Forest soil in European
Russia: biotic and
anthropogenic factors in
pedogenesis

Maxim Bobrovsky

Soil Sciences of Russian Academy of Science

@ Institute of Physicochemical and Biological Problems of
Pushchino (Russia)

Cxema CyKIIECCHH II0CA€ PACHIAIIKH IIPU AOATOBPEMEHHOM PA3BUTHH A€CA
The scheme of succession after plowing and long term development of forest ecosystem
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Study areas — boreal forests

All areas are situated in the taiga, in the
hard-accessible parts of forestry enterprises located in

Karelia republic Vodlozersly Leshoz, Kostomukshsky
Rezerve

Komi republic Pechoro-Ilychskij Reserve, Udorskij,
Priluzskij and Koigorodokskij Leshozes

Perm region Visherskij Reserve

Kostroma region Mezhevskij, Paviskij and Vokhomskij
Leshozes

Vologda region Andomsky Leshoz, National park
‘Russkij sever’

Main objects of the investigation

Old-growth spruce and spruce-fir forests

age of spruce ranged from 150 to 400 years old

Different forest types:

domination in ground vegetation
e dwarf shrubs and green mosses
o small herbs and ferns

¢ tall herbs and ferns
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Study areas — subboreal and
temperate forests

Kaluga region

Voronez region

Tambov region

Moscow region

Tver region

14

Reserve ‘Kaluzskie zaseki
Natiotal Park ‘Ugra’

Rezerve ‘Voronezsky’

Reserve ‘Voroninsky’
Perkinsky forest

Rezerve “Prioksko-
terrasny’

Central forest reserve

Objects of the investigation

Old-growth broad-leaved (hardwood) forests
age of oak ranged from 150 to 400 years old

Different types of
softwood (birch, aspen) forests
coniferous (spruce, pine) forests
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Results

More then 4000 vegetation relevés

Morphological analysis of more then 1000 soil
profiles (depth 1.5-3 m)

Historical/archival data for key regions
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Historical land-use impacts
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TpaaunmonHoe
IIPUPOAOIIOAb30BAHIE

o Bsbinac
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‘The Gospel, XI c. Pari
XVIII B. MockBa
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0 Stock-breeding
Forest grazing prevailed ﬁ
| l
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¥.¢ Miniature, XVIII c.

TpaaunmonHoe
IIPUPOAOIIOAB30BAHUE

0 Py6bku, cbop xBopocra

Carpet, Xlc.

Engraving by
Kallo, 1620. France
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Historical land-use impacts iw

0 Felling, brushwood harvesting

Carpet, Xlc.

Engraving by
Kallo, 1620. France

TpaaunmonHoe
IIPUPOAOIIOAb30BAHHE

0 C6op noaCTUNIKM
0 CeHOKOLWIEHMe ... 1 Ap.

“JlekapcTBO
AylweBHoe”,
XVII B.
MockBa

q "[epeBeHckoe
‘B8 3epkano”,
™ 1798, Tyna

BonbLUNMHCTBO BO3AENCTBUN CBA3AHbI C
TPaAULMOHHLIMM CUCTEMaMU 3eMneaenus
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Historical land-use impacts

0 Branches, litter harvesting “Lekarstvo
0 Mowing ... etc.

4 "Derevenskoe
<8 zerkalo”,
e (1798, Tula

The important part of impacts was connected
with historical agriculture systems

TpaAurmoHHBIE CUCTEMBI

3EMAEAECAUSA

U NMoacevyHoO-OrHesas

U MNMepeno>xHasn

U Tpexnonbe
(BapmaHT napoBoM
CUCTEMBDI)




o Pic. by Lindholm, XVIII c.
Traditional Finland

agriculture systems

O Slash-and-burn
system

O Shifting agriculture
(forest-shifting
system)

O Three-field system
(type of fallow
system)

XPpOHOAOTHA TPAAUIIUOHHOTO IIPHUPOAOIIOAB30BAHUA
AAA TEpPUTOPHH ITeHTPaAbHOM Poccun

JlecHom Bbinac ?
L

[MepenoxHoe 3emsiegenme

MapoBoe 3emnenenune -
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2012/10/22

10



2012/10/22

Chronology of traditional
land-use

. ?
Logging o ‘

Forest grazing 2
. —

Field—forest.shiftind agriculture system

Fallow agriculture system -

4 000 2000 1500 1000 500

Macromorphological analysis of soil

What is the soil macromorphological
structure?

that we can see without special instruments

What do we see in a soil profile?
» Homogeneous elements = morphones

» Complex / Combination of elements = soil pattern
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Macromorphological analysis of soil

O A soil profile is a pattern of different
morphones

o The morphones are formed in result of
natural and anthropogenic impacts on the
ecosystem

O Sequence and strength of the impacts can
be distinguished by the analysis of soil
matter filled the morphones of different
age

Processes of morphones forming

(above all biogenic destruction
aggregation) l

Aggregation @ - T* Aggregates

Humus formation Regrouping

Humus accumulation Pedoturbation

morphones - soil pattern/horisons - profile
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Factors of morphones formation

Biotic factors

Morphons

Container

Pedofauna
activity

Antropogenic factors

Fire (slash-burn,

burn, artificial fires)

Roots
growth/death

Tree-fall with
uprooting

Tillage ‘

‘ Grazing ‘

Felling, brushwood |
harvesting |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Difference between traces of hardwood (A) and
softwood (B) roots after wind-break or logging

A

’ Container \

iRoot burrow i

|

Stuff

Roots Surface
organic matter
matter
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Pits after tree-full is the main “depots” of
the surface soil matter

Surface matter is kept mainly in
peripheral parts of the pit

The main “depot” of surface matter is
in a front part of pits formed after tree-
full with back shifting

If we can show and make out soil
morphological signs

a sequence of various impacts and their
intensity may be followed up
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Traces of soil macrofauna activity

Coprolites, organo-
mineral aggregates

Burrows, voids \

Shifted and mixed soil
matter in burrows

Results of biogenic sorting of mineral
matter is the immersion of stones

Pedofauna activity

It was well expressed only in forests with tall
herbs domination (Schaschkov, Bobrovsky, 2008)

Brown soil with moder or mull humus dominated
in tall herb spruce and spruce and fir forests
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Traces of root systems in §
different soil horizons

Voids in a soil after roots \

Root burrows with organic matter \

Root burrows with transformed
organic matter (after
mineralization, oxidation)

Root burrows with mineral
matter

Traces of root systems

Sometimes we can reconstruct:

+ Tree species or species group

» Cause of tree death:
»wind-break
»logging
»grubbing
»tree-fall with uprooting
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Tree-fall mosaic

Now well-expressed (occurred at
different times) tree-fall mosaics attend
at tall herb forests 1

Solitary or catastrophic tree-
falls attend at other forest

types

Cneabl 3anagvH cTapbiX BbiBanos

B GONIbLUMHCTBE NOYBEHHbIX
npodunemn

BO BCeX TUnax reca
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Traces of tree-falls

Past (“buried”) pits after tree-falls
were presented

in majority soil profiles

in all soil types

in all studied forest types

MpoTsKEeHHbIE
KOMMIEKChbl CTPYKTYp B
BMAE CNOEB, KOTIOB, Yalu
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Traces of past tree-fall

s ¥ ‘:Q' ‘ e

long stripes or cauldrons

Traces of tree-fall

Striped structure

Spotted structure
(«floating clods>)

Buried matters f
(charcoals, litter etc.)
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Traces of tree-fall

Middle and bottom layers of soil profiles were

presented by matters in pits and root burrows
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Traces of tree-fall

Prevailing depth of pits was between 30 and 80 sm.
There were pits to 200 sm depth

There were several levels of uneven-aged pits in
one soil profile (till 8 levels in trench)
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Main impacts were similar in boreal,
subboreal and temperate forests:

o Fire (slash-burn, burn, artificial fires)
o Tillage

o Felling

o Grazing / wood pasture

Boreal and subboreal+temperate
forests differences

Boreal forests - alone major factor of human
impact - fire

2012/10/22
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Traces of fires

Traces of fires are presented in all forest

types, and they maximal in the dwarf
shrub or green moss types

CAeABI TO’KapOB B II0YBE

PopmblI
yrneun

OkaTaHHbIe
(TpaHccopmMupoBaHHbLIE
Ha NOBEPXHOCTU NO4BbI)

MnacTuHYyaTtble
(TMNUYHbIE
ApeBecHble yrnu)

OucnepcHble,
yronbHas nbinb

2ulsaresvEZ L
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Traces of fire - Charcoals

rounded
(transformed on the
soil surface)

Charcoal

forms lamellar (typical
charry wood)

dispersed, coal
fines

Ulgas9s v £z L

Traces of fire - Charcoals

single

Charcoal
frequency

group

layer
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«cnown»
Yrnu B matepuane
OTCbIMNKN BblBaJrioB
«NATHOY,
iy «KOTen»

u'un{uc':’:u-.‘lu
2 j

Charcoals
in the past pits

single

“cauldrons”

'u-osn/ucv(:u}u;
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We can range different forest
ecosystems by fires scale/frequency

Spruce and spruce-fir forest with domination

Traces of fires Tall herbs Small herbs Dwarf shrubs or

green mosses

DKCTEHCUBHOE IIPUPOAOIIOAB30OBAHNE

= MHTEHCUBHOE, «Ha npeaene»,
Mcnosib30BaHMe pecypcoB 6e3 aKTUBHOM
3a60T1bl 06 X BO306HOBNEHUU =>

=> 6onbLuafd naowaab ocBoeHus /
BO34ENCTBUM

JNlanpwadpTbl LleHTpanbHoOW Poccum
MuHnaTiopbl U3 “Anbboma Meepbepra”, 1661
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Extensive nature management

intensive use of free goods without well
care for good renewal =>

=> |large area of impacts

Pacmmamka

The most important factor -
agriculture

All present-day forest ecosystem
had deforestation phases in past
most often they were arable land

2012/10/22
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CAeABI pacriamky B IIo4Bse

B Nec4yaHou no4yse

CtaponaxoTHbI FrOPU3OHT

CYrNMHUCTOMN NoyBe

MoanaxoTHbIN rOPU3OHT B

7 YNNG

-
w
-
-
=

Traces of tillage/plouging —
in most part of soil profiles

Old-arable horizon
(sandy soil)

Subarable horizon =
undercrust (loamy soil)

Plows traces

Burned fertilizers matter

2012/10/22
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Soil profiles of different history

without agricultural use after agricultural use,
mainly slash-and-burn

Komi republic, European Russia

Soil profiles of different history

. s );

after long-term
agricultural use, mainly
shifting agriculture

without agricultural use

Vologda region, European Russia

2012/10/22
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Soil profiles of different history

after long-term
agricultural use, mainly
three-field system
without fertilization

without agricultural use

Kaluga region, European Russia

Ocob6enHoCTH BO3ACHCTBUI HA 9KOCHCTEMBI,
CBA3aHHBIE C 9KCTEHCUBHBIM IIPUPOAOIIOAb30BAHUEM

pa3sHoo6pa3ue BO3AEeNCTBUM U UX COUYETaHUMN

MHOIMOKpPaTHOCTb BO34EMCTBMM HA KaXXAbIN
y4acrok

NepuoanYHOCTb HapyLWEeHUN YacTo MeHblue
NpPoAOJ/IKNUTENIbHOCTU 060pOTa NOKOJIEHUM
AepeBbeB

2012/10/22
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Features of human impacts on ecosystems
under extensive nature management

Diversity of impacts and their combinations
Multiple impacts on the same plot
Periodicity of forest disturbaions often less of tree life

less than time of trees generations rotation

In soil:

Multiple alternation of soil surface transformation,
illuviation, and tree-fall pedoturbations

Slash-burn cultivation and fires were the
main factors of boreal soil degradation led
to uncolored mineral horizon E evolution

Horizon B is mainly developed by multiple
bioturbation of degradated soils and by
attendant soil processes (gleyzation,
mineralization, hydromorphy etc.)

2012/10/22
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Gap-mo3auka

Pa3HOBO3paCTHbIe
BeTpoBaJlibl

Bbicokoe BuaoBoe
pa3HooO6pa3ne pacTeHun

AKTUBHOCTb NOYBEHHOW
Me3odayHbl

Mopgep/mynnb rymyc

HeTt noasonucroro
rOpu3oHTa

Tall herb forests

Tree-fall mosaics

High plant diversity

|Many tree uprooting

Pedofauna activity
Moder/mull humus

No E horizon

2012/10/22

Cnabo pa3BuTta gap-
Mo3auKa

EavHny4HbIe unu maccoBble
BeTpoBarbl

Huskoe BugoBoe
pasHooO6pa3ue pacTteHun

Hu3kas akTMBHOCTb
No4YBEHHON Me30dpayHbl

Mop/moaep rymyc

Moa3onucTbIN ropU3oHT

Dwarf shrub or green
moss forests

Low expression of
tree-fall mosaics

Low plant diversity
Rarely tree uprooting
Pedofauna incomplete
Moor/moder humus

E horizon
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Long-term fire
history

Long-term fire
protection

Seed rains

> Forest>

¥4 Fire+field >

Forest 2
Fire+field(tillage)=>
Pasture 2

Forest

Forest = Fire+field &
Forest =& Fire+Field
witout fertilization 2>

Young forest(schifting
system?) = Field with
fertilization 2> Forest
=2Logging 2Forest
=2Logging 2Forest

2012/10/22
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Homogeneous profile with A/H horizon is a result
of long-term free development of spruce or
spruce-fir forests

Thank You
for Your Attention!

Licevoj svod, XVI c. Moscow

maxim.bobrovsky@gmail.com
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