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Disturbance pud |

Vyvraty a dalSi biomechanické vlivy stromli

Pedogeneze na nejnizsi prostorove skale




Biomechanické pusobeni stromu
na pudu

- Vyvratova dynamika

- Pronikani kofenu do podlozi

- Tlak kofenu na okolni pudu/horninu
- Wtlaceni pudy kofeny

- Rozklad pahylu stromu

- Pohyb kofenu pfi vétru a nasledny
pohyb pudy




Prostorové skaly studia disturbanci

Skala vyvratu - abiotické podminky
- stari + datovani

- pedogeneze

Skala lesniho porostu P r"}:g"fé.
- plodny podil vyvratu
- struktura vyvratu
- rotacni perioda

- pedogeneze (+ prostorova
variabilita)

Skala krajiny



Akumulaéni pusobeni stromu

cliff debris flow surface wash

steep slope

degradation of rock cliff

(Pawlik, unpublished)




Splach pudy po desti,

Stolové hory, Polsko
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Biomechanické pusobeni kofenu stromu v ruznych podminkach




Zapadani kamenu do rozpadajicich se pahylu
Stolové hory, Polsko




Vyvratova dynamika

Vyvaj Kupy a deprese v Case?

ROOT PLATE

UPROOTED
TREE

- DECOMPOSING
‘0 4 TREE TRUNK
“ : AFTER 50-60 YEARS

Pawlik, unpublished




Koncept disturbancni ekologie vs. koncept potencialni
vegetace a malého vyvojového cyklu lesa



. Datovani vyvratu

8 = QOpakovana dendrometrie 0 — 40 (60) years

= Dendrochronologie 10 — 250 (500) years
= 14C (60) — 9000 years

= 210ph 137Cg, 226Rg 1-150 (200) years

Krizové datovani !




Ref. No. Longevity of pit-mounds Ref. No. Longevity of pit-mounds Ref. No.

North America Latin m
1 137 years 44 = 41

2 350 years
9  450-550yeras Eurasia
:2 > 450 years 46 Pit- r-noung ;erreglvpgl{/cr?goc})qgraﬁhy was created in I 42
18 m Nad 5000 et 48 | With uprooted beech trunk to,505(60) years, . 50 (o ] 44
19 With uprooted hemlock trunk to 200 years, ttrunks to 220 years

without trunks to 500 years 52  >150-200 years 48
21 80-300 years 53 (i) 190 £ 60 years 49
25 200-500 years (iii) 440 + 130 years
26 250-300 years (iv) 680 = 100 years
28  200-2000 years 54,55 Organic mounds: 50-200 years; organo-mineral mounds 50, 51
31 60-300 years and pits remain to the next disturbance
34 >200years 57  200-(500) years 53
35 > 200 years 58  100-400 years 54

500-1000 years . .
Atraktivita vyvratl v Ease ? USRS ANdIOccania) _
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Tvorba ,brnéni”

Kmeny jako akumulacni bariéra
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Na jemne skale vyvraty signifikant

ovlivnuji dynamiku lesa

= Ekologické podminky (teplota,
vihkost)

* Erozne sedimentacCni procesy

= \Vyskyt cévnatych i bezcévnych
rostlin, vCetne pfirozeného
zmlazeni drevin

* Mocnost organickych a
mineralnich horizontu

T

= Skupiny dekompozitoru (Zizaly,
roupice, chvostoskoci, houby)

= Formy organickych horizontu

* Pedogeneze (podzolizace,
transformace organické hmoty, ..)



Na jemné skale vyvraty signifikantne ovlivinuji dynamiku lesa
« Ekologicke podminky (tepiota, SIS EEA
vihkost) w218 W RIS MUmes T

* Erozne sedimentacni procesy

= \Vyskyt cévnatych i bezcévnych
rostlin, vCetné prirozeného
zmlazeni drevin

* Mocnost organickych a
mineralnich horizontu

» Skupiny dekompozitoru (zizaly,
roupice, chvostoskoci, houby)

= Formy organickych horizontu

* Pedogeneze (podzolizace,
transformace organické hmoty, ..)



Na jemné skale vyvraty signifikantne OV|IVHUjI dynamlku Iesa

» Ekologické podminky (teplota,
vlhkost)
* Erozne sedimentacCni procesy

= \Vyskyt cévnatych i bezcévnych
rostlin, vCetné prirozeného
zmlazeni drevin

* Mocnost organickych a
mineralnich horizontu

= Skupiny dekompozitoru (Zizaly,
roupice, chvostoskoci, houby)

= Formy organickych horizontu

* Pedogeneze (podzolizace,
transformace organické hmoty, ..)




Na jemné skale vyvraty signifikantneé ovliviauji dynamiku lesa

\ 77 years

» Ekologické podminky (teplota,
vihkost)

= Erozné sedimentacni procesy | ..o e 10 S50 Moo

S 79 years
T

Windthrow

"w.,.__hhx

10 years

= \Vlyskyt cévnatych i bezcevnych

rostlin, vCetné prirozeneho
zmlazeni drevin

= Mocnost organickych a
mineralnich horizontu

= Skupiny dekompozitoru (zizaly, 3
roupice, chvostoskoci, houby) .-

* Formy organickych horizontu

» Pedogeneze (podzolizace,
transformace organické hmoty, ..)



Na jemné skale vyvraty signifikantné ovliviuji dynamiku lesa

= Ekologické podminky (teplota, b
vihkost)

» Erozne sedimentacni procesy

= \V/yskyt cévnatych i bezcevnych
rostlin, vCetné prirozeneho
zmlazeni drevin

* Mocnost organickych a
mineralnich horizontu

» Skupiny dekompozitoru (zizaly,
roupice, chvostoskoci, houby)

* Formy organickych horizontu

» Pedogeneze (podzolizace,
transformace organické hmoty, ..)



Na jemné skale vyvraty signifikantné ovliviuji dynamiku lesa

» Ekologické podminky (teplota,

vihkost)
» Erozne sedimentacni procesy .
= VWyskyt cévnatych i bezcévnych _

rostlin, vCetné prirozeneho
zmlazeni drevin

* Mocnost organickych a :
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* Formy organickych horizontu

» Pedogeneze (podzolizace,
transformace organické hmoty, ..)

Pnrﬂaf\l"ﬁ.] <
- EEEEEEERER

T Without H
M Hh |

| W Hr
EHz

| BHx

Mound Pit Control



Na jemné skale vyvraty signifikantné ovliviuji dynamiku lesa

» Ekologické podminky (teplota,
vihkost)

» Erozne sedimentacni procesy

= \V/yskyt cévnatych i bezcevnych
rostlin, vCetné prirozeneho
zmlazeni drevin

» Mocnost organickych a
mineralnich horizontu
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Mikrostanoviste
vyvratu vytvareji
unikatni ekologicke
podminky




Kupa - tepla, sucha, kypra,
velké extremy

Deprese — vinka, studena,
soustredeny odtok (+ zimni
odtok)




Kupa - tepla, sucha, kypra,
velké extremy

. . #° Moje kupy jsou
Deprese - vihka, studena, Ja|e tgﬁéj

soustredeny odtok (+ zimni
odtok)




Vyvraty jako faktor
zvetravani a eroze

Obnazeni horniny — zvétravani
Pohyb balvanu hmotnosti i 5 tun
Holocenni dynamika svahu,
mocnost re
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Vytrzeni bedrock pfi vyvratové udalosti

Stolové hory, Polsko
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Vyvraty ovlivnuji zmlazeni drevin,
strukturu bylinneho patra,
mechorostt, lisejniku, hub i
bezobratlych

deprese

kupa strom

All tree species
Number of trees / ha

o m ® @ @

ek vwratu & R
Sebkova B., Samonil P., Valtera M., Adam D., Janik D. 2012. Interaction
between tree species populations and windthrow dynamics in natural
beech-dominated forest, Czech Republic. Forest Ecol. Manag. 280: 9—-109.



Vyvraty ovlivnuji zmlazeni drevin,
strukturu bylinneho patra,
mechorostt, lisejniku, hub i
bezobratlych

deprese  kupa

Lyford and McLean (1966)

Competition
Pathogens
Uncovered mineral soil
Micro-climate
(Predation of seeds)

o0



Vliv vyvratu na genezi organickych a
mineralnich horizontu pud



Vyznam vyvratoveé
disturbance v
jedlobukovem
~pralese

Pripadova studie

0 25 50

Czech Republic
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MNational Nature Reserve Razula

Protected Landscape
Area Beskydy

NPR Razula
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100 150 200



- — —eters
0 2550 100 150 200

NPR Razula

Plosné Setreni

Prasa (1972)
VirSka et al. (1995)

& Vyvraty
Stromové patro — rok 1995

Fagus sylvatica
Alves albg

[ B

Ficea abies
Acwer praudoplatarius

Frawinius excelsior

FESw

Lezici dfevo — rok 1995
- Rozpadié
Mahindd

Tl




Prirodni podminky:

Striktni ochrana od roku 1933

Prevazuji S a SZ svahy, sklon nejCastégji 20°

Prameérné ro¢ni srazkové uhrny 1050-1 370 mm

Prumérna rocni teploty 5—6 °C

FlySove pasmo — piskovce, jilovce a jilovité bridlice

Skeletic Cambisols a Haplic Cambisols

» Asociace Dentario enneaphylli-Fagetum a

Dentario glandulosae-Fagetum
SLT 5B — bohata jedlova bucCina



Thickness and forms of Met()dika

L, F and H horizons

Celkem hodnoceno 1720 vyvratu
Plosné Setfeni — 10,98 ha = 1561 vyvratu
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Struktura vysledku:

Vyvraty v prostoru - jakeé stromy se vyvraci
- kam se vyvraci
- mocnosti humusu
- formy humusu
- formy horizontu
- chemismus pud

Vyvraty v gradientu casu - vyvoj velikostnich parametru
- VYVO] humusu
- pedogeneze v Case



Jaké stromy se vyvraci a kam?

Tloustkova distribuce vyvracenych kmenu = podurovnove buky a
200 ——— | dozivajici mohutné jedle
0 Acer pseudoplatanus
160 OPicea abies = orientace po svahu
160 B Abies alba
- 0 Fagus sylvatica
Orientace vyvracenych kmenu
E IEﬂ 1280107
- gt Cetnost (ks)
¥ 100 .3407 2 11.40* Crientace vzhledem
E o ke sklonu svahu
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Eﬂ f.
40
161-280° 1100
20
D i
: 0 @ 9 1 1-250° 101-130°
ciYeyB gL
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Vicetni tloustka (cm) 181-130°



caetnost

Jaké jsou velikostni parametry vyvratu ?

wrelativni
akumulace*
velkych vyvratu
Vv case
plocha vyvratu (m?) délka vyvratu (cm) Sifka vyvratu (cm)
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Prubéh rozkladu vyvratu

(wog > wdep) d




Jak se lisi mocnosti horizontu na mikrostanovistich?

L - horizon F - horizon
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Horizon N H-value p-value
L - litter 3409 615,554 < 0.001
F - fermented 2962 1184,399 < 0.001
H - humification 2601 588,258 < 0.001




Jak se lisi mocnosti horizontu na mikrostanovistich?
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» Signifikantni rozdil mocnosti mezi mikrostanovisti
= Signifikantni rozdil mocnosti mezi formami



Jak se lisi humusové formy na mikrostanovistich?
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Jak se lisi humusové formy na mikrostanovistich?
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» Signifikantni rozdil mezi humusovymi formami
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Jak se lisi formy horizontll na mikrostanovistich?

L - horizon F - horizon
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Jak se lisi formy horizontll na mikrostanovistich?

L - horizon

F - horizon
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Jaka je diverzita forem humusovych horizontu ?

kupa X kontrola

deprese X kontrola

Horizon Microsite Chi-square p-value
L - litter Mound versus control / /
Pit versus control / /
F - fermented Mound versus control 0.535 0.765
Pit versus control 106.856 < 0.001
H - humification Mound versus control 7.76 0.051
Pit versus control 67.851 < (0.001




Jaka je diverzita forem humusovych horizontu ?

kupa X kontrola

deprese X kontrola

Kupa se distribuci forem horizontt prilis nelisi od kontroly

Deprese se od kontroly znacne lisi



kupa X deprese X kontrola

Probability (Portion)

0,5000

Fermentacni horizont

0,4500
0,4000
0,3500 -
0,3000
0,2500
0,2000
0,1500
0,1000

0,0500

0,0000

1

Combination | Control Mound Pit Combination| Control Mound Pit
1 amphi amphi amphi 15 mycogeneous | mycogeneous | zo0genous
2 amphi amphi mycogeneous 16 mycogeneous | zoogenous amphi
3 amphi amphi Zoogenous 17 mycogeneous | zoogenous | mycogeneous
a4 amphi mycogeneous amphi 18 mycogeneous | zoogenous Zoogenous
5 amphi mycogeneous | mycogeneous 19 zoogenous amphi amphi
6 amphi mycogeneous zZoogenous 20 zoogenous amphi mycogeneous
7 amphi Zoogenous amphi 21 zoogenous amphi zZoogenous
8 amphi Zoogenous mycogeneous 22 zoogenous mycogeneous amphi
9 amphi zoogenous Z00genous 23 zZoogenous mycogeneous | mycogeneous
10 mycogeneous amphi amphi 24 zoogenous mycogeneous | zoogenous
11 mycogeneous amphi mycogenecus 25 zZoogenous zZoogenous amphi
12 mycogeneous amphi Zoogenous 26 zZoogenous Zoogenous | mycogeneous
13 mycogeneous | mycogeneous amphi 27 zoogenous zoogenous zoogenous
14 mycog 1S | mycog IS | mycogeneous

Chi-square = 54.087

df =16

p < 0,0001

‘ [0 Expected W Real

S L

32 4197 106 21 912 5 20 8 11222513 16 24 27 15 18 23 26 14 17




kupa X deprese X kontrola

Probability (Portion)

0,5000
0,4500
0,4000
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0,3000
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0,0000

Fermentacni horizont

Combination | Control Mound Pit Combination| Control Mound Pit
1 amphi amphi amphi 15 mycogeneous | mycogeneous | zo0genous
2 amphi amphi mycogeneous 16 mycogeneous | zoogenous amphi
3 amphi amphi Zoogenous 17 mycogeneous | zoogenous | mycogeneous
a4 amphi mycogeneous amphi 18 mycogeneous | zoogenous Zoogenous
5 amphi mycogeneous | mycogeneous 19 zoogenous amphi amphi
6 amphi mycogeneous zZoogenous 20 zoogenous amphi mycogeneous
7 amphi Zoogenous amphi 21 zoogenous amphi zZoogenous
8 amphi Zoogenous mycogeneous 22 zoogenous mycogeneous amphi
9 amphi Zoogenous Zoogenous 23 zoogenaous mycogeneous | mycogeneous
10 mycogeneous amphi amphi 24 zoogenous mycogeneous | zoogenous
11 mycogeneous amphi mycogenecus 25 zZoogenous zZoogenous amphi
12 mycogeneous amphi Zoogenous 26 zZoogenous Zoogenous | mycogeneous
13 mycogeneous | mycogeneous amphi 27 zoogenous zoogenous zoogenous
14 mycog 1S | mycog IS | mycogeneous

Chi-square = 54.087
df =16
p < 0,0001
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kupa X deprese X kontrola

0,2800 -
0,2600 -
0,2400
0,2200 |
0,2000 -
0,1800
0,1600 -
0,1400
0,1200
0,1000
0,0800
0,0600
0,0400 -
0,0200

Probability (Portion)

Humifikacni horizont

Combination | Control Mound Pit Combination| Control | Mound Pit

1 unresolved | unresolved | unresolved 25 zoogenous | residues | unresolved
2 unresolved | unresolved | zoogenous 26 zoogenous | residues | zoogenous

3 unresolved | unresolved residues 27 zoogenous | residues residues
5 unresolved | zoogenous | unresolved 33 residues | unresolved | unresolved
6 unresolved | zoogenous | zoogenous 34 residues | unresolved | zoogenous

7 unresolved | zoogenous residues 35 residues | unresolved | residues
10 unresolved residues zoogenous 37 residues | zoogenous | unresolved
11 unresolved residues residues 38 residues | zoogenous | zoogenous

17 zoogenous | unresolved | unresolved 39 residues | zoogenous | residues

18 zoogenous | unresolved | zoogenous 43 residues | residues | residues
19 zoogenous | unresolved residues 49 humic unresolved | unresolved

21 zoogenous | zoogenous | unresolved 51 humic unresolved | residues

22 zoogenous | zoogenous | zoogenous 52 humic unresolved humic

23 zoogenous | zoogenous residues 64 humic humic humic

24 zoogenous | zoogenous humic

M Chi-square = 66.14
df = 15

p < 0,0001

[0 Expected W Real

0,0000

2218212317 6 19 2 5 7 1 3 382634 37 39 2533 27 35 10 24 11 43 49 51 52 64




kupa X deprese X kontrola

Humifikacni horizont
0,2800 —

Combination | Control Mound Pit Combination| Control | Mound Pit
0,2600 N 1 unresolved | unresolved | unresolved 25 zoogenous | residues | unresolved
2 unresolved | unresolved | zoogenous 26 zoogenous | residues | zoogenous
O 2400 3 unresolved | unresolved residues 27 zoogenous | residues residues
! 5 unresolved | zoogenous | unresolved 33 residues | unresolved | unresolved
0 2200 | 6 unresolved | zoogenous | zoogenous 34 residues | unresolved | zoogenous
' 7 unresolved | zoogenous residues 35 residues | unresolved | residues
10 unresolved residues zoogenous 37 residues | zoogenous | unresolved
— 0,2000 ] 11 unresolved residues residues 38 residues | zoogenous | zoogenous
c 17 zoogenous | unresolved | unresolved 39 residues | zoogenous | residues
9 0,1800 1 18 zoogenous | unresolved | zoogenous 43 residues | residues residues
t 19 zoogenous | unresoclved residues 49 humic unresolved | unresolved
o 01600 | 21 zoogenous | zoogenous | unresolved 51 humic | unresolved | residues
& ! 22 zoogenous | zoogenous | zoogenous 52 humic unresolved humic
23 zoogenous | zoogenous residues 64 humic humic humic
>
= 0 ' 1 400 24 zoogenous | zoogenous humic
2 0,1200 ,
E i Chi-square = 66.14
o 0,1000 df =15
o
0,0800 p < 0,0001
0,0600

0,0400 | [ Expected W Real
0,0200 ii””[l[lﬂ I I I
0,0000

2218212317 6 19 2 5 7 1 |3 3826 34 37 39 25 33 27 35 10 24 11 43 49 51 52 64




kupa X deprese X kontrola

Pres to, ze mikrostanovisté se v distribuci forem humusu
znacne lisi, existuje uzky vztah mezi vyvojem humusu v
ramci jediného vyvratu



Lisi se chemismus humusu ?

A

A — celkova variabilita

B — variabilita vysvetlena typem horizontu
C — variabilita vysvéetlena mikrostanovistem

D — spoleCna variabilita (B+C)



Metodika odbéru vzorku

VSechny vzorky — filtrovani (stratifikace) — nahodny vybeér

L - horizon F - horizon L - horizon F - horizon
00N 1 11 1 100% 180 200
% 1680 800 P BFa
8% 0% 140 700 BFz
T E " § 00 BFm
g 0% g oo | S ;_“_, - g -
é :z‘: ‘ém E 80 S
- [ ]
2 . €  Without F Se iw
% "‘ 0% EFm L e
o E;: . Non-sampled - [ g
[ o% 0 o
Mound Pit Mound Pit Control Mound Pit Cantral Mound Pit Control
H - horizon A - horizon H - horizon A - horizon
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oy | . 250 B Hx 700
70% . o% I EHr g w0
= 0% | S som 2 1m0 5
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& o ‘ j“"}lrlllthm.ll H { e 3 100 E 2
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W = 1% " 100
" | oz - mWith A | — | p— g
Mound Pit Cantrol Mound Fit Control Mound Fit Control Mound Pit Control
Z k v d 7 f h . t Analysis no. Analysistype Analysed data Environmental data Covariable data
aZ e Orl I Iy Orlzon u 1 PCA L, F, H, A horizons / /
v ° 2 L, F, H, A horizons  horizons
Od b er 4 VZO rku 3 RDA F horizon F horizon forms microsites
4 H horizon H horizon forms
) L, F, H, A horizons horizons
6 F horizon N F horizon forms
RDA ) microsites .
7 H horizon H horizon forms
8 A horizon /
9 L, F, H, A horizons microsites + horizons /
10 RDA F horizon microsites + F horizon forms ~ /
11 H horizon microsites + H horizon forms  /




Analysis no. Analysed data No. of samples Explained variability [%] p-level F-value
2 L, F, H, A horizons 100 49.7 < 0.001 30.31
3 F horizon 36 24.6 <0.001 10.04
4 H harizon 43 26.6 = 0.001 7.90
5 L. F, H, A horizons 100 3.8 <0.001 5.66
6 F horizen 36 20.8 < 0.001 5.97
T H horizen 48 1.2 0.001 4.57
8 A horizon 12 29.8 0.063 2.19
Analysis no. Analysed data No. of samples Explained variability [%] Shared effect
9 L, F, H, A horizons 100 54.9 14
10 F horizon 36 45.4 0.0
11 H horizon 48 37.7 -0.1

Signifikantne se lisi

horizonty i jejich formy

Signifikantne se lisi

chemismus humusu na

mikrostanovistich
(vyjma A horizontu!
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Pedogeneze v case

Vyvoj organickych horizontu

120 years

Windthrow Control

T Length  Thickness of humus M‘\
15 im [10 em .

N Thickness of humus
1 1m o 180 years

|10 cm

10 years

16 ~

192 years

i D

= L - opadanka
» F - fermentacni horizont
» H - humifikaéni horizont

= A - (organo)mineralni horizont
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0 Age of pit-mounds (years)

200
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| Decregse of trunk
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Jak se lisi mocnosti horizontu na mikrostanovistich?

Mocnosti horizontu se
na mikrostanovistich
znacne lisi

Deprese

Mocnost

Kontrola

/ Kupa

Cas

L - Litter H
F - Fermented |H=1184.399 |N=2962 [p<0.001
H - Humic H = 588.258 |N =2601 < 0.001

615.554 [N =3409 |p <0.001




i

] 0

®

Polygeneticky vyvoj

r

Cernozem x degradovand
¢ernozem x
pseudolernozem

Retrogradni vyvoj pud ?

(-

[

Vyvratova deprese

pH-KCI

\:

2.5

_[mmol+/kg]

0

9

[%]

700 0.3

[mg/kg]

[mg/kg]

o C-THS

200 0

S o
© CEC © <0.002 mm
\
Z ",
X _ .
3 ]
E
E
CJ .......
(o]
A =5
M~
Cox Nt ~
J"i “\\
- —_ / :
3 g /
/’,‘
- //,
| e o’
~ ~N
s C-HA  [SC-FA .
M,
b
g g/
T /":
d J7
o L le,
=) o
S Mn ox SMnd .
j -'/;I M .x'-! .I‘\-‘
__._r'f \ 'a .-"l -.
= :_./ ic'.;, /
E f g r
" f':-
=] e/
Q. =%
Range of

- horizontal axis



Rozklad variance mezi 3 faktory

Age + Microsite + Depth = 20.3% of data variability

Age o
1 8 % J‘E;é’ e _ =
=0.048 /' / Microsite
=4.75 / ¢
— |! f 7.5 %
~ i p < 0.001
\ F =15.10
Depth
12.1 % 0.1 %
p < 0.001

F=31.10



Prales X neprales




15.4 % of data variability

-0.8

Hospodarsky vs. pfirozeny les
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Pedogeneze na kryptopodzolech
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~organicky
trychtyr" ve

vyvra

tové depresi

Deprese 15cm Kontrola 15cm




Pedogeneze na podzolech - till, outwash

Stari i nad 5000 let

Fair d




Mixed
Horizonation

r U i
331 . One Meter v




Velmi rychly vyvoj plid v depresi, Podzols, Michigan Foto. Schaetz




PARAMETER PIT MOuND UNDé?;EQBED
0 THickNEss (cMm) 12.9 3.6 3.4
E THicknEss (cm) < 8. 2.4 15,0

R i R, S

Velmi rychly vyvoj pld v depresi, Podzols, Michigan Foto. Schaetz
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Pinus banksiana Lamb.
(jack pine)

Pred ohném Po ohni

70
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les bez vyvrat

rirozeny
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P

XA &32




Prirozené lesy Michiganu mezi 2 ohni

- Ohen jako klicovy faktor dynamiky lesa

- Mezi 2 ohni maloplosna dynamika (red pine, white pine zmlazuji jen v gapech,
ridké ale plosné zmlazeni maple) -> narust podilu javoru

- Po ohni ustup javoru a obnoveni dominance borovic

73
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