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1. Preliminary Experiments, Goals

One of the main goals of international ecosystem research is recently to measure the cycles of
key greenhouse gases (CO2, N,O and CH,) in different habitats. The European and national
projects so far have focused on natural plant communities. However, such studies have not yet
been carried out on weed species, although they are an inevitable part of agro-ecosystems and
affect the production of cultivated plants. As one of the potential winners of climate change is
the growing importance of weed species. Surprisingly, the greenhouse gas fluxes of weeds are
hardly investigated, although they can affect the carbon balance of a given area due to their
widespread distribution and continuous penetration. The ecological characteristics of many weed
species have been well revealed, but their ecophysiological conditions, especially at the stand
level, have hardly been studied. This work is basically a new approach at international and
domestic level in the research on weeds. So far, such complex studies (parallel stand-level CO,
flux measurements, phenological and production investigations) involving multiple weed species
- including manipulative experiments — haven’t been carried out on weed species. By studying
weed taxa with different physiognomy, taxa belonging to different plant functional groups,
archeophytes and neofphytes, we can learn about the supraindividual physiological diversity of
their stands and the synphysiological function weed communities they dominate. The main
objective of my research was the comparative eco-physiological, synphenetical and production
biology examination of five in Middle Europe well spread weed species, Amaranthus
retroflexus, Ambrosia artemisiifolia, Artemisia vulgaris, Chenopodium album, and Sorghum
halepense at stand level. By selecting theese plant species, | took into account that both
archaeophytons and neofitons, the different plant functional groups (Cs, Cs; therophytes,
cryptophytes), as well as different plant families were represented. In addition to indigenous
weeds, the study also includes species that are capable of biological invasion and, through their
increasing proliferation, may be one of the most significant threats to biodiversity. Not only the
invasive but also the indigenous weed species have an important nature conservation role in the
distressed areas. The entire vegetation cycle covering study the of the selected weed species took
place at the Botanical Garden of Szent Istvan University in G6dollo, with 27 plots in random
block arrangement. As a result of global warming, changes in the frequency or intensity of
extreme climatic events on a regional scale play an important role in the impact of the climate
system on ecological and social systems. Thus, the modifications that can be traced in
climatological extremes fundamentally determine the adaptability of these systems (BARTHOLY

& PONGRACZ 2005). To investigate the effects of the extreme climate years predicted for the



Carpathian Basin, | have also carried out manipulative experiments with Amaranthus retroflexus
(C4) and Chenopodium album (Cs). From these weed species representing different plant
functional groups, in addition to the control strains, partially precipitatin excluded, and irrigated
plots were created in each of 3 to 3 repetitions per taxon and treatment. Changes in precipitation
associated with climate change affect the adaptability of invasive species, and thus their impact

on native species, which underlines the importance of manipulative experiments.

2. Materil and Methods

In the Botanical Garden of Szent Isvan University Godollé monodominant plots (1m x 1m) were
created of the five selected species (Amaranthus retroflexus, Ambrosia artemisiifolia, Artemisia
vulgaris, Chenopodium album, Sorghum halepense), in 3-3 replicates to investigate the species-
specific characteristics.

With Chenopodium album and Amaranthus retroflexis manipulative experiments were also
carried ou, to which I created partial precipitation excluded (complete precipitation exclusio
every second weeks) and irrigated (5mm a week).

Phenological sampling was done weekly. The number of new germs appearing, the current
phenophase (appearance of flowers, yield), the maximum and average height of the stocks were
recorded.

Biomass was measured on a weekly basis at individual level, and stocking at the end of the
vegetation period.

The photosynthetic pigments (chlorophyll-a, -b and carotenoids) were determined by the method
of LICHTENTHALER (1987). | took samples of the examined plant species and their different
treatment spots at the time of full development.

Soil CO; flux (Reco) Was measured weekly using a LiCor-6400 (Lincoln, Nebrasca, USA)
portable infrared gas analyzer with so called "Closed chamber method", with 3-3 repetitions per
species and treatment, with additional soil temperature measurement.

The stand-level carbon dioxide gas exchange (NEE) is measured using a CIRAS-2 infrared gas
analyzer (PP Systems, Hitchin, UK). | used the "open-chamber" technique on a weekly or bi-
weekly basis, with transparent, clear, clear (60 cm diameter) plexiglas, corresponding to the
current height of the files.

N,O and CH4 measurements were done on a two-week basis with closed chamber technique.



3. Results

The weed species are characterized by a similar growth curve or change in sowing rate
(sigmoid), irrespective of whether they belonged to different plant function types and
taxonomical groups. Preliminary and ex situ germination showed that among the examined taxa,
Ambrosia's germination rate is the lowest that the plant is likely to compensate for higher seed
yields.

The C4 species sprouted several weeks later than the white Chenopodium album and Atemisia
vulgaris, which can be explained by the higher germination temperature demand. In the majority
of species, | have experienced earlier flowering, which is due to the lack of favorable rainfall and
late spring frosts. The earlier than expected flowering was even more pronounced in the
vegetative flocks.

The investigated species achieved very significant production without exception, which is
several times higher than the values of Hungarian herbaceous vegetation (eg grasslands) found in
the literature. On the one hand, this can be explained by the favorable precipitation level, on the
other hand, by the high CO; fixation lasting for several months. The above ground biomass of
the examined Cj; taxa was - in most cases significantly- higher than the C,4 species’, which can be
explained mainly by their different physiognomy.

In the fully developed stage, the dominance of chlorophyll-a was not general, as the
chlorophyll-b content was the highest for the two taxa representing the Asteraceae family. The
measured pigments were in a wide range for the five species. It seems that the nearly balanced
chlorophyll-a/b ratio resulted higer level of CO, fixation. The proportion of carotenoids and
xanthophylls was higher in the partially precipitation excluded stands, which can be explained by
the protective effect of these pigments.

The seasonal dynamics of soil respiration and CO, uptake were both represented by bell-
curve in each species, but no statistically significant difference could be detected in the whole
cycle. The low values measured in the plant-free control plots showed that the root respiration of
the examined weeds and the effect of the microclimate formed by the cover can be decisive for
the carbon balance of an area.

The stands of all five weeds had reasonable CO, fixation, which was maintained for several
months despite the rising Reco Values and the drought in August. The maximal CO, fixation of
the stands of the examined taxa reached several times higher values than other of grass types that
have been measured by chamber technique in Hungary.

As a result of the manipulation experiments, | found that the number of plants, the average
height of the shoots, the NDVI values, the total pigment content, the mean NEE and the biomass

values were related to the precipitation conditions in both species. The effect of different



precipitation conditions also influenced the phenological phaze of the manipulated stands. As a
result of irrigation, Amaranthus retroflexus shifted its flowering and harvesting dates two weeks
later. There was an oposit trend observable in the stands of the C; species. The flowers occured
later in the partialy precipitation excluded plots compared to control stands and yilding started
about one month later as well. The Rec, value of Amaranthus decreased on average by 27% and
by 12% of Chenopodium due to partial precipitation exclsion in 2008. Irrigation increased the
Reco DY 19% in the Amaranthus and 23% in the Chenopodium stands throughout the first
vegetation periode. In the partially precipitation excluded Amaranthus retroflexus plots, based on
the of our periodic measurements average values, the rate of CO, fixation decreased by nearly
half (47.5%). In contrast, the average CO, uptake of irrigated stands were more than 1.6 times
(161%) higher as the average value of the control stock. The average NEE values of the
manipulated stands of the C; taxon did not reflect the different water regimes. The average CO;
fixation of the reduced water stands was less than 10% lower than the untreated type, while the
irrigated stock exceeded the average NEE of the control by 13%. The impact of manipulation on
biomass, like CO, flux, was more pronounced in Amaranthus stands, where the rate of
production change was almost fully harmonized with precipitation differences. Precipitation
exclusion in the Amaranthus retroflexus stands resulted in a 53.5% decrease in biomass and
46.6% in the Chenopodium. As a result of irrigation, the amount of total biomass increased by
51% for Amaranthus and 29.3% for Chenopodium.

In 2009, the average biomass production of all 5 taxa fell significantly short of the values
measured in 2008, due to the much lower rainfall supply compared to the previous year. In the
case of Cs species this difference was significant (P <0.05). The decline was also significant for
C4 species, as Sorghum halepense and Amaranthus retroflexus reached only about half of the
biomass production compared to the previous year.

The CH4 and N,O fluxes of the examined weed species did not show significant differences
from other domestic vegetation (grasslands and wetlands) despite the different environmental
conditions and biomass production. There were no clear and significant differences between the

functional groups.

3. New Scientific Results

e The investigated species in monodominant flocks achieved a very significant production
without exception, which is several times higher than the values of Hungarian herbaceous

vegetation (eg. grasslands) found in the literature.



e Each of the five investigated taxa had a reasonable CO; fixation during the vegetation
period. The maximum CO; fixation of the stands of the examined species is several times
higher than the maximum limit values measured in other Hungarian grassland types..

e The order of carbon fixation of each species did not reflect the biomass of the stands.

e There was no significant difference between the 5 examined weed species and the C, and
Cs; taxa examining the light dependence of NEE.

e Surprisingly, the C3 Chenopodium album's NEE values were less affected by lesser
rainfall than C4 Amaranthus retroflexus’s CO, capture.

e The CO; fixation of the stands, depending on the air temperature, showed a bell curve
character. There is no clear difference between C4 and Cs.

o Despite the different environmental conditions and biomass production, the CH4 and N,O
fluxes of the examined weed species did not show significant differences from other
domestic vegetation (grasslands and wetlands).

e There are no significant differences between methane and nitrous oxide fluxes in each
functional group.

e Low Reco values measured in plant-free control spot showed how decisive the impact of
the root weeds of the weeds and the microclimate of the cover on the carbon balance of

an area.

4. Findings and Suggestions

Although the chosen species represented different functional groups, and had different shoot
number and biomass, they were characterized by very similar dynamics regarding more
parameters (stand height, shoot number, NDVI values, soil respiration and stand level CO,
fixation). All the investigated taxa had a remarkable production, which was multiple times higher
than the herbaceous plants in Hungary (for example grasses). It can be the result of the favorable
water regimes and the elongated period of high CO, fixation. This intensive carbon dioxide
fixation can be the key to the success of this plant group. Methane and dinitrogen-oxid fluxes
had a bigger range in 2008 which year was a more balanced regarding the precipitation, signing
their correlation with draught.

Regarding the manipulative experiments | have found remarkable even significant (for example
biomass, shoot number) difference to the control plots about more parameters. The differences
among the treatments started already during the germination, but got stronger during the dryer
periods. The arid summer had stressed the stands at different level which was well measurable

by the soil respiration and CO, flux variability. The manipulative experiments showed that there



was a correlation between the precipitation level and shoot number, mean height of the plants,
NDVI values, pigment content, mean NEE and biomass values at the total development phase.
These results are not only basic research like but can be used at synphenetical and
synphysiological characterization or modeling of plant communities with similar dynamics.
Furthermore the deeper knowledge of weed ecophysiology can allow developing new plant

protection methods for the benefit of the economy and public health.
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