Relations between organic horizon properties and
forest plant composition in Scots pine (Pinus sylvestris)
stands in south west Poland
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Field works

* The researches were conducted on 100 study
plots in timber Scots pine (Pinus sylvestris)

stands. In each plot Scots pine was dominant
tree species in overstory.

s In each plot:

- organic horizon sample (Of or Ofh subhorizon)
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method was taken.
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Analytical methods

In each collected soil sample it was determined:

reaction (pH,,, and pH,) by potentiometric
method,

total organic carbon (TOC) and total nitrogen (Nt)
content by CNS analyser,

hydrolytic acidity (Hh) by the Kappen method,

content of exchange basic cation (Ca%*, Mg?*,
K*, Na*) following extraction of samples in
1M CH;COONH, at pH 7.0, and the ASA method.



Data analysis

For each soil sample it was calculated:
total exchangeable base cations (S) as a sum of Ca%*, Mg?*, K*, Na*,

capacity of the sorption complex (T) as Hh + S,
base saturation (BS) as: (S/T) x 100%.

For each study plot Broad-leaved Species Cover Indicator
(BSCI) was calculated as:

BSCl=a +0,75b + 0,25¢,

where: a— cover of broad-leaved species in an overstory,
b — cover of broad-leaved species in a second story,
c — cover of broad-leaved species in a shrub layer.

Relations between vegetation and organic horizon properties
were examined using: Spearman correlation in STATISTICA 4.0;
DCA (Detrended Correspondence Analysis) and Canonical
Correspondence Analysis (CCA) in CANOCO 4.5 package

[ter Braak, Smilauer 2002]



Results



Chosen properties of phytocoenosis

Broad-leaved Cover of broad Amount of Amount of Cover [%]
Species Cover -leaved species plant species | vascular plant

Indicator [%] species
(BSClI)

second story shrub layer herb layer moss layer

19 14 9 16 13 67 44
+19 +22 +17 +5 +5 +20 +26
(0-75) (0-85) (0-80) (7-31) (4-29) (5-95) (0-90)
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Properties of organic horizons

Reaction, TOC, Nt and TOC:Nt ratio

TOC TOC:Nt
[%] %

3,8 38,6 1,462 27,0
+0,3 +0,3 6,9 +0,344 +4,4
(3,2-4,9) (2,5-4,4) (19,4-64,4) (0,805-2,615) (12,9-41,0)

Sorption properties

I N N A O B
[%]

[mmol,,/100g]

145 8,68 1,49 0,28 0,85 11,3 156 7,62
+30 15,73 +0,74 +0,11 0,30 6,6 +28 +5,44
(56,7-223) (0,64-30,1) (0,26-3,78) (0,07-0,74) (0,22-1,74) (1,19-34,8) (57,9-231) (1,94-30,0)
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Correlation between properties
of organic horizon and of phytocoenosis

Cation content [mmol,,,/100g]

Hh Ca?* Mg?* Na* K*

second
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shrub layer
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DCA ordination diagram of forest floor vegetation species
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DCA ordination diagram of forest floor vegetation species

Vaccinium oxycoccus

Erica tetralix
Sphagnum sp.
Calamagrostis canescens

[edfa

leugla

; vac.vit
celz isl A

cla.sil

cladyim

dic.und
calyul

dic.sco

hvp.cup
,PA T

melfrp[e.ASCh
cla.ran & pho.

nut

spha. :
P TpAs calﬁan

vac.oxy
eri.tetr

lys.vig
mol.cae mni.aff & hylspl
A Aﬁry

urt.dio

al.mol
. A

luz.pil
ma trieur

vacinyr pc:«.LC()£A

dry.car
& ry

des.fle
& Sl

% pse.pgr

mni.und

ha.ang.

te.aqi
AP q

imp.nol

ste.hol g1 nod

mai.bif Apolyg.mu

oxa.ace

galeo.te

hed.hel
Ache.maj

imp.par

moe.tri

all.pet
Adact.ase

rub.ida bra.syl

dry.dil 8

myc.mur
Arub.pli mili.eff
cal.aru A

dry.fil

Axis 2 (vertical) represents soil humidity gradient
It explains 6,4% of total forest floor species variation.

3

Festuca ovina
Agrostis capillaris
Cytisus scoparius
Hypericum perforatum
Veronica officinalis
Euphorbia cyparissias

rum.ace Ahiedil \“a capil

cal.epi

KO TIem ivn& e
A Ajunchf gal.apa
hol.mol desch.ca

(

A

es.ovi
S A

ant.odo agr.cap

A ver off
euph.cyp )

& )

cVLSR
hyp.per

-4

T T

porna

(o}

8

Axis 1 (horizontal) represents soil fertilit?‘@é&igﬁi?ﬁ?g@g@ﬁﬁmg *6% of total forest floor species variation.




DCA ordination diagram of forest floor vegetation species
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Forest humus type: moder-mor

Ol 4-2cm
. Ofh 2-0cm

ABw

Bw

Quercus robur in the
second story
(cover: 70%)

Forest floor plants:
7 Herbs:
X BwC Vaccinium myrtillus
Deschampsia flexuosa
Calamagrostis arundinacea
Pteridium aquilinum
Rubus plicatus
Dryopteris carthusiana
Calamagrostis epigejos
C Rul_)us idaeus -
Maianthemum bifolium
. Epilobium angustifolium
Cambisol Calluna vulgaris
Carex pilulifera
Parent material: Mosses:

: : : Humic Substances in Ecosystems 8, Pseudoscleropodium purum
loess silt on fluvioglacial sand {oportia 13.-17.9.2009 Slovakia
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Main
conclusions



1. Organic horizon properties are strongly related to broad-leaved
species portion in pine stands. The portion is positively correlated to
soll properties that are connected with high soil fertility (base
saturation, base cation content, pH). The correlation 1s significant
negatively for biological activity soil indicator (TOC:Nt).

2. The analysis of forest floor species compositions suggests that
many of pine stands in south west Poland are planted on soils that
are originally connected with deciduous forests.

3. Organic horizon properties are more related to vegetation species
composition than to potential soil fertility. Even on eutrophic soils,
when forming under pine stands, organic horizon morphology 1is
more similar to Mor than to Mull forest humus type.

Humic Substances in Ecosystems 8,
Soporfa 13.-17.9.2009 Slovakia




The researches were

financed by the polish

Ministry of Science and Higher Education
(project N309 007 32/1037)

Humic Substances in Ecosystems 8, Soporfia 13.-17.9.2009 Slovakia









1.0

-0.6

TOC:Nt

vac.vit

cha. cmgAA

euph.cyvp

veroff’

hvpper

KCCA ordination diagram

with BSCI
-

~

showing correlation
between species composition
and organic horizon properties

J

ant.odo

AAagJ:mp

i
gal.apa n'm'c'.v’r.mK

A

pHKCI

all.p

Abm. 3

dact.a.

B3

W o=

A

sero.nod

Humic Qllhcfnqrpc in Frnc\llgfpmc R,

’ A led pa
({l‘ S0 < .7{ ””‘ j 2 =
mel.pra WM § A A””fi i Aisip.p by
A P\ A ane.nem _Hb d
”’r;':-{)ﬁi i}ﬂ dryicar i rub.pli M g 2+
L N A The soil properties used
| Hh impgola il N T in the diagram explain
mﬁnc fysivul = ; A 24 y 3% Of the tOtal fO reSt
- [JG }-'g.mu . . .
A rolmel A Nt G i) floor species variation
eri.tetr myc.mu che.maj H H H
in investigated plots.
rj,(ﬁrra B S C I g p

Soportia 13.-17.9.2009 Slovakia

1.0




Correlation between properties
of organic horizon and phytocoenosis

Cation content [mmol,,,/100g] Thick-
” » " " BS [%] | pHke | Nt[%] C:N ness of
Hh Ca Mg Na K O hor.
[cm]
3 g lower
8 » story -0,216* 0,337* 0,378* 0,083 0,290* 0,343* 0,324* 0,244* | -0,247* -0,161
2.0
o O
5 3
o shrub
c>> g_) layer -0,296* 0,437* 0,424* -0,002 0,139 0,456* 0,358* 0,186 -0,353* -0,088
©3
BSCI -0,355* 0,367* 0,399* -0,012 0,279* 0,431* 0,432* 0,208* -0,381* -0,125
Amount of
vascular plant | -0479* | 0,538* | 0,562* | 0,021 | 0,161 | 0,592 | 0,424* | 0251 | -0,449* | -0,184
species
herb 0,006 0,081 0,055 0,029 0,001 -0,116 0,208* -0,164 0,274*
layer s
SR
O mMosSs
layer 0,249* -0,509* | -0,560* -0,016 -0,264* | -0,490* | -0,536* | -0,348* | 0,379* 0,196
(d)

0,437* p <0,01 0,208 <0,01.sp<0,05




Korelacje miedzy wtasciwosciami poziomu
organicznego a cechami fitocenozy

H* + Caz+ Mg2+ Na+ K+ Migz-
AP BS PHKC | Nt | C:N | szos¢
[%] I [%] poZ.
@)
[cm]
[mmol,.,/100g] H20 KCl
145 868 | 149 | 0,28 | 0,85 7,62 3,0 | 1,462 | 27,0 6,5
+30 e +0,74 +0,11 +0,30 +5,44 +0,3 +0,344 +4,4 +1,7
(56,7 (0.64 (0,26 (0,07 (0,22 (1,94 2.5 (0,805 (12,9 (3-12)
-223) 304) | 378 | 074) | -174) -30,0) -44) | -2615) | -41,0)
Cation content [mmol,,,/100g] Migz-
H+ —— Noor or = T BS pHKCI | Nt[%] | C:N sz0$¢
* a a
e : [%] poz. O
[cm]
145 8,68 1,49 0,28 0,85 7,62 3,0 1,462 | 27,0 6,5
+30 4573 +0,74 +0,11 +0,30 +5,44 +0,3 +0,344 +4,4 +1,7
(56,7 (0.64 (0,26 (0,07 (0,22 (1,94 25 (0,805 (12,9 (3-12)
-223) 30.1) -3,78) -0,74) -1,74) -30,0) -4,4) -2,615) -41,0)
0,208%,0,01.<p <0,05

0,437* p < 0,01




Properties of investigated organic horizons

Thickness of O horizon, pH, TOC, Nt and TOC:Nt ratio

Thickness pH TOC Nt TOC:N
of O horizon [Y%] [%]
[cm] H20 KCI
6,5 3,8 3,0 38,6 1,462 27,0
+1,7 +0,3 +0,3 +6,9 +0,344 +4,4
(3-12) (3,2-4,9) (2,5-4,4) (19,4-64,4) | (0,805-2,615) | (12,9-41,0)

Sorption properties

Hh Ca?* Mg?* Na* K* S T BS
[%]
[mmol,,/100g]
145 8,68 1,49 0,28 0,85 11,3 156 7,62
+30 +5,73 +0,74 +0,11 +0,30 +6,6 +28 +5,44
(56,7-223) (0,64-30,1) (0,26-3,78) (0,07-0,74) (0,22-1,74) (1,19-34,8) (57,9-231) (1,94-30,0)




Properties of organic horizons

Thickness of O horizon, pH, TOC, Nt and TOC:Nt ratio

Thickness TOC Nt
of O horizon [%] [%]

[cm] H,0 Kl

6,5 3,8 3,0 38,6 1,462 27,0
+1,7 0,3 0,3 16,9 +0,344 14,4
(3-12) (3,2-4,9) (2,5-4,4) (19,4-64,4) (0,805-2,615) (12,9-41,0)

Sorption properties

I N N A O B
[%]

[mmol,,/100g]

145 8,68 1,49 0,28 0,85 11,3 156 7,62
+30 15,73 +0,74 +0,11 0,30 6,6 +28 +5,44
(56,7-223) (0,64-30,1) (0,26-3,78) (0,07-0,74) (0,22-1,74) (1,19-34,8) (57,9-231) (1,94-30,0)
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