
DOI: 10.1007/s11099-013-0052-z                                                                                      PHOTOSYNTHETICA 51 (4): 490-496, 2013 

490 

Short-term effects of extensive fertilization on community composition  
and carbon uptake in a Pannonian loess grassland 
 
 
SZ. CZÓBEL*,+, Z. NÉMETH*, O. SZIRMAI**, CS. GYURICZA***, A. TÓTH*, J. HÁZI*, D. VIKÁR*,  
and K. PENKSZA*  
 
Department of Nature Conservation & Landscape Ecology, Szent István University, 2100 Gödöllő, Hungary*  
Botanical Garden, Szent István University, 2100 Gödöllő, Hungary** 
Institute of Plant Production, Szent István University, 2100 Gödöllő, Hungary*** 
 
 
Abstract 
 
Among the most extended ecosystems of the temperate zone, the seminatural, dry grasslands constitute a substantial 
proportion in the Carpathian Basin. The aim of our present study was to investigate the short-term effect of extensive 
fertilization on the species composition and CO2 exchange of loess grassland at community level. The in situ 
investigation of the latter parameter have not been yet carried out in Pannonian loess grasslands. Most of the parameters 
studied showed a considerable interannual variation both in the fertilized and in the control stands. As a result of the 
treatment, the average species number of the fertilized stand decreased by 22%, which was more significant in the 
autumn (26%) than in the spring. Diversity values, including Shannon index and species richness, increased by nearly 
1.5 times in the year with adequate rainfall compared with the initial values. In general, species richness and the ratio of 
dicots decreased, while the ratio of therophytes, alien competitors, and C4 plants increased with the addition of 
fertilizers. Significant carbon sequestration potential was only detected during wet periods in the fertilized grass. The 
rate of CO2 uptake was found to be nearly five times higher in the fertilized stand and nearly three times higher in the 
control stand during the wet year compared with the previous, extremely dry year. The CO2 uptake potential of the 
fertilized grassland exceeded that of the control stand by 12% in the year with high rainfall, while the rate of CO2 
exchange dropped by 50% in the dry year in the fertilized stand. Our study reinforced the idea that the decline in species 
richness was not necessarily followed by the reduction of stand level carbon uptake in a short period due to an 
insignificant change in ecophysiological functional groups. 
 
Additional key words: canopy chamber; in situ experiment; net ecosystem CO2 exchange; nutrient treatment; species composition. 
 
Introduction 
 
Grasslands constitute one of the largest ecosystems of the 
temperate zone covering about 20% of Europe (Soussana 
et al. 2007). In the Carpathian Basin, extended areas are 
covered by seminatural, grass communities (Czóbel et al. 
2010) including dry grasslands. A recent country scale 
analysis of different habitat types showed that more than 
175,000 ha of seminatural, dry grassland remained in 
Hungary (Molnár et al. 2008). The Central European 
loess grasslands are the representatives of the well 
structured, diversed dry grasslands, which are rich in 

dicot species (Bölöni et al. 2011) being a reminescent of 
the tallgrass prairie. Only a few information is yet 
available on the stand level ecophysiological activity and 
carbon cycling of these loess grasslands. 

Interactions between changing nutrient pools and 
different aspects of global climate change are likely to 
affect (semi)natural and managed terrestrial ecosystems 
(Frank 2007). Weather anomalies can have negative 
effects on grass functioning by decreasing their produc-
tion and carbon uptake, especially, by summer drought 
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and heat (e.g. Ciais et al. 2005). Furthermore, it is also 
known that drought stress significantly decreases 
mycorrhizal colonization (e.g. Nilsen et al. 1998, Lutgen 
et al. 2003). The grass ecosystems of the Carpathian 
Basin can be particulary vulnerable to current and 
forecasted changes in land use including more intensive 
management regimes. Yet, the structural and functional 
responses of seminatural grasslands to the different 
management practices are not sufficiently understood 
(Czóbel et al. 2008). 

A large number of publications deal with the carbon 
cycling in grasslands of temperate zone, but only a few 
studies (e.g. Haszpra 2011) are available for East-Central 
Europe, including the Pannonian Basin (Czóbel et al. 
2010). Furthermore, the flux results are rarely linked to 
vegetation dynamic processes (Czóbel et al. 2008) 
despite the fact that responses of the ecosystem CO2 ex-
change to climatic factors may vary according to pheno-
logical stages (Yuste et al. 2004). Managed grasslands 
can play an important role in the European carbon 
balance, although most of the grassland fertilization 
studies deal almost exclusively with their impact on soil 
respiration rate (e.g. Bouma and Bryla 2000). 

Numerous studies focused on the effects of different 
management treatments on the community composition 
of temperate grasslands. Many investigations showed that 
artificial nitrogen supply of grasslands has negative, often 
dramatic effects on species number and diversity (e.g. 
Tilman 1987, Turner and Knapp 1996, Gough et al. 2000, 
Piper et al. 2005), although grazing could eliminate these 
effects (Jacquemyn et al. 2003). In drier prairie vegeta-
tion, mineral fertilization decreased the species number 
and the percentage cover of legumes and numerous 
species were found to be intolerant to increased nitrogen 
concentration. In a comparative tallgrass and shortgrass 
steppe study (Piper et al. 2005), the addition of nitrogen 

increased the annual net primary production (ANPP) by 
9% in unburned and by more than two thirds in burned 
tallgrass prarie (Knapp et al. 1998) due to the different 
nitrogen pool. 

Fertilization (and other resource manipulations) resul-
ted in increased invasibility of the grassland community 
and resource enrichment increased generally productivity. 
These responses were contingent upon species avail-
ability and tended to be more pronounced in the presence 
of an expanded propagule pool (Foster and Dickson 
2004). Net primary production and nutrient dynamics of 
grasslands are regulated by different biotic and abiotic 
factors, which may differentially affect the biomass of the 
plant functional groups (e.g. Semmartin et al. 2007). For 
example, simultaneous addition of water and nitrogen led 
to increased dominance of two the most abundant grass 
species, Bromus carinatus and Elymus glaucus (Harpole 
et al. 2007). Production is controlled by the nutrient level 
of a soil, especially, by its phosphorus and nitrogen 
concentration (Thiel-Egenter et al. 2007). The latter one 
is reported to be the most important limiting factor of 
ANPP (Knapp et al. 1998). 

The aim of our study was to investigate the short-term 
effect of extensive fertilization on the community 
composition and CO2 exchange of a loess grasslands at 
vegetation level during a three-year study. 

Some specific question areas addressed here included: 
(1) Effects of extensive nitrogen, phosphorous, and 
potassium (NPK) fertilization on community composition 
determined by Shannon´s diversity index (Hs), species 
richness, plant functional groups, and net ecosystem CO2 
exchange (NEE) values; (2) Significance of the inter-
annual and seasonal dynamics of the parameters studied; 
(3) Relationship between botanical and CO2-flux data in 
the studied loess grassland. 

 
Materials and methods 
 
Study site and experimental plots: The extensively 
fertilized site (mineral fertilizers applied once a year) was 
located in the Gödöllő Hills between Isaszeg and 
Nagytarcsa (47°42’N, 19°24’E, 255 m a.s.l.). The climate 
of the region is temperate continental (mean annual preci-
pitation is 560 mm, mean annual temperature is 9.1°C), and 

the soil is a moderately eroded, lime-impregnated cherno-
zem. During our three-year study, the annual precipitation 
ranged from 432 mm in 2003 to 627 mm in 2004. The 
climatic zonal loess grassland vegetation is a vertically 
well stratified and rich in broadleaf dicotyledons (Bölöni 
et al. 2011). The fertilization experiment was carried out 
on 10 assigned small, loess grassland plots (1 m × 1 m) in 
order to study the structural and synphysiological 
responses of vegetation as the function of fertilization. 
The plots were selected along two types of transects 
(5 treated, 5 control). The transects were 5 m apart, whilst 
the plots within the transects were at a distance of 1.5 m 

one from another. A total of 10 plots (1 m2) were 
designated on a flat plateau, therefore the results were not 
influenced by the inclination and exposure of the land. 
The analysis of the soil samples taken prior to the 
application of fertilizers showed no statistically signifi-
cant difference between the soil parameters in the 
designated stands. The fertilized plots were not randomly 
designated, because lateral flows could influence the 
nutrient supply of the control plots. Due to the surroun-
ding vegetation, the designation of more and larger plots 
was not possible. Mineral fertilizer (Compacted GENEZIS 
NPK, Bige Holding Ltd., Szolnok, Hungary) was applied 
once a year at the beginning of the growing season (June 
13 in 2002, April 23 in 2003, April 29 in 2004) in form of 
NH4NO3, P2O5, and K2O [10 g(N) m–2, 5 g(P) m–2, and 
5 g(K) m–2]. The delayed application of fertilizer in 2002 
was due to rescheduling measurement protocols of 
Greengrass EU R & D projects (EVK2-CT2001-00105). 
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Plants: The nomenclature of plants followed Simon 
(2000). The studied vegetation was a xeric, species rich, 
tall loess grassland, Salvio nemorosae-Festucetum 
rupicolae, (Czóbel et al. 2008, Bölöni et al. 2011). The 
fertilized plots were initially dominated by Festuca 
rupicola (78%), Dorycnium herbaceum (12%), and 
Salvia nemorosa (5.6%). Other characteristic taxa of the 
community, such as Seseli osseum and Galium verum, 
were commonly encountered in the plots. The total 
species number of the initial vegetation varied between 
23 (fertilized plots) and 25 (control plots). 
 
Applied methods: The botanical sampling of the 
designated stands was carried out twice a year during the 
growing period, at the end of the spring, by mid June, and 
in the autumn, by late October. The spring data of 2003 
were not used due to the incomplete dataset. Percentage 
of the cover for each species was estimated using the 
relevé method (Mueller-Dombois and Ellenberg 1974, 
Van Der Maarel 1979) by 1 × 1 m quadrats, out of which 
species richness (Hs), mean cover, number of C4 species, 
and the relative distribution of plant functional groups 
(including Social Behaviour Types based on Borhidi 
1993) were calculated. Stand level CO2-flux measure-
ments (NEE = net ecosystem CO2 exchange) were carried 
out episodically at monthly or bimonthly intervals during 
the vegetation period using chamber technique and a 
portable infrared gas analyser (CIRAS-2, PP Systems, 
Hitchin, UK) operating in the open system mode. The 
photosynthetic system was connected to a water clean, 
portable, nondestructive, self-developed chamber 
(diameter = 60 cm, made from plexiglass) taking air 

samples from the connecting (inner and outer) tubes 
(Czóbel et al. 2004). CO2-exchange rate was calculated 
from the differences or changes in CO2 concentrations 
(Czóbel et al. 2004, 2005). Stand level chamber (NEE) 
measurements were carried out on clear and sunny days 
between 10:00 and 16:00 h in order to avoid the unsteady 
meteorological parameters. On a typical NEE 
measurement day, the carbon fluxes of 3 control and 3 
treated plots were measured alternately for an average of 
60 min per plot. Photosynthetic photon flux density 
(PPFD) and air temperature (Tair) were measured by 
CIRAS-2 sensors parallelly with the carbon flux data, and 
a time-domain reflectometer (ML2, Delta-T Devices Co., 
Cambridge, UK) was used to detect the volumetric soil 
water content (SWC). The aboveground biomass was 
removed (at 5 cm) twice a year at biomass peak after the 
1st and the 2nd growing period in early June and 
November. Study area was extensively grazed by sheep 
earlier and as a result, the vegetation was adapted to 
being occasionally removed and therefore the removal of 
the biomass did not affect subsequent measurements. 

 
Statistical analysis: All measured and calculated data 
were analyzed by the R-statistical program (R Develop-
ment Core Team 2009). The botanical and synphysio-
logical responses as the effects of fertilization were tested 
using ANOVA and the post hoc test of Tukey’s honestly 
significant difference (HSD) with corrections (adjusted 
P-values for the multiple tests). For Shannon’s diversity 
and cover of C4 species, the variability was assessed 
using the standard deviation calculated from five spatial 
replicates. 

 
Results 
 
Community composition: The 2nd year was much drier, 
while the 3rd year was more humid than usual, based on 
the comparison of annual and long-term meteorological 
data (Czóbel et al. 2008). The variance analysis showed 
no significant differences between the fertilized and 
control stands neither for Hs (ANOVA F = 1.741, 
P=0.2351, Df = 1) nor for the sum of or the total species 
richness (ANOVA F = 1.639, P=0.2477, Df = 1). As a 
result of the treatment, the average number of species of 
the fertilized stand decreased by 22%, more in the 
autumn (26%) than in the spring. Hs increased by nearly 
1.5 times in the year with favourable precipitation level 
compared with the initial ones at both stands (Fig. 1). 
Vegetation in the fertilized plots was dominated initially 
by the monocot, F. rupicola Heuff., while in the third 
year a dicot taxa, S. nemorosa L., became the dominant 
species. In addition, some graminoid species (Dactylis 
glomerata L., Koeleria cristata /L./Pers.) and dicot 
(Astragalus onobrychis L., Medicago falcata L., S. os-
seum Cr. em. Simk.) showed a positive response to 
additional nitrogen supply. In contrast, inhibiting effect of 

fertilization was found in e.g. Chrysopogon gryllus 
/Torn./Trin. and F. rupicola, out of which the former 
disappeared from the treated plots. The relative 
proportion of monocot species increased, whilst that of 
the legumes decreased in the fertilized grassland (Fig. 2). 
However, the total cover of monocots decreased. 
Concerning life forms, hemicryptophytes dominated the 
fertilized plots (Fig. 3) in general; this represents a typical 
life form of the Hungarian grasses. The number of 
hemicryptophytes (H) and therophytes (Th) increased, 
whereas that of cryptophytes (K), chamaephytes (Ch), 
and nanophanerophytes (N) dropped as a result of 
fertilization. In the treated stand, alien competitors (AC) 
appeared, ruderal competitors (RC) disappeared, while 
the number of specialists (S), competitors (CO), and 
generalists (G) slightly decreased, presumably due to the 
effect of management (Fig. 4). In autumn, the mean 
percentage cover of C4 taxa increased in all stands due to 
the expected temporal variation of C4 species, although 
fertilization elevated the mean cover of this functional 
group. In each sampling time, only one C4 species,  
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Fig. 1. Seasonal and interannual variation of mean 
Shannon diversity and species richness due to 
fertilization treatment (2002-2004; Isaszeg, 
Hungary). Error bars show SD, n = 5. Hs –
Shannon's diversity index. 

 
 

 
 
Fig. 2. Relative distribution of monocots, legumes and dicots 
(excluding Fabaceae) in nontreated (A) and treated (B) plots in 
2002 and 2004. n = 5. C – control; F – fertilized. 
 

 
 
Fig. 3. Temporal variation in the frequency of Raunkier's life 
forms in fertilized and nontreated loess plots. n = 5. C – control; 
F – fertilized. H – hemicryptophytes; Th – therophytes; TH – 
hemitherophytes; K – kryptophytes; Ch – chamaephytes; N – 
nanophanerophytes; MM – phanerophytes. 

 
 
Fig. 4. Temporal variation in the frequency of social behaviour 
types due to fertilization. n = 5. S – specialists; CO – 
competitors; G – generalists; NP – natural pioneers; DT – 
disturbance tolerants; W – weeds; RC – ruderal competitors; 
AC – alien competitors. 
 
Chrysopogon gryllus (2002 spring) or Bothriochloa 
ischaemum /L./Keng (all the other time), represented this 
functional group, except the spring in 2004, when 
Botriochloa occured only in the fertilized plots (Fig. 5). 
 
Stand level CO2 exchange: Compared with the previous, 
extremely dry year, the rate of CO2 uptake was nearly 
five times higher in the fertilized grasslands and three 
times higher in the control stand in the year with higher 
rainfall (2004) (Fig. 6). The carbon exchange potential of 
fertilized grassland exceeded that of the control stand by 
12% in the year with high precipitation, whilst the CO2 
exchange was lower by 50% in the treated stand in the 
dry year. Repeated ANOVA measures of NEE did not 
demonstrate significant differences between treated and 

nontreated stands (F = 0.902, P=0.355, Df = 1) during 
3 years. However, statistical analysis showed a significant 
interannual variation of NEE both in the fertilized 
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Fig. 5. Seasonal and interannual changes in mean percentage 
cover in fertilized and control loess plots. n = 5.  
 
(ANOVA F = 169.88, P<0.001) and the control (ANOVA 
F = 131.27, P<0.001) plots. Related to the temporal 
changes of NEE, in each year and both stand, the highest 
carbon uptake were found in June, while the lowest 
sequestration rate or even carbon release occurred in 
 

 
 
Fig. 6. Seasonal and year-to-year dynamics of CO2 flux of 
fertilized and control loess grassland plots at Isaszeg site 
(Hungary) during 2002–2004 period. Error bars show SD. n = 3. 
NEE – net ecosystem CO2 exchange. 
 
 
April (2003: fertilized, 2004: both stand), July (2002: 
carbon release in both stand), and October (2003: control). 

Discussion 
 
Community composition: The most rapid changes were 
observed in the species composition, especially at the 
fertilized plots. It was rather due to climatic anomalies 
than to the treatment, because the decline was similar in 
both the fertilized and nontreated plots (Fig. 1). Hs values 
were similar at the end of the experiment, because the 
taxa, which disappeared and reduced in number, were 
particularly replaced by perennial graminoids (e.g. 
Dactylis glomerata, Koeleria cristata) and weeds (e.g. 
Conyza canadensis /L./Cronq.) in the treated stands. An 
artifical nitrogen supply had negative effects on species 
richness and diversity in dry grasslands (e.g. Tilman 

1987, Turner and Knapp 1996, Huberty et al. 1998) 

causing dramatic shifts (e.g. Tilman 1987, Gough et al. 
2000) in a relatively short period of time in many cases, 
although our experiment did not support these findings. 
In our study, the treated plots did not display such 
negative trends compared with the controls. The quick 
recovery of species richness and Hs after the extremely 
dry year could show that the Pannonian loess grassland 
has a significant regeneration potential on short term 
scale. As a result of increased grazing, the structure, total 
cover, and species number of the Pannonian loess 
grasslands showed similar decline, which led to the 
dominance of net ecosystem CO2 exchange a few grass 
species and to further decline in the proportion of dicots 
(Bölöni et al. 2011). Changes in the species pool was 
followed by shifts in the dominant structure of fertilized 
plots. The latter was probably due to the increasing 
dominance of net ecosystem CO2 exchange a disturbance-

tolerant Salvia nemorosa, which could assist in the 
observed decline in species richness. This observation 
was in accordance with other studies, which highlight the 
positive effect of more intensive management on strong 
competitors (e.g. Jacquemyn et al. 2003, Harpole et al. 
2007, Czóbel et al. 2008). The positive responses to 
nitrogen supplementation observed in certain species 
were in agreement with the findings of Piper et al. 
(2005). It was the fact that mineral fertilization decreased 
the species number and percentage cover of legumes (Fig. 
2) in drier prarie vegetation. The taxa, which disappeared 
and reduced in number as well as the plant functional 
groups, were chiefly replaced by perennial hemicrypto-
phytes, competitors, disturbance-tolerant plants, and alien 
competitors (Figs. 3,4). It seemed that fertilization 
slightly increased the colonization of invasive species and 
it was favourable to alien competitors, which appeared in 
this stand (Fig. 5). 

 
Stand level CO2 exchange: The magnitude of other 
chamber flux measurements in tallgrass prairie (e.g. 
Dugas et al. 1999, Suyker et al. 2003) with similar 
physiognomy to loess grassland were, on average, of the 
same order to those observed in our study (Fig. 6). The 
differences in the amount and distribution of precipitation 
during the years under investigation affected the 
physiological activity of vegetation and influenced the 
NEE results of the manipulation experiment. In general, 
significant capacity of carbon sequestration was only 
apparent in the fertilized grasslands during periods of 
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high precipitation. In grasslands, much of the variation in 
NEE is constrained by the amount of precipitation 
(Flanagan et al. 2002). In the wet year, nutrient 
manipulation increased stand C-fixation considerably, but 
not statistically significantly compared with the control. 
However, enhanced nitrogen utilization of additionally 
fertilized plants accompanied by intensive growing 
assumably caused a negative feedback on NEE in the 
fertilized plots in the middle of the growing season. It 
was probably due to the increased nitrogen consumption 
by the vegetation. During the spring 2003, an extremely 
dry period (Ciais et al. 2005) induced moisture stress and 
could be responsible for the significantly lower NEE in 
the fertilized plots. In the studied dry grassland, seasonal 
and interannual variation of NEE could be mainly 
explained by unbalanced nutrition uptake under drought 
stress, causing significantly lower NEE values. The 
negative NEE values observed in the fertilized plots in 
the first year could be linked to the partly burned out 
vegetation due to the late fertilization and a lack of 
precipitation. The very low, sometimes positive, NEE 
averages were probably caused by the fact that the rate of 
soil respiration was higher than the CO2 uptake of the 
grassland due to drought and the accompanying high 
temperature in the growing season (Ciais et al. 2005). In 
addition, respiration exhibits an exponential temperature 
dependence at subcellular and individual levels, but at the 
ecosystem level, respiration can be modified by several 
variables including community abundance and biomass 
(Yvon-Durocher et al. 2012). Under water-limited 
conditions, most of the daily carbon exchange activity is 
linked to the short wet periods (Xu et al. 2004, Hastings 
et al. 2005), and significant source activity may also 
occur during drought (Li et al. 2005, Ciais et al. 2005). In 
our research, there was no significant correlation between 
the cumulative species richness and the average NEE, 
although higher Hs values and the periods of dominant 
dicot cover could be characterized by higher rate of CO2 
exchange.  

 
Conclusions: This study presented results of the short-
term effect of extensive NPK fertilization on the structure 
and CO2 gas exchange of a dry, continental loess 
grassland community. The exceptionally high interannual 
variation, including the unprecedented drought in 2003 

and the above average rainfall in the succeeding year, 
masked strongly the effect of the fertilization treatment. 
This made the effects of the treatments relatively small 
and led to statistically less markedly supported diffe-
rences. The comprehensive statistical analysis showed 
that the interaction between the studied variables (season 
and treatment) was not significant in the treated and 
nontreated plots, which presumably meant that the 
different NPK levels in the fertilized and control plots 
produced similar responses due to the interannual 
variation under current meteorological factors. Most of 
the parameters studied showed considerable interannual 
variations both in the fertilized and the control stands. It 
seemed that the ratio of hemicryptophytes, therophytes, 
disturbance-tolerant plants, alien competitors, monocots, 
and C4 plants increased immediately after the fertili-
zation, while species richness and the ratio of legumes 
decreased in response to the addition of fertilizers in the 
loess grassland. The latter one were probably due to the 
increasing dominance of a disturbance-tolerant species, 
S. nemorosa. The gaps created by the application of 
fertilizers and periods of extreme drought were occupied 
by perennial grass species, native and alien competitors. 

Based on chamber measurements, the NEE flux 
values of the fertilized stands only exceeded the averages 
of the control stand in periods of higher rainfall, but no 
significant differences between the two stands were found 
in any of the seasonal periods studied. Enhanced 
production of fertilized plants supposedly caused a 
negative feedback on NEE at fertilized plots due to the 
increasing nitrogen consumption towards the peak of the 
growing seasons in the wet year. Presumably, in the 
extremely dry year, total ecosystem respiration was 
suppressed to a lesser extent by drought stress than the 
carbon uptake of the community. NEE measurements 
showed a significant interannual variation between the 
dry and wet year both in the fertilized and nontreated 
plots. Production and NEE data reinforced our previous 
suggestion (Czóbel et al. 2008) that the studied Salvio 
nemorosae-Festucetum rupicolae loess grassland could 
be regarded as a carbon sequester on a yearly horizon in 
case of extensive nutrition treatment. The results might 
be of potential benefit for grassland conservation and 
planned grassland intensification practices. 
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