively smooth grey bark, when mature bark cracks (Fig. 126). This fir
species together with the Ajan spruce forms dark coniferous forests however, it has a subordinated
status in the stand as underwood or regrowth. Sakhalin fir often occurs with Stone birch (B. ermanii)
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in the upper mountain belt. It often dominates on south Kurils and sometimes forms single species
fir forests. The share of East Siberian fir and Sakhalin fir in the Far East dark coniferous forests
does not go higher than 40% (Sochava, 1944; Bobrov, 1978).

Abies mayriana Miyabe et Kudo is distributed in the south of Sakhalin and on the majority
of Hokkaido. The tree is up to 25 m tall (Fig. 127). The species is close to Abies sachalinensis but is
different by the oval, dull-shaped crown, smooth throughout the life bark, shorter and narrower
needles,