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SUMMARY

The relation is discussed between vegetation, soil, hydrology and managementin a characteristic

lower courseofa Drenthian brook. Vegetationand soil were comparedby overlaying vegetationand

soil maps. The resulting soil spectra were compared with the land use before acquirement by the

State. The plant communities were characterized by phreatophytic spectra and groundwaterfluc-

tuations. Relations between plant communities and soil units were described. In the wettest areas the

hydrology seems to determine the plant communities; not only mean highest and mean lowest

groundwaterlevel, but also regarding height of inundation and water quality. The somewhat drier

communities appear to be determined by (i) earlier manuring, (ii) changes in the vegetation due to

recent nature managementpractices and (iii) changes in the vegetation due to possible draining

towards agriculturalareas outside the study area.

1. INTRODUCTION

Dutch phytosociological research resulted in a survey of plant communities in

The Netherlands (Westhoff & Den Held 1969). The study ofthe important soil

conditions also led to a soil classification for The Netherlands (De Barker &

Schelling 1966). Both systems, however, are not interrelated. Generally, the

synecological description of plant communities is very rough and an indication

of the soil units is lacking. Some studies, however, concerned the relation be-

tween vegetation and soil especially. In a freshwater tidal-area Zonneveld

(1958) found a good correlationbetween soil units and plant communities.Otto

(1959) found a high correlation between the occurrence of moist grassland
communities on sandy soils under agricultural practices and the prevailing

groundwater patterns. A correlationbetween groundwater tables and gleying

had been found earlier (Van der Schans 1957). Zonneveld (1965) demon-

strated a high correlation between the occurrence of some heathland com-

munities and their soil units. In communities of semi-natural woodlands Van

den Broek & Diemont (1966) found a fairly good correlation between some

vegetation types and soil units, whereas other communitiesoccurred on various

soil units. Groot Obbink & Buitenhuis (1972) observed in a peaty area a good
fit of vegetation boundaries and soil boundaries. Meisel (1956) made the first

quantitative comparison of soil and vegetation by comparing a vegetation map

and a soil mapof semi-naturalgrassland communities, resulting in soil spectra of

the occurring vegetation types. Bannink, Leys & Zonneveld (1973, 1974)

compared vegetation maps and soil maps quantitatively for conifer woodlands
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In this study the relation is described between the semi-natural (Westhoff

1971) plant communities, soil units, hydrology and managementin a characteris-

tic lower course area of a Drenthianbrook.

2. MATERIALS AND METHODS

The study area is situated south of Groningen (53°08'NL 6°37'EL) along the

Drentsche A, a catchment area draining 30.000 ha of a Pleistocene landscape.

This brook valley developed during the Holocene in a much broader and deeper
incision in older glacial deposits. The boulder clay deposits were eroded in the

valleys but are generally present in the banks. In the subsequent Wiirm glacial

and weeds, respectively, by making vegetation and soil spectra. Kraak (1974)

did the same for grassland communitiesunder agricultural practices. Most ofthe

above authors suggest that apart from the soil unit itself the hydrology plays an

important role in therelation soil-vegetation. However, publications on ground-

water levels that were actually observed are relatively scarce (Tuxen & Groot-

jans 1978, Grootjans 1980b).

The authors of the above mentionedstudies try to demonstrate the positive

correlationbetween soil units and plant communities. However, the discrepan-

cies betweenboth soil mapsand vegetation maps couldbe even more interesting,

pointing to historical events or indicating human interference. Thus a com-

bination of the soil, vegetation, and management maps could provide new

explanations of ecological phenomena (Zonneveld 1959).

Fig. 1. Sehematical cross-section of the lower coursesituation ofthe Drentsche A. After Grootjans

1980a.
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coversands built up some sand-ridges. In the Holocene peat accumulated in the

valley, its basis consisting of the remnants ofan Alder carr overlain by sedge-peat

and reed-peat deposits. The reed-peat has probably been formed underbrackish

circumstances prevailing in a period of transgression, because two km north of

the study area marine clay covers the peat (Stichting voor Bodemkartering

1973). Within the Pleistocene landscape a Drenthian brook can be divided into

source area, upper course, middle course and lower course (Schimmel 1955,
Grootjans 1980a). The study area (27 ha) represents a lower course situation.

Its hydrology is predominantly governed by floodwater from the brook and to a

lesser extent by slowly discharging deep groundwater seepage (fig. I). Only the

15-80 cm higher sand-ridges do not become inundated.

Thearea was in agricultural use at least from the year 1650 onwards. The lower

parts probably being used for hay-making, the drier parts for grazing. Infor-

mation about agricultural practices between 1930 and 1966 was gathered from

formerowners. In 1966and 1967the State Forestry Service acquired the area and

started management practices aiming at the preservation and restoration of

species rich grasslands by yearly hay-making in the second halfof June and in

September, without manuring.

The soil was systematically investigated by means of 100 cores.ha" *, being a

reliable number (Van Holst & Vleeshouwer 1970) for detailedsurveys. Often

local differences forced to enlarge the sample numbers. Core depth was 120 cm,

several characters of the various horizons were described viz. thickness, colour,

rust, reduction, admixtureofsilt and sand, to enable grouping into the system of

soil classification for The Netherlands (De Barker & Schelling 1966).
The ground water table was measured at a number of places from April-

December 1975; the measurements give a detailedpicture for a shortperiod. The

hydrology of a relatively long previous period is probably reflected in the zone in

which rust occurs and in the phreatophytic spectra according to Londo (1976).

To characterize the differentplant communities 101 releves were made accord-

ing to the Braun-Blanquet approach. The releves were arranged in a synoptic

table by handsorting. Species occurring in threereleves or less are not included.

The nomenclature of the Phanerogams follows Heukels & Van Ooststroom

(1975), that of the Bryophytes Margadant(1959) and Landwehr& Barkman

(1974).

The vegetation map (1:2000) and the soil map (1:2000) were compared by

overlaying. By means of a dot grid with a dot spacing of 1 cm the distributionof

plant communities and soil units was worked out for each separate point. The

occurrence of vegetation types for each soil unit has been quantified as vege-

tation spectra and on an analogous way soil spectra have been made (Bannink,

Leys & Zonneveld 1973).

3. RESULTS

3.1. Soil

The three peat soils present (fig. 2) are characterized by a layer of peat with a
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Fig. 2. Soil map of a lower course area of the Drentsche A.
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minimumheight of 40 cm within 80 cm below the surface. The “Vliet” peat soils,

marking an old meanderof the brook, are on the boundary between soil and

water. They have a ripened topsoil layer, less than20 cm, consisting of the roots

and debris of sedges gnd grasses. The “Vlier” peat soils have a firm, ripened, but

still unmouldedtopsoil layer ofover 20 cm. Because offrequent inundationsthis

topsoil contains silt and sometimesrust in the top 15 cm layer. The “Made” peat

soils are the least wet. Due to drainage and activity of soil fauna the topsoil is

moulded and rust occurs deeper than 15 cm. The topsoil contains some silt.

The two peaty soils are characterized by a peaty topsoil layer of 10-40 cm

containing some silt. In the “Broek” earth soils very little vertical downward

transport of humus occurs, due to permanently high groundwater tables and

seepage. In the drier“Moer” podzol soils, a clearalluvial humus horizon can be

distinguished.

In the coversand sediments percolation of rainwater enabled the vertical

translocation of humus developing the “Veld” podzol soils with a clear B-

horizon.

3.2. Vegetation, hydrology and management

The releves have been classified and mapped infig. 3. The local vegetation types

are summarized in table I, and their resemblance with the syntaxa described by

Westhoff& Den Held(1969) is indicated below. Moreover an example of their

groundwater table {fig. 4), phreatophytic spectrum ( table 2) and former land use

is given.

1. Community dominated by Glyceria maxima, representing the sociation of

Glyceria maxima of the alliance Phragmition, ground water type A,earlier

grazed and manured.

2. Community dominatedby Carex hudsonii, representing the Caricetum hud-

soniiof the alliance Magnocaricion, ground water type B, earlier abandoned

or mown twice a year, in general not manured.

3. Communitiesdominatedby Carex acuta or Carex aquatilis, representing the

Caricetum acuto-vesicariae (Caricetum gracilis (Graebner & Hueck 1931.

Tiixen 1937)) and Caricetumaquatilis (Everts & De Vries, in prep.), respectively

ofthe alliance Magnocaricion, groundwater type B, earlierabandoned or mown

twice a year, not manured. This community is the most characteristic one in this

marshland(Schimmel 1955). Table3 illustrates the composition in detail, reveal-

ing two variants. The relevés 1, 2 and 3 represent a variant inops (i.e. a sub-

association poorer in species than the other subassociations, but without own

differential taxa, Westhoff & Den Held 1969), whereas the relevés 4 and 5

illustrate the variant with the differentialspecies Potentilla palustris, Menyanthes

trifoliata and Carex rostrata. The releves 6 and 7 will be discussed below.

4. Community dominatedby Carex disticha, ground water typeB, earlieraban-

donedor mown twice a year, not manured, but locally grazed and manured.

Both structure and floristic composition resemble those of the communities 2

and 3. Therefore this community represents the Caricetum distichae of the

alliance Magnocaricion and not the Senecioni-Brometumracemosi of the alliance
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Fig. 3. Vegetation map of a lower coursesituation of the Drentsche A.
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Calthion palustris (Westhoff & Den Held 1969).
5. Community dominated by Phalaris arundinacea and/or Calamagrostis ca-

nescens, representing the sociation of Phalaris arundinacea of the alliance

Magnocaricion, ground water type C, abandoned or mown twice a year, locally

manured.

6. Community dominatedby Carex nigra, with the differentialspecies Pedi-

cularis palustris, representing the Caricetum curto-echinataeof the alliance

Caricion curto-nigrae, ground water type B, mown twice a year, not manured.

This community has the highest numberof species of the study area.

7. Community Of Agrostis stolonifera, ground water type D, in general grazed

and manured. This community can be assigned to the alliance Agropyro-

Rumicion crispi (cf. Ellenberg 1978). Representatives of this alliance occur

inconspicuously in other communities. Locally one or more of these species

come to dominance viz. Agrostis stolonifera, A. canina, Alopecurus geniculatus

and Poa trivialis.

8. Community of Succisa pratensis and Carexpanicea comprising elementsof

various syntaxa of which the Junco-Molinionshould be mentioned, ground

water typeE, mown twice a year, locally grazed in late summer, not manured.

9. Community dominated by Holcus lanatus, a poorly developed Molinio -

Arrhenathereteacommunity, ground water type E, in general grazed and

manured.

10. Community of Festuca rubra and Agrostis tenuis, a poorly developed

Molinio-Arrhenathereteacommunity, groundwater type F, in general gra-

Fig. 4. Ground water fluctuations in 1975 under different plant communities in a lower course

situation of the Drentsche A.

A: Community of B: Communities of Carex hudsonii, of Carex

aquatilis,

Glyceria maxima, Carex acuta or

C: Community of Calama-

grostis canescens,

of Carex disticha, of Carex nigra, Phalaris arundinacea and

D; Community of Agrostis stolonifera, E: Communities of Succisa pratensis and

F: Community of Festuca rubra and Hatched

area: zone of rust.

and ofHolcus lanatus, Agrostis tenuis.Carex panicea



Table 1. Synoptic table of plant communities of a lower coursesituation of the Drentsche A. Pe:

Phragmitetea, NG: Nasturtio-Glycerietalia,Pa; Phragmilelalia
,

M : Magnocaricetalia,P: Parvocari-

cetea
,
M: Molinio-Arrhenatheretea,C: Calthion palustris, F; Filipendulion,JM: Junco-Molinion,• A:

Arrhenatherion elatioris. ARc: Agropyro-Rumicion crispi, Rs: Remainingspecies.
*

meancover over 25%. Presence; I: 1-20%,II: 21-40%, III: 41-60%, IV; 61-80%, V: 81-100%.

5?

i

*■

*

1

’

f.

?

illPi

1

illi'pi"

mm
r

!pPi

leiiiiiii
ii

ii{

f

ilpriiPllff
[

ill

>

*=

-
“

f’’i

f

raifijiW|
if=5

Community
of

Comnuni
ty

Of

Z.

=-
<

<

r_

1

1

II

1

1

11

1

1

1

At

1

1

1

1

1

Al

11

1

11

11

Al

1

II

Al

1

,A
11

111

1

Al

Al

1

1

Communities
of

Carex

aquati
1

is

_

=

Community
of

.%%...

Phalaris

arundinaceae
and

Community
of

A^iost

■
=.

.<<-...

V

IV

IV

11

II

IV

1

IV

IV

V*

V

V

V

V*

IV

111

11

1

V

II

V

1

111

11

1

IV

V

IV

111

V

..

OoSSS

Carex

panicea

- _

r

Community
of

111

V

V
B

V*

IV

Agrostis

tenuis



517VEGETATION AND MANAGEMENTIN A BROOKLAND

zed and manured.

4. DISCUSSION

The soil spectra for each plant community are shown in table4. Without discuss-

ing all details it can be stated that some communities are strongly related to a

single soil unit e.g. the community ofFestuca rubra and Agrostis tenuis, whereas

othersare not e.g. the community of Phalarisarundinaceaeand/or Calamagrostis

canescens. Despite their differences in soil spectra the communities of Carex

hudsonii, of Carex acuta or Carex aquatilis, of Carex disticha and of Carex nigra

can be compared very well with respect to their ground water fluctuations(Jig. 4)

and the latter three according to their phreatophytic spectra ( table 2), too.

Because of the short period of observation the ground water fluctuations should

be regarded as an illustration of the phreatophytic spectra. The lowerpercentage

of strict phreatophytes in the community of Phalaris arundinacea and/or Ca-

lamagrostis canescens than those of the marshy communities agrees with

Balatova-TulaCkova (1968); the Phalaridetum arundinaceae should make

higher demands upon oxygen supply in the soil than the Caricetum gracilis. Mei-

sel (1956) found underthe Glycerietum maximae, the Caricetum gracilis and the

Juncus filiformis-Pedicularis palustris association the same soil unit. The hy-

drology, however, should determine the differences in the vegetation. The ob-

vious conclusionthat phreatic level is a master factor in determining the occur-

rence of plant communities, however, should not be drawn too easily. The

community of Carex nigra and of Carex acuta or Carex aquatilis are not com-

parable due to the lack of measurements of water levels above soil surface

Table 2. Phreatophytic spectra ofcommunities derived from table I taking into account the class of

presence of each phanerogamic species. W: species requiring for at least part of the year a (ground)

water level above or at the soil surface (strict phreatophytes), F: species growingexclusively within

the sphere ofinfluence ofthe phreatic level,which is generally below the surface (strict phreatophyte),

f; species growingmainly or nearly exclusively within the sphere of influence of the phreatic level,

which is generally below the surface (not strict phreatophyte), A: species not bound by the sphere of

influence of the phreatic level (aphreatophytes).

W F f A

y
/o y/o % y

/o

Community ofGlyceria maxima 76 8 11 5

Community ofCarex hudsonii 65 13 12 10

Communities ofCarex acuta or C. aquatilis 53 12 18 17

Community ofCarex disticha 53 13 12 22

Community ofCarex nigra 46 18 12 24

Communityof Phalaris arundinacea and Calamagrostis canescens 39 11 20 30

Community of Agrostis stolonifera 31 6 30 33

Communityof Succisa pratensis and Carex panicea 20 11 31 38

Community of Holcus lanatus 12 7 29 52

Community of Festuca rubra and Agrostis tenuis 3 8 20 69
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(Balatova-TulaCkova 1968, Ellenberg 1978, Grootjans 1980a, 1980b). For

agricultural purposes and demonstrationof the relation soil-vegetation always

mean highest and mean lowest groundwater levels are used (Van der Schans

1957, Otto 1959, Kraak 1974), but these proved to be insufficient to describe

ground water characteristics of semi-natural communities(Grootjans 1980b).

Apart from the height of water above soil surface the quality possibly plays an

Addenda: (2) Epilobium hirsutum +; Ranunculus sceleratus r; (3) Lysimachia nummularia + ; (4)

Agrostisstolonifera 1 ; Carex hudsonii + ; Eleocharis palustris + ; (5) Mniumaffine S.l. I; Poa trivialis

I; Rumex acetosa + ; (6)Lychnisflos-cuculi 2; Valeriana dioica 1; (7) Climacium dendroides 4; Mnium

spec. 2 ; Ranunculus spec. + ; Valeriana officinalis 1.

Table 3. Communities of Carex acuta or Carex aquatilis. Ca: Caricetum aculo-vesicariae, M:

Magnocaricion,P: Phragmitetea, M/Cc: Magnocaricion/Caricion curto-nigrae,Cc: Caricion curto-

nigrae, Rs; Remaining species.
* Releves made by Schimmel (1955). - absent, r 1-2 individuals, + : 3-20 individuals, 1: 21100

individuals, cover < 5%, 2: any number of individuals,cover5-25% or more than 100 individuals,

cover <5%, 3: any number, cover25-50%, 4: cover 50-75%, 5: cover 75-100%.

Relevé number 1 2 3 4 5 6* 1*

Date 29-5 29-5 27-5 26-5 28-5 28-5 31-8

Quadrat size (m
2
) 4 4 4 4 4 100 100

Cover herb layer (%) 100 50 30 70 80 7 90

Species number 4 9 15 19 20 12 19

Ca Carex acuta 5 _ 3
_

4 5 5

Carex aquatilis - 3 1 3 1 1 1

M Poa palustris 1 1
- + 2

-
1

Galium palustre - - 2 2 2 1 1

Scutellaria galericulata - - - - -
1

-

P Glyceria maxima - + + 1 1 - -

Myositis scorpioides - + + + 1 + -

Equisetum fluviatile - + + 1 1
- +

Rumex hydrolapathum - - - - - + -

Phragmites australis
- -

-
- - + +

M/Cc Poten tilla palustris - - - 2 1 - 1

Menyanthes trifoliata
- - + 2

-
1

Carex rostrata - - - + - 1 1

Cc Calliergon cordifolium - - 1 2 2 - -

Rs Phalaris arundinacea 2 1 1 - r 1 2

Calamagrostis canescens 1 - 1 1 2 - -

Cardamine pratensis - r + 1 + - 1

Calliergonella cuspidata - - 2 + - - -

Ranunculus repens
-

- + - 1 - -

Ranunculus flammula - - r - + - -

Caltha palustris - - r r + - +

Mentha aquatica -

-
- + + - 2

Lythrum salicaria - - - + - +

Filipendula ulmaria - - - -
— 2 1
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important role. The community of Carex nigra and the variant with Potentilla

palustris of the community of Carex acuta or Carex aquatilis (table 3) could be

influencedby discharging rain water and seepage in contrast to the Phragmitetea
communities which are influenced predominantly by eutrophic, silt containing

brook water as depicted inJig. 1 (cf. Balatova-TulaCkova 1968). This seems in

accordance with far lower “nitrogen figures” (Ellenberg 1974) (indicating the

occurrence of species in relation to the ammoniaor nitratesupply) for Parvocari-

cetea species than for Phragmitetea species.

Starting from the soil units vegetation spectra have been worked out ( table 5),

showing only little relations at first sight. With respect to the unmanured si-

tuation, however, fairly good relations between “Vliet” peat soil and the com-

munity of Carex hudsonii, between “Vlier” peat soil and the communities of

Carex acuta or Carex aquatilis, between “Broek” earth soil and the community
of Carex nigra and, to a lesser extent, between “Moer” podzol soil and the

community of Succisa pratensis and Carex panicea can be observed, which is in

accordance with the soil spectra for each plant community (table 4). For the

“Moer” podzol soil and the “Veld” podzol soil, relations with plant com-

munities are obscured by earlier manuring. Moreover the community of Holcus

lanatusprobably is a transitiondueto the nature managementpractices (Barker

1976, 1980, Oomes 1977). The community of Phalaris arundinacea and/or Ca-

lamagrostis canescens is apparently indifferent with respect to the soil units. The

area covered by this community increases, since Schimmel (1955) does not

mention it (cf. table 3). This could be dueto a lowering of the summer ground

water level during the last 25 years, caused by the construction of a deep drain

ditch (80-100 cm below soil surface) for the adjacent land consolidation(fig. 2),
followed by a change of groundwater type B into C (fig. 4) and a resulting

decrease in the percentage of strict phreatophytes (Table 2). The occurrence of

Table 4. Soil spectra ofthe different plant communities ofa lower coursearea of the Drentsche A.

Percentage of correlation points where the community was present. absent, n =number of

correlation points.
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summer ground water levels below the lower limitof rust (fig. 4) also points to

this direction. The communitiesof Carex acuta or Carex aquatilis can change
into the community of Phalarisarundinaceaand/or Calamagrostis canescens due

to lowering of the summer ground water level (Everts & De Vries in prep.). The

occurrence of the community of Carex nigra both at “Vlier” peat soils and

“Broek” earth soils, can not be explained.

Summarizing it can be concludedthat in the wettest areas fairly good relations

can be found between plant communitiesand soil units; the hydrology being a

master factor not only with respect to mean highest and mean lowest ground

water level, but also regarding the height of inundation and water quality. In

the drier areas little relations between plant communitiesand soil units can be

found; plant communitiesappear to be determinedby (i) earlier manuring, (ii)

changes in the vegetation due to recent nature managementpractices and (iii)

changes in the vegetation due to possible draining towards agricultural areas

adjacent to the study area. The relationbetween plant communitiesand soil units

apparently can be worked out better by detailed hydrological research and by

describing plant communities at the level of subassociations and variants (Nie-

Table 5. Vegetation spectra of the different soil units of a lower course area of the Drentsche A.

Figures and symbols as in table 4.

In bold type: earlier manured: *both earlier manured and unmanured.

“Vliet"

peat
soil

“Vlier”

peat

soil

“Made”

peat
soil

“Broek”

earth

soil

“Moer”

podzol

soil

“Veld”

podzol

soil

n

Community of

Carex hudsonii 42 2 12

Community of

Glyceria maxima 8 3 _ 5

Community of

Carex disticha 8 I 9

Communities of

Carex acuta or

Carex aquatilis 25 45 20 9 9 76

Communityof

Phalaris arundinacea and

Calamagrostis canescens 25 33 68* 42 25 8 126

Community of - 9 1 28 5 - 21

Community of

Agrostis stolonifera 3 16 3 II

Community of

Succica pratensis and

Carex panicea 12 25 8 18

Community of

Holcus lanatus 7 9 20 60 41

Community of

Festuca rubra and

Agrostis tenuis 21 8

n 24 102 86 33 44 38 327
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mann 1973). The use of single values seems the next step (Van Heuveln 1980),

but when used on their own, their interpretation is difficult,because the influence

of a certain character (e.g. a single nutrient) depends on the combinationwith

other characters (e.g. pH) (Zonneveld 1959). However, studying e.g. which

ground water data represent the whole hydrology or which nitrogen determi-

nation represents the nitrogen supply to the plant communities is probably

useful.
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