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Abstract. Species diversity in grasslands usually declinestribute to NH emission but only to Nkl uptake from the
with increasing input of nitrogen from fertilizers or atmo- atmosphere. Evaluated across species, leaf bqu-tissq‘e NH
spheric deposition. Conversely, species diversity may als@oncentrations correlated wetfe0.902) with stomatal N
impact the build-up of soil and plant nitrogen pools. One compensation points calculated on the basis of the apoplastic
important pool is NH/NH; which also can be exchanged bioassay. This suggests that leaf tissug;Nténcentrations
between plant leaves and the atmosphere. Limited inforcombined with data for the frequency distribution of the cor-
mation is available on how plant-atmosphere ammonia exresponding species can be used for predicting the ik
change is related to species diversity in grasslands. We havehange potential of a mixed grass sward.

here investigated grass species abundance and different fo-
liar nitrogen pools in 4-year-old intensively managed grass-
land. Apoplastic pH and N]'fl concentrations of the 8 most
abundant speciekdlium perenne, Phleum pratense, Festuca
pratensis, Lolium multiflorum, Poa pratensis, Dactylis glom-

1 Introduction

. The diversity of species in grasslands depends on a range of
erata, Holcus lanatus, Bromus molliwere used to calculate d ; f Cleland L 2006:
stomatal NH compensation points. Apoplastic I§Hcon- management and environmenta actors (Cleland etal., '
. . : ' ; . Klimek et al., 2007; Pywell et al., 2007). In the short term,
centrations differed considerably among the species, rangiNghe initial composition of the seed mixture sown determines

from 13 to 117uM, with highest values ifrestuca pratensis h :  diff o land lock
Also apoplastic pH values varied, from pH 6.0 Rhleum the proportlon.o ol erent species in grasslands (Bullock et
! ' al., 2007), while in the longer term other management fac-

praten§eto 6.9in Dactylls glomerata The_observed differ- tors such as cutting frequency (Pontes et al., 2007; Critchley
ences in apoplastic I\Q’—|and pH resulted in a large span of L2 X )

redicted values for the stomatal Nidompensation point et al., 2007), fertilization (Hill and Carey, 1997; Oelmann et
P P P al., 2007) and liming (Silvertown et al., 2006) become im-

which ranged between 0.20 and 6.57 nmolniol Three . . L o .
species Kolium perenne, Festuca pratensimd Dactylis portant. Species diversity is usually reduced with increasing
P b ' P y amounts of N fertilization (Clark et al., 2007; Harpole et al.,

glomeratg had sufﬁmen}ly high NH _co_mpepsa'uon point 2007). Moderate to high rates of fertilizer N stimulate the
and abundance to contribute to the bi-directionakNldxes more productive grass species, such_akum perenneand
recorded over the yvhole _field. The other 5 grass Spec:ie?f)actylis glomeratgWhitehead ’1995' Hill et al., 2005). In-
Qaﬁe[\rlizbl\(l:;n::%er]rg;ttlfarligglr;tns dc\?vr;?;dtegﬁglﬁczelliig thti Ezt(;?](_)'creasing levels of atmospheric nitrogen deposition can also
P y contribute to loss of species diversity (Stevens et al., 2004,

2006). With increasing age of the sward, the proportion of
perennial ryegrass and other cultivated species will decline,

Correspondence tal. K. Schjoerring and the number of indigenous species will increase (Hopkins,
BY

(iks@life.ku.dk) 1986; Critchley et al., 2002).
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There is areciprocal relationship between species diversity.ower Saxony, Germany. The field was 60800 m in size
and nitrogen abundance in grasslands: On the one hand, eand consisted of a mixed sward. The field had been grass-
hanced N input reduces species richness, while on the othdand for 4 years, receiving typically 250—350 kg Ntigr—2.
hand the composition of grassland swards may affect theSome extrd_olium perenneseeds (20 kg/ha) had been inter-
size of different soil and plant nitrogen pools (Oelmann etsown 2 months before the experiment. Plant species cover
al., 2007). Limited information is available on how plant- was assessed by point contact sampling at 20 points which
atmosphere exchange of ammonia in grasslands is related twere identified by a random walk between subsequent sam-
species diversity. pling points using four direction options and distances be-
Studies of different grass species in cuvette systems untween 1 and 10 m (Knapp, 1984).
der controlled laboratory conditions have shown that they can
differ in both the rate of NH exchange and in how the ex- 2.2 Sampling of plant material
change is influenced by N nutrition (Hanstein et al., 1999;

Mattsson and Schjoerring, 2002). Under field conditions,,:u”y developed green leaves of the 8 most abundant grass
micrometeorological methods (Milford et al., 2008) and dy- species [(olium perenne, Phleum pratense, Festuca praten-
namic cuvette measurements (David et al., 2008) are usegs, | olium multiflorum, Poa pratensis, Dactylis glomerata,
to study the exchange of ammonia between grassland vegep|cys lanatus, Bromus mol)isvere collected around noon
tation and the atmosphere. However, none of these two apyn, the 24 and 25 May 2000 for apoplastic pH andj\ilﬁea-
proaches are able to distinguish between contributions fromy,rements. The plant material was collected randomly in the
different species in a mixed canopy. An additional prob- fie|d and immediately brought to an adjacent field labora-
lem with micrometeorological measurements over grasslanqlory_ Some leaves were immediately used for extraction of
is that it is not possible with existing technology to separateapoplastic solution and the rest were frozen in liquid nitrogen
between NH emission from the foliage and emission from gnd stored at-20°C for later determination of tissue '\lH

litter or soil. _ _ NO3 and total soluble N. For analysis of total N concentra-
Measurements of apoplastic Ierand H" concentrations tion, plant material was dried at 80 for 24 h.

under laboratory conditions (Husted and Schjoerring, 1995,
1996; Mattsson et al., 1997, 1998; Hanstein et al., 1999; Hill
et al., 2001; Mattsson and Schjoerring, 2002) or in the field

(Husted et al., 2000; Herrmann et al., 2001; van Hove et al., _ L
2002; Loubet et al., 2002) have been useful for estimatin poplast liquid was extracted by means of vacuum infiltra-

the ammonia exchange potential of different species groW_ion according to Husted and Schjoerring (1995). Whole leaf

ing under different conditions. In order to develop more sim- laminas wefreléngntrateg W'tg 280 mM sofrb|t(5)I sol_?ﬁ_on ata
ple bio-indicators than those based on extraction of apoplasgres’Sure 0 ta:j a5n i un erxfe:cugn;_ltort_ s | 'f. proce-
tic solution it is essential to get information on the relation- ure was repeate IMEs. er infittration, solution on

ship between the stomatal Nldompensation point and other leaf st:rr]faclzes was remove?( b&/ .ufe olf pt"?‘pir towelsd, ;N?tefre—
plant N pools. However, there is a limit to how simple things upon the leaves were packed into plastic bags and I€ft for

can be made as the total N content of the leaf tissue :seemzsom'n in daylight in order to allow the apoplastic 'SIH

to be an inadequate parameter for prediction of the potentia‘f‘_md H" concentrations to reach equilibrium after infiltra-

e tion. Thereafter, the leaves were centrifuged for 10 min at
NH3 emission from rye grass leaves (van Hove et al., 2002). ' )
3 ved ( )4°C and 800g. Concentrations of Ian the extracted so-

The aim of the present study was to measure different I\II tion were determined by flow injection analysis (FIA) us-
parameters of the 8 most abundant species growing in a gras"sJ y ) Y

field. Apoplastic solution was analysed and the results used' o-phthalaldehyde (OPA) as reagent (Genfa et al., 1989).

. . , . Apoplastic pH was measured with a Micro-Combination pH
to predict the stomatal_l_\lj,—lcompensahon p(_)mt for the dif electrode (type 9810, Orion, Beverly, USA). In order to as-
ferent species. In addition, the concentrations of leaf bulk-

tissue NI—I, total soluble N and total N were measured and sztgyégﬁlfi(jsr?ICer(]:ggéa(TAIBﬁICI’EnC(D fltqelaSPSC;F;iﬁsifi Svsgglgg_’
their correlation with the stomatal NHtompensation point . ydrog TN y W
analysed. termined and compared with the activity measured in bulk

leaf extracts (Husted and Schjoerring, 1995). MDH activ-
ity of the apoplastic solution relative to bulk leaf extract was
generally<1%.

2.3 Extraction of apoplastic solution

2 Materials and methods

2.1 Description of the measurement site 2.4 Calculation of stomatal Ngtcompensation points
The investigation took place as part of the GRAMINAE inte- The stomatal NH compensation point yH,, mol

grated experiment between 22 May and 15 June 2000 (SuttoNHz mol~1 air) at 25C was calculated by use of Eq. (1)
etal., 2008). The field site was located near Braunschweig irderived from Husted and Schjoerring (1996) taking into

Biogeosciences, 6, 586, 2009 www.biogeosciences.net/6/59/2009/
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account thath<<[H+]apop|astwithin the range of apoplas- 70
tic pH values: %
60 |
8
B yNHa=K .25 X Kg25 x T=10"100 x () g 07
§ 40
I' is the dimensionless ratio between the apoplasti¢ hd 2 30 |
H* concentrations, an& y andK, are thermodynamic con- §
stants of 1017 atm I mol-* and 10%2°mol -1 at 25 C, re- g 207
spectively. Equation (1) literally calculates the pressure of 10 |
NH3 (unit: atm), which according to Dalton’s law of partial % %
pressures is equal to the mol fraction (or volume fraction) at 0 _ ' ‘ ‘ ~
. . Lolium Lolium Phleum Festuca - Dactylis glomerata
agiven atmospherlc pressure. perenne  multiflorum  pratense pratensis - Poa pratensis
The calculateg(nn, at 25 C (Trer) was adjusted to the ac- Zﬁﬁ?chré“:iﬂiws

- Bromus mollis

tual canopy temperature. By the following equation derived

from Husted and Schjoerring (1996): Fig. 1. Plant species abundance in a 4-year-old intensively man-

aged grassland at Braunschweig, Germany. Data are means of 20
In(" s/ T ) = (AHO + AH\E)ap)/RX replicatest SE.

(1) Tref — 1/ T,) = 34.868— 1039591/ T, )

3 Results
Te ynmg is the requested Ngicompensation point at the

actual canopy temperature. (K), AHgis the enthalpy of 3.1 Species diversity
NHj dissociation (52.21kJmot), AHJ,, the enthalpy

of vaporization (34.18kJmol), and R the gas constant
(0.00831 kJ K1 mol~1). The canopy temperature, measured
by attached sensors as well as infra-red detection, was 16.
and 20.7C around noon on 24 and 25 May, respectively.
Following the ideal gas law, an Ng-tompensation point of

1 nmol mol? air corresponds to 0.74g NHs m—3 at 20°C.

The field site consisted of nine grass species, dominated
by Lolium perenneand followed byPhleum pratenseres-
tica pratensisand Lolium multiflorum(Fig. 1). Other grass
species accounted for less than 10% of the total species com-
position. Relative to the composition of the seed mixture
sown four years earlier (Sutton et al., 2008)lium perenne
had increased in abundance from 29% to 63%, wielgtuca
) ] pratensisand Poa pratensishad decreased from 33 to 11%
2.5 Analysis of bulk tissue Nji, NOy, pH, total Nand C  ang 12 to<5%, respectively. Phleum pratenséiad main-
tained approximately the same abundance as in the seed mix-
Frozen leaf samples were homogenised in 10 mM formicture. Lolium multiflorum, Dactylis glomerata, Poa trivialis,
acid in a cooled mortar with a little sand. The homogenateHolcus lanatusand Bromus mollisvere not sown at all and
was centrifuged at 25000 g9@) for 10 min and the super- must therefore be considered as invading speckestuca
natant was transferred to 5@0-0.45um polysulphone cen-  rubra and Trifolium repenswas also part of the seed mix-
trifugation filters (Micro VectraSpin, Whatman Ltd., Maid- ture but had almost disappeared. All of the species measured
stone, UK) and spun at 5000 g°@) for 5min (Husted et were perennial grasses except the bienbh@ium multiflo-
al., 2000b). The filtered solution was used for analysis ofrumand the annugBromus molligTable 1).
NO; and Nl—g concentrations on a flow injection system  Using the standard set of indicator values for the Central
(Quick Chem instrument, Lachat Istruments INC, Milwau- European flora of Ellenberg (Ellenberg et al., 1991), the ni-
kee, USA). For bulk tissue pH measurements, 0.2 g samplérogen preference of the different species in the experimental
of leaf material was homogenized in 2 ml of deionized watersward was compared.olium perennéhad the highest N in-
in a cooled mortar with a little sand. The homogenate wasdicator value (Table 1) showing that this is a species found
centrifuged at 14 000 g {€) for 10 min and pH in the super- on rich fertile sites, whillBromus mollishad the lowest N
natant measured with a microelectrode (Metrohm, Herisauyalue showing preference for nitrogen-poor sites (Table 1).
Switzerland). Tissue extracts were also analysed for to-The tendency of the species to dominate the sward was also
tal soluble N concentration (so-called substrate N) using arcompared on the basis of Ellenberg indicator values for dom-
ANCA-SL Elemental Analyser coupled to a 20-20 Tracer- inance (Table 1). The observed richnesd ofium perenne
mass Mass Spectrometer (SerCon Ltd., Crewe, UK). ThgFig. 1) was in agreement with the relatively high dominance
same equipment was used for analysis of total N and C conindicator value for this species (Table 1). Alsolcus lana-
centrations in oven dried plant material ground to a fine pow-tus has a high dominance indicator value (Table 1) but was
der. nevertheless only present in low abundance (Fig. 1) reflecting

www.biogeosciences.net/6/59/2009/ Biogeosciences, &&2009
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Table 1. Life-cycle and Ellenberg indicator values on a scale from
1 to 9 for the 8 most abundant species growing in a 4-year-old in- 5 %127 ;
tensively managed grassland at Braunschweig, Germany. i
0.10 -
Species €
8 0.08
Life-cycle Dominance N R F S
Lolium perenne perennial 6 7 7 5 T 008
Dactylis glomerata perennial 5 6 X 5 i
Phleum pratense perennial 5 6 7 5 B 0.044
Holcus lanatus perennial 6 4 X 6 3
Festuca pratensis perennial 5 6 X 6 < o002
Bromus mollis (hordeaceus) annual 4 3 X vy % %
Lolium multiflorum biennial 4 6 7 4 0.00
Poa pratensis perennial  ? 6 X 5

X X
X
o0

<l
‘z‘,‘.‘
XX

Dominance indicates tendency for dominating a sward (6: the
species can dominate). Dominance is not knownHoa praten-

sis N indicates preference for high or low N fertility (7: species
found on highly fertile soil). R indicates preference for high or low
soil pH (7: species found on neutral pH soils, never found on acid
soils; X denotes high tolerance to both acidic and alkaline soils). F
indicates preference for soil moisture conditions (5: moist-site in-
dicator but not found on wet soils; y denotes high tolerance to both
moist and dry conditions).
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the fact that it was not initially sown in the field. The three § & & ¢ (\5@” S ¢
specied_olium perenngPhleum pratensand Lolium mul- S & & s & E
tiflorum that were most abundant in the sward (Fig. 1) had &3 &

according to their Ellenberg indicator values preference for _ _ _

neutral soil pH and fairly moist soil (Table 1) matching the Fig- 2. A. Apoplastic NH; concentrations and B. apoplastic pH

actual conditions at the field site (Sutton et al., 2008). EX_values of different grass species growing in a 4-year-old intensively

tra Lolium perenneseeds (20 kg/ha) had been intersown 2 managed grassland at Braunschweig, Germany. Values are means
. . + SE of 4 replicates.

months before the experiment and may have contributed to

the high relatively abundance of this species although it usu-

ally establishes rather slowly in an existing sward. 3.3 Tissue level measurements

Bulk leaf tissue Nlj[ concentrations were about 25 times
higher than the Nlj,j levels in the apoplastic solution (Fig. 4).
The same three species having high apoplastic;{N:idn—

In order to assess the potential for Blldxchange of each centrations also showed highest bulk leaf tissuej{l\hebn-

of the individual species, stomatal compensation points forcentrations. Leaf tissue NOconcentrations were in the
NH3 (xnH,) Were estimated on the basis of apoplastic;NH  same range as the NHconcentrations witfholium perenne
concentrations and pH. Apoplastic rjll-d:oncentrations dif- having the highest value arf@hleum pratens¢he lowest.
fered considerably among the species, ranging from 13 tdrhe NHI concentrations in bulk leaf tissue extracts of the 7
117uM, with highest values irfFestuca pratensigFig. 2a).  species (not enough leaf material was sampldéebafpraten-
Also apoplastic pH values varied among the species, from phsis) were well correlated with the apoplastic Ile'aIues al-

6.0 inPhleum pratenst 6.9 inDactylis glomeratdFig. 2b).  though the best correlation was found between leaf tissue
The three species having the highest apoplasti§ ehcen- NH;{ concentration and apoplasficvalues (Fig. 5).

trations also showed the highest apoplastic pH values. The Substrate nitrogen, i.e. the total amount of soluble N
observed differences in apoplastic $Hmd pH resulted in  measured in leaf extracts, also varied between the differ-
a large span of predicted values fprH, ranging between ent species (Table 2)Lolium perenneshowed more than
0.20 and 6.57 nmol mot (Fig. 3). Lolium perenne, Festuca twice the concentration of foliar substrate N compared to
pratensisand Dactylis glomeratashowed many-fold higher Phleum pratense The linear relationship between tissue
NHs3 compensation points compared to the rest of the specieslej concentration and total soluble N concentration was

3.2 NHg exchange potential of individual grass species

Biogeosciences, 6, 586, 2009 www.biogeosciences.net/6/59/2009/
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Fig. 3. Ammonia compensation points for 8 different grass speciesFig. 4. Bulk leaf tissue N@ and NI—Q concentrations of different
calculated on the basis of apoplastic ]flfelnd H" concentrations  species growing in a 4-year-old intensively managed grassland at
analysed in a 4-year-old intensively managed grassland at BraunBraunschweig, Germany. Values are me&nSE of 4 replicates.
schweig, Germany. Values are meanSE of 4 replicates.

800
2 . Festuca pratensis
weak (R=0.287, data not shown). Total N concentration on 2 = 0.902 °
a dry weight basis ranged from 2.7% fBhleum pratense
to 3.4% forBromus mollis The corresponding C:N ratios 600 - Dactylig’glomerata
ranged between 17.3 and 13.2 (Table 2).
4 Discussion % 400 - .
e Lolium perenne
The vacuum infiltration and centrifugation technique for ex- £
traction of foliar apoplastic solution enabled for the first time
a comparison of the Nflexchange potential of as many as 200 1 _ _
8 grass species growing in a mixed sward. The sward was ¢ /Lolium multiflorum
dominated byLolium perenngFig. 1) but contained also a Phleum Icus lanatus
i 1 ® ° .
number of other species although 250-350 kg Ntgear- 0 | pratense Bromus mollis
had been applied during the years 1996—-2000. It has beer : : : :
shown that the proportion of cultivated species likdium 05 1.0 15 20
perenneincreases with the amount of fertilization but de-
cline with age of the sward (Whitehead, 1995). Extraction Tissue NH4+ (umol g FW'l)

of apoplastic solution was successfully applied to all plant
species using a 280 mM (350 mOsm) sorbitol solution andrig. 5. Correlation between mean bulk leaf fitoncentration and
an incubation time of 20 min between infiltration and extrac- - (apoplastic NH/H*) in leaves of different species growing in
tion. Lohaus et al. (2001) found that osmolarity and incuba-a 4-year-old intensively managed grassland at Braunschweig, Ger-
tion time had a relatively little influence on the composition many.
of the apoplastic solution in 6 plant species.

Although growing in the same habitat, a large variability
in apoplastic Nlj* concentration occurred between the grassproduce the highest yields and have the best responses to N
species (Fig. 2a). This may reflect their capability to adapt tofertilization. Festuca pratensishowed the highest apoplastic
the growth conditions of the field and the climatic conditions NH; concentration of almost 0.12 mM ahalium perenne
of the season (Table 1Holcus lanatusandBromus mollis  andDactylis glomeratéhad about half of that concentration,
having the lowest apoplastic l\]{l—boncentrations are consid- which is within the same range as apoplasticlet‘bncen-
ered low-producing species under conditions of high fertili- trations measured in the same two species in a grass/clover
sation whileLolium perenneand Dactylis glomerataoften sward in Switzerland (Herrmann et al., 2001). Somewhat

www.biogeosciences.net/6/59/2009/ Biogeosciences, &&2009



64 M. Mattsson et al.: Stomatal NHompensation point in different grass species

Table 2. Total soluble N concentration, total N concentration and C:N ratio of fully developed green leaves of different grass species growing
in a 4-year-old intensively managed grassland at Braunschweig, Germany. Means of 4 refli§&tes

Species Total soluble N (% of dry weight)  Total N (% of dry weight)  C:N ratio

Lolium perenne 084 + 0.12 32 £ 0.2 143 + 0.7
Phleum pratense  0.37 + 0.03 27 + 0.03 173 + 0.2
Festuca pratensis 0.62 + 0.06 31 £ 0.1 145 + 04
Lolium multiflorum 0.46 + 0.07 29 + 01 152 + 05
Dactylis glomerata 0.55 + 0.02 31 +£ 0.2 150 = 04
Holcus lanatus 045 + 0.04 30 £ 0.1 146 + 04
Bromus mollis 055 + 0.08 34 +£ 0.1 132 + 0.3

higher values (0.2-0.9 mM) were measure in an intensivelybe able to exert a major influence on the Nékchange of
managed_olium perenngrassland in the Netherlands (Lou- the whole field. Furthermore, atmospheric N&hd/or NH

bet et al., 2002; van Hove et al., 2002). However, following emitted from species with a high NHompensation point
application of nitrogen fertilizer, also the apoplastic IRIH may have been absorbed by some of the species with a low
concentrations of the grass mixture in the present field in-NH3 compensation points such Bileum pratenséFig. 3)
creased to around 0.9 mM (Mattsson et al., 2008). Apoplastiavhich had a fairly high abundance in the field (Fig. 1). Based
pH differed about one pH unit between the species with theon data from apoplastic measurements in intensively man-
lowest value Phleum pratensgH 6.0) and the highest value agedLolium perenngyrassland in the Netherlands, van Hove
(Dactylis glomeratapH 6.9). Over the period from January et al. (2002) estimated stomatal Blldompensation points

to November, van Hove et al. (2002) observed apoplastic pHsarying between 0.7 and 6 nmol mdlover the period from
values inLolium perennganging between 5.9 and 6.5. January to November. The gaseousiNténcentrations in-
side the grass leaves were, with a few exceptions, always
smaller than the measured ambientqNtdncentrations indi-
|cating that the grass canopy was unlikely to be a major source
of NH3 emission. In a study over non-fertilized managed

The three specielsolium perenngFestuca pratensiand
Dactylis glomeratawhich had the highest apoplastic I}lH
concentrations, also exhibited the highest apoplastic pH va

ues (Fig. 2). The resulting NHcompensation points for ! o
these three species were 3.5, 6.5 and 5 nmotiakspec- grassland in The Netherlands, WEmission fluxes were fre-

tively. These compensation points are in agreement with reduent (about 50% of the time) during a warm, dry summer

sults derived from laboratory cuvette studies, which showed€rd, while in a wet, cool autumn period deposition fluxes

NH3; compensation points of 5.0 and 6.8 nmol mblfor d_omlna_tted (80% of the time) due to small canopy compensa-

Lolium perenneand Bromus erectusrespectively, growing tion points .cagsed by low temperatures and a generally wet

with a high concentration (3 mM) of NDin the nutrient so- ~ Surface (Wichink Kruit et al., 2007).

lution (Mattsson and Schjoerring, 2002). Leaf tissue NH concentration ranged from 0.5 to
The atmospheric Nkl concentration 1 m above ground 1.8umol g% FW (fresh weight) with the highest values ob-

during the pe?iod of apaplastic measurements (22 and 2 ained for the samethree species.that were in thetop.with re-

May 2000) was 3 to 4.5 nmol mot (corresponding to 2.1 pect to apoplastlc NHconcentration. Ng).concentra'uons

to 3.2ugm3). Since this value was lower than the pre- were really high only inLolium perenng(Fig. 4). Phleum

: . . . o pratensehad low concentrations of both I\]{Hand NG .
dicted NH; compensation points, episodes of letmission frass species are known to differ in their tendency to ac-

}/;/]outlg be expe_cted,_t%ar:gcr?lartly z(r;ce the t(:_tal abqntdance Stumulate nitrate (Wilman and Wright, 1986) and particu-
mﬁre rtler?p?%%}eilgiv : 1)'9 A(ca:tsu:I'I mpe;?sszg: F\:\?a'g fn\g’:_s larly after fertilization when average leaf tissue NConcen-
°7g. ). y, g trations increased to 40-5@nolg~! FW (Mattsson et al.,

sured around noon of 25 May, i.e. simultaneously with the ; :

sampling of the leaf material. Prior to cutting of the grass on2008) the differences between species could have _been more

29 May, the NH exchange pattern was dominated by small pronounced. Both soluble N and tqtal N concentrations were

bi-directional fluxes £64 to 42 ng Nk m—2s~L: Milford et also very low inPhleum pratensehich led to an extremely

al., 2008). The predicted NHcompensation,of the dom- high C:N ratio of 17.3 in the herbage compared to the other

inating specied.olium perenng3.5 nmol mott) was very grass species (Table 2). Or.1 the other hasmmus mollis
which also showed low leaf tissue IjHand NG concentra-

close to the measured atmospheric N\N¢bncentrations in . . L
the period. Festuca pratensisvith the highest Ni com- tions, had the highest total N concentration in the leaves and
therefore the lowest C:N ratio.

pensation point of 6.5 nmol mot only accounted for 10%
of the canopy in the experimental field and would thus not

Biogeosciences, 6, 586, 2009 www.biogeosciences.net/6/59/2009/
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In the present investigation a clear linear relationship ex-Cleland, E. E., Chiariello, N. R., Loarie, S. R., Mooney, H. A., and
isted between leaf tissue NHconcentration and apoplastic  Field, C. B.: Diverse responses of phenology to global changes in
I" values across species, but not between substrate Nland  agrassland ecosystem, Proc. Natl. Acad. Sci. USA, 103, 13740—
Thus, tissue NE concentration proved to be a more promis- _ 13744, 2006.
ing indicator of NH; emission potential than substrate N. Critchley, C. N. R, Chambers, B. J., Fowbert, J. A., Sanderson, R.
Similar correlations were also found for apoplastic and leaf 2 Bnogal, A, and Rose, S. C.. Association between lowland

- . grassland plant communities and soil properties, Biol. Conserv.,
tissue Nl—jlr samples over a diurnal course (Herrmann et al., 105, 199-215, 2002.

2008) and over the entire experimental time course with diffCritchley, C. N. R., Fowbert, J. A., and Wright, B.: Dynamics of
ferent management events (Mattsson et al., 2008). The ratio species-rich upland hay meadows over 15 years and their rela-

between leaf tissue and apoplast ;Neoncentration was for tion with agricultural management practices, Appl. Veg. Sci., 10,

most species around 30 (Figs. 2 and 4). Howevekah 307-314, 2007.

cus lanatusand Bromus mollis which contained a very low David, M., Loubet, B., Cellier, P., Mattsson, M., Schjoerring, J. K.,
concentration of apoplastic NH this ratio was much higher. Nemitz, E., Roche, R., Riedo, M., and Sutton, M.A.: Ammo-
Prediction of NH exchange potential from leaf tissue $H nia sources and sinks in an intensively managed grassland using

concentrations might therefore be problematic in some cases. dynamic chambers, Biogeosciences Discuss., accepted, 2008.
Ellenberg, H., Weber H. E., I, R., Wirth, V., Werner, W., and

Paulissen, D.: Indicator values of plants in Central Europe,
Scripta Geobotanica, 18, 1, 1-248, 1991.
Genfa, Z., Dasgupta, P. K., and Dong, S.: Measurement of atmo-

We conclude that grass species growing on the same fiek'j_| Sprt‘e,ric gmr&or:ia' E”Vi,\rAO”'JSCi' Tec:”‘;"' 2361346;‘14_74' 1?8%
can differ greatly with respect to foliar N pools. Varia- 'an=ein, =, Matsson, ., Jaeger, H.-J., and schjoerring, /. .-
. o . Uptake and utilization of atmospheric ammonia in three native
tions among grass species in apoplastic pH aan Nkn-

. . } . Poaceaespecies: Leaf conductances, composition of apoplastic
centrations may result in very different Nitompensation solution and interactions with nitrogen supply, New Phytol., 141,

5 Conclusions

points. Species with high abundance andz:Ntémpensa- 71-83, 1999.
tion points around the level of atmospheric ldoncen-  Harpole, W. S., Potts, D. L., and Suding, K. N.: Ecosystem re-
trations may contribute to bi-directional NHluxes over sponses to water and nitrogen amendment in a California grass-

the whole field, while species with considerably lower NH land, Global Change Biol., 13, 2341-2348, 2007.
compensation points only will contribute to NHbsorption ~ Herrmann, B., Jones, S. K., Fuhrer, J., Feller, U., and Neftel, A.: N
from the atmosphere. In the present work, three species budgetand NH exchange of a grass/clover crop at two levels of
(Lolium perenne, Festuca pratensisd Dactylis glomer- N application, Plant Soil, 235, 243-252, 2001.

ata) were likely to contribute to small Ngdemissions (up ~ Hill: J- O., Simpson, R. J., Wood, J. T., Moore, A. D., and Chap-
to 42ng Nl-gm*Z s*l) measured over the whole field dur- man, D. F.: The phosphorus and nitrogen requirements of tem-

ina the day time. Leaf ti I\PH ncentrations were well perate pasture species and their influence on grassland botanical
g he day ime. Leat issue fynconcentrations were we composition, Aust. J. Agric. Res., 56, 10271039, 2005.

correlated with the ratio between apoplastic Nnd H" Hill, M. O. and Carey, P. D.: Prediction of yield in the Rotham-
concentrations suggesting that leaf tissue;{l\kban be used sted Park Grass Experiment by Ellenberg indicator values, J. Veg.
for predicting the NH exchange potential. Sci., 8, 579-586, 1997.
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