grassland and soils

Grassland Soils - properties and functions

Soils of permanent grassland are widely distributed in Europe, They are commonly humus-rich in the topsoil. Seil
arganic carbon content and carbon stock are controlled mainly by soil moisture. The humus accumulation in the
topsoil is associated with a high water holding capacity. a markedly pH-dependent cation exchange capacity and a
high content of total nitrogen. Grassland soils are also chavacterized by a high aggregate stability in the A horizon.
Suitable indicators for the intensity of grassiand management are lactate soluble phosphorus content, ratio of carbon

to nitrogen and soil structure in the topsoil, Soils of permanent g

f contribute ¢

iderably to the protection of

groundwater and surface waters and they play an important role for organic carbon storage.

Dr. Andreas Bohner, Agricultural Research and Education Centre Raumberg-Gumpenstein, Irdning (A)

Agricultural land use is determined by soil quality,
climate tlcmpemun. amount and distribution of plcu-
pitation, ion of period) and tog P

In many regions of Europe, large arcas arc covered
with permanent fand ( lows, mown |
pastures) due to topographical, c\laplm and/or s.l!mall&
reasons, Thus, soils of permanent grassland are widely
distributed in Europe.

Grassland soils are a major component of grassiand
ecasystems, providing the habitar for plants and soil or-
ganizsms. Soils of permanent grassiand are characteri.
by specific properties and functions. They differ w
respect to fertility, species ion of the

vield and forage qu'lhlv. \d.‘t’hl[]\ll o weed infestation
and animal trampling, compa
suitability for a variety of utilizations. In thi

paper,
primarily soil physical and chemical properties will be
considered.

Fig. 1: Grassland soil profile. Photo: Andreas Bohner,
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Soil type, soil thickness and soil texture

Nearly all soil types that are widespread in Europe can be
found beneath permanent grassland. In contrast to arable
soils, the thickness of grassland soils varies from very
shallow to deep. All soil textural classes can be found
and the soil gravel content varies considerably. Silty
grassland soils are very sensitive 1o soil compaction,
Consequently, they are less suitable for an intensive
utilization, The grassland vegetation on clayey soils
is often rich in herbs, especially in regions with a cool
and humid elimate. Under these climatic conditions, the
sensitivity to weed infestation and the damages caused
by animal trampling and/or tractor traffic are usually
higher than on sandy soils. On the other hand. clayey
grassland soils are less sensitive to soil compaction due
to self-loosening of compacted soil layers by swelling
and shrinking.

Humus form, soil organic carbon content and soil
organic carbon stock

Most (sthL soil physical, chemical and biological pro-
il organic matter (Gisi 1990).

of gn_.lt impnnzmcc for fn.rlilin ﬂnd

cause of their rlpld decompaosition, mineralization and
incorporation into the grassland soil, only small quantities

ved throughout the
and in dependence
typical humus forms in soils of
and are mull, hydromull, half-bog

of liner at [llt soil surface can be ob:

on s0il moisture status,
regularly used gr.
humus and fen peat.

Soils of permanent grassland wsually have a high organic
carbon content in the A horizon (Table 1) in comparison
with arable soils. In grassland soi ng and dead roots
are of utmost importance with respeet to carbon input into
the soil. Thus, the humus accumulation in the A horizon
is mainly the result of a high below-ground phytomass
which is concentrated in the uppermost 10 cm of the soil.
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Corg (%) Corg (kg ha'')

semi-dry balanced moist wet | semi-dry*  balanced moist* wet**
n 32 463 146 138 32 463 146 138
minimum 7 21 20 38 27 200 21 324 19 800 19200
maximum 10.1 184 4.1 533 101 200 184400 441000 266 350
arithmetic mean 6.8 6.6 QT 32A 67 700 65 800 97400 162 550
median 6.6 6.2 82 362 66 300 62 209 81700 181200

n = number of soil analyses; soil bulk densities: * = 1,0 g em”, ** =0,5 g cm” (assumptions)

Corg = organic carbon content

Tab. 1: Organic carbon content and organic carbon stock in soils of permanent grassland (A horizon, 0-10 cm depth) in Styria
(Steiermark) Austria as a function of soil moisture status. Source: A. Bohner, 2012,

Soils of permanent grassiand play an important role for
organic carbon storage (Gerzabek et al. 2005). In the
uppermost 10 em, about 60.000 to more than 100.000
kg Corg per hectare can be found (Table 1). Soil organic
carbon content and carbon stock are controlled by many

nvi | and factors. In soils of per-
manent grassland imporiance.
Consequently, organic carbon content and carbon stock

isoff

Furthermore, the clear relationship between organic
carbon content and effective cation exchange capacity in
the A horizon indicates that soil organic matter accounts
for a major portion of the cation exchange capacity of
grassland soils low in clay (Figure 2). However, the
cation exchange capacity of humus-rich grassland soils
is markedly pH-dependent, even at low pH values. Very
acid grassland soils :pH CaCl <5.0) hnv\. low effective
cation exch pared to less acid soils

vary widely between different sites. In general, land
soils on moist and wet sites are characterized by parti-
cularly high organic Larbml contents and carbon stocks
(Table 1), Under comg conditions, sandy grassland
soils generally have lower organic carbon contents than
clayey soils. Ani ication of grassland

(earlier and more frequent mowing or grazing, increased
stocking rate) reduces the below-ground phytomass
(Klapp 1971) and increases the mean temperature in
the topsoil, leading to an insignificant decrease in soil
organic carbon content in the long term. On the other
hand, the quantity and quality of soil organic matter can
be slightly increased in case of a regular and long-term
fertilization with farmyard manure, Also abandonment
gradually leads to an insignificant increase in the soil
organic carbon content.

Soils of agricwlmral grassiand contain in the top 10
em about 6,000 10 11.000 kg total nitrogen per hectare.
Assuming a mineralization rate of 1 or 2 %, 6010 220 kg
nitrogen per hectare will be delivered annually from the
total nitrogen stock. The ratio of organic carbon to total
nitrogen (C:N ratio) is a measure of humus quality, with
high values indicating poor quality. In the A horizon of
agriculturally used grassland soils, the C:N ratio varies
from @ to 12:1. In the wpsoil of extensively used grass-
land soils, this ratio is usually wider than 12:1.

In coarse-texiured grassland soils, the water holding
capaciry is determined mainly by soil organic matter.

(pH CaCl,: >5.0). Thus, soil acidification considerably
decreases the cation holding capacity of grassland soils
low in clay. A high aggregare stability in the A horizon
is typical of grassland soils. This can be anributed to a
high ameount of organic matter, a high roor density and a
high activity of soil organisms.
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Fig. 2: Relationship between organic carbon content (Corg %)
and effective cation exchange capacity,

Soil structure

Soil structure in the ropsoil is mar-h div affected by

fand management. Conseq Iy, soil structure is
r! suitable indicator for the intensity of grassfand ma-
nagement. In the topsoil of extensively used grassland
soils, the structure is in general crumbly and quite loose.
This ble soil and the | result
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from a high content of organic matter, a high root den-
sity and a high activity of soil organisms (particularly
carthworms).

A crumb structure indicates no soil compaction caused
by grazing livestock or frequent .q,nul][nr.ll vehicle
traffic. An i ation of 1 as
well as increasingly heavier tractors and machincry lead
10 s0il compaction mainly at the 5 to 10 em depth, to an
alteration of the soil structure and to a change in the soil
walter regime (Bohner et al. 2006). Usually, soil bulk
density increases, whereas total pore volume and satu-
rated hydraulic conductivity decrease. The loose crumb
structure will be gradually n.plm;l by a compact platy
structure, Especially in regions with a cool nnd humid
climate, soil causes i Pe-
riodical wetness in the topsoil results from an inhibited
infiltration of water from rainfall or snowmelt. Plant
species such as Rﬂnunun‘m repens, Agrostis s:t:!mrr_,f'fm
and Poa annua are bioindi of such

p

term high fertilizer application and an i i land
utilization at present and/or in the past (Bohner 2005).
On the other hand, grassland soils formed from consoli-
dalcd rocks ar unconsolidated sediments, which contain

inantly clay Is, micas and/or feldspars (e.g.
mlca schist, gneiss, granite, claystone), are frequently
inherently rich in potassium, In addition, a high potassium
content in the lopsoil can also be the result of a long-term
high i manure applicati ially with cattle
slurry. Under comparable cmrdrrumns imtensively used
pasture soils generally have higher potassium contenls
in the surface layer than soils of permanent meadows
due to a largely clased potassium cycle,

In general, from soils of permanent grassland the annual
nutrient leaching losses are rather low, if the grassland
is used in a sustainable, site-adapted way (Bohner et
al. 2007). Under this condition, the risk of soil erosion
is, compared with arable soils, very low, primarily be-
cause of a constant dense and closed sward. Thus, soils

grassland soils. During heavy rainfall events, soil com- of permanent grassland contribute considerably to the
paction enhances surface runoff on slopes, mcm,asmg protection of groundwater and surface waters. However,
Ihc danger of flooding. Furth soil ¢ acomy 1 topsoil on slopes favours nutrient losses by

N.O emissions to the (Sitaula et al. surface runoff, especially in regions with high amounts

20000, cspectally from nutrient-rich grassland soils with
periodical wetness in the topsoil. Consequently, a severe
s0il compaction is more detrimental in humid regions.
In soils of permanent grassland, the compaction effects
are usually long-lasting, especially in dry regions and
in soils with low clay content.

Soil moisture status

Numerous soil properties and functions depend very
strongly upon seil moisture. In permanent grassiand, soil
maoisture status varies from dry to wet. Both dry, semi-dry
and wet land soils are itable for an i i
atilization. These sites are priority areas for nature
conservation. On wet grassland soils, grazing should be
avoided pnmunly due lu dnma;,c& by rrurnpllng Accar-
dingtoa
only sites with a haJ..m.cd urrmde:mrcly moist -.m] water
regime can be used more intensively. Under favourable
topographical and climatic conditions, these sites are
priority areas for an intensive utilization,

Soil nutrient status and nutrient losses by leaching
and surface runoff

In permanent grassland, the lactate-soluble phosphorus
content in the topsoil is a good indicator for the intensity
of grassland management. Higher levels indicate a long-
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of annual precipitation and/or numerous heavy rainfall
events (Prasuhn & Lazzaroito 2005). m
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