Applie_d Ecology

and Environmental Research

International Scientific Journal

.
/4 ¢
g 7207 LR I { H""‘““
b / {/ o ./ LA “ ‘d’»g- \rwﬂw,“_ - Uﬂ.g‘
NS BRI i’ R

V ;
’ v \f
ﬂ/’ "V\_ v ’\m“ U ' ’ : AN .
8174 y o ¥ o ¥ ‘l' v Y ¥y / \ ‘l \ M /l
y L L A (7
' AR B
WA AL  l

X A A Wv ¢ ‘vv'/"'
- wi w, “17
A v A4 y (! ,4 "' W/. XA f w’ 24

AR A 1
i " { "'l » ,v‘ LI A i‘\w v W@ W/
v . ‘,‘ ¥ ? 2. /tf; . "' ¥ w \}L:{ /

VOLUME 9 * NUMBER 3 * 2011

http://www.ecology.uni-corvinus.hu
ISSN 1589 1623 (Prin® ISSN 1785 0037 (Online)



Kiss et al.: Change of composition and diversitgpécies and grassland management in Pannonisiagds
-197 -

CHANGE OF COMPOSITION AND DIVERSITY OF SPECIES AND
GRASSLAND MANAGEMENT BETWEEN DIFFERENT GRAZING
INTENSITY IN PANNONIAN DRY AND WET GRASSLANDS

Kiss, T.V —LEVAI, Pl _FeErRencz A.1- SZENTES Sz.2 —HUFNAGEL, L.3—~NAGY, A.? —
BALOGH, A.2 —PINTER, 0.2 —SALATA, D.>—HAzI, J>—TOTH, A.>~WICHMANN, B.? —
PENKSZA, K.2

'Dept. of Floriculture Landscape Architecture, Fac. of Horticulture, College of Kecskemét
H-6000 Kecskemét, Erdei F. tér 1-3.
(phone: +36-76-517-613, fax: +36-76-517-601)

“Szent Istvdn University, Department of Natural Conservation and Landscape Ecology
H-2103 Godollo, Pdter Kdroly u. 1.
(phone: +36-28-410-200; fax: +36-28-410-804)

' Corvinus University of Budapest, Department of Mathematics and Informatics
H-1118 Budapest, Villanyi iit 29-43
(phone: +36-1-294-9875)

*Corresponding author
e-mail: kiss.timea @kfk.kefo.hu

(Received 1 July 2011; accepted 146eptember 2011)

Abstract. Investigations were carried out in wet and drgtpee. Coenological recordings were taken in
three zones. The first zone (“A”) located 0-50 namthe stable, second zone (“B”) located 50-150 m
from the stable, while the third zone (“C”) locatizdther than 150 m. We have carried out analy$es o
ecological and environmental factors and life folypes. Based on our results for both dry and wet
grasslands, quadrates of “A” zone were well isddt®m the rest of the zones. Overgrazing, which
involves considerable trampling, vanishes diffeemnamong vegetations, thereby promotes weed and
disturbance tolerant rich vegetation. The lowestc&s number and diversity could be found here. tbue
the nitrogen enrichment due to the constant presehdivestock, drier and less heat demanding habit
developed in the “A” zones, according to the enwinental indicators. Because of the change in
management, conservation and diversity values df Zéhe increased, however, according to nature
protection values it underperformed compared to Z2Bie. According to the sample area, wet grasslands
from the sandy areas of Kiskunsag, preserve ngtmoéection values and grass composition better

moving away from stables, due to less grazing pressDrier backgrounds tolerate stronger grazing
pressure.

Keywords: indicator value, ecological values, grassland maintain, nature conservation Kiskunsdg

Introduction

Characteristic vegetation types have evolved innBanbiogeographic region
situated in the Great Hungarian Plain’s area. Humetivity is responsible for the
preservation of many of these habitats and asswmasatAt the diverse sandy region in
Danube - Tisza region large extent mosaic likegjaasls can be found parallel with the
appearance of saline soil and these are adjusigebtmorphology. More than 9% of the
territory of Hungary (approximately 1.0042 millidmectares) belongs to grassland
cultivation (Karpati and Takacs, 2008) which comps 6.5% of the country's
agricultural land. The size of grassland area fal@vsteady downward trend, which
can be explained by the decrease of the numbévesttock. In addition, different types
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of grass represent the largest part of nature sanes, so grasslands not only have
major role in grassland management but also are rimpmoin preserving the natural
vegetation. In the Pannonian region one third efphotected plant and animal species
are grassland related, besides a number of vulmeeddociations are also presented
there. The appropriate conservationist handlingssential, since both their economic
utilization and diversity preservation are commasks.

The significant proportion of dry and wet grasskiedn only be preserved with the
adequate maintenance. The appropriate handlingreptire the extensive husbanding
forms — mainly grazing and mowing — in additionteasonable and well thought-out
load application is very important (Catorci et &Q06, 2007a, 2007b, 2009, 2011;
Stampfli and Zeiter, 1999; limarinen, 2009; Willeni®83; To6rok et al., 2009, 2010;
Téth et al., 2003; Bakker et al., 1996; Noble anthy; 1996; Roberts, 1996; Campbell
et al., 1999; Kleyer, 1999; Pausas, 1999).

As part of grassland management, in connectiorrdaigg, examining over-grazing
has an essential importance. A number of artiokad with over-grazing, however, their
approach to the subject is quite diverse.

Regulation in the UK takes the vegetation into aderstion that over-grazing can be
observed in case of areas where livestock is ptedan such numbers that it effects
vegetation growth, quality or species compositiognificantly and negatively
(Statutory Instrument, 1996). According Wilson avidcLoad (1991), considering the
livestock factor, areas are over-grazed if becaddeerbivores grazing the vegetation
changes and the amount of animal products redudOssrgrazing has different
meanings in the aspects of farmers and botanist-grazing, as a concept — in terms
of grassland management — indicates the grazinghantcarrying capacity, the
maximum number of tenable species/varieties pexr and, and the number of livestock
kept for a period in order to produce needed proddic optimum stocking rate is the
value, which regulate the number of grazing aninalghe most economical rate
(Cowlishaw, 1969). Over-grazing can be interpreted an indicator of the actual
number of livestock, but its time/interval definimymension/role is more important
(Pratt, 2002). According to Brizuela and Cid (1993 first signs of over-grazing on
the composition of vegetation are the decreaséenptoportion of legumes/pulses as
well as the increase in the proportion of otheptigpecies and baring spots.

Lack of grazing also has negative effect on evolpadture at continental climate,
which for instance induces spatial spread of waeeltishrub species (Javor et al., 1999).
In an experiment, carried out by Longhi et al. @9%he number of species was higher
in case of fence enclosed isolated area than afesitered by hills. Moreover, the
number of species correlated with plant height,clwhs used as an indicator of grazing
intensity. Nevertheless, results indicate that Betited and grazed areas had the same
number of species, but their species compositifferdd (Paulsamy et al., 1987). As a
result, the intensive- and especially over-grazemyironment leads a relatively low
number of delicious species to decline, while fagotite proven less tasty non-
proliferation plant species to thrive. AccordingRuols (1992), the long-term spot over-
grazing leads to significant degradation, which casult in even 90% decrease in
coverage.

In the highly degraded plots, plant coverage falotv 1% and the low-level
succession and pioneer plant composition were damhi\nderson and Radford (1994)
monitored grazing efficiency for eight years. If tp@zing pressure reduced from 0.4 to
5.6-2.3 ha pasture (in both cases one sheep wared); the average plant vegetation
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coverage increased from 49% to 91.7% in parallem@unities sensitively respond to
the specific grazing pressure similarly to vintagiects (Aiken, 1990). Herbivores are
able to positively influence the diversity of grhassls (B. Peco et al., 2006), although
some studies prove the existence of opposite pgesegRitchie and Olff, 1998).
Reportedly, grazing of large herbivores has itsaaotn primary production (Noy-Meir
et al., 1989) and spatial heterogeneity (Adler badenroth, 2000; Peco et al., 2006) of
associations; influences vegetation structure (38188), species composition (Kahmen
et al., 2002; Moog et al., 2002) and species ditye(¥iragh and Bartha, 1996; Pykala,
2003; Pykala et al., 2005). Grazing manners arecateld in vegetation and types of
grazing appear in production (Naveh and Whittak87,9; Milchunas et al., 1988).

The grazing-induced changes depend on the typeeggtation, such as upon
disturbance different species may react differe(ithvoro et al., 1998). Abandonment
of grazing — on fields, which well adapted to gnagi- has its significant effect on
vegetation, in many cases, abandonment could bgoneted as disturbance (Sala et al.,
1996). The review of studies on the effect of grgzilearly discloses that grazing as a
form of field management has its great importamcenaintaining diversity of grassland
species and processes of landscape (Luoto eDaB)2

Our pre-grazing hypothesis during the investigatvas that grazing livestock are
the most determination state of field. Their presedae to continuous grazing led to
degradation of the vegetation thereby significatrdywsformed species composition this
area, which increased the amount of weed species.

Investigations were directed primarily on the changevegetation. It was further
questioned if changes can be observed, in whickctiin change the original
vegetation, composition of association, dominamet&ions and dominant species.

Overall, we were looking for answers:

* To what extent can detect the changes in the gyaainas of vegetation in
context of space and time?

* Are the species composition of dry and fresh vdgetaand dominance
relations react similarly to grazing? Is grazingrfogenize the grazing areas or
mask the differences? The different intensity @&zgng how contributes to the
preservation of diversity?

» Are there any (if so, where and with what load)tpaf the areas where the
management, conservation grazing meet the needs?

Materials and methods
Sampling fields

The sampling areas were located in the Pannoniagebgraphical region between
Danube and Tisza rivers (Marosi and Somogyi, 198@)m Kiskunsag National Park
area two sample areas were selected, one dry amdvengrassland. Dry grassland,
which formed on sand located west of Bugac, whike hore humid grassland located
west of Tatarszentgyorgyig. 1).
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Location of the sampling areas in Hungary

Tatarszentgyorgy and Bugac

Figure 1. Location of examined areas

The Bugac dry sandy grassland pasturBoteutillo arenariae-Festucetum
pseudovinae S06 1938, 1940), located at a higher altitudenigaged in grazing since
1990. Free grazing was applied until 2000 sectiaking has been applied. Cattles and
sheep graze the area and the grassland load haulivestock.

Sample plot Tatarszentgyorgy is situated lower @aad be classified into the
Deschampsenion caespitosae association class (Borhidi, 2003) with marshes
associations Agrostio-Deschampsenion caespitosae Ujvarosi, 1947). Salinity can be
observed in some places as well as wet meadow ategetfragments Molinio-
Salicetum rosmarinifoliae Magyar ex So0, 1933). The area is only grazed ditteg
while the grassland load is similar to the previons: 0.4 ha/livestock.

Data collection

The plant cover records were prepared in June of 22008, 2009 and 2010 in case
of Tatarszentgyotrgy, while in June of 1997, 2009 &010 in case of Bugac. For
recording the Braun-Blanquet (1964) method watadd, in which 2x2 m quadrates
were used; whereby the percentage of coverageemagmred to each species. However,
coverage values of each level were recorded s@barélius in some cases more than
100% total coverage occurred in some places. Nawofesspecies follow the
nomenclature of Simon (2000). To monitor changegrawing pressure, three plant
sections were established based on distance frocattie-pen £ig. 2):

* Zone A: 0-50 m (the greatest degree of disturbaamug trampling can be
observed here)

e Zone B: 50-150 m (moderate disturbance prevails)

» Zone C: farther than 150 m (interference is neblei
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Figure 2. Location of sampling area zones
A: 0-50m, B: 50-150 m, C: 150 m-

The following abbreviations were used in case bfes and graphs: if only some of
the “A”, “B” or “C” zones were compared of the asedhen numbers of years were not
used. In case if five average year’s records weeeméned, both town, zone and year
were indicated (e.g.: BA97, where “B” represent® thettlement (Bugac), “A”
represents the distance (0-50m from the stablelevw@v” represents the year 1997). If
the plant covers for each recording are indicatteel) numbers from 1 to 5 is indicated
after the year.

In all three zones 5-5 quadrates were recorded.

Data processing

The entire table was used to calculate diversity sipecies richness determination
during processing of coenological data. Speciesvileae rare with coverage value less
than 1% were omitted from classification and ortioraanalyses, since then only the
diagnostic species were studied. For compilationghie first table only diagnostic
species were used. Clustering was based on Borfiigd5) social types and
Simon (2000) nature conservation categories.

From bioindicator values relative water demand (WBglative nitrogen
requirement (NB) and relative temperature requirgnf€B) were evaluated based on
the data (Borhidi, 1995). Social behavior assessm&# carried out according to
Borhidi (1995), while distribution of categories aonservation was based on
Simon (2000). Life forms based on Simon (2000) wemglemented by Pignatti (2005)
categories.

During statistical analyses normally distributedd®ls were set up, in which the
number of species and individuals were included €coxalue in case of plants) as
dependent variables. As explanatory variables Sk#les and transect position values
were applied indicating marginal or internal pasitiof transects. Farmer and field
effects were taken into account as random factors.
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Statistical methods

Two way clustering is a graphical way of displayingasured values by using
colours that represent numerical values. Lower \&ataed towards green, while higher
values tend towards red tones. Re-arranged rowscaluinns of the table grouped
together represent similarity of dendrograms ontweaxes. For the clusters Euclidian
distance measure were applied as ordinary distagtweeen two points.

For each area, total coverage, species richness thad Shannon-diversity
(Pielou, 1975) was calculated. The effects of d#ife grazing intensities were tested
using repeated — measure analyses of variance (ANORbr post-hoc test the Tukey
Honestly Significant Difference (HSD) with corremtis (adjusted p-values for the
multiple tests) was used. Data were analyzed by Rastatistical program (R
Development Core Team, 2009).

After calculating the Shannon-diversities for eaebording, the average of areas
were taken and compared in both areas beside tmeasing disturbance. Beyond
calculating average diversity values additionaloinfation can be obtained from
drawing diversity profiles to each type. This waarried out by Rényi-diversity
(Tothmérész, 1995).

Results
Species composition, diversity and vegetation analysis

Distribution of species by area and type of treatimie shown inTable 1. Three
weed species were reported only in “A” record. Am@pecies general in all areas —
both in “A”, “B” and “C” zones — only one characigtic vegetation species were
presentedAchillea asplenifolia (Simon, 2000). This species is considered a diahgce
tolerant species according Borhidi (1995). Froncgseoccurring in lands regardless of
land category, 10 species were weeds. In additafy disturbance tolerant species
were presented with high rate: 47%.

Among species that only occur either in Bugac oratarszentgyorgy, the affiliation
rate was reversed. The amount of weeds reduceahgpletely disappeared, like in case
of Tatarszentgyorgy. In case of Bugac, only one dvepecies occurredCarduus
nutans. Among disturbance tolerant species we recordeg b species in Bugac,
while no such was recorded in Tatarszentgyorgy.Blrgac, pioneer species also
occurred in recordings (e.®romus squarrosus, Anthemis ruthenica).

Species that occurred in both areas were presemtadsignificant proportion (20-
25%) (Table 1), however, their incidence was lower than thatypfcal species in some
areas. Latter includes natural grassland speciesaxioas from disturbed areas. From
the common species, natural grasslands elements, (&, G) showed higher coverage
values in case of Tatarszentgyorgy.
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Table 1. Distribution of coenological recording species in Bugac and in Tatdrszentgyorgy
(GY: weeds, RC: ruderal competitors, K: competitors, DT: disturbance tolerants,
C: competitors, G: generalists, TP = NP: natural pioneers)

Species of

BA | £SD ([BB| =SD ([BC |SD | TA | £SD | TB |+#SD | TC | £SD
A zones

GY (RC)

Amaranthus 1 | +1.00| 0,1/ +0.25| 0 | +0.00 0.4 | +0.67| 0 | +0.00 O | +0.00
retroflexus
Poa humilis | 0.3 | +t0.68| 0| +0.00 0| +0.0p4.5 | +2.32| 0 | +0.00 0 | +0.00
Polygonum 0.9 | +1.33| O | +0.00| 0| +0.0p3.9 | +2.17| 0 | +0.00 0 | +0.00
aviculare
Veronica 0.3 | +0.70| O | +0.00| 0| +0.000.1 | +0.22| 0 | +0.00 0 | +0.00
arvensis
Speciesof A,B |y | . sp [BB| +SD | BC |+SD|TA | +SD | TB | +SD | TC | +SD
and C zones
K (DT)
Achillea 14 071 1025 | 2.3 +2.56 | 1.33+1.67| 0 | 20.00| 2.1| +1.02 1.5 | +1.46
asplenifolia
GY (RC)
Agropyron 22| +2.70| 2.9 +2.01| 6.4| +1.67 0 | +0.00| 0.33+0.67| 0.9 | +1.66
repens

Ambrosia | 0 g | +1.14| 0.1 +0.25| 0 | £0.000.45 #0.88| 0 | 0.00 0 | %0.00

artemisiifolia

Capsella bursa- | g7| 4074 | 0| +0.00| 0.18+0.51| 0.4| +0.88| 0| £0.00 0 | +0.00

pastoris
Conyza 1.13| +0.99 | 0 | +0.00| 0.07+0.25/0.35| +0.67| O | +0.00 O | +0.00
canadensis
Enyngium 14 93/ 1153 | 1.7 +3.34 | 0.2| +0.774.35| +2.88| 0 | +0.00 0 | +0.00
campestre
Euphorbia 0 | £0.00| 0.1 +0.51| 0.8| #2.14 0.4 | #0.99| 0 | #0.00 O | +0.00
cyparissias
Medicago 1 1 57| 4143 | 2.6| +1.59 | 1.87+2.06| 0 | 0.00| 0.68+0.75| 0 | +0.00
lupulina

Siline alba subsp. | 67 11 67 | 0| +0.05| 0.38+1.67/0.65| t0.88| 0 | £0.0q 0 | +0.00
longolia

Ononis spinosa | 0.13| £0.35 | 4.5] +3.70 | 4.33£3.59| 1.2 | £1.23| 2| +1.292.1| +1.80
Taraxacum | g3l 11 09| 0.8 +0.86 | 0.27+0.59| 0.2 | +0.89| 0.25+0.63| 0 | +0.00

officinale
TZ (DT)
Achillea collina | 2.8 | £3.72| 5.7 £3.11 | 2.93 £1.94|2.05| +2.01 | 2.3| £0.92 0.6 | +£0.10
Bromus mollis |2.87| £3.13 | 0.9| £1.22 | 0.2| +0.41 3.2 | +2.56| 0| x0.00 O | +0.00
Bromus tectorum | 0.87| £1.18 | 0 | +0.00| 1.07+1.83| 0.1 | +0.44| 0| x0.00 O | +0.00

Centaurea 0.13| +0.35| 0.3| +0.49 | 0.13 +0.52| 0.4 | +0.82| 4.7 |+3.13| 2.6 | +2.28

pannonica

g;g&fgg 27 |+10.91| 65| +5.43 | 52| +2.85 45 |+18.06|4.95+3.39| 2.8 | +1.40
ps':euﬁgﬁa 1.13| #1.06 | 13 | +6.81 | 4.5 |+3.48| 0 | +0.00| 0.3| +0.731.9| +1.65

Lolium perenne | 9.2 |+10.15| 5.7 | +12.56| 1.13|+0.74| 6.7 | +6.11| 0 | £0.00 0 | +0.00
Plantago 22| #1.56| 3.9 +2.81| 2.07+1.09| 0.9 | +1.02| 0.45+0.82| 0.9 | +0.71

lanceolata

Poa angustifolia |0.93| £1.27 | 2.9| £1.03 | 8.27+4.74| 6 | +5.11| 0.65+1.18| 3.7 | +2.36
Trifolium repens | 1.2 | +2.62| 4.4 +2.35| 1.27£1.03|1.85| £+2.34 | 0.15 £0.67| O | =0.00

TZ, GY (DT)

Potentilla reptans | 0.1 | £0.35|0.3 | £0.70 | 1.7 |£1.58] 0 | +0.00| 0.9 |+0.58| 2 | +0.51

Trifolium | o 3| 1070 | 1.5 | +1.50 | 1.3 |+1.62| 0.3 | 0.78 | 0.2 | +0.48| 0 | +0.44
pratense
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Table 1. cont.
Spec]i;lfg‘;‘;‘y in | gA | +SD |BB| +SD |BC | +SD | TA | +SD | TB| +SD | TC | +SD
K, E (C, G)
Astragalus cicer | 0.1 | £0.51| 1.7 | £1.75| 0.1 | £0.35
Astragalus 0 | £t0.00| 0| £0.00 0.5 | +0.83
onobrychis
Carex stenophylla | 1.5 | £3.87 | 1.6 | £1.68| 0.7 | £0.96
Coronilla varia 0 | £0.00| 0.3| #1.29 0.73+1.33
Potentilla 0 | £0.00| 1.7 | +0.00| 0.8| 20.00
arenaria
Salvia pratensis 0 | £0.00| 0.3 | £1.29| 1.2 | +2.83
Thymus 0 | +0.00| 1.5 | +3.99| 0 | =0.00
pannonicus
TP, NP
Bromus 0 | +0.00| 0| +0.00 1.1 | £3.13
squarrosus
Trifolium 1 67| 111 | 2.6 | 2.13| 0.67 £0.97
campestre
TZ (DT)
Medicago falcata | 0.3 | £0.59| 1.3 | £1.43| 0 | %0.00
Veronica 0 | +0.00| 0.4 | +0.50| 0.5 | +0.51
prostrata
K, TP (NP, G)
Anthemis 0.2 | £0.41| 0.6 | £0.63 | 0.3 | 20.59
ruthenica
Medicago minima | 0.5 | £0.83| 1.3 | £1.22| 0.6 | £0.50
Poa bulbosa +0.00| 0.9 | +1.53| 0.7 | £0.70
Potentilla +0.00| 0.2 | 20.77| 0.7 | 20.97
argentea
Veronica 0 | +0.00| 0.7 | 0.97 | 0.9 | £0.63
chamaedrys
TP, NP
Arenaria 1.4 | 1.68| 1.1 | +1.50 | 0.3 | £0.70
serpyllifolia
GY (RC)
Carduus nutans | 0.2 | £0.77| 0.5 | £1.35| 1.1 | *1.22
Species only in
Tatérszentgyorgy BA | £SD [BB| £SD [BC | #SD [TA| £SD |TB| =SD | TC | #SD
K, E (C, G)
Carex distans 0 | #0.00| 2 | #1.93| 2 |+2.02
Carex flacca 0 | £0.00{ 1.9 | £1.59| 4 | +3.62
Carex panicea 0 | #0.00{ 0.4 | +0.87| 0O | +0.00
Centaurium 0 | +0.00/ 0.7 | 0.67| 0 |+0.67
erythraea
Crataegus 0 | +0.00/0.2 | +0.69| 1 |+0.68
monogyna
Genista tinctoria 0 | x0.00/ 0.1 | £0.44| 1 | +£0.82
Linum austriacum 0| x0.00, 0| #0.00 0 | +0.52
Lotus tenuis 0| x0.00/ 15| +0.68| 1 | +0.44
Mentha aquatica 0 | +0.00| 0.6 | £0.88| 0 | +0.87
Molinia coerulea 0 | +0.00|/ 0.4 | £0.88| 1 |*2.44
Odontites rubra 0| #0.00/ 1 | £0.56| 0.8| *0.61
Plantago maritima 0 | £0.00{ 1.5 | £1.35| 2 | #1.29
K (S
Polygala 0| +0.00[ 0.8 | 0.71| 1 |%0.71
amarella
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Table 1. cont

Common species
in Bugac and in
Tatarszentgyorgy
of B and C zones

BA| +SD (BB| +SD |BC| +SD | TA | #SD | TB | +SD |TC| *SD

K,E (G, G)
Agrostis 0 | +0.00| 0.5 | +1.55| 0 | 0.00| 0 | +0.00 8.2 | +4.79| 7 | #5.59
stolonifera
Botriochloa | | 145 00] 03 | +1.29| 0 | 20.00] 0| +0.00| 0| 0.00 1 | +1.14
ischaemum
Chrysopogon 0 | +0.00|/0.9 | +1.84| 0 | +0.00| 0 | +0.000 0| =+0.00 2 | +2.94
gryllus
Deschampsia 0 | +0.00| 0.4 | +1.54| 1.3 | +2.02| 0 | +0.00| 7.3 | +4.72| 10 | +11.60
cespltosa
Galium verum 0 | +0.00( 2.6 | ¥2.52| 7.3 | +4.70 0 +0.00| 2.5 | £0.94| 2 +1.06
Serratula tinctoria| 0 | £0.00| 0.4 | £1.54| 2.9 | £2.79 0 +0.00| 6.8 | +3.17| 4 +1.98
Tetragonolobus || 15 00| 0.4 | +0.73| 0.4 | 0.82| 0 | +0.00| 1.8 | +1.15| 2 | +1.68
maritimus
GY (TC)
Inula britannica 0 | £0.00( 0.1 | 0.35| O +0.00 0 +0.00| 0.6 | +0.82| 0 +0.73

Ranunculus acris | 0 | £0.00| 0.1 | #0.25| 0 | £0.00| O | #0.00| 1.1 | 0.97| 0 | +0.30

Senecio 0 | +0.00| 0 | +0.00| 0.3 | 0.72 | 0 | +0.00/ 1.2 | +0.95| 1 | +0.59
erucifolius
Trifolium 03| 007 | 0| 000 0 | +0.00| 0| #0.00 1.6 | +1.57| 0 | +0.00
fragiferum
TP (NP)
Cerastium 0 0 1.5 | +1.88| 0 | +0.00| 0| +0.00 0 | +1.46
semidecandrum
TZ, GY (DT)
Bolboschoenus | | 15 00| 95| +1.18| 0 | +0.00] 0| +0.00 0.6 | +1.27| 1 | +1.46
maritimus
Dactylis 0 | +0.00| 2.4 | +2.47| 3.3 | +2.46| 0.3 | +0.80 | 1.5 | +1.19| 4 | +3.34
glomerata
Festuca 0 | +0.00|2.3| +3.08| 2.9 | +2.26| 0| +0.00 12 +6.86 8 | +6.66
arundinacea
Leontodon 0 | +0.00| 0 | +0.00| 0.1 | +0.35| 0 | +0.00| 0.8 | +0.76| 0 | +0.67
hispidus

Recordings of both sample areas is shown with egipdin of diagnostic species on
Fig. 3. Near to the stable, the “A” coenological recogdinvere well distinguished.
Records from Tatarszentgyorgy are unitary. Fronseh6C” areas in 2007 stand apart
and and as a single group lodge into “A” zone.dsecof Bugac, recordings from “B”
(in 1997) wedge into the values of “A”, the closgetdrates to the stables.
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Figure 3. Two-way clustering results of coenological records of Tatdrszentgyorgy and Bugac
according to diagnostic species

From the two-way ANOVA analysis of coenological aets from BugacKig. 4),
values from “A” plots were not separated from eatier. These recordings are mixed
with recordings from “B” from 1997. Sample plots“&" and “C” overlap as well.

In case of Tatarszentgyorgy, the two-way cluste(iig. 5) firmly separated plots of
“A” zone. In addition, recordings from “B” zone algppeared in a block. Coenological
recordings of “C” zone became divided, while recogd from 2007 formed an intact
group enclosed between “A” and “B” zones.
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Figure 4. Two-way clustering results of coenological recording according diagnostic species
in case of Bugac

800

Count
400

0

Evphormia cypyrssas

| | Carex pances
- Meos0 b
[ ] Taraxacum ofcrak
™ B Crtasgus monogyna
Georat

| | | | | | | | 3 trctons
| - Trfolum prterme.
Polygak amareta
- Leortocn hspas

Batricchion mchaemum
- -m Potentils restans
Serweo ennfolus
] Ranuncubs scrs
in3 brtsaca
- Ochortes rubes
=

1 ] . [ ] Lotun tenus
m - Merths sausts

Eryrgum campesire
Bromus mats
Latum pererre
_moam = . Poe ke
Polgonm svouere
™) - Poa angustfola
L - - Serratuls trctons
— - w. Certsures pornonks
- - Foitioa arundnacea
- = n agrosts ssdontera
d [

N D I T T T T S o S A S D S e e
AL LU LB LU LU B

Figure 5. Two-way clustering results of coenological recording according diagnostic species
in case of Tatdrszentgydrgy
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Classification assessment of coenological recosdiffgm Tatarszentgyorgy and
Bugac are shown iFig. 6. According to the results from the classificationpst
recordings from the “A” zone separated even at difeerential level, while other
recordings from “A” zone also separated, at higlele Around 0.42 differential level,
two major groups could be distinguished. From théise small set contained primarly
“B” recordings from Bugac, while the larger groupntained “B” and “C” quadrates
from Bugac and Tatarszentgyorgy.
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Figure 6. Classification outcome of coenological results of Bugac an
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Fig. 7. shows classification evaluation of coenologicatoredings from Bugac.
Recordings in case of field “A” separated at 0fedential level. “B” recordings from
1997 were enclosed into “A”, just like in the prews section. At 0.3 different level,
recording of “B” from 2005 and 2010 are sorted iat@ommon group. Quadrates of
“C” zones are concentrated into one group.
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Figure 7. Classification of coenological results from Bugac

Fig. 8. shows classification evaluation of coenologicalcordings from
Tatarszentgyorgy. Dendogram at 0.8 differentiakleseparated two distinct groups.
Group “A” zone formed an integrated block, recogdinfrom group “B” zone were
found in the middle block. “C” zone formed two largeups. Recordings from 2007
separate into a single block.

PCA analysis of recordings from Tatarszentgyorgy ba seen irFig. 9. Results
confirm the classification results. Recordings Af field formed a long-shot data set,
distinct from quadrates of “B” and “C”. In case Bfigac, squares from “B” zone were
the closest to “A” areas. This included three “@taordings, one quadrate from 2009
and two from 2008. The remaining “C” zone was orgath sharply into two groups.
Recordings from 2007 were uniformly and completefyparated. Recordings of “B”
and “C” zones from Tatarszentgytrgy and Bugac se¢pdr
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Figure 8. Classification of coenological results from Tatdrszentgyorgy
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Figure 9. PCA-ordination of coenological data from Bugac and Tatdrszentgyorgy according
to the average coverage of quadrates
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Evolution of number of species can be seerldahle 2-3. and Fig. 10-11. The
maximum total number of species occurred in casBugfac “B”, while Bugac “C”
zone also had a greater number of species thenrszatdgyorgy “C”. Annual
breakdown of the total number of species showedrdiruious decline in case of
Bugac, while increment could be observed in caséGdf zone. The evolution of
average number of species in case of quadratesatedi another trend. Number of
species in case of “C” zone was balanced, whilease of “B” zone lower values were
typical due to the average number of species, tieige highest number of species can

be found here. Values increased during examination.

Table 2. Whole species set of coenological recordings from Bugac in the examined years
and number of species from “B” and “C” zones by year.

1997-2010 1997 2005 2010
Bugac A 35
Bugac B 50 38 36 31
Bugac C 47 37 41 38
30
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Figure 10. Coenological results of average number of species in the examined period
in case of Bugac

Table 3. Whole species set of coenological recordings from Tatdrszentgyorgy in the
examined years and number of species from "B" and "C"zones by year.

2007-2010 2007 2008 2009 2010
Tatarszentgyorgy A 23
Tatarszentgyorgy B 39 28 32 30 30
Tatarszentgyorgy C 38 28 27 32 38
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Figure 11. Coenological results of average number of species in the examined period in case of

Tatdrszentgyorgy

According to the Shannon diversity the followingsadetermined:

Every examined year, in zone “A” zone nearest tiadls, the diversity was
smaller then in fields farther from stable (totahy average: 2.291). This value
was higher in case of “B” and “C” zone (2.881 an025 respectively). It
could be noticed that in all three regions (“A”,™Bnd “C” zones) the lowest
diversity was in 1997, while diversity in 2005 a2@{10 was higherHig. 12).

In Bugac, the diversity did not change significgntl case of “A” zone, it was
2.15, 2.41 and 2.30, respectively. Value of ditgrgicreased moving away
from the stable, both in case of “B” zone — it viza48, 2.97 and 3.18, and in
case of “C” zone — it was 2.89, 2.92 and 3.25.

Similar conclusions were reached by examining treugion of the number of
species. The smallest number of species was mehsurease of “A” field,
where high degree of disturbance was exposed.da o&“B” and “C” area,
the number of species was higher and increasediwith

Diversity values of recordings from Tatarszentgyoetparly indicate the “A”
zone had the lowest (1.62), while areas locatatidéafrom the stable (“B” and
"C” zones) had higher diversity values (2.93 an802.during the examined
years Fig. 13).

Interestingly in case of “A” zone, a relatively higliversity (2.03 and 2.10)
was observed in the first two years (2007 and 20@8)ch values sharply
decreased by 2009 and 2010 (1.32 and 1.03). IriBheone, diversity was
almost constant during the examined 4 years, whit@ase of “C” zone it was
initially moderate, then in the following 3 yeatsvas high.
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Figure 12. Diversity values of sample areas (“A”,”B” and “C” zones) of Bugac
A: Shannon-diversity average values, B: results of one-way ANOVA
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Figure 13. Diversity values of sample areas (“A”,”B” and “C” zones) of Tatdrszentgyorgy
A: Shannon-diversity average values, B: results of one-way ANOVA
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Using Rényi-diversity profile, three distinct typesdisturbance clearly separated in
case of Bugac. The most disturbed area is “A” zibvag also has the lowest diversity
values. The curve of fields “B” and “C” zones inity changed together with the same
diversity, then later divided at alpha values anedity of “C” zone — previously less
disturbed area — became the highest. In this stueéasurements from each year were
combined and only the differences between sitedialtts were evaluated(g. 14-15).
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Figure 14. Rényi-diversity profile of Bugac. A - mostly disturbed, B - moderately disturbed,
C - the farthest plot from stable, near natural part
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Figure 15. Rényi-diversity profile of Tatdrszentgyorgy. A - mostly disturbed,
B - moderately disturbed, C - the farthest plot from stable, near natural part

In case of Bugac dry grassland, among important dordinant grasse€ynodon
dactylon, Festuca pseudovina and Poa angustifolia occurred, as indicated ifig. 16.
Cynodon dactylon was found all along, however it reached its maximua the over-
grazed field “A”. Among recordings from field “B"ane in 1997, it was also prevalent
in recordings 2 and 3, where its coverage was n@ao. Festuca pseudovina occurred
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in “B” zone with large coverage values, howevewdts common everywhere. The most
significant occurrence dPoa angustifolia was in quadrates of field “C” zone in 1997,
however, it dropped to 10% by 2005.
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Figure 16. Occurrence of dominant grass species in percentages at the examined fields
in Bugac (“A”,”B” and “C” zones)

In recordings from Tatarszentgyor@ynodon dactylon was also the dominant grass
in case of “A” zoneLolium perenne was also presented at a large proportiag. (/7)
in case of “A” zone. In Bugac, it also had higheverage values in “B” zone from
1997.
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Figure 17. Occurrence of Lolium perenne in percentages at the examined fields
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Figure 18. Occurrence of Festuca arundinacea in percentage at the examined fields
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Figure 19. Occurrence of Achillea collina in percentages at the examined fields
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The highest coverage values fBestuca arundinacea were measured in case of
Tatarszentgyorgy “B” zone. In Bugac, it was onlegented in the “B” quadrates in
1997 Fig. 18). Coverage values for the typical dry grasslanciggelchillea collina
clearly showed high prevalence in Bug&ig( 19).

Analysis of ecological and environmental factors

Based on relative values of Borhidi the followirvgsre concluded:

Averages of nitrogen demand (NB) of species redamcedng away from the stable
in case of the drier area of Bugac, while nitroggmnng species multiplied better when
located closer to the stable, fertilized and traad@reaKig. 20). Based on 5-quadrates’
species list, the average nitrogen need showedraatng trend moving away from the
stable (4.66, 4.00 and 3.91).
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Figure 20. Average of relative nitrogen demand in fields of Bugac and Tatdrszentgyorgy

Based on the averages of relative water demand (d¥Bpecies, the wettest fields
were in the “B” region quadrates in both casess Well defined, that areas around the
stable had the same values but moving away froatedrly showed that dry habitat
species in case of Bugac, while wet habitat speniease of Tatarszentgyérgy became
dominant fig. 21).
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Figure 21. Average of relative water demand in fields of Bugac and Tatdrszentgyorgy

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 9(3): 78230.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2011, ALOKI Kit., Budapest, Hungary



Kiss et al.: Change of composition and diversitgpécies and grassland management in Pannonisiagds
-218 -

Average values of heat demand (TB) clearly indtdteat Bugac area was warmer
and drier(Fig. 22).
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Figure 22. Average of relative heat demand in fields of Bugac and Tatdrszentgyorgy

Significant changes can be observed in the distabudf life forms Eig. 23) for
each quadrates of area category. In the “A” sarapas, both in proportion and in the
number of species the one-year stems emergingesp€riscap) were significant; their
amount was the largest in both areas (9 and 8 eg)edn addition, repent perennial
species (H rept) had a large proportion as well. dtm@unt of perennial grass species
(H caesp) increased moving away from the stable tagdther with the amount of
perennial emerging-driven (H space wrap) speclesy possessed the largest species
number. At the “B” zone in Tatarszentgyorgy, thewoé of perennial creeping species
(H rept) was also significant (13 species).
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Figure 23. Distribution of life forms in Bugac and Tatdrszentgyorgy fields
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Analysis based on conservation value categories

Assessment based on social behavior types of Botheli natural disturbance
tolerants (DT) and ruderal competitor (RC) spetiad the largest proportion near the
animal husbandry sites (“A” zoneFig. 24-26). In the same fields, natural pioneers
(NP), agressive competitors (AC), competitors (69 aveeds (W) proportion had not
changed significantly, however, presence of gerstsalG) decreased in the examined

three years.
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Figure 24. The social behaviour type values between 1997 and 2010 in Bugac (0-50 m)
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Figure 25. The social behaviour type values between 1997 and 2010 in Bugac (50-150 m)
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Figure 26. The social behaviour type values between 1997 and 2010 in Bugac (150 m -)
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The presence of ruderal competitors (RC) was lowelthe following region
categories (“B” zone), however, DT had an unchangexgbortion. Competitors (C),
generalists (G) and specialists (S) were presemtedyreater species numbers.
Distribution of the third field category ("C" zon&yas nearly identical, except that
weeds (W) appeared again, which were not present&@-150 m distance from the
stable (“B” zone).

Assessment based on natural protection categori&inodn, disturbance tolerant
species (TZ) were presented in 50% in the 0-50 stadce category, however their
presence increased to 70% in 20K} (27-29).

80,0%

60,09
,0% m 1997 (0-50m)

4 0,
0,0% ® 2005 (0-50m)

0,
20,0% 2010 (0-50m)

0,0%
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Figure 27. The nature protection value categories between 1997, 2005 and 2010 in Bugac (0-50 m)
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Figure 28. The nature protection value categories between 1997 and 2010 in Bugac (50-150 m)
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Figure 29. The nature protection value categories between 1997 and 2010 in Bugac (150 m -)
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Proportion of weeds was initially around 40%, thieeir presence decreased. Species
that suggested natural conditions were presentadriimal quantities near the stable in
all three examined years. TZ species attended dllenifield category ("B" zone) in the
largest quanity.

Proportion of W species evolved around 20%, togetyith dominant species (E),
accompanying species (K) and natural pioneers (TP}he farthest category (“C”
zone), the proportion of species referring to retaonditions was the largest, however,
protected species (V) were not presented in Buijlaereyear.

According to Borhidi values, in the category “A”rm® of Tatarszentgyérgy, DT and
RC species were presented in the largest propoffign 30-32). While proportion of
the former decreased, the latter increased dunegxamined years. Presence of weeds
was low in the same place.

100,0%
o,

80,0% ¥ 2007 (0-50m)
o)

60,0% = 2008 (0-50m)
40,0%
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20,0% M 2010 (0-50m)

-50m

0,0% - el
DT RC NP AC C G W S Su

Figure 30. Social behaviour type values between 2007 and 2010 in Tatdrszentgyorgy (0-50 m)
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Figure 31. Social behaviour type values between 2007 and 2010 in Tatdrszentgyorgy (50 -150 m)
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Figure 32. Social behaviour type values between 2007 and 2010 in Tatdrszentgyorgy (150 m -)
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In case of “B” zone, DT species were presented iarge proportion, however,
instead of stress tolerant RC, the presence of &\dSC species was common. Both the
proportion of C and G decreased until 2009, thereiased in 2010.

Recordings from “C” zone indicate that quantitieséd on social behaviour types
developed similarly to the “B” zone. The proportiohC exceed the volume of DT in
2007, however, this condition was not characterikir measurements of other years
(Figure 25-27). Determinative species were C, G and S species.
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80,0%
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Figure 33. The nature protection value categories in Tatdrszentgyérgy (0-50 m)
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Figure 34. The nature protection value categories in Tatdrszentgyorgy (50-150 m)
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Figure 35. The nature protection value categories in Tatdrszentgyorgy (150 m -)
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Classification of natural protection categoriesaleped similarly to social behavior
characterization Kig. 33-35). In the “A” zone, TZ species occurred in the k&s8Q
quantities. Proportion of weeds was nerly 30%, hmwetheir ratio decreased below
9% by 2010. Associate (K) and dominant (E) speamseared in the examined period,
which refers to the natural state.

The volume of those was more significant in caséBdfregion. The proportion of
TZ species were 30%, smaller then the proportiathén‘A” zone, while weeds showed
lower shares. TZ species were presented in thedangroportion in 2008, while K
species in 2007. Weeds and disturbance tolerartiesp@ppeared in smaller ratio.
Dominant species reached 30% by 2010.

Discussion
Based on species composition and vegetation composition

Stable close “A” zones were rich in weed specidsckvoccurred because of strong
over-grazing and significant trampling (Wilson akthclLoad, 1991). From graminea
species, onlyPoa humilis appeared on this kind of areas. This race — amdasly on
other Pannonian over-grazed areas (Szentes €08l7, 2009a, 2009b; Penksza et al.,
2009) — is an indicator of over-grazing, howeverharacteristic species of ruderal
fields as well (Penksza and Bdcker, 1999/2000). egdnoccurring species in the
coenological recordings — one fourth of diagnosfiecies — were weeds or disturbance
tolerant species, which clearly implies interfeencof the fields (Simon, 1988).
However, specific and natural species of the arabgland of Bugac, sandy grassland
and wet ground of Tatarszentgyodrgy are presented tlaeir presence is dominant in
number of species and coverage. Besides commormlyriiieg species, ratio of both
weeds and disturbance tolerant species were si@atzing did not modify race
composition significantly — against the preliminanjpothesis — as composition of
vegetation did not change dominantly and irrevéysiSeveral publications confirmed
that grazing has its positive effects on both gmedomposition and the number of
species (Noy-Meir et al., 1989; Fernandez-Alesl.etl893; Hadar et al., 1999; Téth et
al., 2003; Fischer and Wipf, 2002; Catorci et2009, 2011).

Recordings from Bugac sample area are seeminglyagthatory, since a number of
species continuously decreased during the exantinegl in case of "B” zone. The
reason could be that there was a change in gragieg(from free to switch grazing) in
2001. Previously, higher species number could qQdmerause of higher ratio of weeds.
Free grazing was applied until 2000, and until tirae the natural vegetation declined
and the volume of weeds increased due to greampting and over-grazing. This was
confirmed by several authors (Szentes et al., 2P0@9a, 2009b; Penksza et al., 2009).
The total number of species was high, however,aerage number of species and
species number of quadrates were low. This resditwd that each quadrates were
greatly different; the stability of vegetation wasak, and the ratio of smaller constancy
species was high in the examined area (Whittake$511975; Adler and Lauenroth,
2000; Peco et al., 2006). Higher species numbeauroed because of the arid character
of the area in case of Bugac, since these values ugially smaller in wetter regions of
Great Hungarian Plain (Borhidi, 2003; Herczeg et 2006; Kiss et al., 2006; Penksza
et al., 2009). In case of Bugac, the species numbsrlow in “C” zone — practically it
was an abandoned area in 1997. This confirmedetdts of several other publications,
in which a decrease of species humber was reportealse of abandoned fields (Smith
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and Rushton, 1994). According to several publicetjoappropriate grazing favors
species enrichment (Huston, 1994; Proulx and MaanmtB98; Pykala et al., 2005).
According to Losvik (1999), species enrichmenttierauated by the discontinuation of
grazing and mowing. This was confirmed by Smith d&ushton (1994) too, since
according to them, plant species richness and epativersity is lower in ungrazed
areas than in grazed areas. Our study confirmathigell.

The volume of grasses increased during grazing @dgkton and Chapin, 1985).
This was easily tracked down in different zonesyéwer, a remarkable variance was
measured in case of dominant species. Coverageistirlohnce toleranCynodon
dactylon was notable in the “A” zone, while the also dibtamce tolerantFestuca
pseudovina was notable in case dB" zone in both of the areas. Other disturbance
tolerant speciesFestuca arundinacea and Molinia coerulea, specific to wet areas,
showed high coverage values in Tatarszentgyorggséappeared in higher rate in the
“B” zone of Tatarszentgyorgy, as an effect of gngzpressure. It is also demonstrating
that grazing increases quantity of grasses (McNaunghnd Chapin, 1985; Catorci et
al., 2011).

Based on diversity values

Diversity values increased away from the stable thiglwas specific in both cases
(“B” and “C” zones). This indicated that with modépon of disturbance might natural
regeneration processes come into view and succesimplexity of association
increase (Tothmérész, 1995; Viragh and Bartha, 1B@@baro et al., 2001; Pykala et
al., 2005). Similar conclusion could be reachedexamining the developement of
species numbers. In case of major disturbance ¢@ie), stochastic processes come
into view, sortedness becomes smaller and the sopnlwf species humber becomes
less predictable, however, measured data scatheadly (Téthmérész, 1995; Luoto et
al., 2003; Hazi et al., 2011). Change in specigabar shows positive correlation with
time in the other two farther zones so it is insirg monotonically in time, similarly to
our expectations. Although the number is not a detefy reliable criterion of the
association, comparing the observed diversities tlid two metrics shows a
complementary and reliabile increase (Viragh andth2a 1996; Luoto et al., 2003;
Pykala et al., 2005; Hazi et al., 2011).

Diversity profiles of Rényi showed similar tendegxiin both cases thus confirmed
that grazing exhibits similar effects in both weidadry Pannonian grasslands. These
values were higher in case of drier areas, whicfficoned that due to intensive grazing,
drier areas preserve species richness, thereby appm®priate for grazing. In the “A”
zone, the low management pressure led to an ireliaadiversity and this is consistent
with literature data (Bakker, 1989; Téthmérész, 3L9No6sberger et al.,, 1998;
Kampmann et al., 2007).

Based on ecology and environmental factors

According to the relative ecology values, speciesuaing in the “A” zone were
high nitrogen demanding species, which is causedréypling and manuring by
livestock (Penksza et al., 2009a, 2009b). In b&hdnd “C” zones, grazing intensities
were smaller — smaller level of trampling and mamyr— thus it resulted in the
appearance of smaller nitrogen demanding specieaka et al., 2009a, 2009b).
According to the relative water need (WB), “B” zom@s the wettest in both of the
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sample areas. In the “B” zone of Tatarszentgyospgcies from wet areas dominated,
represented by the high water demandex species (Borhidi, 1995; Simon, 2000).
According to relative heat demand of species (TB)gac area had dry grassland
vegetation features, since each zones consistexppexfies that are typical in warmer
climate areas. The largest difference was in tlse cd “B” zone that contained species
from wetter (Tatarszentgyorgy) areas, which werecis of cooler area€rex ssp.,
Mentha aquatica, Molinia coerulea).

According to life form distributions, there are mificant differences between
quadrates of area categories. Besides annuals af),screeping perennials (H rept)
were significant both in number of species and gatiage. These proliferated because
of intensive grazing (Gatti et al., 2007; Catortcak, 2011). In “A” zone, the annual and
rosulate form species there was no significantghbr coverage value compared to the
other two zones. This is conflicting previous sasdiKahmen and Poschlod, 2008;
Catorci et al.,, 2011). The amount of annual grasklapecies (H caesp) showed
similarity with previous studies (Gatti et al., Z00Sebastia et al., 2008), since their
amount increased moving away from the yard in gigazxposed zones. Perennial
reptan (H rept) species amount was significantAtiZone of Tatarszentgyotrgy as well,
which showed the effects of intensive grazing (Gatal., 2007; Sebastia et al., 2008).

Evaluation based on nature protection value categories

In the conservation evaluation, “A” zones showethmiess in weed and disturbance
tolerant species, similarly to stable close ardadBamnonian grasslands (Penksza et al.,
2009a, 2009b). In drier grasslands (Bugac), from #spect of natural protection
criteria, stronger grazing led to a more valuabdgetation in the “B” zone. Nature
protection and diversity values increased in “Che® as well, however, these values
were below the values of “B” zones. Its reason ddug the change in management,
since free grazing was converted to switch grazimgreby the grazing pressure became
uneven in both “B” and “C” zones. According to tliata, preservative grass
composition developement can occur father from yatld smaller grazing pressure.

Conclusions

In the examined dry (Bugac) and wet (Tatarszentgyorvegetations, species
composition totally changed in “A” zones due toemmive trampling and grazing and
degraded into a characterless areas. The otherztwaes of vegetation were not
homogenised due to grazing. Specific species af and wet areas remained and
preserved their significant coverage. Diagnostiecggs showed that vegetation of the
two different areas reacted to grazing in a diffiér@ay. While the Bugac area was
capable of tolerating higher pressure independdrdiy the distance, until in “B” zone
of Tatarszentgyorgy a significant change could Heseoved in the volume of
disturbance indicator species because of grazing.

Environmental background well expressed by relatigelogical. Based on this, the
ratio of degradation indicator species was higliaasas 50 m from the stable in both
examined places. However, in case of farther araasre than 50 m from the stable —,
the ratio of species referring to natural condsiavas great. In recordings close to the
yard (0-50 m), only weeds (W) and disturbance &ole(DT) species were presented.
50-150 m distance from the yard, natural vegetdiboming generalist and competitors
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remained, and according to this, this particulatatice is suitable enough to sustaine
grass composition for long-term.

With the decrease of grazing intensity, the exanhifields would fit to natural
protection claims. Compliance for natural protectadaims can be realised in “B” zone
in case of dry grassland — and “C” zone — in cakevet grassland. Grazing, as
environmental protection treatment, has an importavle in preservation of
biodiversity, however, can-not be applied generalhd universally for wet and dry
grasslands or for fields close together. In conolysa rather careful planning and
accuracy is necessary. According to the resulhisfstudy, grazing — besides mowing —
can become an indispensable method of environmentatection and restoration
ecology (van Wieren, 1991, Wallis De Vries, 199%BkBer and Londo, 1998; Cosyns
and Hoffmann, 2004; Kramberger and Kaligaf008).
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Abstract. Algal vegetative activity and intensity of self fimation processes were determined via a two
stage in vitro artificial substrates (glass slidestupation experiment, conducted during winter6200
2007 and summer 2007 in the streams of the UppetadoRiver Basin. Daily measurement of
temperature, conductivity, mineralization and pHrev@erformed. Once a week algal species where
identified, snd their Abundance (cells@mCell volumes §m¥cn?) and richness of species (taxa
encountered/600 algal cells) tabulated for eachrtaAlgal communities where richer in the summer in
all stations and contained mainly Diatoms or Diafgreen algae mix. Only the Banias station winter
community was dominated by the green algae. Higbaétpurification activity was observed during the
summer in the upper part of the basin (Banias mstatiSpecies richness grew with anthropogenic
influence and self-purification intensity. Self-ffimation proceeded faster in conditions of high
temperature and solar radiation. The Shannon imaesitively correlated with species richness in both
winter and summer experiments. The artificial cotation of substrates by algae took 2-3 weeks;
formation of small celled green algae encouragedilgh temperatures and solar radiation conditions
increased colonization speed in the summer. Stailst significant factors influencing algal actiyi
were found to be pH and Total Dissolved Solids eotr@tion.

Keywords: Upper Jordan River, artificial substrate, in vitro experiment, season, Israel

Introduction

The Upper Jordan River is the major source of freaker feeding Lake Kinneret.
Therefore its water must be of sufficient quality.

The surface water quality is determined by loadsepating the water basin, as well
as the intensity in which self-purification processoccur. Algae serve as the first
element in the nutrients utilization process andsmall rivers they develop on
substrates.

The intensity of the self-purification process isedtly linked to the amount of
nutrients and the speed of their utilization. Witlhe water monitoring framework in
countries of the European Union, periphyton in thers is monitored (European
Parliament, 2000). For this purpose, the specietengnpresence of indicator species,
abundance, species biomass in the community asasetihlorophyll concentrations
were determined (Cardoso et al., 2005).

Observations of substrate occupation are recomndeddeng the vegetation period
(Acs et al., 2005). In the Upper Jordan River basigae developed more actively
during the rainy season (December-March). In otdenake any conclusion regarding
to the intensity of these processes, it was esdewotidetermine the attributes of four
general classes: (1) taxonomic composition, (2)cisgerichness and diversity, (3)
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tolerance/intolerance, and (4) trophic structuren¢kand Richardson, 2003). Referring
to the first three classes we previously assessea@lgal diversity in the Upper Jordan
River basin on the basis of our data base (Bariebah, 2006).

A two stage experiment for the determination ofahlgegetative activity in the
streams of the Upper Jordan River Basin was coeduduring December-January
2006-2007 and September-October 2007. Via thisystuel determined the speed at
which colonization of substrates occurs and thevigictlevels of self purification
processes at different stations of the Upper JoRiaer Basin.

Materials and methods

Each stage of the experiment was conduétedsro on artificial substrates. Water
samples (each of 30 | volume) as well as substeaidsalgae samples where collected
from the habitats at the sampling stations in tippés Jordan River are#ig. ). For
each sampling station the collected water, sulestrand algae where mixed together in
a plastic container of 50 | volume. The pool shapaatainers where placed on the roof
of one of the buildings in Haifa University.

Daily measurement of temperature, conductivity, maheation and pH were
performed using the HANNA HI 9813 apparatus and harrhometer. Nitrates
concentration in each pool was determined via tAdNNA HI 93728 apparatus at
stage 1 and by a specialized walaboratory (The Neve Yaar field laboratory) at
stage 2. Glass slides served as the artificialtsaties. They where placed horizontally
in parallel to the water surface on buoys at 5 eptlul (Acs et al., 2005).

Each 7 days slides where collected from all thelptm determine the present algal
species, their abundance/number and algal biomasadanslide.

The identification of algal species on the sufratéhe glass slides was performed
using a dissecting Swift microscope under magrtifices of 800. Cell counting for each
species was performed via the direct counting method

To simplify calculating periphyton algae we madeestite encrustation grew on a
flat surface of a known area (PhycoTech, 2007).

Abundance (cells/cf), Cell volumes §m¥%cm?) and Species richness (taxa
encountered/600 algal cells) where tabulated foh @axon (Charles et al., 2002). For
each sampling slide cell counting was performedumerous view fields until at least
600 cells were enumerated. The counting of eadth (830x330 um) was repeated for
10-100 times for each species and the averageegaseared. Average cell volume was
estimated by measuring the dimensions of at l€ase@resentative cells and calculating
cell volume in accordance with the nearest geomethape (Charles et al., 2002;
Hillebrand et al., 1999). The obtained cell volumdgere multiplied by the previously
obtained cell numbers. Taxa without distinct cedlller and certain colonial algae (e.g.
Cyanobacteria) were counted as colony operatiam#s.u

Since in our experiment we have counted the nuraberdividuals of each species
in the present community we were able to calculaeShannon indei’ which reflects
the degree of abundance equality among the spectae community and is correlated
to the entropy of the ecosystem (Good, 1953). Téreparametric Shannon index is
calculated as follows:

== D I

i=1
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where:

n;— Number of individuals in each species;

S — The number of species: species richness;
N — Total number of all individuals;

ni _ Relative abundance of each species.
N

Results and discussion

During the experimental periods water temperattarged between: 24.6-29.3°C (at
times reaching 32°C) in the summer and between9t8-1at times reaching 11°C) in
the winter {able 1).

Table 1. Summary of parameters for all sampling stations during the four weeks of both
summer and winter experiments.

Banias
Day of TDS (mg/l) pH Temperature °C NO; (mg/)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 295 234 7 7.6 15 28.8 0 1.2
14 333 211 8.1 7.35 19 29.1 0 0.9
21 224 214 8.2 8.1 13 24.7 0 0.7
28 123 246 6.4 7.9 13 26.1 0 0
Yosef
Day of TDS (mg/1) pH Temperature °C NOj; (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 213 158 7.45 7.7 15 28.6 0.2 1.6
14 246 178 7.8 7.5 19 28.9 0 0.9
21 197 193 8.1 7.85 13 247 0 0
28 132 200 6.6 7.8 13 26.4 0 0
Jordan
Day of TDS (mg/1) pH Temperature °C NOj; (mg/1)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 213 193 7.45 7.8 15 26.5 0.2 0.2
14 246 166 7.8 7.65 19 28.8 0 0
21 197 217 8.1 7.8 13 24.6 0 0
28 132 186 6.6 7.8 13 26.2 0 0
Meshushim
Day of TDS (mg/1) pH Temperature °C NOj; (mg/l)
Experiment | Winter Summer | Winter Summer | Winter Summer | Winter Summer
7 276 241 8 8.8 15 28.7 0 1.9
14 295 252 8.8 8.2 19 29.3 0 1.1
21 201 261 7.5 7.7 15 25.1 0 0.4
28 139 217 7 7.7 13 26.6 0 0
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As it can be seen in thHEable 1, in both experiments at the beginning the highest
water acidity was observed in the Banias streaml|ewthe most alkali water was
observed in the Meshushim stream. Acidity of theséfobridge waters closely
resembled those of the Jordan River but, tendée tmore neutral.

At the end of the winter experiment the pH in abfs was<7.0. The summer final
pH values on the other hand where much more akalicame close to ~8.0.

There was no rain fall during the entire summer erpent period. Whereas during
the winter experiment there was rain fall each 8ays as common in the north of
Israel.

During the winter experiment in each of the expental pools we have observed a
tendency of TDS lowering towards th8 week, with final values being about half those
we have started withgble 1). This points to a demineralization process thaticcde
related to the activity of the algal communitiesiridg the summer experiment we have
observed a peak in the TDS values on the third weeke Jordan and Meshushim
stations and on the forth week in the Banias ande¥Y@tations. The dynamics of
Mineralization values is related to the self-pwafion processes. The overall TDS
values during the entire experiment remained lovckvindicates the general purity of
water in our experimental stations.

Nitrates can serve as indicators of both wateritguahd the activity level of the
algal community. Ifable 1, we see that in the winter experiment very low ants of
nitrates where present at the Yosef and Jordaiorssat

However during the summer experiment nitrates vgeesent in all stations (with
maximal initial concentration observed at the Mesdtion station) but lowered with
time. This shows that in the winter water is cleaarad the algal communities are more
active.

Comparing winter and summer results in the Bart@sos (Fig. 2) the general range
of both abundance and biomass were similar durotg bxperimental periods. Yet in
the winter experiment the average cell volume (lass) was almost twice that of the
one found in the summer experiment. This pointsh® difference in stress factors
during the two periods being much higher duringgsbexmer time. Cells were smaller
in the summer as a result of environmental strafisences. The trend lines are in
agreement with these conclusions.

Comparison of algal abundance and biomass in treefYsiation Fig. 3) shows that
while the abundance remains about the same in patiods, cell biomass was four
times higher during the summer period. Average welume during the first three
weeks of both experiments where somewhat simitandver, on the fourth week of the
summer experiment the average cell volume increasssdendously suggesting the
stress factor influence subsided. All trend linksvg opposite tendencies in each of the
factors during winter as opposed to summer.

At the Jordan station during both experimei#ig.(4) both abundance and biomass
where somewhat higher during summer. Since avetaievolume fluctuated in the
winter experiment while, remaining constantly snthiting the summer period, we can
say that a higher level of stress factors influenite system during the summer period.
The trend lines confirm similar tendencies for alttbrs except abundance for which
they are opposite in the winter and the summer.
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Figure 2. Changes in abundance biomass per cm’ average cell biomass during the summer and
winter experimental periods in the Banias station — a: winter; b: summer
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Figure 3. Changes in abundance biomass per cm’ average cell biomass during the summer and
winter experimental periods at the Yosef station — a: winter, b: summer
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Figure 4. Changes in abundance biomass per cm’ average cell biomass during the summer and
winter experimental periods at the Jordan station — a: winter, b: summer
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Figure 5. Changes in abundance biomass per cm’ average cell biomass during the summer and
winter experimental periods at the Meshushim station — a: winter; b: summer
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At the Meshushim stationF(g. 5) abundance during the summer period was ten
times higher; however, the biomass remained in $hene range during both
experiments. The average cell volume in the sumnar ten times lower than in the
winter.

These results suggest that there are stress impaitts system during the summer.
The trend lines confirm similar changes during tkeeeiment for all factors except for
the average cell volume for which they are opposite

At the Banias station the total number of specsnd both experimental periods
was about the same, under 20 species in téigl ). However, the diversity of the
community in the Banias station was the richestragmall stations. The Banias station
diversity peak was achieved on the third week ef#inter experiment and was mostly
due to green algae species. At the same time tlk@mabdiversity during the summer
experiment was obtained already on the second weekwas mostly composed of
diatoms as well as green algae.
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Figure 6. Divisional and numeric changes in the community of species during the summer and
winter experimental periods at the Banias station — a: winter; b: summer
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Figure 7. Divisional and numeric changes in the community of species during the summer and
winter experimental periods at the Yosef station — a: winter; b: summer
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Maximal species richness at the Yosef station waghé range of 20-25 species
(Fig. 7). The winter community reached its peak on thelthieek mostly due to diatom
species, while in the summer community the diverfliictuated and had contained
equal amounts of both diatoms and green algae.
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Figure 8. Divisional and numeric changes in the community of species during the summer and
winter experimental periods at the Jordan station — a: winter, b: summer

Maximal number of species at the Jordan station iwashed on the third week of
both experiments and ranged from 20-25 spediégs §). Yet, the winter community
was comprised mostly of diatoms while the summenmanity was dominated by
green algae.
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Figure 9. Divisional and numeric changes in community of species during the summer and
winter experimental periods at the Meshushim station — a: winter; b: summer

The low diversity community of the Meshushim statieached its peak (21 species)
in the winter period only on the fourth week mostlye to diatom speciegig. 9). The
summer community was about equally comprised ofochia and green algae and
during the entire period was enriched with cyantdré. The total low diversity as well
as the presence of cyanobacteria during the sumperard indicate a reaction of the
Meshushim ecosystem to stress impacts.
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Table 2 shows that the factors positively influencing speaichness in general and
diatoms richness in particular, are pH and TDS. Tliasters have positive influence

on the biomass as well.

Table 2. Multivariate regression stepwise statistical analysis results for the winter

experiment in the entire Jordan Basin

Winter basin Step 1 Step 2 Step 3 Step 4 Step 5
. pH TDS
No. of Species i 0. 57+ i i i
Abundance - - - - -
. TDS pH
Biomass ) ) 0.35% ) )
Avg_per_cell_biomass - - - - -
I TDS pH
Bacillariophyta i i 0.34* ) i
Chlorophyta - - - - -

Multivariate regression analysis of

the summer camities in the entire upper

Jordan basin iffable 3 shows that factors possessing very slight positifleaence on
the Chlorophyta species richness are TDS, temperahd Nitrate concentrations.

Table 3. Multivariate regression stepwise statistical analysis results for the summer

experiment in the entire Jordan Basin

Summer basin

Step 1

Step 2

Step 3 Step 4

Step 5

No. of Species
Abundance

Biomass
Avg_per_cell_biomass
Bacillariophyta
Chlorophyta

TDS Temp NQ
- 0.504*

Since the Meshushim station was found to be a muiffering from environmental
stress impacts we have performed a Multivariateressgon analysis on the data
collected for this station in both the winter amansner experiments.

Table 4. Multivariate regression Stepwise statistical analysis combined results for the
summer and winter experiment at the Meshushim station

Meshuhsim
Summer-Winter Step 1 Step 2 Step 3 Step 4 Step 5
No. of Species - - - - -
NO
Abundance 0'771* - - - -
. Temp
Biomass 0.52+ - - - -
Avg_per_cell_biomass - - - - -
I Temp Temp Temp ) )
Bacillariophyta 0.82%* 0.83%* 0.79*
i Temp TDS Temp TDS Temp )
Chiorophyta 0.95%+ 0.94* 0.93*
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Table 4 shows that only the number of species in the conityand the average cell
biomass where not influenced by the fluctuatingimmental factors.

However two very strong factors having positivduehce on species development
were: temperature — influencing the total commuhiggmass and the number of diatom
specie, and the concentration of nitrates whiclseawan increase in the total number of
cells. Another mildly influencing factor is the TD&hich increases the diversity of
green algae. The total influences of all the aboeeatraned factors are caused by either
climate (temperature) or anthropogenic activity §/ING;).
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Figure 10. Changes of the Shannon index for all experimental stations during the summer and
winter experimental periods — a: winter; b: summer

During the summer experimental period the Shanmoex for each station was
registered. InFig. 10 it can be seen that the initial values of the xdee different and
are highest in the Jordan and Yosef stations. Vdbemparing the obtained index values
with the number of developing species for eachhefdtations, we find strong positive
correlations — high index values correlate withhhigpecies numbers. During the
experiment, index values in the stations with reédy low species numbers — Banias
and Meshushim — had a rising tendency. Howevethatspecies richer Yosef and
Jordan stations, we registered an index lowerimgléacy. Since the Shannon index
reflects the structural complexity of the presemtnmunity we can conclude that: the
break in the development of communities represeriigdthe highest structural
complexity was achieved on the second week forstdtions. The overall rising
tendency from the second week till the end of tkgeement for all stations, points to
rising complexity in the communities structures. sTlkeorrelates to the processes of
stabilization and self-purification.

Similarly during the winter experimental period tBhannon index for each station
was registered. IRig. 10 initial Shannon index levels in the Banias wherd eemained
the lowest with only slight changes during the renegxperiment. In the Jordan and
Yosef stations we observed similar and high initidex levels However, communities’
development was quiet the opposite for these twami@unity structure at the Yosef
station became more complex towards the end okexperiment while at the Jordan
station the index dropped till it reached the vabfel suggesting the community
became poor with overall low number of speciég.(8a). At the Meshushim station
the community significantly developed right untiet second week reaching highly
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complex community structurgig. /0. Afterwards and till the end of the experiment the
Shannon index declined.

When comparing the changes of the Shannon index etianges in cell/biomass
values we find that the community’s high structuzaimplexity is achieved due to the
development of small cell species (as for instaincéhe Jordan statiofig. 4a and
Fig. 10a). This type of change indicates that the commusitgfluenced by some stress
impacts.

Conclusion

As can be seen from the above listed data andlatitms, water temperature during
the experimental period was typical for the win{gt-19°C) and summer (24-32°C)
seasons. During the summer period the pH was atkahile in the winter it declined
below 7.0.

Nitrates concentration was higher during the sumesgrecially at the Meshushim
station; however it declined during the experimest result of the algal activity.

TDS values stabilized on the ™8™ weeks of both experiments. The
demineralization process reflects the water qualitg is related to the activity of the
algal communities. We can see that during the sunaxgeriment a peak in the TDS
values was reached on the third week at the JaddrMeshushim stations and on the
fourth week in the Banias and Yosef stations. Theeting of TDS values reflects the
self-purification processes. Stabilization of thergmeters in the ecosystem at each of
the stations confirms that the self-purificatiomqess came to an end. The peak points
to the self purification proccess which was morgaaable in the winter.

Algal diversity found on glass slide accretionseiach of the experimental pools
contained about 15-25 species for each of the pdddgsl communities where richer in
the summer in all stations and contained mainlyt@ms during the winter and equal
proportions of diatoms and green algae during timanser. Only the Banias station
winter community was dominated by the green algae.

During the winter experiment at the Banias and dorstations maximal diversity
was reached by thé®aveek and in the Yosef and Meshushim stations eyfthweek.

During the summer experiment maximal diversity waeached at the Banias and
Meshushim stations by thé%week, in the Jordan station by th& ®eek and at the
Yosef station there were two peaks on tffeadd the # weeks. This implies that in the
upper part of the basin (Banias station) duringsimamer the self-purification activity
is higher. The Yosef and Meshushim stations weresuatithropogenic influence so
their diversity had a constant growing tendency tlle end of the experiment.
Alternatively at the Jordan station diversity ski&pivas reached on thé“3veek. These
observations lead us to the conclusion that spembkeess grows in proportion to the
anthropogenic influence on one hand and the irtienéthe self-purification process on
the other. Moreover the self-purification processcpeds faster in conditions of high
temperature and high solar radiation — during timarser.

Algal abundance and biomass in all stations weréitees higher during the summer
experiment in comparison to the winter experimduog to the increased activity.

At the same time cell sizes were smaller in the )mem communities. When
comparing with species diversit¥ig. 6b, 7b, 8b, 9b) we see that the high cell numbers
found in the summer communities are comprised ma$thew small celled green algal
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species. Therefore we can conclude that: the spaétdwhich algal encrustation is
formed is influenced by temperature and solar tauha

According to our calculations of the non paramestitictural index of Shannon we
can conclude that high Shannon index values coergldh species rich communities in
both winter and summer experiments.

Overall, the experimental study showed that aréficolonization of substrates by
algae takes about 2-3 weeks. Colonization is motigeaduring the summer as a result
of the formation of small celled green algae whmgiowth is promoted by high
temperatures and high solar radiation conditions. fAund via the Multivariate
statistical analysis- the important factors infloeig algal activity are pH and Total
Dissolved Solids concentration (major factors irtevajuality assessment). A detailed
observation of the self-purification process cancbaducted by monitoring diversity
dynamics, cell counts, and biomass.
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Abstract. At present, it is allowed to apply fertilizers siag from T of February in Hungary. According
to a proposal of the EU this date would be moved*t@f March. Regarding this issue the following
question could be formulated: Does the earliertestdiertilization increase the risk of nitrate laag
significantly? Experimentally, this question couddt be answered within the available timeframe. The
only scientific tool that is able to handle thimplem is a crop simulation model. The 4M crop satioh
model was used for answering the above questioa. réquired weather, soil, plant and agrotechnical
data were provided for the model using the avadlatiingarian databases. Three scenarios differihg on
in the date of the first spring fertilization wetempared. According to the results the amount wata
leaching does not increase as the date of thesfiréhg fertilization moves from the end of Febsutor

the beginning of the month, thus there is no nemdektending the fertilization prohibition period.
Leaving the prohibition period as it is today wilbt increase the risk of contaminating the subserfa
water reservoirs due to nitrate leaching.

Keywords: fertilization prohibition period, nitrate leaching, crop model, decision support

Introduction

Experts of the European Union revise the practieallization of the Nitrate
Directive ©1/676/EEC) in every five years. Based on the collected expeds the EU
proposes amendments to the Directive for every mestage in order to minimize the
nitrate leaching risk of agricultural origin. Onetb&é most recent proposed amendments
is the idea of extending the spring fertilizatiorolpbition period. At present, it is
allowed to apply fertilizers starting froni' bf February. According to the proposal this
date would be moved td'bf March. Hungarian experts expressed their carscabout
the extension of the prohibition period. If thertda fertilization delays one month
because of the modified directive it could caussdyloss for the crops sown in the
autumn (e.g. barley, wheat, rape) due to the isegawutrient shortage in the early
vegetative phase. On the other hand the earliefettidzer gets on the soil surface in
the spring the higher the possibility might be thatonsiderable fraction of it leaches
out of the root zone due to the usually moist gpwrather. It has to be noted that the
spring starter fertilizer is applied directly teetBoil surface and is not incorporated into
the soil. By the time it is applied the root zosealready 10-15 cm deep. Though one
can state that is highly unlikely that a portiorttoé fertilizer applied on the soil surface
can go through the continuously deepening root zZeitieout taken up by the plants,
someone else can be more aware of the environmetgicion aspects. The Hungarian
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experts usually emphasize the yield safety inriaster while EU experts tend to focus
on the increasing risk of subsurface water contatimina Regarding this issue the
following questions could be formulated: Does tlaglier starter fertilization increase
the risk of nitrate leaching significantly? Couleetinitiative to lengthen the fertilization
prohibition period be substantiated scientifically?

Experimentally, these questions could be answerdy loy time-consuming and
expensive long-term field trials. Since we do navd years to find the answers by
measurements the only remaining scientific toot thable to handle this problem is a
crop simulation model (CSM).

The primary purpose of crop models is to desciigeprocesses of the very complex
atmosphere—soil-plant system using mathematical s to@dlinctions, differential
equations, etc.) and to simulate them with the ha#lpcomputers. In the 1970’s
developments in information technology enabledraists to create the first crop model
software using the accumulated scientific knowled§eday, there are many well-
developed, user friendly crop model software alyeaslailable such us WOFOST
(Boogaard et al.,, 1998), STICS (Brisson et al.,809®DSSAT (Jones et al., 2003),
CropSyst (Stockle et al., 2003). During the past tlecades crop models have been
used in numerous educational and scientific prej@€bvacs et al., 1995; Jamieson et
al., 1998; Ladanyi et al., 2003; Mathéné et alQ®2MHarnos et al., 2006; Fodor, 2006;
Kaur, 2008). According to the acquired modellinguies CSMs are effective tools in
scientific research, education, practical problespl@ation and problem solution. They
integrate the processes of the crop productioredtdogical and technological system
of conditions into a functioning simulation modeingsthe achieved scientific results
for supporting decision making on every possibleele The presented model
application is a nice example how a CSM can sughertvork of policy makers.

The main objective of the present study is to @vecientifically sound answer for
the above formulated question: Does the earliengstarter fertilization increase the
risk of nitrate leaching significantly?

Materials and methods

The 4M crop simulation model (Fodor et al., 2002athvené et al., 2005; Fodor,
2006) has been used in the study. 4M is a daily;stieterministic (not stochastic)
model whose functioning (computation) is determibgdhe numerical characteristics
(parameters) of the atmosphere—soil-plants sysBasides the data that describe the
physical, chemical and biological profile of theswm, it is also necessary to set its
initial, boundary and constraint conditions in thput file of the model. The parameters
regulate the functions and equations of the mdbeldevelopment and growth of plants
or the heat, water and nutrient balance of the. Skdile initial conditions are the
measured system variables at the beginning ofithelation run such as the water or
nutrient content of the soil. The boundary condsioare primarily the daily
meteorological data such as the global radiatiemperature and precipitation. The
constraint conditions cover the numerical expressiof the human activities such as
data about planting, harvest, fertilization orgation. A short description about the
functioning of 4M is provided in Fodor and Pasz{2@10). The following input data
were used during the simulations.
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Weather data

Artificial but realistic weather data series foeth951-2100 period was created for
the 4M model using the ARPEGE global circulation delo (Déqué et al., 1998)
combined with the ALADIN-Climate regional climateoatel (Bubnova et al., 1995;
Wang et al., 2011). Regarding the most relevannatic characteristics (annual
precipitation amount, average temperature, etc)tder 1961-1990 reference period,
there are no significant differences between tmghgtic data and the data observed in
Hungary. Based on the available generated temperahd precipitation data the daily
global solar radiation values were estimated utiegS-shape method (Fodor and Mika,
2011).Fig. I summarizes the most important climatic charadiesi®f the weather data
used in the study. According to the used climatengle scenario the atmospheric O
concentration raised from 315 to 720 ppm with a matgeexponential character in the
1951-2100 period. The monthly precipitation amoumi#l prospectively change
considerably only in July, August and September gared to the present situation:
there will be 30-40 % less rain in these monthsiada2100 due to climate change. The
monthly average temperatures are expected to rikenb — 4 °C by the end of the
investigated period. The months of the summer yadfr will be prospectively 3 °C
warmer at the end of the century than at present.
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Figure 1. Average monthly values of the weather data used in the study based on the
150 year long (1951-2100) data series.

Soil data

Simulations were carried out for the five charaster soil groups of Hungary. Soil
data required by the model were retrieved fromdaimbase of RISSAC (Pasztor et al.,
2010). The average physical and chemical paramfdelis density-BD, humus content-
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HC, field capacity-FC, wilting point-WP, saturategdraulic conductivity-Ks and drain
constant-DC) of the five soil groups were usedmythe model runsitble 1).

Table 1. Soil parameters of the characteristic Hungarian soils used as model inputs in the study

Soil texture | BD (gem™) | HC (%) | FC (em’em™) | WP (em’em™) | Ks (emd?) | DC
Sand 1.55 1.00 0.160 0.030 100 0.5
Sandy loam 1.45 1.65 0.290 0.130 50 0.4
Loam 1.40 2.30 0.340 0.160 10 0.3
Clay loam 1.45 2.60 0.360 0.180 5 0.2
Clay 1.45 3.00 0.400 0.200 1 0.1
Plant data

The approximate values of the plant specific patamse (phenological
characteristics, stages, maximum root depth, ligle efficiency, specific N content,
etc.) were determined based on the pertaining Siogeliterature. Then, the parameters
were fine-tuned in four steps by inverse modelliBgetaert and Petzoldt, 2010) so that
the averages and the variances of the simulatédisyieere similar to those observed in
the 1961-1990 reference period. First the phenckbgrarameters (base temperature
and length of phenological stages) were set sahleasimulated occurrence of the main
phenological stages would be in conformity with tieal dates well-known from the
literature. In the second step the model should kalaulate the potential yields of the
crops. This was achieved by adjusting the light effieiency and the mass — leaf area
conversion parameters. Then, in the third step, affiect of the water stress was
‘switched on’ in the model, and thus the parametdrghe relationship defining the
effect of the waters stress were set so that theehredults would be realistic among
rain-fed conditions. Finally, the parameters definihe effect of the nitrogen stress
were determined.

The development and growth of the plant§ihle 2 were simulated. Although, it is
obvious that some of the plant specific paramedi&@schange and will change in the
investigated period, all these parameters wereiderexl to be constant during the
simulations.

Agrotechnical data

The model input data regarding plant productioarfphg date, plant density, harvest
date, fertilization doses, etc.) were provided adicy to the common agro-technology
of each plant {able 2). It is well-known that the plant production wetirough an
enormous change during the past 60 years. Dedpgefdct the agrotechnics was
postulated to be invariant during the investigatedod.

Every crop rotation was simulated on every soiltusx in three scenarios that
differed only in the date of the first spring fémation (with grey background in
Table 2) of the crop sown in the previous autumn. The nmeltvant outputs (yield,
nitrate leaching, etc.) of the model runs were med during the simulations.
Calculated yields of the simulations where thet fg@ring fertilizer was applied on the
1* of February were compared to those of the other gaenarios (fertilization date:
15/02 and 01/03) with paired t-tests. The annusht@ leaching amounts as well as the
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distribution of the nitrate leaching rates over thenths of the year were investigated
depending on the date of the first spring fertii@at

Table 2. The relevant agrotechnical data used as model input data in the study. Three scenarios
were defined for each rotation with first spring fertilization on 01/02, 15/02 and 01/03.

. N fertilization
Crop rotation Crop L
Date, dd/MM Amount (kgha™) | Depth (cm)
maize 01/04 170 0-25
. . 05/10 40 0-25
maize — winter wheat ) .
winter wheat | 01/02; 15/02; 01/03 100 soil surface
25/04 30 soil surface
. 01/02; 15/02; 01/03 130 soil surface
winter wheat )
25/04 40 soil surface
winter wheat — rape 10/08 30 0-25
rape 01/02; 15/02; 01/03 70 soil surface
20/04 70 soil surface
. 10/09 70 0-25
winter barley ]
01/02; 15/02; 01/03 70 soil surface
winter barley — rape 10/08 30 0-25
rape 01/02; 15/02; 01/03 70 soil surface
20/04 70 soil surface
silage maize 01/04 150 0-25
silage maize — winter barley . 10/09 70 0-25
winter barley i
01/02; 15/02; 01/03 70 soil surface

Results and conclusions

The calculated yield results of the four investightrop rotations are presented in
Table 3.

Table3. Calculated yields averaged over the three investigated scenarios
(75 seasons per crop, 1951-2100)

Crop rotation Crop Yield, kg/ha
Sand Sandy loam | Loam | Clay loam Clay
. . maize 6863 8605 9157 9138 8568
maize — winter wheat]
winter wheat 6400 7313 7601 7624 7397
. winter wheat 6584 7836 8345 8380 8209
winter wheat — rape
rape 2462 3012 3109 3198 3154
. winter barley| 5890 7449 7967 8012 7835
winter barley — rape
rape 2407 2883 2982 3064 3049
: . silage maize 22759 27853 2951p 2953b 28018
S. maize — winter barley .
winter barley| 5938 7117 7464 7504 7315

Though it was not the focus of this study, it ha®deé noted that the 30 year moving
averages of the calculated yields practically ditl change in the 1951-2100 period. It
seems that the factors causing yield increase addfyease (just to name the two main
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antagonistic factors: increase of £&ncentration and decrease of precipitation) may
compensate each other in the future. This resuft fall conformity with the previous
finding of van de Geijn and Goudriaan (1996). Oe tither hand, approaching 2100,
the variations compared to the average yields (8&kased for all of the investigated
plants (from 27% to 35%) indicating the prospedtenlease of extremes as well as the
decrease of yield safety as a consequence of diafenge.

The calculated vyields of the scenarios with différérst spring fertilization dates
confirmed the concerns about the yield loss of eictops due to the increased nutrient
shortage in the early vegetative phase. If the ipitidbn period would have been
lengthened with one month the yields of the wirteps would significantly decrease
independently of the soil typ&dble 4).

Table 4. Calculated winter crop yield losses of two fertilization scenarios compared to those of
the 01/02 first spring fertilization scenario for the five investigates soil groups. Asterisks denote
the significant differences (a=0.05)

. Date of fertilization, dd/MM
Soil group

15/02 01/03
Sand -29* -101*
Sandy loam -15 -57*
Loam -7 -31*
Clay loam -8 -33*
Clay -11 -44*

According to the results presentedFig. 2 the amount of nitrate leaching does not
increase as the date of the first spring fertii@@atmoves from the end of February to
the beginning of the month.

| m01/02 115/02 | 101/03

SAND | [ — o SANDY LOAM
barley rape
silage maize
barley
\ |
wheat rape
-
| — e VDot
40 39 38 37 36 35 34 33 32 31 30 10 11 12 13 14 15 16 17 18 19 20
Nitrate leaching, kg ha
10 9 8 7 6 5 4 3 2 1 0 0 1 2 3 4 5 6 7 8 9 10
LOAM \ — — — — CLAY LOAM
barley rape

| silage maize
barley

wheat rape

maize wheat

Figure 2. Annual nitrate leaching rates as a function of the 1* spring fertilization date
(dd/MM) of winter crops based on 150 year long simulations (1951-2100)
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The earlier spring fertilization does not cause@ased nitrate leaching rates during
the spring Fig. 3). On the contrary, the earlier fertilization resedl in lower nitrate
leaching rates in every month. During the moistgsting (290 mm precipitation
between February and May compared to the averagegs@fmm) of the 1951-2100
period, zero kgha nitrate left the root zone till the end of Juneading to the
simulations.
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Figure 3. Monthly nitrate leaching rates as a function of the I spring fertilization date
(dd/MM) of winter crops based on 150 year long simulations (1951-2100).

Based on the findings there is no need for extentliwgfertilization prohibition
period by moving its end to®lof March, in fact it may cause vyield loss. Leavihg
prohibition period as it is today will not increaske risk of contaminating the
subsurface water reservoirs due to nitrate leaching
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Abstract. Invasion of lantanal@ntana camara L.) in dry deciduous forest is capable of causihgnges

in micro sites (soil properties and species contjpogi in which they invade. As lantana is most
conspicuous invader in the Vindhyan dry deciduom®dts of India. We analyzed the effect of this
invasive species on the composition of herbaceaysrland on soil properties. Habitats with différen
level of canopy cover were analyzed. And the caraaper was significantly related to the lantanaerov
Results indicate that different levels of lantarever affect soil properties and herbaceous species
composition. We found as the lantana cover inceagme of the species get locally extinct and sarae
favored by lantana invasion. Principal Componenaljsis (PCA) ordination indicated that the quadsate
with nil and differently covered lantana were urgquith herb species composition, especially thessit
with no lantana cover had native species which wetepresent in site with differently covered larga
The distinctness of herb species composition igcaitve of marked spatial dynamics with regard ilo n
and differently covered lantana. Concentration mfanic carbon (OC) and total nitrogen (TN) were
significantly higher in habitats having large lamacover. Thus we may conclude that lantarwalifies
the spatial pattern of herbaceous plant specieshendutrient levels of soil.

Keywords: Lantana camara, local extinction, soil properties, species composition

Introduction

Exotic species invasion is amongst the most impbrglobal scale problems
experienced by natural ecosystems and is alsodsnesi as the second largest threat to
global biodiversity (Draket al., 1989). In India, dry tropical accounts 3&.2% of the
total forest cover (MoEF, 1999). These forests aneler immense anthropogenic
pressure in form of rapid industrialization andatetl land-use change in the past few
decades. With increase in human population formgsalso exposed to illegal sporadic
tree felling, widespread lopping of trees for timbesources and shrubs for fuel wood
or leaf fodder (Singh and Singh 1989; Jha and Sidi@90). All these have lead to
forest fragmentation, which is prone to subsequemnasion by exotic species
(Tripathi, 2003). Invasion of species may leaddcal declines (Islam, 2001) and even
extinction of native species (Pimm, 1986) thusradte species richness in the forest
fragment (Carey et al., 1996). We studied LantdaarGna camara L.) as it has spread
in almost all the fragmented areas in the Vindhgandeciduous forest, and has been
ranked as the highest impacting invasive speciesigBoff and Butler, 2003), and is
among the 100 worlds worst invasive alien spec@sSP, 2003), because it posses
great potential to escape cultivation and haveteetris effect on species richness
(Islam, 2001). In India it was introduced in eanipeteenth century as an ornamental
plant (Sharma, 1988), but now it is growing dendélpughout India (Sharma et al.,
2005a,b).
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However, small-scale environmental changes caugeldrianainvasion have not
been addressed in dry tropical forest areas. Tlhecie of the present study was to
analyze the effect of lantana invasion on the casitiom of the herbaceous layer and on
the soil properties of the dry deciduous forest.

Materials and methods

Study area

The study areaFjg 1) lies on the Vindhyan plateau in the Sonebhads#idi of
Uttar Pradesh (24° 6' to 24°21' N; 82°59' to 83°T4ie elevation above the mean sea
level ranges between 315 and 485 m (Singh and Sirgg?).

B2°13¢'% 82" st 83"’ ERUES 35" [
e
¥4 N
- “
A T 6 .
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’\ 2
45
. 2 N-
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s \ "
i ( | : \ ) 24|
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Figure 1. Location of study sites within Vindhyan highlands, India.

1- Khatabaran; 2- Hathwani I; 3- Hathwani Il; 4- Kadhpathar; 5- Majhauli;
6-Hathinala I;7- Bhaheradol; 8- Rajkhar; 9- Manbasa; 10- Runtola; 11- Hathinala 11

The climate is tropical with three seasons in a,yea summer (from March to mid
June), rainy (mid June to September) and wintetqlar to February). October and
March constitute the transition months between rdiey and winter seasons, and
between winter and summer seasons, respectivetyavarage rainfall varies between
850 and 1300 mm. About 85% of the annual rainfatuss during the rainy season
from the southwest monsoon. The maximum monthlypemature varies between 20°C
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in January to 46°C in June, and the mean minimumtimhoptemperature between 12°C
in January to 31°C in May.

Red coloured and fine textured sandstone (Dhandvghbquartzite) is the most
important rock of the area. Sandstone is geneualtierlain by shale and limestone. The
soils derived from these rocks are residual ulgsand are sandy-loam in texture
(Raghubanshi, 1992). These soils are part of theedlyermic formation of typical
plinthustults with ustorthents according to VII appmation of the USDA soll
nomenclature (Singh et al., 2002).

The potential natural vegetation of the regiorrapical dry deciduous forest, which
is locally dominated by species suchAagcia catechu, Anogeissus latifolia, Boswellia
serrata, Buchanania lanzan, Diospyros melanoxylon, Hardwickia binata,
Lagerstroemia parviflora, Madhuca longifolia andTerminalia tomentosa. Height of the
locally dominant canopy tree species varies from ® 14 m (Troup, 1921) across the
sites and the height of the herb layer varies feoom to 75 cm.

Lantana is a perennial woody shrub and in its mdired range, lantana forms dense
mono-specific thickets 1-4 m high ard1-4 m in diameter (Sharma et al., 2005b),
although some of the clumps smother near by tneeéseach up-to the height of 8-15 m
(Sharma et al., 2005b). Eleven sites were seleatedndom in the region, within a
radius of approximately 10 km. These sites had Wguaigferent levels of invasion of
lantanawith one as control site i.e. having no lantanaVindhyans micro-distribution
pattern of lantana occurs in patches as homogesioogps.

Data collection

A total of 11 sites were sampled and at each giteg large quadrats (10m x10m)
were sampled randomly for vegetation and soil festum the year 2003, i.e. a total of
33 quadrats were sampled in the entire study dmeg canopy cover in each quadrat
was measured by estimating the area, shaded gitecthe overhead tree canopy. The
values were then transformed into percentage @dédahe measurements were taken
during mid-day when the sun was approximately paifjmellar to the surface.

Lantana cover was estimated using the Domin Kragicale and was transformed
into percentage cover for final analysis (Muellarribois and Ellenberg, 1974).

The light intensity was measured by LCA-2 batteoytable infrared carbon dioxide
analyser having PAR (Photosynthetic Active Radigticensors (filtered selenium
photocell) (ADC Scinokem International, U.K.); tifi®-100% sunlight (measured as
PAR at 11.00 am on a cloud-free day) correspondeéd@00-1,72Qumol ni? s*. Light
intensity was measured above and below the lartiashes of the total light received
(values reported are in percent). Percentage lagtenuation below lantana was
calculated using formula:

% light attenmation = Light above ls.mtana - Light beneath lantana 100
Light above lantana

Within each large quadrate, four (0.5 X 0.5 m) npfots were randomly sampled
and density, frequency and cover of herbaceousiegpeeere estimated. For density
individual plants were counted while frequency péaes in each large quadrate was
calculated using the ratio of total number of nghats in which the species occurred to
the total number of mini plots studied (i.e. 4)eiach quadrate amdver was estimated
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using the ground percentage cover of Domin Krajgtale and transformed into
percentage cover in the final analysis (Mueller-om and Ellenberg, 1974).

Importance values were calculated as the sum ofmi@n values of relative cover,
relative density and relative frequency (Phillig859). Soil samples from the upperl0
cm soil layer were collected randomly from threacels in each quadrat. Each sample
was mixed thoroughly, air dried and sieved throagBmm mesh screen. Fine roots
were hand picked. Soil pH (1:2.5; Soil:Water) wadedmined by digital pH meter
(model 7025M Titrino, Metrohm ion analysis, Metrohiotd. Switzerland), organic
carbon was measured by Walkey and Black rapidibtrtamethod (Jackson, 1958) and
total nitrogen by Gerhardt Kjeldal analyzer (Gedh@mbh, Germany). Soil moisture
was measured in the field condition using the Thatabe (Delta-T devices Ltd.,
England). Sampling was carried out during Octolren luxuriant mature herbaceous
vegetation is present in the area.

Data analysis
Diversity was measured by Shannon-Weiner index (H')

H'= -y pi*ln pi

where pi is the importance value contributed byithepecies.

Relationship between tree canopy cover, lantanarcend soil parameters was
analyzed by using SPSS Version 10.0 (SPSS, 199®yase and Shannon-Weiner
diversity and Principle Component Analysis was @lated using Biodiversity Pro
Version 2.0 (McAleece, 1997). Quadrats were segeegato nil, low, medium and
high lantana cover, on the basis of PCA ordination.

Results

Lantana cover varied between sites and with treeoma cover Table 1). For
example, when tree canopy cover was >30% (Hathwahkfathwani I, Hathinala,
Baheradol, Rajkhar, Runtola sites), then the lantaver varied from 27 to 60% and
when the tree canopy cover was <30% (Khatabaradhp@ther, Majhauli, Manbasa
sites) then there was a considerable increasentarla cover and it varied from 62 to
84%. Lantana cover was negatively related to tesmpy coverZ{able 2). At Hathinala
Il site where the canopy cover was 63% no lantaasin@ported.

Mean vales of light intensity above the lantanahlessvas 20 + 1.73, 25.4 + 1.94, 39
+ 2.17 and 63 = 3.08 for nil, low, medium and hightana cover respectively, on the
other, light intensity recorded beneath the lantaueh was 15.4 + 1.50, 18.3 =+ 2.69 and
8.0 + 2.73 for low, medium and high lantana covespectively, of the total light
received. The percentage attenuation of light bineéhe lantana increased with
increasing lantana cover i.e. 40, 53 and 87 %dat, Imedium and high lantana cover
respectively.

Although the lantana cover varied with changesoihraoisture and pHTable 1), it
was not significantly related to these soil pararetThere was a strong positive linear
relation of lantana cover with soil carbafuble 2). At the maximum (Manbasa site)
and minimum (Hathinala Il site) lantana cover, amigacarbon varied from 3.38 to
1.46% (able 1). The lantana cover also had a strong positivafimelation with soil
nitrogen {able 2) which varied from 0.29 to 0.11% among the sitesle 1).
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SE). Sites are arranged in order of increasing tree canopy cover.

+

Sites Tree |[Lantana] Total |Shannon Soil pH C N Light
canopy | cover herb | diversity | moisture (%) (%) Intensity
cover (%) |cover (%) (H’) (%) (umol m?s™)
(%)

Khatabaran| 1500 | 75.00/ 33.33 0.24 12.5(¢ 732 218 074 1706.6
(5.00) | (10.41) (10.26) | (0.04) (1.59)| (0.07) (0.26) (0.0R) (8.8)
Manbasa 20.67 | 83.33] 32.33 0.55 14.5(Q 7.48 338 0.9 1688.3
(9.68) | (14.24) (8.76) (0.19) (2.01)| (0.07) (0.40) (0.04) (6.0)
Majhauli 26.67 | 68.33| 17.66 0.52 20.33 7.42 242 0.18 1656.6
(7.26) | (21.86) (9.27) (0.18) (0.43)| (0.08) (0.49) (0.04) (14.5)
Kadhpathar| 2833 | 61.67| 51.66 0.65 19.43 7.44 3.26 0.26 1616.7
(10.93) | (18.56) (17.81) | (0.13) (1.22)| (0.08) (0.44) (0.0b) (4.4)
Bhaheradol | 3333 60 31.66 0.98 17.23 724 248  0.20 1536.6
(18.33) | (21.79) (11.09) | (0.48) (1.37)| (0.08) (0.64) (0.0p) (32.4)
Hathwanil | 3667 | 48.33| 70.66 0.73 15.47 726 178 0.3 1375.0
(11.67) | (19.22) (16.80) | (0.07) (1.39)| (0.07) (0.23) (0.01L) (22.5)
Runtola 36.67 | 58.33| 47.00 0.45 13.43 746 226 0.5 1295.0
(16.91) | (21.67) (23.50) | (0.25) (0.88)| (0.05) (0.35) (0.0R) (35.1)
Rajkhar 4500 | 56.67| 36.66 0.66 18.3( 713 236 0.7 956.7
(16.07) | (20.28) (11.66) | (0.04) (2.89)| (0.02) (0.47) (0.0B) (15.8)
Hathwanilll 5167 | 5667 21.33 0.55 17.6( 729 264 0.9 859.3
(12.02) | (17.40) (5.04) (0.09) (0.85)| (0.07) (0.30) (0.08) (11.0)
Hathinalal | 5667 | 26.67| 73.66 0.86 18.53 733 166 0.3 784.3
(8.33) | (10.14) (21.34) | (0.02) (1.06)| (0.06) (0.30) (0.01) 4.7)
Hathinala Il 63 33 0.00 | 94.66 1.16 18.70 735 146 0.1 707.6
(1.66) | (0.00)| (0.88) (0.01) (1.22) (0.11) (0.20) .0@B) (17.1)

Table 2. Correlation matrix of vegetation and soil parameters in a lantana invaded forest.

Canopy Herb Herb Lantana Carbon Nitrogen pH Moisture
cover layer cover cover (%) (%) (%)
(%) diversity (%) (%)
Canopy cover
(%) 1
Herb layer -
diversity 0.662 1
Herb cover | ) cose o120 1
(%)
Lantana cover | geger 0,749 0.544% 1
(%)
Carbon (%) | ggge -0514** -0256  0.824% 1
Nitrogen (%) | .0.627+ .0.409* -0.202  0.743*  0.966** 1
pH -0.199  -0.143  0.129 0.100 0.192  0.245 1
Moisture (%) | o 202 0.276 0.136 -0.159 0.060  0.052 0.094 1

** significant at level 0.01, * significant at lel/8.05 (Values are Pearson’s correlation coeffitggn
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The analysis of variance (ANOVA) revealed that #ites differed significantly in
terms of canopy, lantana cover, carbon, nitrogererdity and herb covegble 3).

Maximum herb layer diversity occurred at the Hadhanll site which had no lantana
cover followed by Hathinala | site which had 27%t&na cover, and the minimum
occurred at the Khatabaran site where lantana coaer75% T{able 1). Lantana cover
showed a strong linear negative relationship witlarion-Weiner diversity index of
herbaceous layef¢ble 2) and herbaceous covefaple 2).

Table 3. Summary of ANOVA of different sites for vegetation and soil parameters

Vegetation df Mean Square F P

Canopy cover (%) Between groups 3 3649.7 22/50 00.00
Within groups 29 162.2
Total 32

Herb layer Diversity Between groups 3 0.536 14.54 .000
Within groups 29 0.036
Total 32

Herb cover (%) Between groups 3 4000.5 6.29 0.002
Within groups 29 636.0
Total 32

Lantana Cover (%) Between groups 3 11195.23 214.2.0000
Within groups 29 52.27
Total 32

Light intensity Between groups 3 1526668.6 321.9 000.
Within groups 29 4742.4
Total 32

Soil parameters

Carbon (%) Between groups 3 4.288 17.88 0.000
Within groups 29 0.240
Total 32

Nitrogen (%) Between groups 3 0.027 11.92 0.000
Within groups 29 0.002
Total 32

The Principal Component Analysis (PCA) ordinatidr88 quadrates on the basis of
IVI of herb species is present Mig 2. The PCA 1 and PCA 2 axis accounted for 14 and
12 % variation respectively. PCA 1 representedlahéana cover fr= 0.36, p = 0.05)
cover and the PCA 2 axis was related to tree carfdpy -0.45, p = 0.009)Fig 2
indicated that the quadrates segregated on the bidifferent lantana cover. Revealing
that the nil, low, medium and high lantana coveadyates are behaving differently in
terms of herb species composition.

The dominance spectrum of the herbaceous speceget with the increasing level of
lantana coverAlysicarpus vaginalis dominated the herbaceous vegetation at lantana nil
sites on the otheEvolvulus alsinoides L. dominated the herbaceous vegetation at low,
Oplismenus compositus Beaub. at medium andCorchorus trilocularis L. at high
lantana coverTable 4). Species that occurred at high lantana cover pritiportionally
greater IVI could be considered lantana tolerantcigge(Cassia tora L., Corchorus
trilocularis L, Echinochloa colona Link., Ichnocarpus frutescens (L.) R. Br., Ludwigia
perennis L.) and species that were more predominant at lamtaha cover may be
considered lantana intolerami¢hanthium annulatum Stapf., Evolvulus alsinoides L.,
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Leucas aspera Spr.,Sida acuta Burm. F.,S. cordifolia L., S. rhombifolia L., Tephrosia
purpurea Pers.).

30 1
25 A o
20 A
15 -

10 - Nil

PCA Axis 2

5 Medium

PCA Axis 1

Figure 2. PCA ordination of herbaceous species showing segregation of quadrats at different
level of lantana cover (nil, low, medium and high).
The PCA I and PCA 2 axis accounted for 14 and 12 % variation respectively.

Species which are unique to the no lantana sitebaagonsidered as highly sensitive
species to lantana and proportionality of thesequmispecies increased on the nil
lantana cover site with respect to differently aeklantana sites. Species that occurred
ubiquitously, irrespective of lantana cover maycbesidered as species insensitive to
lantana coverZable 4).

Table 4. Importance value indices of herbaceous species under nil, low, medium and high
lantana cover and species information

Life Lantana cover (%)
Species Family form | AP INNN| Nil | LOW [MEDIUM| HIGH
(0%)(0-30%)| (31-60 %) |(61-100%)

Alysicarpus vaginalis (L.) DC  |[Fabaceae Th A N| 8.76 0.00 0.00 0.00
Andrographis echioides Nees. |Acanthaceae Th A N| 5.29 0.00 0.00 0.00
Anagallis arvensis L. Primulaceae Th Al NN| 0.0p 0.00 1.17 0.00
Barleria cristata L. Acanthaceae H P N| 0.00 0.00 0.65 0.00
Begonia picta Sm Begnoniaceae H A N| 3.96 0.00 0.00 0.00
Cassia tora L. Caesalpiniacae Th Al NN 3.021.01 2.79 3.75
Ceropegia bulbosa L. Asclepediaceae G P N| 2.830.00 0.00 0.00
Chloris dolichostachya Lag. Poaceae H P N 0.(130 0.53 0.00 0.74
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Table 4. cont.
Life Lantana cover (%)

Species Family form | AP |NNN| Nil | LOW |[MEDIUM| HIGH

(0%) [(0-30%)| (31-60%) [(61-100%)
Chryanthellum americann (1) o5 cee Th| Al NN 000000 | 230 | 184
Commelina benghalensis L. Commelinaceae H N| 0.000.00 1.56 0.58

Corchorus trilocularis L. Tiliaceae Th A N | 4.71 10.15 14.60 15.96
Corgnopus didymus (LInN) | rassicaceae | Th| Al NN 000000 | 000 | 0.00
Cyanotis axillaris Schult. Poaceae Th A N| 5.87 0.00 0.00 0.00
Cynodon dactylon Pers. Poaceae H P N| 1.68 2.83 0.00 2.38
Cyperus cyperoides Kuntze. Cyperaceae H P NN 2.77 1.90 6.02 0.00
Desmodium triflorum DC. Fabaceae H Al NN| 4.1011.10 5.32 11.48
Dichanthium annulatum Stapf |Poaceae H P NN 1.70 1.33 0.00 0.00
Digitaria ciliaris Koel. Poaceae Th A - 5.66 7.52 11.03 3.59
Echinochloa colona Link. Poaceae Thg A NN 0.00 0.00 0.00 0.72
Euphorbia hirta L. Euphorbiaceae Th A N| 0.Jo 0.00 0.79 0.00
Evolvulus alsinoides L. Convolvulaceae H P NN 5.9412.72 3.45 5.54
Evolvulus nummularius L. Convolvulaceagd H P NN 3.14 8.63 6.13 8.32
Fimbristylis ferruginea Vahl Cyperaceae Th Al NN 1.37 0.91 0.00 2.96
Hyptis suaveolens (L.) Poit. Lamiaceae Th Al NN| 2.02 0.67 2.62 0.00
Ichnocarpus frutescens (L.) R. Br.]Asclepediaceae Ch A NN 0.000.00 0.00 1.70
Justicia simplex Don Acanthaceae Th A N| 3.17 0.00 0.00 0.00
Leucas aspera Spr Lamiaceae Th A N | 1.6 0.61 0.00 0.00
Lindernia ciliata Pennell. Scrophulariaceae Th A N | 6.59| 0.00 0.00 0.00
Ludwigia perennis L. Onagraceae Th Al NN 0.00 1.47 1.95 5.02
Malvastrum tricuspidatum Gray.Malvaceae Th A| NN| 2.27 0.76 2.32 0.92
Mukia maderaspatana Roem. |Cucurbitaceae Th A N| 0.00 1.77 0.00 2.27
Oplismenus compositus Beaub. |[Poaceae H P NN 2.80 7.04 20.82 6.84
Phyllanthus niruri L. Euphorbiaceae Th Al NN 3.34 2.82 0.00 7.81
Phyllanthus urinaria L. Euphorbiaceae Th Al NN 281132 0.00 1.19
Physalis minima L. Solanaceae Th Al NN 0.Jo 0.00 1.56 0.00
Rungia pectinata Nees. Acanthaceae Th A N| 1.300.77 0.00 0.58
Setaria pumila R. & S. Poaceae Th Al NN 0.00 0.00 1.37 0.00
Sida acuta Burm. F. Malvaceae Th P| NN 4.2010.01 6.82 4.88
Sida cordifolia L. Malvaceae H P NN| 5.7p 5.00 4.39 1.16
Sida rhombifolia L. Malvaceae H P NN| 3.2b 2.54 0.00 0.58
Sporobolus diander Beauv. Poaceae H P NN 0.00 0.00 1.56 0.00
Tephrosia purpurea Pers. Fabaceae Th P NN 0.001.03 0.00 0.00
Urena lobata L. Malvaceae Th P NN| 0.00 5.58 0.76 9.18

A= Annual, P= Perennial; N= Native, NN= Non-nafiyackson, 1895) and personal communication witkyDar.
Th = Therophyte, H = Hemicryptophyte, G = Geophgic = Chamaephytic
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Discussion

The presence of disturbance in the form of canopgnimgs increases resource
availability and also modifies the microclimate, alhis consistent with the disturbance
patch invasion model (Gentle and Duggin, 1997). iioelel state that the removal of
competitive biomass and disruption of inter specdompetitive interactions creates
patches of increased resources. In the preseny sttgh canopy openings, which
resulted from local disturbance, create patchegredter light availability. Increase in
light availability follows gradient of disturbancetensities. Light has long been
recognized as an important plant resource (Maximi®29; Blankenship, 2002) that
may interact with other plant resources to affeenplperformance (Cole, 2003). The
increase in light availability increases the ovigoalformance of lantana particularly the
growth rate (Duggin and Gentle, 1998). Moreoveraf@trashekar and Swamy (2002)
also reported that light availability in relativelgss canopy enhance the growth of
individual lantana.

With increased growth rate, lantana proliferatesutiantly, which, as demonstrated
in this study results in changes in species comipasand soil properties. The growth
architecture of lantana is such that it prevemgbtlinfiltration to the ground. Resulting
in marked heterogeneity in terms of irradiance b#mehe lantana bush and affects
species diversity beneath its canopy. Light avditgbon the forest floor has been
recognized as a key factor that influences intciniaits of inhabiting species (Jones et
al., 1994; Walters and Reich, 1996). The denserameated by vertical stratification of
lantana may reduce the intensity or duration ditlignder its canopy and thus decrease
the herbaceous cover. This could be due to theigneaf a photosynthetically inactive
light regime at ground level (Fetcher et al., 19B3iton and Duff, 1992). Below certain
thresholds, however, light limitation alone canwver® herbaceous species survival
regardless of other resource levels (Tilman, 19823%. likely that herbs are influenced
by the amount of light that reaches the forestrfland this may be probably one of the
mechanisms responsible for the decline of herbacemgetation. Sharma and
Raghubanshi (2006, 2007) advocated that the grawghitecture pattern of lantana is
such that it prevents the light penetration to fivest floor, leading to the decline of
tree seedlings and possibly the herb flora.

Species likeAnagallis arvensis L, Barleria cristata L., Dichanthium annulatum
Stapf, Physalis minima L., Setaria pumila R. & S., Sporobolus diander Beauv. with
limited distribution as the lantana cover increasms be more susceptible to loss from
physical damage or altered habitat conditions (Meie al., 1995). Species like
Dichanthium annulatum Stapf,Evolvulus alsinoides L., Leucas aspera Spr,Malvastrum
tricuspidatum Gray., Rungia pectinata Nees.,Sida acuta Burm. F.,Sida cordifolia L.,
Sida rhombifolia L., Tephrosia purpurea Pers. which decrease and ultimately get
locally extinct with increasing level of lantanaveo may not recover quickly because
of the altered physical environmental conditionsl{&ts and Gilliam, 1995). Species
which are unique Alysicarpus vaginalis (L.) DC, Andrographis echioides Nees.,
Begonia picta Sm, Ceropegia bulbosa L., Cyanotis axillaris Schult.,Justicia simplex
Don andLindernia ciliata Pennell.Xo no lantana cover sites are native species and ar
highly sensitive to environmental perturbation®, af great concern.

Lantana also possesses the capability to trap blman litter. This trapping of litter
is also dependent on lantana cover, as denseatii@nb cover, greater the trapping
potential. So, more organic matter accumulatesibuip with increasing lantana cover.
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Deposition of litter due to wind also affects thertbaceous vegetation (Everham and
Brokaw, 1996).

Accumulation of litter beneath the lantana canofies#ds up soil organic matter.
Accumulation of soil N closely follows that of sa@rganic matter because, on average
99% of the N in terrestrial ecosystem is organycdiliound (Rosswall, 1976).
Raghubanshi (1992) reported strong positive refatietween total N content and
organic C content of soil in the dry deciduous $brecosystem. According to Rawat
etal.,, (1994) superiority in N extraction from thsoil along with an efficient
retranslocation of N from the senescing leaves lesdantana to perform better as an
invasive species. Several studies have shown dilatgrient levels play an important
role in determining community invasibility (Shea a@thesson, 2002; Reinhart and
Callaway, 2006). This self perpetuating changedrohigbitat could probably provide
lantana with increased resource leading to itsesgfal proliferation.

In conclusion the presence bf camara in the dry deciduous forest of India alters
the spatial pattern of herbaceous layer vegetaiimh also changes the microhabitat
conditions which could probably help towards itseassful proliferation.
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Abstract. Production possibilities and risks of a givennplare basically determined by climatic factors.
Expected future climate is modelled by several atanscenarios. In this study results of the RegCM3
model downscaled to the Carpathian Basin were uBed. paper focuses on the climatic conditions of
cherry production in Central Hungary in three tipgriods: 1961-1990 as a base, 2021-2050 as the near
future and 2071-2100 for the long-term analysissuRs show that in the near future fruit crackimkr
could be higher, but in overall the expected charage mostly favourable for cherry production. By t

end of the century irrigation may be required foe secure and quality cherry production. It is also
advised to re-evaluate the varieties accordinghi® indicated changes, as a new orchard planted
nowadays will have many productive years in thesdgeriod.

Keywords: climate change, cherry production, adaptation, fruit cracking, year types

Introduction

Security of agricultural production is very sengtto weather and changing climate.
However, it is very difficult to express the agticwe related effects of the climate
change in numbers and figures, since the soilpdmosphere system is very
complex. The crop simulation models were creategite an approximate description
of this complex system, and were applied also ingdwy in case of field crops (Fodor
and Pasztor, 2010; Erdélyi, 2009).

Another method is the application of climatic iratiors defined for certain
phenological phases of a given plant (Dios et24lQ9; Ladanyi et al., 2010a,b). This
kind of examination can be done separately by sehsefiects, but an overall
evaluation should be done, too. Also the climatdicators can easily be related to risk
values.

The other components of the climate change studiesthe climate scenarios.
Results from coarse resolution global climate med&CM) can only be considered as
a first-guess of regional climate change conseggeantglobal warming (Bartholy et al,
2009). Regional studies for agricultural purposegehdeen possible since the global
models were downscaled by statistical methodsgb resolution (10-20 km) data. One
technique that can be used to obtain climate charigenation at finer scales is the use
of nested regional climate models (RCMs) (Tormaalet2011). Expected regional
climate change focused to the Carpathian Basinadetted by four different RCMs,
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run by the Department of Meteorology, E6tvos Lorémiversity (Bartholy et al, 2006;
Torma et al.,, 2008) and by the Hungarian MeteolokigService (Szépszé and
Horanyi, 2008).

Studies on climate change impacts in agricultueeregeded very much in order to
find adaptation strategies. It is especially imanottin case of fruit production, where
the change of varieties is slow and the orchardsptanted for long time. This paper
focuses on the expected climatic conditions anddppities of cherry production in
Central Hungary in the near future (2021-2050) ahdhe end of the century (2071-
2100), compared to the base period of 1961-1990.

Materials and methods
Climate data

Climate data were provided by the Department ofddeilogy of the Edtvos Lorand
University. The horizontal grid spacing is 10 knthe highest one reached by RegCM3
model — and the database contains daily data @igit&tion and temperature for the
baseline period (1961-1990) and for the future {20@50 and 2071-2100) using the
A1B scenario.

o il g ar

Gadala

Figure 1. Local administrative units in Central Hungary and the grid of
the meteorological data — data of red ones were analysed
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Data were converted into an Access database atdasefwas developed to make
the further calculations. The program can be paramsed according to the user’s
requirements. The necessary calculations for amy ge time period such as decade,
century, etc. can be calculated with this software.

Although the 10 km resolution grid covers the whatea of the Central Hungary
region Fig. 1), due to the huge amount of data, analyses weriedaut characterising
each of the 17 local administrative units (LAU 1yubregions — by one grid point’s
data.

Definition of climatic year types

The evaluation of the important climatic factors afcertain plant in a specified
phenophase can be done separately and estimaligd artirisk values can be defined
for them. Summarizing these values an overalltytdr risk value can be calculated for
each year. Having an adequate database, resulteaaxtended both in time and space.
However, these calculations do not take into actotne interactions of the
meteorological factors, so they can lead to fadseilts.

Instead, in our work climatic year types were dedirbased on several factors. This
method allows to concentrate the effects of climdactors and to define some
interactions among them. Utility values based oneexpstimates were also added to
the year types. In case of cherry production — itkkease of growing possibilities of
sour cherry (Szenteleki et al., 2011) — 12 climgiar types were defined, while the
years not belonging in one of the categories, wlefsned as common or “normal” with
a utility value of 0.88. In the followingsT'¢ble 1-4) climatic year types are grouped
according to the precipitation.

Table 1. Extreme dry climatic year types in case of cherry production

Meteorological factors Extreme dry and Extreme dry and cold Extreme dry and
extreme cold warm
Precipitation in April 0-15 mm 0-15 mm 0-15 mm
Precipitation in May 0-25 mm 0-25 mm 0-25 mm
Precipitation in June 0-20 mm 0-20 mm 0-20 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Qist not below -1.5°C
Utility value (H) 0.2 0.35 0.6

Table 2. Dry climatic year types in case of cherry production

Meteorological factors Dry and extreme Dry and cold Dry and warm
cold
Precipitation in April 15-25 mm 15-25 mm 15-25 mm
Precipitation in May 25-50 mm 25-50 mm 25-50 mm
Precipitation in June 20-40 mm 20-40 mm 20-40 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Rist not below -1.5°C
Utility value (H) 0.2 0.75 0.86
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Table 3. Wet climatic year types in case of cherry production

Meteorological factors Wet and extreme Wet and cold Wet and warm
cold
Precipitation in April 40-100 mm 40-100 mm 40-106nm
Precipitation in May 70-180 mm 70-180 mm 70-180 mm
Precipitation in June 80-150 mm 80-150 mm 80-150 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Rist not below -1.5°C
Utility value (H) 0.2 0.8 1

Table 4. Extreme wet climatic year types in case of cherry production

Meteorological factors Extreme wet and Extreme wet and cold Extreme wet and
extreme cold warm
Precipitation in April above 100 mm above 100 mm 0100 mm
Precipitation in May above 400 mm above 400 mm abt0 mm
Precipitation in June above 200 mm above 200 mm veaB60 mm
Tmin January — February below -25°C exis below €l &xist not below -17°C
Tmin March — April below -3°C exist below -1.5°Qist not below -1.5°C
Utility value (H) 0.2 0.55 0.6

Risk of fruit cracking

Cherry and sour cherry production has a specti fiactor. This is the fruit cracking
due to the excessive precipitation in the harvesbg, resulting decrease of quality and
significant yield loss. In some extreme years tteeking damage can cause up to 80-
100% loss in sweet cherry and about 40-50% lossum cherry orchards (Christiensen,
1996, Csiszar, 2004).

According to an earlier study (Szenteleki et &01@) harvest period of sweet cherry
is considered between 2May and 18 July and four risk factors are calculated for
every harvest day using the following algorithm:

o K2 risk factor: 10-6. days before harvest at ledstmm rain occur once-»
K2=0.15; twice-0.4; three times>0.7

» K3 risk factor: 5-1. days before harvest at leadtnim rain occur onee
K3=0.2; twice—0.5; three times»0.8

* K4 risk factor: during harvest at least 5 mm raiccwr once> K4=0.8;
twice—1

The overall risk factor is like follows:

o K2+K3+K4=KS5; if K5>1, than K5=1.

To obtain the overall utility value of a given yeds utility value based on the
climatic year types must be corrected with thik vialue.

Results
Overall evaluation of the Central Hungary region

Central Hungary region is partitioned into 17 loadministrative units (subregions),
which have slightly different climatic and topograplitharacters. Despite that — for
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practical computing reasons — each of them wasesepted by one grid point’s
meteorological data. A joint evaluation of thesead@l7 places x 30 year for each
period) allows giving a general estimation of theufe climatic potential of cherry
production.

Analysing the distribution of climatic year typesgarding temperaturé ig. 2) the
significant decrease of the extreme cold years bmambserved. The number of cold
years is increasing but there is no contradictiati \the expected; it means that the
formerly extreme cold years become only cold. Daseeof the number of normal years
can be the reason of the continuous and significemnéase of the warm years. Overall,
a tendentious warming can be observed, which i®ouable for quality cherry
production. The utility value of the extreme coldaggis very low because of the high
risk of winter and spring frost damages. The sigaift decrease of the extreme cold
years indicates the decrease of the frost damagpscially in long-term.

100% -
90% -
80% -
70% -
60% -
50% -
40% A
30%-
20% -
10% -

0%

o Warm

O Normal

= Cold

m Extr. cold

1961-1990 2021-2050 2071-2100

Figure 2. Distribution of climatic year types regarding temperature

However, results call the attention to a very int@ot but rarely mentioned question:
the re-evaluation of the varieties. The considgrakitent of climate change would have
a great impact on the time and length of ripenohgymancy and blooming period of
cherry varieties (Ladanyi et al., 2009). Milder vers can lead to the shortening of the
deep dormancy period, resulting earlier blooming. @ consequence despite of the
milder climate the risk of the spring frost canrgese in case of some varieties, too.
Changes in the well-known and so far successfyipliad blooming time groups and
pollination partners are also expected. Re-evalnatif the varieties according to the
indicated changes is important in case of planaimgw orchard. Counting with a 20-
25 year lifetime, orchards planted nowadays willehanost of the productive years in
the second period examined (2021-2050), alreadyrwigaged climatic conditions.

In case of precipitationF{g. 3) there are unfavourable tendencies, too. The numbe
of extreme dry years is insignificant in the baselperiod and also in the near future,
but there is a significant increase by the endhefdentury (in every 5-6 years one extra
dry year is expected). There is a continuous irs&éa the number of dry years and
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decrease in case of the normal years. Not complébelugh in a great part, these
opposite tendencies correspond to each other. 48 o& the wet years a temporary
increase, while in long-term their decrease caolis®rved. The number of extreme wet
years is insignificant in all the three periods gwver this year type disappears.
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70% - N
L B Extr. wet
60% -
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50%
L O Normal
40% -
L @ Dry
30% L m Extr. dry
20%-
o — | -
0%-
1961-1990 2021-2050 2071-2100

Figure 3. Distribution of climatic year types regarding precipitation

All together an aridification tendency can be obedr but the dry and warm
(H=0.86) as well as the normal (H=0.88) year types still favourable for cherry
production. However, the significant number of exdry years at the end of the century
is a warning sign. In very dry years the fruit depenent is not appropriate and it
affects the fruit size as well as the yield advigrsét calls the attention to the
importance of irrigation. Changes are not so drastat it would require immediate
investments in existing orchards, but may be consdim the future.

Based on the climatic year types the continuousease of the utility values can be
observed Table 5). However, in short-term the fruit cracking risk higher, so the
overall utility remains almost the same as it wathe baseline period. Two reasons can
explain the increase of the fruit cracking risktire near future. One of them is the
increase of the number of wet years. At the same, tthe number of dry years is also
higher. If the cherries grow on drier conditionsd gorecipitation is before harvest,
cracking damage is higher than under balanced weteditions. Importance of
irrigation possibility is great in this point ofexv and may be justified even in existing
young plantations, while other protection methodsaso available. In long-term, due
to the more arid climate, the fruit cracking riskdiecreasing again, and compared to the
base period, 9% increase can be expected in thralbuslity.

Table 5. Cherry production utility in Central Hungary

Period Climatic utility Fruit cracking risk Overall utility
1961-1990 65 % 5% 61 %
2021-2050 70 % 11% 62 %
2071-2100 73 % 5% 70 %
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Spatial variability

The overall evaluation of the Central Hungary reggives a general aspect but has
the disadvantage of masking spatial variability. the followings the spatial and
temporal variability of the utility/risk values wibe discussed.

As it can be seen iflable 6, in the near future the ranges of the utility value
calculated from the 17 subregions — are simildh&ones of the base period, but at the
end of the century the ranges are expected abeutdti these. This tendency can be
observed in both climatic utility and risk of frustacking as well as in overall utility.
Ranges of the overall utility values of the suboegi are over 20% in the first two
periods and about 10% in the future (standard tiews are approximately 6% and
3%). It means that more favourable climatic cowdisi will appear in most of the
subregions and the potential for cherry productilhbe more similar across the whole
region.

Table 6. Ranges of the cherry production utility values in Central Hungary (17 subregions)

Period Climatic utility Fruit cracking risk Overall utility
1961-1990 20% (51-70%) 10% (3-12%) 24% (44-68%)
2021-2050 17% (60-77%) 11% (6-17%) 22% (49-71%)
2071-2100 10% (68-78%) 6% (3-8%) 11% (63-74%)

Climatic utility

4l o039
[ ] 1961-1990

[ | 2021-2050
| 2071-2100

Figure 4. Climatic utility of the subregions regarding cherry production in Central Hungary
(the value refers to the highest column in the chart symbol)
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As it was presented previously, the warming climatefavourable for cherry
production. In the majority of the subregions atowous increasing tendency of the
climatic utility values can be observeglig. 4). This is especially characteristic in the
northern part (Szob), where the utility value waes lowest in the base period. In some
subregions (Budapest, Aszod, Monor) in the nearéu2021-2050) the climatic utility
value can slightly be lower (2-3%) than in the bagsgiod. For the third period
examined (2071-2100) the climatic utility valueg aways greater than in the base
period.

According to the general results, the fruit crackiigl is always the highest in the
period 2021-2050, except the surroundings of Ré&ek@vg. 5). The increment is
between 1-10% compared to the base period, thdegteehange is in Pilisvérosvar.
However, the worst situation (highest risk) is ectpd in the subregions of Aszdd,
followed by Szob and Veresegyhaz.

As it was presented during the overall evaluatianthe end of the century the
average of the cracking risk values is similartie bne of the base period. But the
situation is more complex. There are some sigmtichanges in the risk values — in
Aszdd it drops to the one-third, in Monor and iroBzo the half of the base value —
while in Cegléd, Dunakeszi and Szentendre theviadkes are almost doubled.

Fruit cracking risk

A o086
[ ] 1961-1990

T 2021-2050
B 2071-2100

Figure5. Fruit cracking risk of cherries in the subregions in Central Hungary
(the value refers to the highest column in the chart symbol)
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In the near future (2021-2050) the fruit crackimgkris higher, so despite of the
increasing climatic utility values, the overallliiyi remains almost the same as it was in
the base period. There is an interesting pattéini 6), because on the western side of
Central Hungary region mostly some increase, wdrléhe eastern side some decrease
can be observed. The most important changes a@eab and Rackeve (12% and 8%
increase), where the increase of the crackingwiak quite small. By the end of the
century the overall utility values are generallgtier than they were in the base period.
The exceptions are Budapest and Cegléd by 1% decerad Erd with no change. By
that time the overall utility value in Szob increasy 25%, which is much more than in
the other subregions. The subregion of Aszdd shalas an outstanding result (16%
increase), as the cracking risk is very low inttied period.

Overall utility

dl o037
[ | 1961-1990
| 2021-2050
B 2071-2100

Figure 6. Overall utility of the subregions regarding cherry production in Central Hungary
(the value refers to the highest column in the chart symbol)

Statistical data of cherry growing areas are ugusttuctured by regions (NUTS 2
level) or counties (NUTS 3). Data by local areatsinjsubregions) are available
unfortunately only from the year 200Taple 7), when the most important areas were
Cegléd, Rackeve, Veresegyhaz, Budadrs and Erd.
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Table 7. Net cherry growing areas in the subregions (source: KSH, 2001 )

Local area (subregion) Net cherry area (ha)
Aszod 0.16
Budadrs 28.89
Budapest 0.15
Cegléd 119.42
Dabas 0.15
Dunakeszi 0.00
Erd 25.17
Godolb 7.97
Gyal 0.00
Monor 4.50
Nagykata 2.00
Pilisvorosvar 241
Réackeve 65.11
Szentendre 9.64
Szob 0.00
Vac 4.71
Veresegyhaz 49.11

Despite of the differences in time periods it isrthdo compare these data with the
overall utility values of the base period. It candbserved that most of the production
was under appropriate climatic conditions, as Gebkid the highest utility value (0.68)
in the base period. The same utility value has Padf but of course the growing area
there is very low due to the high urbanisation. ®herall utility value of Erd is also
high (0.67) but the area of this subregion is snaat production of sour cherry is more
important there. The other three areas have lowerstilli acceptable utility values:
Rackeve 0.64, Veresegyhaz 0.61 and Budatrs 0.6. 8@rming up between the base
period and the survey date of the growing areasatssmbe considered.)

In the near future (2021-2050) both the climatiditutand the cracking risk are
expected to increase in all of the subregions ggkéd but with different extent. As a
result, the overall utility value of Cegléd remagsimost the same (0.67), the ones of
Erd and Budadrs increase by 3-4% and the valuecoéségyhaz decreases by 3%. The
most important change can be observed in Rackevé&dincrease.

Regarding the long-term tendencies the followingralt utility values are expected:
Cegléd and Erd 0.67 (the same as before), Racké9g(iletween the base and the near
future), Budadrs and Veresegyhaz 0.72 (more théf ib@rease compared to the base
period). The most significant changes can be olesem the areas (Szob, Aszéd and
Gyal), which were unsuitable for cherry productinhe base period.

Discussion

Based on the presented results the following c@mmhs can be drawn concerning
the future climatic conditions of cherry production
» Decrease of the extreme cold and cold year types &gield enhancing effect,
first of all due to the decrease of the frost damsage
* Increase of the warm year types indicate the imgmment in climatic
conditions for quality cherry production.
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* The precipitation amount in the vegetative peribdves a temporary slight
increase in short-term, but in long-term its deseeaan be observed. It calls
the attention that appropriate infrastructure fagation may be required in the
future.

» The uneven distribution of precipitation during tha&rvesting season in short-
term indicates increase of yield loss risk causgdrint cracking, but in long-
term this risk is moderate. Risk of fruit crackimgght significantly reduced by
adequate irrigation, so the above mentioned needrfigation systems is
important also from this point of view.

» The serious decrease of the extreme cold yearshenthcrease of warm year
types — despite the tendentious aridification —aath an overall increase of
utility values in cherry production and decreaséheir variation.

The re-evaluation of the varieties according toittthcated changes is advised, as a
new orchard planted nowadays will have most of gheductive years in the second
period examined (2021-2050). In this work interoaéil cooperation can help. With the
method of spatial climatic analogy (Horvath et @009) such regions can be found
where the present climate is similar to the expkotee of the studied area in the future.
Thus, the future behaviour of the varieties carebaluated and tested in the present
days.

More solar radiation means warmer air temperatack lagher temperature also in
the upper layers of the soil. Therefore, not onlycase of cultivars but in case of
rootstocks it is advised choosing such kinds thigrate summer heat having their roots
in deeper soil layers. Irrigation is able to redscd temperature significantly and to
avoid drought. When water supply of the soil is éoihan the plant needs, it is ground
draught. Drip irrigation, for example, is a goodthwel to prevent ground draught.
When the air temperature is above 30°C, air humiditysually very low, therefore fruit
trees close stomas in the leaves and transpiratigos. Despite there is good water
supply from the soil the plant shows draught symnsoln this case drip irrigation is
not effective at all, sprinkler irrigation is neeld® cool down the surface of the leaves
and raise air humidity in the orchard. This problismot so important for sweet cherry
but, for example, in case of apple production $penirrigation during summer nights
is a corner stone to reach the necessary coloration.

The rise of temperature can affect not only themgng but also the post-harvest
technology. Even a small rise of temperature irsgsahe risks during post-harvest
handling. The transportability and shelf life ofecty fruits depend first of all on the
time elapsed between picking and cooling as welbmaghe continuous temperature
control of the supply chain. In addition, experiesicshow that fruits harvested on
warmer days can be stored for shorter time assfhatvested with the same technology
but on cooler days.

To prevent fruit cracking in the second period (P@®50) many protection methods
can be applied (Simon, 2006). The most effectivé Yery expensive protection
technique is the plastic rain cover over the tr&®aying with minerals (calcium) or
metallic salts and fruit drying techniques need lewestment. Risk of fruit cracking
might significantly reduced by adequate irrigatitny, means of maintaining balanced
water conditions during vegetation period.

Up to now each of the 17 local administrative uritsubregions — were represented
by one grid point’s data. As the 10 km resolutiowl govers the whole area of Central
Hungary region, analyses can be carried out fogradl points to obtain a more precise
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view. The only limitation factor of it is the comjgu capacity, as due to the large
amount of data and the number of climatic parammetemsidered, at present the
calculations take a rather long time.
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Abstract. A limnological investigation was carried out in Pproal Community Wetland, Kanewal,
Gujarat, Indiafrom June 2007 to May 2008. Water quality paransetiee temperature, pH, dissolved
oxygen, secchi depth, total solids and total digsibland suspended solids, free carbon dioxide,
phenolphthalein alkalinity, total alkalinity, canmamtes, bicarbonates, total hardness, calcium and
magnesium hardness, chloride, phosphate, sulphatendrate and phytoplankton composition were
investigated during the study period. Correlatioefticients were calculated among the various ploysi
chemical variables and phytoplankton groups. Stéplaad nitrate both showed a positive correlation
with phosphate. However, dissolved oxygen showadgative correlation with phosphate, sulphate and
nitrate at both the sites. Pearson Product Anafgsiphytoplankton at the two sites was performed i
showed a high significance of Bacillariophyceae rnera between both the sites than other two groups.
A total of 45 species were identified belonginglganophyceae, Chlorophyceae and Bacillariophyceae
but members of Euglenophyceae were found to benabsdicating a lesser degree of organic pollution.
Moreover, species of Bacillariophyceae were reabitdebe the most occurred group compared to others
throughout the study which shows relatively unpeltlinature of wetland.

Keywords: Bacillariophyceae, Chlorophyceae, Cyanophyceae, wetland

Introduction

Wetland ecosystems are among the most productivsystems in the biosphere.
Wetlands receive surface water inputs from stre@udace run off), precipitation, and
overland flow and subsurface water inputs from aeefinfiltration, stream hyporheic
zones, and ground water. These different inputsrapsrtant to wetland productivity
because they contain markedly different quantiesansported nutrients (Stanley and
Ward, 1997) and organic matter (Mann and Wetzed5).9Vetlands are recognized as
ecosystems that harbor high biological diversitygvpte sustenance for millions of
people and face ongoing threats as results of husetwities throughout the world
(Gopal and Chauhan, 2001). As ecosystems, wetlamdshighly volatile being
particularly vulnerable to environmental fluctuaiso Although wetland biodiversity
constitutes a significant portion (e.g., 15-20%),tlué total biodiversity of the Indian
Subcontinent (Gopal and Chauhan, 2001) studies etfand ecosystems are limited
(Tsai and Ali, 1997; Gopal and Zutshi, 1998; Gogadl Chauhan, 2001; de Graaf and
Marttin, 2003). In recent years, increasing anthrepdaginterventions influence in and
around aquatic systems and their catchment areses dentributed to a larger extent
towards deterioration of water quality leading tocelerated eutrophication. The
hydrogeochemical characteristics and phytoplanktimmass of water bodies are not
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constant and fluctuate with seasonal variation asll wlegree of pollution
(Prasad, 2006).

Phytoplanktons are integral components of freshmattlands, which significantly
contribute towards succession and dynamics of aoégpbn and fish (Payne, 1997).
Community structure, dominance and seasonality gfgphankton in tropical wetlands
are highly variable and are functions of nutriematiss, water level, morphometry of the
underlying substrate and other regional factors @apd Zutshi, 1998; Zohary et al.
1998; Agostinho et al. 2001). Phytoplanktons folm tnain producers of an aquatic
ecosystem which control the biological productivityhey not only provide an
estimation of standing crop but also represent nooraprehensive biological index of
the environmental conditions (Misra et,&#001). Phytoplankton, which include blue-
green algae, green algae, diatoms, desmids anérmug$ etc are important among
aquatic micro-flora. They form the basic link iretfood chain of all aquatic animals
(Misra et al., 2001). Many herbivores, mostly za@ogton, graze upon the
phytoplankton thus, passing the stored energy dcsutbsequent trophic levels. The
phytoplanktons float passively and spread uniforralyd extend down to various
depths, where hydrochemical properties influence pfankton population and its
occurrence. Therefore, an attempt has been mastedyg "Phytoplankton Composition
in Relation to Hydrochemical Properties of Tropi€&mmunity Wetland, Kanewal,
Gujarat, India”.

Review of literature

In recent past, studies on phytoplankton in relat@anvironmental conditions have
been made by Demir and Kirkagac (2Q08luzaffar and Ahmed (2007) studied the
effect of the flood cycle on the diversity and comsifion of phytoplankton community
of a seasonally flooded Ramsar wetland in Banglad®&%oreno-Ostos et al (2008)
investigated spatial distribution of phytoplankiora Mediterranean reservoir. Cardoso
and Marques (2009) determined the short-term pettéerived from the interactions of
wind-driven hydrodynamics and the plankton commuimita large, shallow lake.

In India, studies on phytoplankton of lentic sysseémrelation to their environmental
conditions have been made by Ganapathi (1941),8aedal. (2000). Mohan (1980)
compared the values of organic carbon and planktbimmass with that of dominant
algal associations in two lakes of Hyderabad. P4#88iB5) in his studies on water
chemistry and algal communities on the three fredbi ponds in and around
Berhampur suggested revival methods using the atgahmunities as biological
indicators. He recorded wide variations in pH, digsd oxygen, BOD, COD,
phosphate and nitrates. Pandey et al. (2000) iigatsti the nutrient status and
cyanobacterial diversity of tropical freshwater lMmtls of Udaisagar and clearly
indicated elimination of sensitive cyanobacterades from the substations receiving
urban industrial effluents. Pulle and Khan (2003)algzed the qualitative and
quantitative concepts of phytoplankton and record8dspecies, of which 18 were
Chlorophyceae, 10 Bacillariophyceae, 10 Cyanoplgeea 5 Euglenophyceae. Angadi
et al. (2005) studied physico-chemical and biolabgistatus of aquatic bodies and
recorded 39 species of algae from four classes.

In Gujarat state, Nandan (1983) studied the algahfof polluted waters. Shaiji
(1989) and Jose (1990) evaluated the algae astipallindicators in running waters.
Rana and Nirmal Kumar (1992) and Nirmal Kumar et(a005, 2008) also studied
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physico-chemical characteristics of water and sedis) diversity of macrophytes and
planktons of certain wetlands of Central Gujaratntdl Kumar (1992) also prepared
indices based on chemical properties in relatioplemktons. However, there is no
report on phytoplankton composition in relatiorhigrochemical properties of tropical
community wetland, Kanewal, Gujarat, Ingsa far. Looking into significance in mind,
it is very much essential to carry out this intéi@ac of plankton composition and
nutrient status in this wetland, which is firstigfkind in the state and as the wetland is
also very much utilized by villagers of eight sumnding villages for their daily
purposes.

Materials and methods

Study area

e Khaksar

Figure 1. Location of Kanewal wetland, showing the eight villages around it

In the present study, a significant freshwater ndlavetland habitat of the state,
Kanewal Wetland of Anand District has been selectguich is an important water-
storage wetland and regularly harbours more tha@0ROwater fowls during peak
winter season (GSFD,2004); makes it eligible for N&AR convention. The
population estimation of waterfowls of this wetlaridarly signifies it as internationally
important wetland (Koning and Koning-Raat, 19750t§c1989) and the ‘Wetlands of
National Importance’ (MoEF, 2005). Besides, it hdeeay been recognized as
Community Reserves by the Gujarat State Forest iapat (GSFD, 2005). The water
regime of Kanewal Community Reserve (KCR) suppatsund 130 species of
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waterfowls with an average of 20,000 waterfowlsimyipeak winter months (Van Der
Ven, 1987). Moreover, it is also one of the mairtewaources for Charotar, Bhal and
Saurashtra regions of Gujarat, which supply watethe regular basis for irrigation and
drinking and/or domestic purposes to the inhabstaoit aforesaid regions through
Saurashtra Pipeline Project (SPP). It is also cited\sian Wetland Bureau, Kuala
Lumpur, Malaysia (AWB and WWHF-India, 1993) for AsiaWaterfowls Census

(AWFC).

Kanewal wetland is located between 22° 35’ N ldetand 72° 36’ East longitude at
an altitude between 14 to 15m above the mean seh t®vering an area of 1500ha. It
Is situated nearly 60kms from Anand, the Milk Cd¥ India and falls under 4- B
Gujarat Rajwara region of Central Gujarat. It lie® natural depression; surrounded by
embankment with a circumference of about 15km andprises of three islands. This
wetland is surrounded by eight villagggg, 1), which has a total population of 5000
and the villagers are completely dependent on wesland for food, fodder and
economy for their livelihood. Climatically, it expences dry tropical monsoon, with an
average annual rainfall of about 850mm concentrateéde months of July, August and
September. The other seasons include summer (Marclune) followed by winter
(November to December). However, pre-monsoon imtbath of June 2007 has been
recorded. The wetland harbours an abundant growduwdtic vegetation e.gpomoea
aquatica, Marselia quadrifolia, Hydrilla verticillata, Vallisneria spiralis, Nymphea
stellata, Nelumbo nucifera and plenteous beds @fypha angustata. Besides, it also
harbours some resident avian species e.g. Moorkgnmsis, Ibises, Lapwings, etc. and
also attracts various migratory species of birdsnfrremote countries like Europe,
Russia, Siberia, China etc., which comprises wawds such as Coots, Plovers,
Spoonbills, migratory ducks, etc during peak wirgeriod. This wetland also supports
a small fishery.

Site 1

This site is approached by main road, close tgation department and agriculture
fields westwards. There is a permanent open wedlttl adjacent to this site. The bank
of this site is endowed with abundant bed$fa angustata. It has a more open water
surface, spanning more stretch of water and shdtasin. Due to shallow basin, the
water level reaches hardly 9 to 10 ft. round thary@lthough it attracts a good number
of aquatic birds, the site is frequently seen beiisturbed by the local inhabitants of the
islands, situated opposite to the site. The sitepatp good vegetation such as
Echinochloa colonum, Ipomoea aquatica, Nelumbo nucifera andTypha angustata. Due
to presence of bank vegetation, birds like Egrbises, Herons and Moorhens prefer
this site for foraging and roosting.

Site 2

This site is situated about 1km from Valli villagedjacent by small ‘kachcha’ road
and agriculture expansion towards west. Thougrstieeis absolutely devoid of human
settlements, it is frequently visited by ‘Beyt’ pdation (inhabitants) for boating and
fishing. The mode of transport to this site is hgybles and light vehicles. The bank of
the site supports considerable growth of aquatiedi®pha angustata and Ipomoea
aquatica. The average depth of water at this site is 12Qdt through out the year.
There is a permanent water station and over-heaérwank nearby this site for
canalsing, providing water to local people for dnngkand irrigation. The habitat is
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mainly dominated by aquatic macrophytes suchEasnochloa colonum, Hydrilla
verticillata, Ipomoea aquatica, Nelumbo nucifera, Typha angustata and Vallisneria
spiralis. Local people use the water mainly for irrigationdadomestic purposes.
Washing of clothes and utensils, bathing, cattleinm@ and grazing is observed upto
considerable extent at this site which contribeson-point source of pollution.

Sampling

Surface water samples were collected in two lip@gthene bottles from two sites in
the wetland in the™ week of every month from June 2007 to May 2008 amalyzed
in the laboratory for important hydro-chemical prdags. Physical parameters like pH,
temperature, secchi-disc transparency and dissaxgden (DO) were performed on
the field. The rest of the parameters like totaldso(TS), total dissolved solids (TDS),
total suspended solids (TSS), free carbon dioxmleenolphthalein alkalinity, total
alkalinity, total hardness, calcium hardness, mamme hardness, chloride, phosphate,
sulphate and nitrate were analyzed in the laboyagamples were not collected in June
and July due to heavy monsoon and flooding. Ansilg$ all the parameters was
performed according to the methods described by ARE998) and Trivedy & Goel
(1986).

Phytoplankton samples were collected using phytdéan nylon net, with sieve size
of 10 microns and preserved in 4% formalin at tieddfand identified according to
standard monographs- Cyanophyta (Desikachary, 19%9gsh-Water Biology
(Edmundson, 1963) and Indian Freshwater Microalfyaeand, 1998) and books.
Correlation coefficients were calculated amongwagous physico-chemical variables
and phytoplankton groups. Pearson Product AnalyBiBA) was performed for
phytoplankton at the two sites.

Results
Physicochemical variables

The hydro-chemical parameters of Kanewal wetlandeHaeen shown ifable 1,
Fig. 2 for site 1 andFig. 3 for site 2. Water temperature varied between %€ 31°C
during the study period, maximum temperature dfGivas achieved in the month of
May 2008 at Site 2, while the minimum temperatur@s wecorded in the month of
January 2008 at Site 1. Values for pH remainedeclws neutral through out the
investigated period but highest value of 7.8 waseoled in the month of March 2008 at
Site 1 and Site 2. Secchi depth varied betweenrid5n0 August 2007 at Site 1 and
200cms in October 2007 at Site 2. Dissolved oxygeried between 4.7 mgland
11.27mgl* at Site 2 in May and January 2008, respectivelytalThardness ranged
between 74mgCaGD" and 142mgCaC4D?*, lowest being at Site 1 in August 2007 and
highest at Site 2 in December 2007 and at Sitelag 2008. The lowest and highest
values of calcium hardness were measured as 3188@LC" in December 2007 and
63.0mgCaC@™ at Site 1 in January 2008, respectively. Magnediaminess ranged
between a minimum of 25.7mgCa@®at Site 1 in August 2007 and a maximum of
102.1mgCaC@™ at Site 2 in December 2007. The lowest concentraif chloride was
measured as 25.56ngh September 2007 at Site 2 and highest as 52.54imgHarch
2008 at Site 1. The total phosphorus varied betve@h0 and 0.099m{g] the lowest in
month of February 2008 at Site 1 and the maximurasmed in May 2007 at Site 2.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 9(3): B#292.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2011, ALOKI Kft., Budapest, Hungary



Nirmal Kumar — Cini Oommen: Phytoplankton compasitin relation to hydrochemical properties of tegicommunity wetland
-284 -

Table 1. Monthly variation in hydro-chemical parameters at Kanewal wetland from
June 2007 to May 2008

® g . | 8
£ £ S z[ % | § 4| £ g
: 2 S _El 5 |2 | B2 &2
s |5 |z |E |8 |2 |2 |« |EE\ 5 | |35 :2:
A | = 2 | = = &= = A~ =< O 2 Om| 2
s1 - - - - - - - - - - - -
Jun S92 ) i i i ) i ) ) i i ) i
s1 - - - - - - - - - - - -
Jul S2 ] i i i ] i ) ] i i ] i
pug |SL | 26| 71| 115 20 200 0 12 62 20 38 483 257
S2 | 27| 72| 139 40| 20 O 12 98 24 74 493 547
sep |SL | 28| 74| 130 20/ 200 0] 8 76 16 60 462 378
S2 | 28| 76| 150 60| 40 13p O 8 Q 8 456 584
oct |S1 | 24| 71| 126] 1209 60 O 10 84 2p 64 483 437
S2 | 26| 76| 200 100 60 176 O 98 O 98 588 512
Nov |SL | 22| 7| 133 20| 20 0| 6/ 8 12 68 483 497
S2 | 25| 7| 196| 100 40| O 6/ 96 12 84 483 617
Dec |SL | 20| 72| 120 109 200 O 12 8 24 § 315 765
s2 | 22| 72| 170 140 20 264 O 128 128 39.9 1021
Jan | SL | 19| 74| 137] 80| 40 176 O 170 Q0 170 63 65
S2 | 20| 76| 156| 100 40, O 10 150 2p 110 59.3 46.7
Fep |S1 | 20| 73] 140/ 129 200 o 8 96 16 8 462 918
S2 | 21| 73| 161| 100 40 O 4 8 g 7B 42 72
var | ST | 22| 78| 13| 120 20 o 4 80 § 72 399 861
S2 | 21| 78| 153 80| 40 O O 96 O 96 441 599
apr |SL | 25| 77| 125/ 139 20 o 8 140 1p 1p4 457 933
S2 | 24| 78| 141] 110 25 0| 6 108 1p 96 495 755
May | ST | 29| 78| 119 135 35 0/ 8 154 16 138 478 94.2
s2 | 31| 77| 130 90| 30 0 8 114 16 98 524 776

All values are in mgl except temperature (°C), pH and transparencyifoetsrs)
*Samples not collected in June and July due toyeansoon and flooding

Sulphate concentration ranged between a lowesdfléngl*, observed at Site 1 in
September 2007 and highest of 27.029mal Site 2 in May 2008. The lowest and
highest values of nitrate were measured as 0.149idgbeptember 2007 at Site 1 and
0.476mgf' in May 2008 at Site 2 respectively. The valuesiydrochemical properties
were higher at Site 2 as compared to Site 1, pitgldde to vicinity to the villages,
addition of village wastes, interference of cattlathing and washing.

Correlation coefficient showed that at Site 1, temapure and pH correlated
positively (0.0429). Phosphate also correlated tpedy with temperature (0.1162).
Sulphate and nitrate both showed a positive cdroglavith phosphate (0.6098 and
0.2695 respectively). However, DO showed a negatwgelation with phosphate
(-0.2978), sulphate (-0.660) and nitrate (-0.82@)Site 2, temperature and DO showed
a positive correlation (0.033). Phosphate alsoetated positively with temperature
(0.613). Unlike Site 1, sulphate and nitrate camed negatively with phosphate
(-0.0134) and (-0.472), at Site 2. DO showed a tiagaorrelation with phosphate
(-0.476), sulphate (-0.766) and nitrate (-0.472).
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Figure 2. Monthly variation in hydro-chemical parameters at Kanewal wetland
from June 2007 to May 2008., Site 1
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Figure 3. Monthly variation in hydro-chemical parameters at Kanewal wetland
from June 2007 to May 2008., Site 2
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Phytoplankton community

The study of the phytoplankton sampled in Kanewatland showed 45 species
(Table 2). The phytoplankton assemblage was representédreg classes of algae viz.
Cyanophyceae, Chlorophyceae and Bacillariophycé@8eaxa were Cyanophytes, 17
were Chlorophytes and 9 were diatoms. The wetl&waved the post monsoon months
dominated by the Chlorophytes whereas; Bacillarypgh dominated the winter months
at both the sites. Some species occurred in alirtbieths at both the sites during the
sampling period viz.Merismopoedia convulata, Oscillatoria princeps, Spirulina
princeps, Cosmarium monomazum, Cosmarium granatum, Desmidium sp., Euastrum
sp. andMastogloia vasta.

Table 2. Occurrence of phytoplankton species at both the sites at Kanewal Wetland

Cyanophyceae Chlorophyceae Bacillariophyceae
Gloeocapsa atrata Chlorella sp. Cyclotella sp.
Gloethece rupestris Pediastrum duplex Cymbella sp.
Chroococcus indicus Coelastrum cambricum Gomphonema sp.
Chroococcus minor Scendesmus quadricauda Nitzschia sp.
Microcystis aeruginosa Scendesmus armatus Navicula sp.
Merismopoedia minima Ankistrodesmus falcatus Fragillaria sp.
M. glauca Zygnema inisigne Mastogloia vasta
M. elegans Spirogyra sp. M. elliptica

M. convulata Closterium libleinii Achnanthes sp.
M. punctata Staurastrum orbiculare

Arthrospira platensis S. sp.

Spirulina princeps Euastrum spinulosum

S. laxissima forma major E. gemmatum

Oscillatoria limosa Cosmarium monomazum

O. princeps Cosmarium granatum

Lyngbya porphyrosiphonis Spondylosium moniliforme

Anabaena sphaerica Desmidium sp.

Nostoc muscorum Gloeotaenium loitlesbergianum

The total density of phytoplankton was found maximduring February month
while it was minimal during rainy monthsgig 4).

The class Cyanophyceae was represented by 18 spmtanging to 11 genera. The
members of family Chroococcaceae were among the amsdant in the class. The
family was represented by the species of genMeaismopoedia, Chroococcus,
Gleocapsa and Gloethece. Cyanophycean community appeared in greater numbers
when phosphate, sulphate and nitrate concentratibnsaters were comparatively
moderate to higher, during winter and summer months

The class Chlorophyceae was represented by maxirganera. Among the
members, the representatives of family Desmediaaese the abundant and consisted
of genera Cosmarium, Closterium, Staurastrum, Euastrum, Desmidium and
Spondylosium. Desmediaceae was followed by Zygnemaceae corgistingenera
Zygnema andSpirogyra. The other members of the class w&rendesmus, Pediasrtrum
and Ankistrodesmus. The community of Chlorophyceae was rich duringhhizO and
comparatively low chemical status, especially durimgter months.
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Figure 4. Monthly variation in phytoplankton number at Kanewal wetland
Sfrom June 2007 to May 2008., Site I (upper) and Site 2

The class Bacillariophyceae being the most domineast represented by the genera,
Fragillaria, Navicula, Achnanthes, Mastogloia, Cyclotella, Cymbella, Gomphonema
andNirzschia. However, excepVavicula species, most of the members appeared round
the year particularly during winter because of hig® and low nutrient condition of
waters and their community became smaller as thersr progressed at both the sites.
The correlation analysis of the important paransewth the phytoplankton showed a
positive correlation with DO, a value of 0.377 d@eSL and 0.187 at Site Zdble 3).
Sulphate showed a positive correlation with phydaagton at Site 2 (0.440). Phosphate
and nitrate showed a negative correlation at Huhsttes (-0.127) at Site 1 and (-0.562
at Site 2). Sulphate showed a negative correlato8ite 1 (-0.593). Pearson Product
Analysis for phytoplankton showed a high significaraf Bacillariophyceae members
between both the sites than other two groups.
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Table 3. Correlation Coefficient Analysis of important chemical parameters with total
phytoplankton species

Hydro-chemical Properties Site 1 Site 2

Phosphate -0.122 -0.562
Sulphate -0.594 0.440
Dissolved Oxygen 0.378 0.187
Nitrate 0.703 0.756

Discussion

Diversity of plankton population is fairly dependemt quality of water and climatic
factors. Phytoplankton diversity and productivite atrongly related to water quality
(e.g., Moss, 1988) as well as to biotic factorsh@ier, 1998). Singh (1965) stated that
temperature, pH, alkalinity and phosphate have b&mphasized to be significant
factors for controlling distribution of Cyanophyeeahich is also corroborated with the
present study. Alkalinity range of 50 to 110 mg#éstbeen reported as optimum for the
Cyanophyceae (Jackson 1971) which coincide witheotirfindings where alkalinity is
within the range. Tripathy & Panday (1990) Rana Hirdhal Kumar (1993), Hegde and
Sujata (1997) and Nirmal Kumar et al. (2005) regabrthat high water temperature,
phosphate, nitrate, low DO and ¢€Qupported the growth of Chlorophyceae and
Diatoms. Harish (2002) concluded that phosphatésates and nitrites control the
growth of Chlorophyceae and Diatoms in lentic wat&erhaps this could be the reason
in the present study, species of Chlorophyceae Riatoms were found abundant,
which was having phosphate, nitrate and high DQrentrations at both sites.

Patrick (1973) observed that the acidic waters db support an abundance of
Bacillariophyceae, while in alkaline waters with pHove 8.0, their density is more. In
the current investigation, pH was found to be innibatral range (7.0 — 8.0) supporting
a good population of the diatoms. Zafar (1964) amijls & Swarup (1979) reported
that higher concentrations of calcium promote trevh of diatoms but Harish (2002)
pointed out that there is no relationship betwdamdance of diatoms and calcium. In
Kanewal, the Bacillariophyceae were the most dontimad occurred through out the
period of study. Moreover, DO content was found ¢odonsiderably high in colder
months. Reid (1961) stated that the solubility xygen in water increased by lowering
the temperature, that is, solubility of oxygen iate&r was known to be affected
inversely by the rise in temperature (Moss 1988)rake showed lower values but an
increase in its concentration was observed in wimenths. This may be attributed to
inflow of rain water and partly by decomposition pfacrophytes. The plankton
community, on which the whole aquatic populatiopetels, is largely influenced by
interaction of a number of hydro-chemical factake [low DO, moderate sulphate,
nitrate, phosphate and other characters. Moss8j1&8&1 Rana et al (1995) showed that
a number of physico-chemical and biological factacsing simultaneously must be
taken into consideration in understanding the d@magrof plankton population. The
present study ensures that variation in the abumdahplankton can be best explained
when environmental factors jointly influence. Thus,may be concluded that the
composition of phytoplankton is dependent on déiferabiotic factors either directly or
indirectly.
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Abstract. In the course of anaerobic sludge treatment gtiige) biogas can be acquired from the sludge,
its use for energetipurposes has a determinatisgnificance in a wastewater treatment plant. The
biogas produced in the course of decompositioovers — among others — a considergladion of the
heat- and electric energy consumption in a waseawatatment plant, thus an increase of the biogas
volume is an outstanding task. It is possible toréase the biogas volume if the anaerobic digestion
processes are thoroughly well known. The anaerdlgiestion process is determined by temperature,
substrate composition, loading, and alsotdwic substances that might be present. In our raxeatal
work the thermophilic and mesophilic full scale erabic bioreactors of a communal sewage treatment
plant were tested by applying usual control paramsednd enzyme activity tests.

Keywords: anaerobic fermentation, thermophilic, mesophilic, biogas

Introduction

Biogas with methane may be produced during therabaefermentation process of
the sewage sludge. Usage of the biogas can bg reglbrtanat in the electric power
supply of the wastewater treatment plant. Biogasvelé from the fermentation can
cover the greatest part of the power and electexn of the plant thatswhy one of the
most important tasks is to increase its volume. 8ot a renewable and sustainable
energy source. Biogas can be produced from soldl lmuid wastes (for example:
sewage sludge, agricultural or food industrial ws)t Biogas will act the part of
renewable energy sources in the world. India has séeond largest biogas and
improved stove programme in the world (Raghuvamrshal., 2008). For growing the
biogas volume we have to understand more detdikeednaerobic fermentation process,
which is determined by temperature, substrate coitiposload, and toxic materials
which might be presented (Schroeder, 1977; Malmé Rohland, 1992). In our study
we compared anaerobic fermentation made on thertopland mesophilic
temperatures on full scale anaerobic bioreactoafyylying usual control parameters
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(pH, volatile acid content, alkalinity, gas compmsi) and by enzyme activity
(dehydrogenase, protease, lipase) tests.

Investigation of the methane gas production depednole temperature has been
existing for a long time. Methane gas productiartstabove 0°C (phsichrofil range: 0-
25°C) then with the increasing temperature gasmelis growing. Temperature’s role
in the anaerobic decomposition has been investdatanany authors (Fair and Moore,
1934; Goulecke, 1958; Hills and Schroeder, 1969) singgested the mesophilic range
(35-40°C) for optimal methane producing temperatarel reported drastic decrease in
gas production above 42°C (Fair and Moore, 1934|sHind Schroeder, 1969).
Nowadays it is known that there are two optimal gemature intervals (Malina and
Pohland, 1992). The optimal temperature of the pi@io range is about 55°C. Based
on economical considerations the mesophilic (at 8B&66C) and the thermophilic (at
about 55°C) decomposition have spreaded in everpdagtice. Mesophilic range is:
25-45°C while thermophilic is: 45-60°C. Malina aRdhland (1992) reported drastic
gas production decreasing above 60°C and ceasingeat@@C. Kardos et al. (2009)
had the same results in their investigation madpilot plant scale. The mesophilic
fermentation is still in the first place in the dge treatment however the thermophilic
fermentation proccesses higher decomposition effay, thatswhy bigger gas volume,
and shorter hydraulic retention time. Comparisorthaf mesophilic and thermophilic
fermentations can be seen in th@le 1. Table 2 contains their advantages and the
Table 3 includes their disadvantages. The tablesle I, Table 2, Table 3) were set up
from results of many experiments made in pilot &rtlplant scales by many authors
(Ahring, 1994; Aitken et al., 1992; Garber, 198&njpour et al., 2002; Moen et al.,
2003; Nielsen, 1999; Nielsen et al., 2001; Rimkualgt1982; Zabranska et al., 2000a,
2000b, 2002).

Table 1. Comparison of mesophilic and thermophilic fermentation based on operating and
controlling parameters

Parameter Mesophilic system Thermophilic system
Optimal temperature (°C) 35-40 55-60
pH 7.2-8.0 7.2-8.5
Temperature’s fluctuation tolerated by 3-5 1-2
the system (°C)
Hydraulic retention time (d) 15-25 3-10
Max. COD reduction (%) 65-85 85-95
Max. BOD;s reduction (%) 60-80 80-90
Max. organic material reduction (%) 45-55 55-70
Biogas production (Nf#1000kg dry 920-980 950-1000
organic material)
Methane gas content of the biogas (%6) 60-70 70-85
Volatile acid (mg CHCOOH/dnf) 1500-2500 3000-4000
Alkalinity (mg CaCQ/dn’) 4000-6000 3000-5000

Explanation:COD: chemical oxygen demand; B@DBive days biochemical oxygen demand

To see thdable 1 it is remarkable that the results of enzyme agtimieasurements
are missing. Application of the results of the eneyactivity investigations can be
usefull in the plant control process, because hidi® processes — as the first steps of
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the anaerobic digestion and beeing also fermepatatispeed determining — can be
described by them (Thiel and Hattingh, 1967).

Table 2. Advantages of the mesophilic and thermphilic systems

Mesophilic system Thermophilic system
(related to the unstabilised sludge) (related to the mesophilic system)

during the biogas production organic material is increased gas output due to the faster reaction;
stabilising; fermented sludge can be applied as higher methane gas content and reduces hydrogen-

dung sulfid content in the biogas
sludge’s quantity reducing staying-duration shorter
sludge’s fertilisation ability reducing smaller otar volume demand

=

sludge’s water downtake capacity getting bette enpa@atogen’s distruction
sludge’s dehydratation getting better

reduced foam formation in the reactor

Table 3. Disadvantages of the mesophilic and thermophilic systems

Mesophilic system Thermophilic system
(related to the unstabilised sludge) (related to the mesophilic system)
due to the longer staying duration - larger reactor higher heater energy demand
volume demand, higher investment'’s costs
sludgewater’s quality getting worse sludgewatedality getting worse

fermentation blocking influence of heavy metals sigvrity to the sudden temperature fluctuation,
more precise temperature regulation demand
sensitivity to the toxic heavy metals

In spite of some disadvantages of the thermopkylgtem, it is more favourable than
the mesophilic one, because of its larger gas owtgpacity and higher methane gas
content. Neverthless the mesophilic systems hawn hesual in the fermentation
process. An anaerobic digestion process consisgevaral sub-processes. According to
Lawrance and McCarty (1969) and Malina and Pohlgh@92) in an anaerobic
digestion process also three steps are existindrohysis, acid production, methane
production. However essentially only two phasesaitidic and methane phases must be
dealt with, as the process of hydrolysis is alsoied out by the acid producing
bacteria. In the course of the hydrolysis — dutheffect of the extracellular enzymes
of acid producing bacteria — the large moleculah@solid sludge are decomposed into
symple carbohydrates, amino acids and fatty aditisis this step and its rate has a
deterministic role in the process of the methamelpetion. The substrate’s degradation
can be described by the hydrolytic enzym activaty the decomposition speed depends
on that (Thiel et al., 1968).

For describing anaerobic processes the use of alewsthods has been tested.
Chung and Neethling (1988) suggested to determhee doncentration of ATP
(adenosine-5-thriphospate) since its concentradimh the rate of gas production are in
close relationship with each other and these twamaters property describe the
activity of an anaerobic system. In certain cases rmeasurements of hydrogen can
adequately describe the equilibrium of the methaneducing phase (Mosey and
Fernandez, 1988). However following hydrogen useg®nly one way to control
methane production, thus is not really typical leé total methane production process.
For controlling the operation of anaerobic fermestehe use of hydrolytic enzyme
activity tests were already proposed by Thiel ardtinigh in their article published in
1967.
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Since than more authors (Goel et al., 1998; Li @hddst, 2006) tried to follow the
enzyme activity processes by measurements but flyr @antrol this applications have
not become part of the control parameters, only ukeal control parameters (pH,
volatile acid content, alkalinity, gas compositicare used in the practise. From the
plant operation point of view it is very importatd control and to intervene the
anaerobic fermentation process in every casesisieeded.

In the following we describe our investigations mad full scale plant with the
usually applied parameters (pH, volatile acid coptalkalinity, gas volume, gas
composition) and biochemical parameters (dehydragenarotease, lipase) based on
our former pilot plant investigations (Kardos et 2009).

Materials and methods

The investigations was carried out at a communalage treatments plant in
Budapest (Budapest Sewage Works Ltd., South-PestéWater Treatment Plant). In
our work we investigated the usually applied conpratameters and the relation of
enzyme activity and gas output in mesophilic ararttophilic towers.

At the sewage treatment plant there are three rhdsp@naerobic fermenters
(2600n7 each) and one thermophilic anaerobic reactor 6086. From both of them,
one was investigated. The most important operatpagameters of 50 days
investigations can be seen in thele 4.

Table 4. The average daily values of the operating parameters over the experimental period
(n=50)

Parameters Mesophilic system Thermophilic sytem
Temperature (°C) 35.610.6 54.610.5
Specific organic material load 3.24+0.74 2.10+0.76
(kg/m?® * d)
Hydraulic retention time (d) 16.45+1.25 5.65+0.45

In our work the control parameters were investigaseich as total volatile fatty acid,
alkalinity, gas composition, pH, dry and organictenial content of the sludge. These
parameters were measured on the basis of the eewgnts given in the Standard
Methods. Gas composition of the biogas was deteunaccording to the Hungarian
Standard (MSZ5313-57) based on the absorbancyeofidls components and also on
burning methane. The produced gas quantity was ureddy gas volume registrating
system.

For the enzyme activity measurements has not eliasternational standard, so the
determination of the measurements method is puddish this work. Before their
application, receipt’s adaptation investigations ammaerobic sewage sludge samples
were made based on former scientific literature@td

Dehydrogenase enzyme activity

The dehydrogenase activity was measured on thes lwdsGarcia et al. (1993),
Skujins (1976), Griebe et al. (1997) and the HuiagaBtandard No. (MSZ-08-1721/3-
86). Satureted NaHC{as a buffer, and 2,3,5-triphenyltetrazolium clder{(TTC) as a
substrate were added to the digested sewage shaigple. Then for one hour the
samples were stopped by ethanol. After filterifgg solution’s absorbancy-applying
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ethanol as blank was measured at 485nm. The obtabsorbancies were evaluated
using calibrations. The calibration series containtaphenyl-phormazane (TP) in
known concantration as — due to the result of tloegss catalyzed by the enzyme —
TTC transforms its quantity could be measured cspphotometry. The activity is
expressed in triphenyl-phormazane mass produced bwyit weight of dry organic
sludge per hour.

Protease enzyme activity

The protease activity measurement was carried outhenbasis of Thiel and
Hattingh’s method (1967). In these test seriesinasg@ution was used as a substrate.
Each sample contained 1/3 part sludge sample, Xt3&phstrate and 1/3 part distilled
water. After incubation at room temperature for duhthe reaction was stopped by
trichloroacetic acid. After alkalization, which foled filtering-due to the separated
iron precipitate- it was refiltered and adding thldi Folin-reagent the appearing blue
clolour was measured at 660nm. As a blank, anaerslodge treated in the above
rations without incubation was used, immediatetgrats treatment with trichloroacetic
acid. The measured data were evaluated by L-tygosalibration. The activity is
expressed in tyrosine quantity produced during lomé by a unit mass of dry organic
sludge.

Lipase enzyme activity

Lipase enzyme activity was measured according tal&uwilbecke et al. (1992) and
Li and Chrost (2006). For carrying out these téstsemulsion of two reagent solutions
(containing 4-nitrophenyl palmitate-NPP-as subsjrdtad to be prepared then its
predetermined portion was added into the supernatiatite centrifuged sludge. The
incubation time was one hour at 45°C, light absorpbf the sample was then measured
by spectrophotometer. The activity is expressed-mtrophenol (NP) mass produced
by 1 g of dry organic sludge per hour.

Results

To see thdlable 5 it can be said that in the thermophilic systens-aaesult of the
higher utilisation of the organic materials — tipeafic gas production is higher which
is according with former published results. Methaoatent of the biogas increased
with 9.4% (mesophilic avarage: 54.2+3.9%, thermbplhivarage: 59.3+£2.3%).

Neither of the investigated systems showed sigmtipH variation, its value was in
reasonable interval in both of cases. Average pHevin the thermophilic system was
about the minimum level (7.2+0.5) of the optimaiga. It can be said that the pH itself
iIs not an adequate parameter for following the @sees. Volatile acid’s content
changed according to the pH and its value is hidggyethe thermophilic fermentation
(37094793 mgCHCOOH/dnT), at the same time bacterial utilization of vd&agcid is
also higher which can be confirmed by the larger @atput and methane content. In the
relation of the above mentioned aspect the alkglvelue — as the buffer capacity of
the system — was higher in the mesophilic systemerége: 5982+951 mgCaG@n).
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Table 5. Variation of control parameters and enzyme activities data in the full scale plant in
mesophilic and thermophilic process over 50 days investigation period

Parameters Mesophilic system Thermophilic system
Average RSD (%) Average RSD (%)
Specific gas quantity 965 10.8 990 10.9
(Nm*1000kg organic
material)
Methane content of the 54.2 7.1 59.3 4.0
biogas (%)
pH 7.8 3.7 7.2 6.3
Alkalinity 5982 15 4658 25
(mgCaCQ/dnr)
Volatile acid 2077 17 3709 21
(mgCH,COOH/dn7)
Dehydrogenase (mg 19.5 17.8 29.4 23.4
TP/g org.m.*h)
Protease (mg tyrosine/g 119.7 25.4 154.6 19.8
org.m.*h)
Lipase (mg NP/g 224.5 40.5 294.2 30.2
org.m.*h)

Nm?® = normal mi(in normal state: 273,15 K, 0,1 MPa), TP = tripHgplyormazane, NP = 4-nitrophenol,
org.m. = organic material

All of the three enzyme activity's values were heghin the thermophilic
fermentation than in the mesophilic one — dudngorhore intensive bacteria’s activity —
which were indicated also by the larger gas out@ethydrogenase activities as
indicator of total biomass activities in the twdfelient anaerobic systems is shown in
the Fig. I; the substrate specific protease activities casdsn in theFig. 2 and the
lipase activities is in thé&ig. 3. The average values of the 50 days investigatawas
described in th&able 5. Based on the figures it can be said that the rapzyctivity of
the thermophilic system is higher than the mesapbie in each case.

Dehydrogenase activity (mg TP/g org.

10
5 4
0 \ \ \ \ \
0 10 20 30 40 50
Days
‘ Mesophilic = = = Thermophilic ‘

Figure 1. Variation of dehydrogenase activities in thermophilic and mesophilic systems
(TP = triphenyl-phormazane, org.m. = organic material)
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Figure 2. Variation of protease activities in thermophilic and mesophilic systems
(org.m. = organic material)
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Figure 3. Variation of lipase activities in thermophilic and mesophilic systems
(NP = 4-nitrophenol, org.m. = organic material)

Summary

Based on the 50 days investigations made in fallesplant anaerobic fermenters at
mesophilic and thermophilic temperature, it carshigl that the specific gas output of
the thermophilic system is higher. Methane gas erunt as indicator of the heater
capacity — in the biogas increased from 54.2+3.8% walue of 59.3+2.3, this means
9.4% average growing. The average quantity of deagthane production increased
from 523 Nni/1000kg dry organic material to 587 Nitt000kg dry organic material
which means 12.3 % rising (64.5 Nmmethane). This important fact compensates that
larger heat demand and smooth temperature’s régulate needed in the thermophilic
fermenters. In this system the 1-2°C sudden tenyoera&hanges can cause operating
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trouble. Among the usually applied control paramgteH has not shown significant
variation in the two investigated systems, its gahas stayed in the optimal interval
thatswhy pH, itself can not be adequate controhipater. The average values of the
alkalinity in the mesophilic system was higher campg to that at thermophilic
temperature was observed, despite of it the systéffer capacity was provided
suitable by that. The system’s buffer capacityatednined by the alkalinity which has
crucial role in the safe plant operation. Increasethtile acid concentration and
utilization were measured in the thermophilic systéhan those at mesophilic
temperature and it is also confirmed by the largpecific gas production data.
Thermophilic system proccesses higher enzyme #@iesvihan the mesophilic one. All
of the three investigated biochemical parametegbydrogenase determining the total
biomass activities, and the substrate specificeas®# and lipase) values were higher at
thermophilic temperature. The biochemical actipgrameters are proposed to apply
for control the anaerobic digestion balance, asfitbe speed determining steps of the
fermentation can be described by them. The advantagthat simplified enzyme
activity tests require relatively short time anavlmvestment costs also in low level
equipped laboratories.
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Abstract: The study deals with the change of light-trap cattthe Turnip Moth Agrotis segetum Den.

et Schiff.), in connection with the horizontal cooment of geomagnetic field and the moon phases. The
numbers of specimens caught by generation relaaveh values were calculated. These hourly relative
catch data were assigned to the hourly values nfdmtal component of geomagnetic field. They were
separated by the moonlit and moonless hours ofotlvequarter of the Moon (New Moon, First Quatrter,
Full Moon and Last Quarter) were classified. Weeated the hourly catch results pertaining toriberly
values of both the horizontal component and moonlihoonless hours of four moon quarters. Aftet W
made correlation calculations to demonstrate tekarasd connection. Our calculations have shownithat
the period of the New Moon when there is no meddearmoonlight, the higher values of the horizontal
component are accompanied by a falling relativelcdn the other moon phases, i.e. in the Firstri@ua
Full Moon and the Last Quarter, growing values e horizontal component are accompanied by an
increasing catch in both the moonlit and moonleag$

Keywords: geomagnetic field, lunar month, insects

Introduction

It has been known for decades that the insectsidbie geomagnetic field, and even
can use it as a three-dimensional orientatiors. di$o known for decades that the spatial
orientation of the insect is able to use the Mddfe investigated, therefore, that the
effectiveness of light-trap catch of insects chang®e the combined effect of the
horizontal component of the geomagnetic field gterand the moon phases?

A number of laboratory experiments and comprehenstudies are devoted to the
physiological bases of perception and the waysiehtation (Wehner and Lobhart, 1970;
Kirschvink, 1983; Wehner, 1984 and 1992; Jahn, )98&cker (1964) has found that
certain species of termites (Isotermes), beetlete(@tera), flies (Diptera), orthopteroids
(Orthoptera) and membrane-winged insects (Hymerapéee guided in their orientation
by the natural magnetic field. Mletzko (1969) aadrout his experiments with specimens
of ground beetlesB{oscus cephalotes L., Carabus nemoralis Mull. and Pterostichus
vulgaris L.) on a 100 square meter asphalt coated ardsiMbscow botanical garden.
He placed the insects in the middle of the area falowed their movement with a
compass. After some uncertainty, the insects ftea given direction with an accuracy of
+5° at daylight and_+60° at night. The author assumes that orientation ideguby
geomagnetism. Iso-lvari and Koponen (1976) studiedimpact of geomagnetism on
light trapping in the northernmost part of Finlahml.their experiments they used the K
index values measured in every three hours, asaseleZK and thedH values. A weak
but significant correlation was found between theorgagnetic parameters and the
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number of specimens of the various orders of isseatight. Studying the few Willow
Ermine (Yponomeuta rorella Hbn.), Pristavko and Karasov (1970) revealed eetairon
between the C anelK values and the number of individuals caught. Ifatar study
(Pristavko and Karasov, 1981) they also establishatlat the time of magnetic storms
>K has a greater influence on the flying activitytbé above species. The influence is
also significant in years whe@K is not higher than 16-26. Equally interestingthe
observation that iEK < 26, flying activity intensifies the same dayXK = 27-30, this
happens the following day andiK = 33-41, intensification follows only on the seco
or third day. Studying the termite spectéaerotermes indicola Wasmann, Becker and
Gerisch (1977) found a stronger correlation betw#aa activity and the vertical
component of geomagnetism (Z) than with the vabfethe K index. Tshernyshev and
his colleagues have discussed in a series of sttligeresults of their laboratory and light
trapping experiments with species of different osdef insects to reveal a connection
between geomagnetism and certain life phenomereerigshev (1966) found that the
number of light-trapped beetles and bugs rose riargs over at the time of geomagnetic
storms in Turkmenia. He found a high positive datren between the horizontal
component and the number of trapped insects. brdadxy conditions, Tshernyshev and
Danilevsky (1966) could not reveal the influenceanfalternating magnetic field on the
activity of flies at low temperature (22°C), butselbved a significant rise at 29°C.
Tshernyshev (1968) studied the changes in the daab rhythm of theTrogoderma
glabrum Herbst. as a function of the perturbations ofrtregnetic field. His assessment
was based upon the K-index values over 4, i.e. é0emeasures at 6 and 9 p.m. as well
as at 3 a.m. It was proved that the biological hintof the species observed was
influenced by factors that coincided with pertuidyas of the magnetic field. It was also
observed by Tshernyshev (1965) that the numbeigbt-trapped insects significantly
rose at the time of magnetic perturbations. Ldtewever, he reported that while light-
trap catches of some Coloptera and Lepidopera espeicicreased, that of other
Lepidoptera and Diptera species fell back duringgmesic perturbations (Tshernyshev,
1971 and 1972). Tshernyshev and Afonina (1971) alsserved that the activity of
certain moths and beetles increased, but in sosesdeall back under the influence of a
weak and changing magnetic field induced in lalmoyatconditions. Based on
international literature and his own results, Taelshev (1989) published a
comprehensive study to give a summary of the |atagéé of knowledge on the relation
between geomagnetism and the activity of insectheiyshev and Dantharnarayana
(1998) used an infrared actograph to study in klooy conditions the activity of
(Helicoverpa armigera Hbn.), Native Budworm Helicoverpa punctigera \Wallengren)
and Heliothis rubescens Walker). Examining the influence of the geomagnétiindex
also in the context of the four typical lunar qeest (First Quarter, Full Moon, Last
Quarter and new Moon), a significant negative dati@ was found in the Last Quarter
and a positive correlation in the other three. Madine also disturbed by geomagnetic
perturbations. 30 hours after perturbations theamice was still felt.

Examinations over the last decadeave also confirmed that some Lepidoptera
species, such a@éctua pronuba L. (Baker and Mather, 1982) ad@rotis exclamationis
L (Baker, 1987) are guided by both the Moon anchgggmetism in their orientation, and
they are even capable of integrating these twocssuof information. On cloudy nights,
the imagos olNoctua pronuba L. orientated with the help of geomagnetism. s ttase,
too, their preference lay with the direction theygllthosen when getting their orientation
by the Moon and the stars. Using hourly data fréma inaterial of the Kecskemét
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frationating light-trap, we have examined the ligigpping of Turnip Moth Agrotis

segetum Den. et Schiff.), Heart-and-Da grotis exclamationis L.) and Fall Webworm
Moth (Hypantria cunea Drury) in relationship with the horizontal compoheof the
geomagnetic field strength (Kiss et al., 1981; Nwaky and Téth, 1983).

According to the authors of recent publicationsy@Bry and Oliveira, 2001; Gillet
and Gardner, 2009; Samia et al., 2010) the oriemiaiavigation of moths at night may
becomes not by the Moon or other celestial lightrses, but many other phenomena
such as geomagnetism.

The average field strength of the Earth as a magdatole is 33,000 (1y = 10°
Gauss = 18 Tesla = 1 nanotesla (nT)). Geophysical literatusesy as a unit.
Geomagnetic field strength can be divided intoghtemponents: H = horizontal, Z =
vertical and D = declination components. The magraetd geographic poles of the Earth
do not coincide, therefore in addition of geograplihere are also geomagnetic co-
ordinates of latitude and longitude. The latterrabterize the geomagnetic conditions of a
given geographical location. Geomagnetic paramejeatly differ in any given moment
of time at the various points of the surface of Haeth. A distance of approximately 300
kms along the geomagnetic meridian may producefsigntly different characteristics.
So in Hungary, geomagnetic data registered atglespost of observation will provide
sufficient information for the entire territory @he country. These measurements are
made at the Geodetical and Geophysical Researttute®f the Hungarian Academy of
Sciences at Nagycenk, near Sopron and the Obspnadtthe Hungarian Lorand E6tvos
Geophysical Institute at Tihany.

Material and methods

The yearbooks of the latter supplied us with tht&a dee needed in our research,
namely, those of the horizontal (H) componehtthe geomagnetic field strength. The
yearbooks include values of the horizontal compboeer 21 500 nT over 41 800 nT.
Since the values of the horizontal components @fgigiomagnetic field strength showed
great differences in the years examined, we cowdkwith values over 21 250 nT
respectively, when processing our light trappingda

For the purposes of our examination we had at mpodal three years of catch data
pertaining to Turnip MothAgrotis segetum Den. et Schiff.) from the material of the
Kecskemeét fractionating light-trap. From the numbkspecimens caught we calculated
relative catch values (RC) by generations. We haigd before in our earlier work (Kiss
et al.,, 1981; T6th and Nowinszky, 1994) that th@ant of geomagnetism on light-trap
catches should not be studied without consideratmnthe prevalent illumination
conditions. Therefore we divided our relative cattdia to those gained in or in the
absence of moonlight and within these two classedbkshed sub-categories according to
the Moon phase angle around the four Moon quaiterthe following way: In the
swarming period of the various species, we caledl#te value of the Moon phase angle
for the 24" hour (UT) of each night. Then we formed 30 groapphase angles of the
360 phase angle values of the complete lunar mdrith. group containing the phase
angle values found in the vicinity of a Full Moo@°( or 360°)_+6° is marked: O.
Proceeding from here through the First Quarteta direction of the new Moon, the
groups are marked as: -1, -2, -3, -4, -5, -6,87;9, -10, -11, -12, -13 and -14. From the
Full Moon through the final quarter in the directiof the new Moon the groups are: 1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13 and 14. Thegaf phases containing the new Moon is
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marked:_+15. Each group contains 12-phase angle valuefothigypical Moon quarters
contain the following phase angle groups: Full Md@eh- +2), final quarter (3 -9), new
Moon (10 - -10) and First Quarter (-9 - -3).

The numbers of specimens caught by generationivelatatch values were
calculated. These hourly relative catch data wessigaed to the hourly values of
horizontal component of geomagnetic field. They weeparated by the moonlit and
moonless hours of the four quarter of the Moon (NM@on, First Quarter, Full Moon
and Last Quarter) were classified.

We correlated the hourly catch results pertainmghte hourly values of both the
horizontal component and moonlit or moonless hotifsur moon quarters. After that we
made correlation calculations to demonstrate themasd connection.

Results and discussion

The relative catch values of the Turnip Matlg#otis segetum Den. et Schiff.) connected
to the values of the horizontal component in me@md moonless hours of four quarters of
the Moon can be seenfiig. I, Fig. 2 andFig. 3.
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Figure 1. Light-trap catch of the Turnip Moth (Agrotis segetum Den. et Schiff.) in moonlit hours
of First- and Last Quarers and Full Moon in connection with the horizontal component of the
geomagnetic field over 21 250 nT

Our calculations with data of the horizontal compurgupplied by the material of
the Kecskemét fractionating light-trap have shohat in the period of the new Moon
when there is no measurable moonlight, the higl&res of the horizontal component
are accompanied by a falling relative catch. Indbeer Moon phases, i.e. in the First
Quarter, Full Moon and the final quarter, growirgjues of the horizontal component
are accompanied by an increasing catch in bothntbenlit hour and those without
moonlight. So it appears that in the period of tiorain which the presence of the
Moon provides insects with orientation informati@ some time of the night,
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orientation is guided primarily by light stimuluyven if the Moon is not over the
horizon. Growth of the geomagnetic field strengtiyrgenerate an intensification of the
flying activity of insects, yet, with the role ohd light stimulus being of prime
importance in orientation, collecting is even meftective. On the other hand, in the
vicinity of the new Moon when at no time of the migan insects base their orientation
on the Moon, it is presumable that intensifyingmeagnetic field strength that increases
the security of the orientation of insects will, against light stimuli, receive an
increasingly important role in the process of o¢ion.
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Figure 2. Light-trap catch of the Turnip Moth (Agrotis segetum Den. et Schiff.) in moonless
hours of First- and Last Quarers and Full Moon in connection with the horizontal component of
the geomagnetic field over 21 250 nT
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Figure 3. Light-trap catch of the Turnip Moth (Agrotis segetum Den. et Schiff.) in moonless
hours of the New Moon in connection with the horizontal component of the geomagnetic field
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