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ABSTRACT

The efficacy of the entomopathogenic nematodes Steinernema feltiae and Heterorhabditis
bacteriophora against larvae and adults of banded greenhouse thrips, Hercinothrips
femoralis, was studied under laboratory conditions. The activity of the biological agents under
study was determined at three different temperatures (15, 20, and 25°C), with concentration
of 200 infective juveniles per individual (larva or adult), a day:night ratio of 4:20 and relative
humidity of 95 %. The experiment was conducted in plastic rearing vessels on French bean
leaves with a slightly modified version of a method used for studying the bionomics of thrips.
The mortality rate of the thrips was determined four days after the application of the
nematode suspension. Temperature had significant influence on adult pest mortality, but no
significant effects were found with nematode species. Neither temperature nor nematode
species had significant effect on larval mortality, which ranged from 23 % (S. feltiae at 25°C)
to approximately 50 % (H. bacteriophora at 15 and 25°C). Mortality of adults was significantly
influenced only by temperature, with the nematodes being most efficient at 25°C
(approximately 30 % mortality by H. bateriophora). The results of our research showed that
foliar application of entomopathogenic nematodes might be a relatively efficient way for
controlling H. femoralis, but the optimization of environmental factors would likely improve
their efficacy further.

Key words: Thysanoptera, Terebrantia, Thripidae, Panchaetothripinae, Steinernema
feltiae, Heterorhabditis bacteriophora, efficacy
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1ZVLECEK

PRVI REZULTATI UCINKOVITOSTI ENTOMOPATOGENIH OGORCIC ZA ZATIRANJE
RESARJA Hercinothrips femoralis (Reuter)

V laboratorijskihn razmerah smo preucevali ucinkovitost entomopatogenih ogor€ic
Steinernema feltiae in Heterorhabditis bacteriophora za zatiranje li¢ink in odraslih osebkov
resarja Hercinothrips femoralis. Delovanje ogor€ic na Zuzelko smo ugotavljali pri treh razli¢nih
temperaturah (15, 20 in 25°C), koncentraciji 200 infektivnih li¢ink/osebek, razmerjem med
svetlobo in temo 4:20 in 95% relativni zracni vlagi. Poskus smo izvajali v plasti€nih gojitvenih
posodicah na fiZzolovih listih, z rahlo modificirano metodo, ki je bila primarno razvita za
raziskave bionomije resarjev. Stiri dni po aplikaciji suspenzije ogoréic smo ugotavljali smrtnost
izpostavljenih resarjev. Med vrstama ogor¢ic nismo ugotovili signifikantnih razlik v delovanju
na Skodljivca. Vrsta ogor€ic in temperatura nista imeli signifikantnega vpliva na smrtnost
li¢ink, ki je znaSala od 23% (S. feltiae pri 25°C) do priblizno 50% (H. bacteriophora pri 15 in
25°C). Smrtnost odraslih osebkov je bila signifikantno determinirana le s temperaturo, pri
Cemer so bile ogordice najbolj ucinkovite pri 25°C (priblizno 30% smrtnost pri H.
bacteriophora). Rezultati naSe raziskave kazejo, da je lahko foliarna aplikacija preu€evanih
bioti¢nih agensov relativno udinkovit nadin zatiranja resarja H. femoralis, z optimiziranjem
okoljskih dejavnikov pa je mogocCe njihovo udinkovitost Se izboljSati.

Kljuéne besede: Thysanoptera, Terebrantia, Thripidae, Panchaetothripinae, Steinernema
feltiae, Heterorhabditis bacteriophora, u€inkovitost

1 INTRODUCTION

Banded greenhouse thrips, Hercinothrips femoralis (Reuter) (Thysanoptera:
Thripidae), belong to a group of some ten Thysanoptera species which have been
proven to be noxious to both cultivated and indigenous plants. Thrips are found across
Africa, Central and North America and in Europe (Palmer et al., 1989; Simon, 1993).
On the Old Continent and in other areas with moderate climate, these pests are
particularly noted in greenhouses (Lacasa in Martinez, 1988; Tusnadi in Nemstothy,
1992; Vierbergen, 1995; Reiderne et al., 1997; Pintureau et al., 1999; Nedstam, 2001,
Trdan, 2002).

Although H. femoralis is known under the common name of sugar beet thrips, it is
found almost everywhere where bananas are grown (Lewis, 1997) and also causes
economically important damage to a variety of ornamental plants. In fact, it can feed
on more than 50 host plants including representatives of the genera Amaryllis, Aralia,
Begonia, Chrysanthemum, Croton, Dieffenbachia, Dracaena, Ficus, Gardenia,
Hydrangea, Philodendron, Schefflera, Schlumbergera and others (Beshear, 1979;
Oetting and Beshear, 1980; Nedstam, 2001). The sucking of the larvae and adults
results in the appearance of silver spots and the aesthetic appearances of the attacked
plants are further diminished due to the presence of black excrement.

Rare literature sources which deal with the chemical control of H. femoralis (Scarpelli
and Bosio, 1999) show that these thrips are not tolerant to insecticides. Thus it is
possible to use insecticides to reduce the number of the pest quickly and efficiently
before they can spread to a greater extent. Recently, however, more and more
importance has been assigned to finding environmentally acceptable ways of
controlling plant pests (including thrips) — and a major line of research is the use of
their natural enemies. Among these natural enemies are the entomopathogenic
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nematodes (EPNs); soil organisms which are mutually associated with bacteria of the
family Enterobacteriaceac. The nematodes enter the prey through their body
openings. After infection, the EPNs' symbiotic bacteria are released into the insect
hemocoel, causing septicemia and death of the insect (Kaya and Gaugler, 1993).

Most previous research employing EPNs has been directed against soil pests (Kaya et
al., 2006). Yet increasing research utilizes their application more broadly and in some
cases, EPNs have already been used practically. One of these productive lines of
research is the foliar application of EPNs with which a faster activity of nematodes
can be attained. Amongst the Thysanoptera species, most previous research has been
focussed on western flower thrips (Frankliniella occidentalis [Pergande]) (Arthurs
and Heinz, 2006; Shapiro-Ilan et al., 2006), which is one of the four most harmful
thrips species in the world (Kirk and Terry, 2003).

The aim of our research was to determine the efficacy of EPNs Steinernema feltiae
and Heterorhabditis bacteriophora against the larvae and adults of H. femoralis.
Differences in efficacy were expected between the temperatures and nematode
species. Additionaly, we also expected differences in susceptibility of thrips
according to their developmental stages.

2 MATERIAL AND METHODS
21 Entomopathogenic nematodes and banded greenhouse thrips

A laboratory investigation was carried out in the Entomological Laboratory of the Chair of
Entomology and Phytopathology (University of Ljubljana, Biotechnical Faculty, Department of
Agronomy) in Ljubljana, Slovenia. Commercial biopreparations of Steinernema feltiae
(Filipjev) (Rhabditida: Steinernematidae) and Heterorhabditis bacteriophora Poinar
(Rhabditida: Heterorhabditidae) from Koppert B. V. (Berkel en Rodenrijs, The Netherlands)
were used in the work. Both biopreparations, which were sent by air-mail, were used within 2
months of their receipt.

Hercinothrips femoralis was reared in the insectarium at room temperature and without
artificial light. They were reared on young plants of Mirabilis jalapa and on the leaves of
French bean (Phaseolus vulgaris L.). The suitability of the latter plant for rearing this thrips
species has already been demonstrated (Takrony, 1973), but the rearing of the thrips on both
hosts was relatively simple compared to the older rearing method of this insect (Laughlin,
1971). On both hosts, thrips had more numerous progeny than on a previous tested
composition of Chlorophytum comosum and the orchids Oncidium Gower Ramsey and
Epidendrum 'Ballerina yellow'. Adults and larvae of the pest were used for the laboratory
research.

2.2 Laboratory bioassay

Suspensions of EPNs were prepared in glass jars. The efficacy of agents was tested using a
concentration of 200 infective juveniles (IJs) per individual (larva or adult) or 1000 IJs in 1 ml
of water. Transparent plastic vessels (10 x 10 x 3.5 cm) were used for the rearing of thrips.
This rearing method has been used before to study the bionomics of thrips (Trdan, 2000). In
contrast to the original method, no pollen was added to the bean leaves in the present study.
Five thrips adults (or larvae) were transferred onto each leaf using a fine-tip brush. Following
this, 1 ml of nematode suspension was added to each leaf, whereas in the control condition 1
ml of water without nematodes was added to the leaves. Suspensions were added using a
pipette, with the tip being changed after every treatment. The plastic vessels were then
closed.
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The plastic vessels were put in a rearing chamber (RK-900 CH t%/pe from Kambi¢ Laboratory
equipment, Semi¢, Slovenia) with working capacity of 0,868 m” (width x height x depth =
1000 x 1400 x 620 mm), and with every treatment in 5 replications. Efficacy was tested at
three different temperatures (15, 20, and 25°C), but with constant light:dark ratio of 4:20 and
relative humidity of 95%. The number of dead individuals was determined 4 days after
treatment.

2.3 Statistical analysis

A multifactor analysis of variance (ANOVA) was conducted to determine the differences in
mortality rates (%) between the larvae and adults of banded greenhouse thrips, reared in
three different treatments (two species of EPNs and untreaed control) at three different
temperatures. Before the analysis, each variable was tested for homogeneity of treatment
variances. The mortality rate data were corrected for control mortality according to Abbott’s
formula (Abbott, 1925) and the data were normalized by an arcsine square-root
transformation before the analysis. Duncan's multiple range test (P < 0.05) was used to
separate mean differences among the parameters in all the treatments. All statistical analyses
were performed with Statgraphics Plus for Windows 4.0 (Statistical Graphics Corp.,
Manugistics, Inc., Maryland, USA) and figures were created with MS Office Excel 2003 (MS
Corporation). The data are presented as untransformed means + SE.

3 RESULTS

With general analysis of variance it was determined that temperature (P < 0.0498) and
developmental stage of the pest (P < 0.0002) had significant effects on mortality rate
of H. femoralis, while no significant effects were seen with nematode species (P <
0.1337), interaction between EPN species and temperature (P < 0.3412), interaction
between EPN species and developmental stage (P < 0.2202), interaction between
temperature and developmental stage of the pest (P < 0.3821) and interaction between
all three factors (P < 0.8940). With average mortality of 37.68 + 4.44%, larvae were
more susceptible to nematode attack than were adults, which showed a mortality rate
of 15.40 + 3.31%.Significantly the lowest mortality of thrips was seen at 20°C (16.88
+ 4.65), and between 15 (30.89 + 6.12%) and 25°C (31.85 + 4.86%) no respective
significant differences were ascertained. H. bacteriophora showed the highest
efficacy rates against thrips (30.71 + 4.75%), but this was not significantly higher
than the mortality rate caused by S. feltiae (22.37 + 3.94).

Individual analysis of variance did not confirm any influence of EPN species (P <
0.1151), temperature (P < 0.5276), or their interaction (P < 0.5220) on the mortality of
thrips larvae. Larval mortality ranged from just over 23 % (S. feltiae at 25°C) to
approximately 50 % (H. bacteriophora at 15 and 25°C) (Figure 1).

Temperature had significant influence (P < 0.0049) on adult pest mortality, but no
significant effects were found with EPN species (P < 0.7693) and its interaction with
temperature (P < 0.5696). The lowest efficacy of both biological agents was found to
occur at 15°C (about 17 % mortality of adults) and at 20°C (about 5 % mortality of
adults), beside that between 15°C (about 15 % mortality of adults at both nematode
species) and 25°C (about 30 % mortality of adults treated with H. bacteriophora) no
significant differences were determined (Figure 2).
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the same letter do not differ significantly (P < 0.05) according to Duncan's
multiple range test. The letters correspond to the grouping of means for
temperature, while for EPN species no signifficant diferences were
established.
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Figure 2: Mean adult mortality (+SE) of Hercinothrips femoralis treated with two

different species of entomopathogenic nematodes (200 IJs/individual)
depending on rearing temperature. Data shown are corrected for control
mortality and analyzed by multifactor ANOVA. Mean values followed by
the same letter do not differ significantly (P < 0.05) according to Duncan's
multiple range test. The letters correspond to the grouping of means for
temperature, while for EPN species no signifficant diferences were
established.
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4 DISCUSSION

Though the first record of H. femoralis in Slovenia on some of the ornamental plants
was expected (Trdan and Vierbergen, 2001), it was somewhat surprising when it was
found on young maize plants grown in the laboratory (Trdan, 2002). Some sources
(Hercinothrips..., 2002) quoted maize as one of the potential hosts of banded
greenhouse thrips. The thrips most likely entered into the laboratory with some
ornamental plants, and remained in the same laboratory since 2002 or even earlier.

The fact that indoor work and living places are important habitats of banded
greenhouse thrips has implications for the control methods that can be used. Special
attention should be paid to guard against secondary damage to human comfort or
health. With the choice of some of the environmentally acceptable control methods,
we may be able to curcumvent some of the problems associated with chemical
pesticides. Among these methods we include EPNs, whose efficacy against
Thysanoptera species has been particularly studied with western flowers thrips in the
greenhouses. Higher efficacy of EPNs against this pest has been shown with a soil
application of the suspension (Buitenhuis and Shipp, 2005), with earlier and multiple
applications at lower concentration (Belay et al., 2005), at higher soil moisture (Ebssa
et al., 2004a) and temperatures of 25°C (Ebssa et al., 2004b).

Foliar applications of EPNs on plants attacked by thrips represents one of the more
recent potential methods of their use. Although previous results of such research do
not lend strong support to foliar application of EPNs (compared to soil application),
particularly due to their sensitivity to desiccation and UV radiation (Shapiro-Ilan et
al., 2006), this method could nevertheless be suitable for the control of thrips on
(tropical) plants, which often require water applications to leaves and which
preferentially grow in places not exposed to direct sunlight. In fact, many hosts of H.
femoralis like such habitats.

In our research, the larvae of banded greenhouse thrips were more sensitive to
nematode infection than were adults. This confirms the known fact that EPNs are
most efficient against the larvae and other preimaginal stages of insects, as they can
enter their bodies more easily (LeBeck et al. 1993). For this reason, a weaker activity
associated with foliar applications S. feltiae and H. bacteriophora on adults of H.
femoralis is no surprise. Furthermore,, in recent related research on adults of western
flower thrips, similar conclusions were reached (Buitenhuis and Shipp, 2005). A
poorer efficacy of the nematodes in our research might also be attributed to lower
concentration of suspension (200 infective juveniles/individual), which was applied to
bean leaves only once. It is often necessary to apply such a suspension repeatedly in
order to achieve satisfactory efficacy of these biological agents (Belay et al., 2005),
and in this particular detail we see a chance to notably improve the efficacy against H.
femoralis on ornamental plants via repeated EPN foliar applications.

Temperature had no influence on nematode efficacy against larvae, but this was not
the pattern for adults where the mortality was significantly higher at 25°C. This is in
accordance with nematode efficacy in controlling western flower thrips (Ebssa et al.,
2004b). We attribute the weak activity of the nematodes against the banded
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greenhouse adults at 20°C to the highest vitality of thrips at this temperature, most
likely promoting its natural resistance to infection with EPNs.

H. femoralis also survives on above-ground parts of host plants during pre-pupal and
pupal stages, especially on older leaves (Oetting et al., 1993). Foliar application of the
nematodes is therefore a legitimate method of pest control. We note that western
flower thrips and many other damaging Thysanoptera species (Tommasini and Maini,
1995) pupate in the soil. Furthermore, thrips in pre-pupal and pupal stages are
especially susceptible to EPN infection (Ebssa et al., 2001) and are almost immobile.

Thus these first results concerning the control H. femoralis with foliar applications of
EPNs showed that these biological agents could be, along with optimal abiotic and
biotic factors, an effective enough alternative to the current prevailing (conventional)
methods of pest control. Therefore, further research from our group will be oriented to
the optimization of foliar application methods of EPNs to control all above-ground
developmental stages of the pest.
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ABSTRACT

The plant spacing of early cabbage (Brassica oleracea L. var. capitata) was studied at the
Experimental Field of the Biotechnical Faculty in Ljubljana, during the 2001 and 2002 growing
season. The cultivars, which included ‘Vestri’, ‘Parel’, ‘Delphi’, ‘Destiny’ and ‘Hermes’, were
each spaced at 20, 30 and 40 cm within rows and 30 cm between rows or populations
equivalent to 166,000, 108,000 and 82,000 plants ha™. The experimental variables measured
were marketable yield (per head and per hectare), yield characteristics (head diameter and
head volume), quality characteristics (core volume, head density, soluble solids and dry
matter) and onion thrips damage ratings. There was no interaction effect of cultivar and
planting spacing on the measured variables. Marketable yield per head, head diameter and
volume, core volume and head density generally increased as the within-row plant spacing
increased, whereas, dry matter was significantly decreased at lower plant spacing. Soluble
solids were not affected by plant spacing. The yield potential of cabbage was higher at cv.
‘Vestri’ than at the other cultivars. The onion thrips damage rating was severe at the lowest
plant spacing and contributed to the reduced yield. A higher damage rating was established in
the cv. ‘Parel’ but this didn't have a statistically significant influence on the weight loss of
yield.

Key words: Brassica oleracea, cabbage, yield, head quality, onion thrips, damage
IZVLECEK

PRIDELEK IN KAKOVOST ZGODNJEGA ZELJA (Brassica oleracea L. var. capitata) V
ODVISNOSTI OD RAZDALJE V VRSTI

Poskus s sadilnimi razdaljami zgodnjega zelja (Brassica oleracea L. var. capitata) je bil
opravljen na Laboratorijskem polju Biotehniske fakultete v letih 2001 in 2002. Medvrstna
razdalja za pet kultivarjev zelja (‘Vestri’, ‘Parel’, ‘Delphi’, ‘Destiny’ in ‘Hermes’) je zna3ala 30

' M. Sc. Agr., Biotechnical Faculty, University of Ljubljana, SI-1111 Ljubljana, Jamnikarjeva

101
2 Assistant Prof., Ph. D., ibid
*  Prof., Ph. D., ibid

* M. Sc. Food. Tech., ibid
®  Assistant Prof., Ph. D., ibid



16  Acta agriculturae Slovenica, 89 - 1, avgust 2007

cm, medtem ko so bile razdalje v vrsti 20, 30 in 40 cm, kar, preracunano na povrsino enega
ha, pomeni 166.000, 108.000 oz. 82.000 rastlin. Ugotavljali smo trzni pridelek (na glavo in na
ha), lastnosti pridelka (premer glave in prostornino glave), kvalitativne lastnosti (prostornino
vretena, gostoto glave, suho snov in susino) in ocenili poskodbe, ki jih je povzrocil tobakov
resar. Med dejavnikoma kultivar in gostota sajenja ni priSlo do interakcije, ki bi vplivala na
opazovane lastnosti. Trzni pridelek glav, premer in prostornina glav, prostornina vreten in
gostota glav so na splodno narascali z ve€anjem razdalje v vrsti, medtem ko se je pri
najmanjsi gostoti susina znacilno zmanjSala. Sadilna razdalja ni vplivala na vsebnost suhe
snovi. Cv. ‘Vestri' se je v primerjavi z preostalimi kultivarji izkazal kot kultivar z moznostjo

najmanjsi sadilni razdalji in so bile razlog za zmanjSanje pridelka. Najve& poSkodb je pretrpel
cv. ‘Parel’, a to ni statisticno znacilno vplivalo na izgubo pridelka.

Kljuéne besede: Brassica oleracea, zelje, pridelek, kakovost glav, tobakov resar, poskodbe

INTRODUCTION

Cabbage (Brassica oleracea L. var. capitata) is a typical vegetable crop of Slovenia
with a cultivated area of around 450 ha, which represents 20.1% of the field in
production in this country (Statistical Office RS, 2005). Slovenia has the favourable
agroclimatic conditions for the production ob cabbage varieties for fresh market and
for processing, namely.

Plant population studies are common features of many horticultural crops, including
cabbage (Stoffela and Bryan, 1988). There are several citations in the literature that
provide information relative to optimum plant population evaluations for cabbage that
been conducted over the past 30 years (Day, 1986; Stoffela and Fleming, 1990; Lal,
1996; Stepanovi¢ et al., 2000). A very common range in optimum plant population
recommendations for cabbage is for stand densities of 20,000 to 70,000 plants per ha
(Ghanti et al., 1982; Tendaj and Kuzyk, 2001; Kumar and Rawat, 2002). But results
of these reports have been inconclusive. Cabbage yield and quality response to plant
density has been shown to be influenced by several factors such as the plant genotype,
climate condition, soil, water regime, nutrient status, market requirements and many
others (Knavel and Herron, 1981; Parmar et al., 1999; Tiwari et al., 2003).

Increasing plant population with cabbage has the potential for increasing yield and
profit. Although in cabbage, high plant density reduced head size and head weight
(Csizinsky and Schuster, 1985) a greater number of heads per unit area increased total
yield (Stepanovi¢ et al., 2000).

Though many authors have reported some information on the plant density of
different varieties of cabbage, studies under Slovenia agro climatic conditions are
limited. There were two major objectives to this experiment. First we estimated which
plant spacing and which variety are optimal for cabbage production. Second, we
conducted to determine whether varieties differ with respect to their susceptibility of
resistance to onion thrips (Thrips tabaci Lindeman) which is prevalent in Slovenian
cabbage fields.
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MATERIAL AND METHODS
Location and climate conditions

The observation were made over two years at the Experimental Field (46° 04' N, 14° 31' W,
300 m above sea level) of the Biotechnical Faculty in Ljubljana, Slovenia. The climate at the
site is characterized by typical temperate continental climate. The average growing period
rainfall is 527.9 mm and cumulated temperatures were 341.2 °C.

Primary weather data for the experimental period were obtained from the meteorological
station located in the experimental field, which is situated at distance of 500 m from the
experimental plot. Each of the experimental years was warmer than the long term average,
although in 2001, the temperature in April was lower. The 2001 growing period was relatively
hotter than the 2002 period. Between 10 July and 20 July, the maximum temperature was
24.6 °C in 2001 as compared to 20.7 °C in 2002. The total precipitation received in 2001 was
relatively lower than in the long-term average, but there were some heavy rains in May.
However, crop growth was not affected by drought because to supplement low precipitation,
irrigation was applied several times during the growing period.

Table 1: Climatologically data for Ljubljana (Slovenia) during the experimental period

Mean temperature (°C) Sums of precipitation (mm)
Monh 2001 2002 Long-term' | 2001 2002  Long-term'
April 17.1 14.7 17.2 71.7 90.7 117.5
May 18.3 21.1 17.8 147.3 175.6 148 4
June 21.9 213 19.9 326 127.0 121.8
July 22.9 20.1 19.1 89.6 186.6 140.2

30 years mean in Ljubljana, Slovenia
Experimental design

The experimental design was a split-plot within a randomized complete block design with
three replications. The main plot treatments consisted of five early cabbage varieties, namely
‘Vestri’, ‘Parel’, ‘Delphi’, ‘Destiny’ and ‘Hermes’ and each subunit consisted of three spacing
densities. Varieties which are widely grown by local growers were included in the experiment
for comparison purposes. The above spacing resulted in plant population of 166,000 108,000
and 82,000 plants ha?, respectively. The constant distance between rows was 30 cm. Within-
row spacing used were 20 cm, 30 cm and 40 cm. The experimental unit consisted of three
rows within sixteen plants in each row.

Seeding was done in 72 cell trays in the greenhouse in mid-March. Plants were hardened-off
prior to transplanting in the field. Transplanting about 30 days old seedlings to raised beds
was done on April 17, 2001, and April 21, 2002. Black polyethylene mulch and drip tape (T-
tape TSX 500 Model, T-systems International; 0.25-m emitter spacing) were used as typically
done in commercial field in Slovenia. Fertilizer was applied preplant incorporated and during
the season through drip emitter using water soluble 21-21-21 NPK. No insecticide was
applied in order to see the effect of onion thrips resistance on yield and quality.

The heads were harvested from each treatment beginning when the variety appeared to be
approaching horticultural maturity by the usual visual criteria. A sample of eight heads per
treatment was cut and split longitudinally to measured the following parameters: marketable
head weight, head polar and equatorial diameters and core length and base width. The head
density was calculated as previously reported (Pearson, 1983), using the marketable weight
of individual head and average of the equatorial and polar head diameters. The volumes of
heads and cores were estimated using the sphere and cone formula, respectively (Kleiheinz
and Wszelaki, 2003). The marketable head weight data was converted into values marketable
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yield per hectare. Soluble solids concentration of the expressed juice was determined using a
hand-held Atago PR1 refractometer. Head dry weight was determined by drying the leaves in
oven at approximately 60 °C until a constant weight was reached.

After frame leaves were removed we also visual inspected the presence of onion thrips
damage. The four heads per treatment was peeled to remove leaves damaged by thrips
feeding. The amount of peeled leaves was weighed to indicate a measure of thrips tolerance.
The leaves damaged was rated on severity scale of 1 (no damage) up to 6 (severe damage)
(Stoner and Shelton, 1988). According Trdan et al. (2005) the scale was slightly modified,
because additionally the interval between 26 and 50 % of damaged leaf surface was taken
into consideration.

RESULTS AND DISCUSSION

Because there was no significant difference in interaction between variety and
planting density for all measured variables, analyses of the results is focused on the
differences within the main effects variables, which included variety and planting
density. Significant differences are marked with different letters.

Influence of plant spacing on yield and yield characteristics

By mean values reported in Table 2, it emerges that head production attained highest
yields in 2002. These conclusions can statistically confirm for marketable yield per
head as well as per hectare. It is difficult to determine, however, the precise influence
of environmental factors in this study on head formation. The temperature is primary
variable for plant growth and development (Masaya et al., 2004). The results suggest
the deleterious effect of hot weather conditions on cabbage head formation. Between
10 July and 20 July, 2001 the plants exposed to higher temperature for 3.9 °C in
comparison the same period in 2002. At this stage of development (expansion of
internal head leaves), the heads had produced more than 20% of their biomass.
Generally, the temperatures above 24 °C are not suited to cabbage production (Kahn
et al., 2007). These results are in agreement with those obtained by Radovich et al.
(2004). These researches pointed out that temperature appears to the factor
contributing most to the variation in growth observed between years. It is not known
however, what the critical duration of high temperature of exposure is required to
cause limiting growth in cabbage.

As within-row spacing decreased yield per head increased. The highest marketable
head weight obtained was 891.5 g from the lowest plant spacing (8.2 plant m™). On
the other hand no significant differences in marketable yield per hectare were found
among highest and lowest plant spacing. Our results indicate that plants at the lower
rate were able to compensate for the lower plant numbers by increasing head volume.
For all plant spacing, there was a positive linear relationship between head weight and
head volume (data not shown). The ‘Vestri’ produced the highest marketable yield per
head and per hectare. A comparison of the head diameter of the seasons revealed quite
different results. The trend was similar in head weight. A reduction in head weight
was the cause for the difference in the head diameter. Head diameter generally
increased with decreased plant spacing. Semuli (2005) mentioned that it is possible
that as plant spacing was reduced, competition for nutrients, light, air and moisture
increased which would have resulted in decreased diameter and weight of heads.
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Stofella and Fleming (1990) reported quadratic increases in the cabbage head height
and head width as intra-row spacing was increased from 8 to 38 cm. The lowest plant
spacing resulted in significantly wider equatorial diameter than the polar one.

Table 2: Influence of plant spacing on marketable yield, head diameter and head

volume
Treatment M?rketable yijzld Head diameter (cm) Head V03lume
head™ (g) ha™ (t) equatorial polar (cm™)

Year
2001 418.5a 494 a 10.1 a 114 a 5624 a
2002 862.6 b 101.7 b 11.2b 13.0b 783.7b
Cultivar
Vestri 810.8 a 95.6a 11.0b 12.0a 750.0b
Hermes 623.8b 73.6b 10.8b 11.7a 708.6 b
Delphi 629.3 b 74.3 b 102 a 12.0a 582.4a
Destiny 5629 c 66.4 ¢ 11.1b 123 a 769.5b
Parel 604.5b 71.3b 10.0 a 13.0b 556.2 a
Spacing (m™)
16.6 428.0 a 71.0a 9.6a 11.2a 480.5 a
10.8 602.5b 65.0b 12.7b 12.0b 678.4b

8.2 891.5¢ 73.1a 16.6 c 13.1c¢ 860.5 c

Influence of plant spacing on quality characteristics

Plant spacing showed significant effects on quality characteristics (Table 3). Core
volume was significantly increased by decreasing plant spacing. The highest core
volume (43.7 cm™) was recorded in heads from the lowest spacing. It was found that
the mean percent of core volume which occupied the head didn't varying among
various levels of plant spacing. A comparison of percent of core volume per head
among cultivars revealed a significant difference. Highest measurements for this
parameter were obtained at ‘Vestri’ (7.6%) and lowest at ‘Destiny’ (3.2%).

The head density, a primary indicator of horticultural maturity (Radovich et al.,
2004), appeared to be significantly influenced by plant spacing. Although Kleinheinz
and Wszelaki (2003) reported that the head density generally exceed 0.70 g cm™, in
our experiment these values in some cases were lower. For example, the maximum
plant spacing of 16.6 plants m™ was achieved minimum head density 0.62 g cm™.

Across the cabbage cultivars evaluated, ‘Destiny’ was achieved only 0.60 g cm™.

The percentage of soluble solids was higher in the low plant spacing, followed by the
medium spacing and the high plant spacing. But these values were not significantly
affected.
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The percent of dry matter, which consist both of soluble and insoluble carbohydrates,
was significantly influenced by plant spacing. According Raupp (2000) percentage of
dry matter is an important reference parameter, and is somewhat significant as well to
a consumer who does not want to buy watery products. Heads grown at low spacing
produced less dry matter than at high spacing. These results are in agreement with
those obtained by Agele at al. (1999) on tomato and Siomos (1999) on pak choi. On
the other hand, our results are not conformity with those of Koutsos and Koutsika-
Sotiriou (2001) who mentioned that increasing the volume of heads decreased the dry
matter percent. In 2002, heads produced cca 20% more dry matter than in 2001,
probably due to the lower temperature in June.

Table 3: Influence of plant spacing on quality of cabbage

Treatment Cz)re volume 1 Head der;sity Soluble solids| Dry matter
(em™)  (%head”’)| (gem™) (%) (%)
Year
2001 17.1a 34a 0.70 a 5.8a 7.8 a
2002 55.6b 7.7b 0.84 b 56a 9.6b
Cultivar
Vestri 544 a 7.6 a 0.84 a 55a 105a
Hermes 35.1b 49c 0.73b 50a 9.0b
Delphi 30.6 ¢ 52c¢ 0.78 b 59a 89b
Destiny 544a 3.2d 0.60 ¢ 54a 104 a
Parel 36.8b 6.8b 0.78 b 52a 72¢
Spacing (m™)
16.6 28.7 a 6.2a 0.62 a 53a 10.6 a
10.8 36.8b 55a 0.76 b 56a 9.6b
8.2 43.7 ¢ 6.0a 0.89 ¢ 58a 8.8¢

Influence of plant spacing on thrips damage

The thrips damage ratings of the head differed greatly (Table 4). The thrips pressure
on cabbage was much larger in 2001 than in 2002. High temperatures during first year
should be resulting in a greater extent of damage on the cabbage heads. Temperatures
as high as 32 °C were recorded on several occasions during head formation in June
and July. Thrips tabaci, which are polyphagous insects, much rather remain inside of
cabbage heads where they are protected against sunburn. Because thrips remain inside
of cabbage heads for longer in this type of weather than in the “mean year” (Tamo et
al., 1993), the extent of their damage is greater. The other reason may have caused by
the heavy rainy summer in 2002. The extreme population drop in early June (data not
shown) corresponded to a heavy rainfall event. However, the trend of susceptibility of
each variety’s was similar in both years. In 2001 and 2002 we concluded the lowest
damage in the “Vestri’, the highest in the ‘Parel’ and smaller statistical differences the
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‘Hermes’, ‘Delphi’ and ‘Destiny’. These differences were more apparent in 2001 than
in 2002. The lowest damage ratings was found in the most densely plant spacing (16.6
plants m?) and the highest in the least densely planted category (8.2 plants m™).

Table 4: Influence of thrips damage on heads characteristics

Treatment Damage ratings Peeled leaves |
weight (g) (% head™)
Year
2001 1.76 a 162.5a 28.1a
2002 1.33b 235.7b 209b
Cultivar
Vestri 1.33 a 168.8 a 193 a
Hermes 1.55b 178.1b 23.0b
Delphi 1.65b 2173 ¢ 27.6¢
Destiny 1.72b 214.0c 282¢
Parel 1.96 ¢ 202.8 c 26.5¢
Spacing (m™)
16.6 142 a 111.6 a 22.8a
10.8 1.65b 185.1b 25.0b
8.2 1.85¢ 300.7 c 28.7 ¢

The weight loss of yield (peeled leaves) due to onion thrips damage on the cabbage
heads varied between the two years and was larger in 2001 when the cabbage was
exposed higher attack of thrips tabaci. Similar results were obtained in terms of
percent loss of yield. ‘Vestri’ clearly showed a tendency to have the least % loss of
yield. Statistically significant differences were found also in the various plant spacing.
In the highest density, we found the lowest % yield loss. On the contrary in the lowest
density, this parameter was the highest.

CONCLUSIONS

Five white cabbage cultivars were evaluated in 2001 and 2002 for the best
combination of planting spacing for advancing growth and for obtaining highest
marketable yield and head quality. It should be noted that the experiment was stressed
by unfavourable growing conditions in the 2001. Very high temperatures in first year
led to some reduction in yield potential and enlarge ratings of damage of thrips tabaci.

At the widest spacing treatment the marketable yield per head is highest. Therefore,
we can conclude that plant at more space growth can use efficiently water, nutrients
and solar radiation. On the other hand, higher plant spacing didn't significantly
increase the marketable yield per hectare. These results are in correspondence with
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the findings of Semuli (2005) who mentioned that the greatest head weight resulting
from increased spacing failed to compensate for the decreased number of heads that
resulted from such spacing.

As expected, the effects of population spacing were primarily noted on yield and its
characteristics but less on head quality.

Our experiment indicated that plant spacing can influence levels of herbivory. We
have found that the damage ratings of thrips tabaci were generally higher in the sparse
plots than in the dense plots. The mean damage rating of low spacing plots was 1.85,
while mean damage ratings in the high spacing plots was 1.42.
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ABSTRACT

The impact of water-soluble carbohydrate composition in relation to damage levels of onion
thrips (Thrips tabaci Lindeman), were studied under field conditions at the Experimental Field
of the Biotechnical Faculty in Ljubljana on 7 cabbage cultivar (Brassica oleracea L. var.
capitata). Onion thrips showed weak preference on cabbage heads with high amount of total
carbohydrate, fructose and glucose and higher preference on heads with high concentration
of sucrose. While amount of total carbohydrate, fructose and glucose were negatively
correlated with damage levels (r? = -0.7667; r* = -0.6947; r* = -0.8263), sucrose amount was
not. There was a strong positively relationship between sucrose amount and the level of
plants infested (r2 = +0.7378). The cv.'Hinova’, which had the highest amount of total
carbohydrate, showed itself to be the most resistant to the onion thrips.

Key words: cabbage, Brassica oleracea, water-soluble carbohydrate, onion thrips, damage
IZVLECEK

VPLIV VODOTOPNIH OGLJIKOVIH HIDRATOV V ZELJU (Brassica oleracea L. var.
capitata) NA POSKODBE, Kl JIH POVZROCA TOBAKOV RESAR

Vpliv sestave vodotopnih ogljikovih hidratov na poskodbe, ki jih povzro€a tobakov resar
(Thrips tabaci Lindeman), smo proucevali na 7 kultivarjih zelja (Brassica oleracea L. var.
capitata), vzgojenih na Laboratorijskem polju BiotehniSke fakultete v Ljubljani. Tobakov resar
je pokazal majhno preferenco do zeljnih glav, ki imajo visoko vsebnost skupnih ogljikovih
hidratov, fruktoze in glukoze, in veliko preferenco do glav z visoko vsebnostjo saharoze.
Medtem ko je vsebnost skupnih ogljikovih hidratov, fruktoze in glukoze negativno korelirala z
indeksom posgkodb (r = -0,7667; r* = -0,6947; r* = -0,8263), pa to ni veljalo za saharozo. Med
koncentracijo saharoze in poskodovanimi listi je bila namre¢ ugotovljena moéno znacilna
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pozitivna povezava (r* = +0,7378). Cv. ‘Hinova’, ki je vseboval najvedji delez skupnih

ogljikovih hidratov, se je pokazal kot najbolj odporen kultivar na napad tobakovega resarja.

Kljuéne besede: zelje, Brassica oleracea, vodotopni ogljikovi hidrati, tobakov resar, poSkodbe

INTRODUCTION

The onion thrips, Thrips tabaci Lindeman, is polyphagus pest which has been
recorded from 29 plant families but is particularly damaging to Brassicaceae,
Liliaceae and Solanaceae (Penzes et al., 1996; Theunissen and Schelling, 1998;
Richter et al., 1999). T. tabaci has been distributed worldwide by the trade in plants
and the plant products and can cause significant economic losses in countries where is
established (Weber et al., 1999). Onion thrips feed by scraping the surface of plant
cells and sucking out the cell contents (Commegys and Schmitt, 1965). Destruction of
the epidermal cells is accompanied by whitening and scabbing of the outer surface.
The resulting damage is usually measured as an overall reduction in head size and
weight where cabbages are produced. The thrip's rasping of the leaves creates an
injury spot which enables various plant pathogens to gain entry, thus increasing
disease problems. In addition, thrips vector plant pathogens on their mouth parts from
one plant to another (Chisolm and Lewis, 1984).

In the last 25 years in Europe, problems resulting from damage caused by the onion
thrips on cabbage have been found in many European countries (Penzes et al., 1996;
Giessmann, 1988; Kahrer, 1992; Herold and Stengel, 1993; Legutowska, 1997;
Theunissen et al., 1992; Shatilova, 1991; Ellis et al., 1994). In the last decade, the
onion thrips has also become a significant pest to cabbage in Slovenia (Trdan et al.,
2004).

In spite of their pestiferous status in some cabbage fields, little is known about thrips
biology in this crop and the relationship between their density and cabbage yield.
Therefore, thrips controls often consist of automatic preventive chemical treatments
early in the season. Generally, chemical control of thrips is difficult because of their
wide geographic distribution, high reproductive and dispersal rates, and wide host
range (German et al., 1992). In Slovenia growers normally spray insecticide 2 to 3
times per season for control (Trdan and Znidar¢i¢, 2004). Edelson et al. (1989)
reported that one or more thrips per plant reduced yield enough to justify the expense
of insecticide treatment. Insecticide application also negatively affects populations of
natural enemies, and thus may induce secondary pest outbreaks and resurgence of
target pests (Hardin et al., 1995).

During the last few decades, sustainable vegetable production has been attempted to
minimize the increasing problems with the use of insecticides. In order to support
sustainable vegetable production, it is important to develop alternative methods of
pest control. This can be achieved through the use of cultural practices such as
manipulation of plant density, interplanting, and host plant resistance as well as the
use of other control options. Host plant resistance and biological control are central
components of any viable sustainable program.
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Host plant resistance in cabbage to onion thrips is important area of research for
several reasons. The growing concern and regulation of pesticides in the environment
is an importance issue (Hamilton and Pike, 1997). Advantages of host plant resistance
include reduced expense to the growers (Stoner, 1970). Insects are becoming resistant
to pesticides, which creates more problems for control (Debach and Rosen, 1991).
Thrips hide between the leaves making it very difficult to reach them with pesticide
(Metcalf and Metcalf, 1993).

In general, disturbances in host biochemical composition associated with thrips
damage are still poorly understood. Our research has been oriented towards the study
of relationship between the onion thrips damage and the biochemical composition of
the cabbage plants, particularly soluble carbohydrates.

MATERIAL AND METHODS

Host plant preference trials in the field were conducted at the Experimental Field (46° 04' N,
14° 31" W, 300 m above sea level) of the Biotechnical Faculty in Ljubljana, Slovenia.
Research was performed during the 2006 growing. The experimental plots consisted of a
raised bed 10 m long with three rows per bed. The experiment were arranged in a
randomized complete block design with seven cabbage cultivars (‘Vestri’, ‘Delphi’, ‘Destiny’,
‘Hinova’, ‘Kranjsko okroglo’, ‘Varazdinsko’ and ‘Tucana’).

Cabbage cultivars were planted in the greenhouse for about 6 weeks prior to transplanting
into the field. Seedlings were transplanted by hand into the field in the late April in rows 0.4 m
apart with 0.3 m between plants. The plants were grown under standard cultural practices
except that no insecticide was used. Standard cultural practices including drip fertigation were
employed and two drip lines were laid per bed. Droppers within the line were 30 cm apart.
Water was supplied by a combination of drip irrigation and natural rainfall, according to
evapotranspiration data.

Plant material was harvested at commercial maturity stage. Ten plants in each plot were
randomly selected and recorded for damage incidence. The amount of leaf area damaged
caused by onion thrips feeding was averaged over on the first 15 outer leaves of the head.
Ratings of thrips feeding symptoms on the head's leaves were made using an index scale of
6 grades: 0 (non-damaged leaf), 6 leaf totally covered by verrucae) (Stoner and Shelton,
1988; Trdan et al., 2005).

Water-soluble carbohydrates were extracted from powdered plant material following
methodology of Nii (1997) and Sircelj et al. (2005). Carbohydrates were extracted from the
lyophilised leaf powder with bidistilled water on ice. A few drops of 2% (w/v) sulfosalicylic acid
were added to the homogenate. Extracts were subjected to an isocratic HPLC analysis
(column Aminex HPX-87C 300 x 7.8 mm) using bidistilled water as solvent, at flow rate of 0.6
mL min™, run time 60 min, detection with Rl detector. Three sugars were selected for
quantification, representing two sugars categories: disaccharides (sucrose), and
monosaccharides (glucose and fructose). The amount of carbohydrates was expressed in
mg/100 g of dry weight of tissue (mg/100 g dwt).

All measured and derived data, were analysed by analyses of variance (ANOVA) using
Statgraphics Plus for Windows 4.0 computer program. Character means were separated by
least significant differences (LSD, P<0.05) when sources of variation from ANOVAs were
significant (P<0.05). A regression analyses was used to determine the relationship between
water-soluble carbohydrates amount and onion thrips damage.
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RESULTS AND DISCUSSION

There were significant differences in the level of damage between the seven cultivars
of cabbage (Fig. 1). The cultivars which had a high index of damaged leaves had also
very low yields (data not shown). Cv. ‘Hinova’ was being more resistant to onion
thrips than the other cultivars. The index of feeding damaged leaf area (measured for
the first 15 outer leaves of the head) by cv. ‘Hinova’ was 1.127. On the other side, the
highest damage rating was found in cv. ‘Varazdinsko’ (cabbage for sauerkraut) with
index damaged of 2.833. Both cultivars form head between middle of July and middle

of August.
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Figure 1: Mean index of heads damaged by onion thrips, Thrips tabaci Lindeman.
Mean values followed by the same letter are not significantly different
according to Duncan’s Multiple Range test at P<0.05.

Chemical composition of cabbage cultivars is shown in Table 1. There was a
significant difference in the total water-soluble carbohydrates concentration and the
concentration of each individual water-soluble carbohydrate between cabbage plants.

The ratio of total carbohydrates to glucose in the leaves of cabbage examined showed
that glucose accounted fore more than 55% of the total sugar concentrations. Overall,
higher concentration of sugars was present in the leaves of plants of cv. 'Hinova'
(5389.9 mg/100 g dwt) and of cv. 'Delphi' (5256.5 mg/100 g dwt) compared to other
cultivars. The greatest level of glucose was recorded in the cv. 'Hinova' (3042.1
mg/100 g dwt) and cv. 'Vestri' (2966.8 mg/100 g dwt). In contrast, cv. "Vestri'
contained the lowest level of sucrose (25.3 mg/100 g dwt). In the other cabbages the
content of sucrose was relatively higher (between 30.4 mg g dwt in cv. 'Kranjsko
okroglo' and 90.6 mg/100 g dwt in cv. 'Tucana') There were significant differences
among cultivars regarding fructose amount, too. The differences established the range
from 1234.2 mg/100 g dwt (cv. 'Varazdinsko') to 2265.0 mg/100 g dwt (cv. 'Delphi').

The damaged leaves, compared to healthy one, exhibited more total water-soluble
carbohydrates. A relationship between the mean index of heads damaged and amount
of water-soluble carbohydrates in cabbage leaves is illustrated in Fig. 2. Based on the
data, the relationship is satisfactorily described by a linear function of the general
form: y = ax + b. The mean index of heads damaged was the dependant variable (y)
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and the soluble carbohydrates was the independent variable (x). A correlation
coefficients of total and of the three carbohydrates indicated that there was a close
correlation between the two variables. The amount of total carbohydrates, fructose
and glucose in the leaves of cabbage plants correlated negatively with the damaged
index (r* = -0.7667; 1* = -0.6947 and r* = -0.8263). In contrast, damaged index was
positively correlated to the sucrose level in the leaves (r* = +0.7378).

Table 1: Amount of water-soluble carbohydrates (mg/100 g dwt) in cabbage leaves

Culivar | Water-soluble carbohydrates (mg/100 g dry weight tissue) |
Glucose Fructose Sucrose Total
‘Hinova 3042.1 ¢ 21542 ¢ 60.2 b 5389.9 d
Vestri 2966.8 ¢ 1841.5b 253a 4833.6 ¢
Kranjsko okroglo| 25814 b 1680.2 a 30.4 a 4292.0 b
Destiny 2461.8 ab 1782.4 ab 87.6 ¢ 4331.8 b
Delphi 3062.4 ¢ 2265.0 ¢ 62.5b 5256.5d
Tucana 2341.1a 1662.4 a 90.6 ¢ 4094.1 b
Varazdinsko 21953 a 12342 a 864 ¢ 35159 a

Within a column, values are not significantly different (P<0.05) if followed by the
same letter

Previous researches have shown that most herbivorous insects use carbohydrates as
feeding stimulants (Bernays and Simpson, 1982; Blaney and Simmonds, 1988) and as
important nutrients needed to synthesize body tissue and serve as energy sources
(Schoonhoven et al., 1998b). Derrid;j et al. (1996) reported that sugars have also been
shown to promote oviposition in some species. However, the data above the effect of
separated sugar categories on feeding preferences of onion thrips are scarce.

The outcome of onion thrips-cabbage interactions at high carbohydrate content is the
product of three main factors. Firstly, carbohydrates may directly affect thrips level
damage via changes in the nutritional quality of cabbage tissue during growing
season. The second factor that affected the interaction between cabbage heads and
thrips was direct effects of carbohydrates on plant growth rates and therefore plant
biomass available for thrips. And at last but no least, the flavour and palatability of
cabbage plants is a function of relative levels of total sugars (glucose + fructose +
sucrose) or reducing sugars (glucose + fructose) and presence of various aromatic
constituents.
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CONCLUSIONS

Plant-insect relationship may result in host defence, or in systemic symptoms. Our
research suggests that the employment of resistant cultivars in the cultural control
strategy for the long-term management of onion thrips is important. Onion thrips can
discriminate among different cabbage cultivars, suggesting some kind of resistance in
these cultivars that might be useful for controlling onion thrips damage in cabbage.

On the basis of our investigation of growing the cabbage the following could be

concluded:

- the levels of soluble carbohydrates are dependent on cabbage cultivar;

- glucose was, on average, the major carbohydrate in the seven cultivars, followed
by fructose;

- on the cv.‘Hinova’ the amount of damaged leaf area, due to onion thrips feeding,
was substantially lower as compared with the other cultivars;

- between carbohydrates and damaged leaf area a statistically significant correlation
was observed.
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ABSTRACT

The goal of this research was to determine the influence of crop management systems,
(organic, sustainable and conventional) and endomycorrhiza on vegetative growth of endive
(Cichorium endivia L.) grown on fields in order to use PE mulch after lettuce crop. During
2002 and 2003 a two-factor trial with three repetitions and split-plot design was set up in Pula
(Croatia). Main factor “crop management” had three levels (organic, sustainable and
conventional); while the sub factor “mycorrhiza” had two levels (endive seedlings inoculated
with endomycorrhizal fungus and non-inoculated seedlings). Endive was planted after lettuce
harvesting on the set PE mulch in conventional and integrated management, while in organic
management it was planted after tilling lettuce rests and plant mulch (fodder pea and
common vetch). Fertilization (by fertirigation) and crop protection were performed according
to basic principles of organic, sustainable and conventional crop management system.
Neither mycorrhiza nor production systems had no significant influence on plant density,
diameter and mass of heads, and marketable yields. The biggest endive head diameter had
non-inoculated endive plants in first year of research, while in the second year this feature
was not significant. Production system had no significant influence on head diameter. The
sustainable production system had the most marketable endive heads, while the organic
system had most non-marketable heads in the first research year, while in the second this
feature was not significant. Mycorrhiza had no influence on this feature.

Key words: conventional production, endive (Cichorium endivia L.), endomycorrhiza, organic
production, sustainable production

' Ph. D., Institute of Agriculture and Tourism Poreg, Carla Huguesa 8, CR-52 440 Poreé
?Ph. D., ibid

*Ph. D., ibid

* Ph. D., Univ. of Zagreb, Faculty of Agriculture, Svetoimunska c. 25, CR-10 000 Zagreb
® Ph. D., ibid

®Ph. D., ibid

" M. Sc., Univ. of Ljubljana, Biotechnical Faculty, Jamnikarjeva 101, SI-1111 Ljubljana



36 Acta agriculturae Slovenica, 89 - 1, avgust 2007

1ZVLECEK

VPLIV NACINA GOJENJA IN ENDOMIKORIZE NA RAST ENDIVIJE (Cichorium endivia
L)

Cilj raziskave je bil primerjati vplive ekoloSkega, integriranega in konvencionalnega gojenja
endivije (Cichorium endivia L.) ter vpliv endomikorize na njeno rast. Endivija je bila gojena na
PE zastirki kot naknadni posevek po solati. V letih 2002 in 2003 je bil dvofaktorski poskus v
treh ponovitvah s split-plot zasnovo postavljen v Pulju (Hrvaska). Glavni dejavnik “nacin
gojenja” je vseboval tri ravni (ekolo$ki, integrirani in konvencionalni nacin), medtem ko je
drugi dejavnik imal dve ravni (sadike endivije, inokulirane z endomikorizno glivo, in sadike
brez inokuluma). Endivija je bila posajena po pobiranju solate na PE zastirko v
konvencionalni in integrirani proizvodnji, medtem ko je bila v ekoloSki proizvodnji posajena po
zaoravanju ostankov solate in rastlinske zastirke (krmni grah in navadna grasica). Gnojenje
(fertiirigacija) in varstvo pred boleznimi ter Skodljivci so temeljili na priporo¢enih metodah za
ekolosko integrirano in konvencionalno gojenje. Mikoriza in nacin gnojenja nista znacilno
vplivala na gostoto rastlin, premer in teZo glav ter trzni pridelek. Najvedji premer glav so imele
rastline, gojene brez inokuluma, v prvem letu raziskave, medtem ko v drugem letu med
rastlinami ni bilo zna€ilnih razlik. Nacin gojenja ni vplival na premer glav. Najvecje Stevilo
trznih glav je bilo v prvem letu doseZenih v integriranem nacinu, medtem ko je ekoloSki nacin
dal najvecje Stevilo netrznih glav. Drugo leto poskusa se ta lastnost ni znacilno pokazala na
rastlinah. Prav tako tudi mikoriza ni vplivala na to lastnost.

Kljuéne besede: endivija (Cichorium endivia L.), ekoloSka pridelava, endomikoriza,
konvencionalna pridelava, integrirana pridelava

INTRODUCTION

The conventional production systems from which most of vegetables originate is
produced by high levels of chemization on specialized farms with high production and
high inputs of materials and costs by which high yields are obtained and costs are
lower per unit of production (Abdul-Baki, 1998; Shennan, 1992). Such production
requires production procedures risky for the environment and people’s health what
leads to soil erosion and permanent soil degrading (Teasdale and Colacicco, 1985;
Basi¢, 1996). Also this type of conventional production requires use of polyethylene
(PE) mulch which is used for many vegetable varieties which are grown from
transplants (Abdul-Baki et al., 1992; Brown et al., 1992; Wien et al., 1993; Borosi¢ et
al., 1997; 1998; Romi¢ and Borosi¢, 1998; Abdul-Baki, 1998; Ban et al., 2003;
2004.). Beside main positive influence that this mulch has in preventing weed growth,
rising or reducing soil temperature (depending on colour), preventing disease
spreading and finally improving yield quantity, these mulches are present as an
ecological problem. On 87% of land in USA non degradable black polyethylene film
has been used which causes additional costs for production (costs of purchase, setting
up and removing the polyethylene film) and an ecological and environmental problem
because it can be used only once and the question is how to recycle and waste it
(Hemphill, 1993; Roe et al., 1994). Furthermore, in conventional production large
amounts of fertilizers are used, especially nitrogenous ones. The reason is that
nitrogenous fertilizers are a base for high yields but they are used several times more
than the agricultural cultures need. The surpluses of nitrates are easily washed out of
the soil, polluting the surface and ground waters (Romi¢ et al., 1996; Abdul-Baki,
1998). In the same time too much nitrogenous fertilizer causes accumulation of
unwanted nitrates in vegetables what affects human health (Custi¢, 1996).
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Pesticides are used several times in conventional production even when there are no
circumstances for disease or pest development, in order to prevent diseases and pest
assuring the maximum possible yield what is unacceptable for ecology (Elliot and
Mumford, 2002).

Recent research (Gaskell et al., 2000; Ban, 2001; Bulluck et al., 2002; Elliot and
Mumford, 2002) showed possibilities of vegetable production in alternative systems
of production (sustainable and organic), which are not so risky for the environment
and create positive economic effects. Therefore the aim of our research was to show
similar results of alternative systems of production (sustainable and organic) and
influence of endomycorrhiza on vegetative growth and yields of endive (Cichorium
endivia L.) as a late crop after lettuce, using the existing mulch, and comparing
alternative to conventional systems of production.

MATERIAL AND METHODS

Biannual research was set on a family farm in Pula (Croatia) during 2002 and 2003. A two
factor trial was set by split-plot scheme in three repetitions. The main factor “production
system” had three levels (organic, sustainable and conventional); while the sub factor
“mycorrhiza” had two levels (endive transplants inoculated with endomycorrhiza fungus
Glomus mossae and non-inoculated transplants). The size of basic plot for the main factor
“production system” was 45 m? (10 m x 4.5 m) contained three beds 1 m wide with 50 cm
space between beds and were 10 m long, while the size of plots with factor “mycorrhiza” was
22.5 m? (5 m x 4.5 m), half of the plots of main factor.

The soil for the trial had neutral reaction (pH 7.07 in MKCI), contained 2.3% humus, 3.49
mg/100 g soil P,O5 and 17.95 mg/100 g soil K;O. The trial land surface was ploughed 30 cm
deep in February, each year. Before ploughing, on plots which are labelled for organic system
of production, ripe organic manure was used (100 m3/ha) and ploughed in the soil. On
organic production plots, after supplementary treatment, tilling, in mid March we have sawn in
the first year fodder pea variety ‘Maksimirski’, in the second year common vetch, variety
‘Jaga’, each 140 kg/ha. Both fodder pea and common vetch were mow down by end of May
and were used as plant mulch for lettuce that forwarded endive.

In both years after mowing down the spring crop an drip irrigation system was set for organic
production system, while for sustainable and conventional systems we used mineral fertilizers
(1000 kg/ha NPK 7-20-30), and herbicide (trifluralin, 2 I/ha), we tilled, set drip irrigation
systems and set mulch of black PE film 1.2 m wide. On such prepared plots in both years
lettuce was grown (in beds) with 10.67 pIants/m2 on all trial plots. During vegetation in both
years we used drip irrigation. Each year we used fertirigation, and basic measures of culture
care depending on production system. Plant protection was done by State regulations:
Rulebook on ecological production of plants and in total production of plant’'s products
(Official Gazette, 2001). Lettuce harvesting was done in third decade of August. After lettuce
harvesting on plots with sustainable and conventional production systems, lettuce leftovers
were removed, while on PE mulch holes for planting endive transplants were made. Lettuce
leftovers and plant mulch (fodder pea and common vetch) in organic production were tilled in
the soil.

Inoculation of endive with endomycorrhiza fungus was done by mixing the fungus mycelium in
the substrate for transplants growing (Novak, 1997.). Transplants of variety ‘Laos’, Seed
Company Bejo zaden were grown in a polyethylene container with 150 holes (sowing on 22.
7.2002 and 18. 7. 2003). The transplants in phase 5-6 true leaves were planted in three bed
rows per plot (in each bed we had three rows) on 4. 9. 2002 and 28. 8. 2003 the interspaced
between rows was 30 cm and inside rows 50 cm (three rows per bed — mulch film), while the
distance between beds was 50 cm (4 plant/mz). For data processing we used data about the
middle bed of each plots.
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Before planting in planting holes on plots for sustainable and conventional production we
used soil insecticide (Durban G-7.5) in amount of 15 kg/ha in sustainable and 20 kg/ha in
conventional system. After planting on all plots we used molluscides against snails in dosage
according to State regulations. In organic production we used mechanical protection and
yellow tables to attract insects (aphids).

During vegetation we used irrigation according to vegetation needs, while fertilizer was

applied by fertirigation (plots with organic production had no fertirigation), while treatments
against diseases and pests were executed according to production system (Table 1 and 2).

Table 1: Fertilization regime in endive production systems

Production system
Fertilizer
Organic Sustainable Conventional
Soluble mineral 88 kg N/ha 158 kg N/ha
fertilizer - in two portions (every in four portions (every
(NPK 19-6-20) second week) week)
Total kg N/ha - 88 158

Endive harvesting was done at once on 8. 12. 2002 and 7. 12. 2003 on all plots and for all
systems of production. After harvesting we determined the density of plants, the diameters
of endive heads, average mass of endive heads yields and share of endive non-marketable
yields.

Statistical analysis of the main factor, sub factor and their interaction was done by variance
test (F-test). For significantly different average values of F-test between the main factor and
its interaction, we tested them by Duncan’s rang test for significance p<0.05.

Table 2: Pesticide use in endive production systems

Production system

Pesticide
Organic Sustainable Conventional

Limacides:
- Metaldehyde (Limax M) 1 x (30 kg/ha) 1 x (35 kg/ha) 1 x (40 kg/ha)
Insecticides:
- Klorpirifos-etil (Dursban G-7.5) - 1 x (15 kg/ha) 1 x (20 kg/ha)
- Deltametrin (Rotor 1.25 EC) - 1 x(0.06 %) 2 x (0.06%)
- Pyrethrum extract (Biotox P) 1 x (600 I/ha) - -
- Yellow tables 1.200 peace/ha - -
Fungicides:
- Metalaksil+mankozeb (Ridomil MZ

72 WP) - - 1 x (0.30%)
- Iprodion (Rovral SC) - 1 x(0.30%) 2 x(0.30%)
Herbicides:
- Glufosinat-amonij (Basta 15) - 1 x (6 1/ha) 1 x (6 I/ha)

(1 x weeding)

RESULTS AND DISCUSSION

Production systems, mycorrhiza and their interaction had no significant influence on
density reduction in endive production during two years of research (Table 3). Snails
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are one of the reasons for diminished plant density, because they were very active
starting in September, when more rains are usual in Pula. After transplanting the plant
density was diminished by sun burns because of black mulch and sun influence.
However in our research these causes were not to blame as we used molluscides in all
three systems of production and the temperatures of soil in organic and on PE mulch
surface in conventional and sustainable production system were not a limitation factor
(data not shown). Insignificant diminished plant density in all three production
systems in planting phase were caused by mechanical damage in time of planting.

The diameter of endive head is genetically determined feature that can be changed by
wider planting spaces, but also is a feature that determines planting interspaces. In our
research plants were planted on a distance that made full development possible. In all
production years, mycorrhiza and interaction of mycorrhiza and production system
had no influence on endive head diameter. These results are opposite to results (Ban
et al., 2003) where lettuce heads were significantly larger in sustainable production,
than in organic. The reason lies in the fact that endive has better tolerance and
endurance to many stresses (weaker nutrition, water stress) than lettuce, therefore the
production circumstances for endive with no manure, weeds and soil compression had
not showed effects on head diameters. The differences were not significant either
comparing organic to “softer” conditions of sustainable and conventional production.
Inoculation of endive transplants with endomycorrhizal fungus has showed no
significant results. We assume that was because soil available nutrients were
sufficient to head development.

Table 3: Effects of production system and mycorrhiza on the achieved plant density
and endive heads diameter in harvest time

Plant density (plant/m?) Diameter of heads (cm)
Production M BM? PSP’ M BM PSP
system
2002
Organic 373 a 391 a 382 a 3973 a 4193 a 40.83 a

Sustainable 382 a 373 a 378 a 41.65 a 41.68 a 41.67 a
Conventional | 3.73 a 347 a 360 a 40.07 a 40.50 a 40.29 a

Mean myc. 3.76 ns. | 3.70 ns. 40.48 n.s. | 41.37 ns.
2003
Organic 387 a 396 a 392 a 41.90 a 4125 a 41.58 a

Sustainable 391 a 387 a 389 a 39.70 a 39.62 a 39.66 a
Conventional | 3.96 a 391 a 394 a 41.82 a 41.55 a 41.69 a

Mean myc. 391 ns. | 391 ns. 41.14 n.s. | 40.81 n.s.
'"Mycorrhiza; *“Without mycorrhiza; *Production system

The head mass was positively correlated to head diameter, larger diameters means in
order bigger mass under the condition that endive is harvested in full technological
ripeness, respectively when the inner parts have characteristic light yellow colour.
Because of these reasons, in both years, endomycorrhiza and production systems had
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no influence on endive head mass (Table 4). These findings are contrary to the
findings of Ban et al. (2003) in lettuce research. The reason is, as we mentioned
before, that endive has higher tolerance than lettuce. Interaction of production system
and mychorhizza was significant only in the second year of research, when the
highest endive head mass was achieved in sustainable production system on non-
inoculated transplants. This interaction was significant probably because pedological-
climatic conditions were favourable for this interaction comparing to other
interactions.

Table 4: Production system and mycorrhiza effects on average endive marketable
yield and on proportions of non-marketable heads in yield

Marketable yield Non-marketable yield
Production (g/head) (t/ha) (% heads)
system M' BM® | PSP’| M BM PSP M BM | PSP
2002
Organic 507 a 630 a 569a (163 a 22.7a 1949a |6.1a 34a 4.7a

Sustainable |565 a 633 a 599a |19.5a 224 a 2098a |2.2a 1.2b 1.7b

Convent. 491 a 474 a 483a |17.1a 150a 16.05a |3.1a 25a 2.8 ab

Mean myc. |521 n.s. [579 n.s. 17.6 n.s. |20.0 n.s. 3.8ns. |23 ns.
2003
Organic 653ab |570D 612a [228a 203 a 21.58a |14a 37a 25a

Sustainable |550b 697b 624a |19.6a 204 a 20.02a |1.7a 44a 31a

Convent. 570 b 557b 564a |209a 20.6a 20.80a |1.8a 05a 1.2a

Mean myc. 591 n.s. [ 608 n.s. 21.1ns. {204 n.s. 1.6n.s. |2.8ns.

"Mycorrhiza; *“Without mycorrhiza; *Production system

The main purpose of agriculture in general is to achieve highest possible yields with
less possible costs, in this way the final product costs less and the profits are higher
(Abdul-Baki, 1998). Therefore endive yields per unit area are very important. In our
research endive yields were tested through several factors. The results showed that
production system and mycorrhiza and both their interaction had no significant
influence on yields. Based on these evident we can conclude that available amounts of
nutrients (applied by manure) which were differently applied in production systems
(sustainable and conventional) and not used in organic (only plant mulch of hairy
vetch and fodder pea was tilled in) had no effects on increased yields. Different pest
treatment also had no effects on endive yields. Endomycorrhiza also had no effects on
endive yields although the nutrition status was low (88 N kg/ha in sustainable system,
and no manure used in organic system). Concerning other authors (Osvald et al.,
2002) manure should be applied in larger doses (150 kg N/ha, 50 kg P,Os/ha, 250 kg
K;,0O/ha). In sustainable production basic soil ploughing and basic fertilization was not
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possible because of PE mulch laid down for preceding crops. Therefore less
additional fertilizers were used. Fertilizer was used two times in sustainable
production and four times in conventional production system, in the first month and
half of vegetation. We could manure forwards but that would cause no effects on
yields and would cause increase on nitrates in endive leaves (at the time the
temperatures were lower and days shorter what causes nitrates accumulation). Similar
nitrate accumulation in head chicory was found by Custié¢ (1996). All three systems of
production produced about 20 tons/ha although the possible yield could have been
higher, up to 40 tons/ha, which had been achieved in endive production (Osvald et al.
2002). The reasons that yields were not at the maximum lye not in manure
management, because in the organic system we used no manure, still the yields were
the same as the yields in sustainable and conventional production, what once more
approves the mentioned statement that endive is a very tolerant vegetable culture.

The only true reason for minor yields in our research should be explained through
plant density (4 plants/m®), which should be at least double (10-15 plants/m?)
according to research findings of Tesi (1990) and Osvald et al. (2002). Therefore, if
got yield, that was amounting 20 t/ha, multiply with double number of plants, get of a
final during 40 t/ha yield, which in own parts list also Tesi (1990) and Osvald et al.
(2002).

First production year had consequences on shares of non-marketable production
(Table 4). Organic production had 3%, respectively 2% more non-marketable endive
mass from total production comparing to sustainable and conventional production.
However these differences were not proved in the second research year. Reasons were
climatic conditions which in the first year were favourable for disease development.
Just before harvesting in organic production endive was attacked by Botrytis cinerea
therefore a number of plants were damaged and not suitable for market sales.
Inoculation with mycorrhiza and the interaction of production systems and
mycorrhiza had no effects and shares of non-marketable yields. Significant
differences in research of lettuce were also not proved (Ban et al., 2003). Therefore
once more we proved that endive is a very tolerant vegetable culture with few
requests in production.

CONCLUSIONS

Through several field researches it is determined that endive can be successfully
grown in organic production system with total omission of chemical means (mineral
manure and chemically produced pesticides). Such production achieves yields which
are expected in sustainable and conventional production. Because of stated findings,
endive is recommended for organic production. Inoculation of transplants with the
fungus Glomus mossae had no effect on endive production in our research.

Endive production as a succeeding crop is possible without significant yield
diminishment and has positive effects on using PE mulch from the preceding culture
in sustainable and conventional production systems, while in organic production it
uses the plant mulch ploughed in for succeeding crops.
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ABSTRACT

The purpose of the investigation was to determine the use of water in grafted vines (Vitis
vinifera L.) in dependence on the vine (Vitis sp.) rootstocks. The local vine variety 'Rebula’
was grafted on three different rootstocks (Vitis sp.): (1) on the 'Rebula’ (Vitis vinifera L.) vine
itself, (2) on the rootstock 196/17 Castel' [(Vitis vinifera 'Mourvédre' x Vitis rupestris 1202
Couderc') x Vitis riparia 'Gloire'] and (3) on the rootstock 'Bérner' (Vitis riparia x Vitis cinerea).
Daily transpiration was calculated as a difference in the pot mass between the day of
measurement and the previous day. Daily differences in the use of water were compared with
leaf area and meteorological data (temperature, duration of sun light). Stem water potential
(SWP) and, at the end of the trial, leaf area and mass of individual parts of plant (roots, shoot)
were determined using destructive method. The dynamics of water used per leaf area unit
showed the trend of reduction and the response to the changing meteorological conditions.
No statistically significant differences in SWP, leaf area and water used were noticed between
rootstocks, however, they existed in the final mass of shoot and roots.

Key words: grapevine, cuttings, transpiration, rootstock
IZVLECEK

TRANSPIRACIJA CEPLJENK VINSKE TRTE (Vitis vinifera L.) 'REBULA' CEPLJENE NA
TRI RAZLICNE PODLAGE (Vitis sp.)

Namen raziskave je bil dolo€iti porabo vode pri enoletnih cepljenkah vinske trte (Vitis vinifera
L.) v odvisnosti od podlage vinske trte (Vitis sp.). Lokalno vinsko sorto 'Rebula’ smo cepili na
tri razlicne podlage: (1) na samo sebe, 'Rebula’ (Vitis vinifera L.), (2) podlago '196/17 Castel'
[(Vitis vinifera 'Mourvédre' x Vitis rupestris '1202 Couderc') x Vitis riparia 'Gloire'] in (3)
podlago 'Borner' (Vitis riparia x Vitis cinerea). Dnevna transpiracija je bila izraunana kot
razlika v masi lonca z rastlino, med dnevom merjenja in predhodnim dnevom. Dnevne razlike
v porabi vode smo primerjali z listno povrsino in meteoroloSkimi podatki (temperatura, sonéno
obsevanje). Dolodili smo vodni potencial stebla (SWP), na koncu poskusa pa, z destruktivho
metodo, listno povrsino in maso posameznih delov rastlin (korenine, poganjek). Dinamika
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porabe vode na enoto listne povrSine je pokazala odziv na spremenljive meteoroloske
razmere in trend zniZevanja. Med podlagami nismo opazili statisticho znacilnih razlik v
vodnem potencialu stebla, listni povrsini in porabi vode, statisticho znacilne razlike med
podlagami so obstajale le v kon&ni masi poganjka in korenin.

Kljuéne besede: vinska trte, cepljenke, transpiracija, podlage

INTRODUCTION

The water use of grapevines has been reported in the literature, either for mature vines
(Gomez-del-Campo et al., 1997; Trambouze and Woltz, 2001) or young plants
(Myburgh et al., 1996; Williams et al., 2003). As to the water requirement of 1-year-
old grapevine cuttings there is a lack of knowledge, but this information may be
useful in nurseries to optimise water. Furthermore, when an experimental plot with
grapevine cuttings has to be set up, accurate irrigation planning is necessary for
optimal cultivation.

The aim of this research was to estimate the amount of transpiration in relation with
leaf area development in young grafted grapevines. At the same time, the influence of
different rootstocks on this parameter was investigated, because rootstocks may affect
vigour, water relations, mineral nutrition, yield and quality (Padget-Johnson et al.,
2000).

MATERIAL AND METHODS

The old local grapevine variety 'Rebula’ (Vitis vinifera L.), synonym 'Ribolla gialla', was grafted
to: (1) itself, i.e. grafted to 'Rebula’ (Vitis vinifera L.), (2) rootstock '196/17 Castel' [(Vitis
vinifera 'Mourvédre' x Vitis rupestris '1202 Couderc') x Vitis riparia 'Gloire'] and (3) rootstock
'Borner' (Vitis riparia x Vitis cinerea). Each grafting combination was represented by three
replicates (plants). During January 2002 the grafting was performed using omega graft
technique, and grafts were planted in a mist bench for two months in order to have a good
rooting and growth. On 9™ of April 2002 the plants were transferred in 2 | pots filled with
Agriperlite BPB Vic and Goldhumus Pflanzerde (3/1, v/v), and they were grown in a
greenhouse at the “Antonio Servadei” experimental farm of the University of Udine, North-
Eastern Italy. Evaporation from the substrate surface of the pot was avoided covering the top
with aluminium foil. Percolation was negligible. The daily transpiration rate was calculated as
pot weight difference between two following days. Daily differences of pot were related to the
leaf area, to obtain the daily transpiration per unit of leaf area (T,).

At the beginning of this trial, the amount of water supplied was 0.15 | pot'1 d™: this level was
established based on xylem-sap flow values in mature grapevines (3-4 | H,O m'z.eaf area d'1;
Sivilotti et al, 2005), and considering the initial leaf area per plant of about 0.05 m?. Because
of rapid leaf area growth, water supply was increased up to 0.20 | pot” d” (1** of June 2002)
and to 0.30 | pot’ d” (14" of June 2002). The pots were daily watered and weighted at 02.00
p.m.

Leaf area of each plant was measured not-destructively: length (Lg) and width (Wd) of every
leaf was converted to leaf area (y) with a previously obtained calibration function (y = 0.6742x
+0.0144, R? = 0.98, where x = Lg - Wd). The calibration equation was obtained by measuring
the length the width and the area of 30 leaves of 'Rebula’ thus calculating the relationship.
The plants were finally destroyed and leaf area measured with leaf area meter Li-Cor 3100
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(Li-Cor Inc., Lincoln, NE, USA). Furthermore they were separated into roots, shoots and
leaves and dried in a stove (100°C overnight), recording fresh and dry weights.

Stem water potential (Choné et al. 2001) was measured by a Scholander pressure chamber
(P.M.S., Corvallis, OR, USA). One leaf for each plant was sampled for each thesis.

Meteorological data: temperature and solar radiation were obtained from the meteorological
station of the Experimental farm “Antonio Servadei” of the University of Udine.

Statistical analysis: ANOVA together with Student-Newmann-Keuls test (P<0,05) were used
to ascertain differences among means (CoStat, CoHort software, Monterey, CA, USA).

RESULTS AND DISCUSSION
Leaf area

At the beginning of the growth period (20" of May 2002) leaf area ranged between
0.009 m” for plants grafted on "Rebula' and 0.013 m?” for plants on '196/17 Castel'; in
the following period leaf area showed a rapid increase. On 29™ June 2002, values
about 0.24 m” were measured and leaf area development showed a decrease of growth
rate.

0,350 -

0,300 - —eo— 'Rebula’
—— '196/17 Castel'

0,250 + —a&— 'Borner’

0,200 -

0,150 -

Leaf area (m2)

0,100 -

0,050 -

0,000 - ‘ ‘ ‘ ‘ ‘ ‘
19. 05. 02 29.05. 02 08. 06. 02 18. 06. 02 28. 06. 02 08. 07.02 18.07. 02

Date

Figure 1. The leaf area of 'Rebula’ grafted on three different rootsocks in different
dates.

Transpiration

T, data on 11™ of June 2002 ranged between 2.24 L m™ leaf area d”' in "B6rner' and
2.65 L m? leaf area d”' in 'Rebula’. From this moment on, T, showed a decrease
(figure 2), and no difference among rootstocks was observed. Some reductions of T,
according with meteorological changes, i.e. a decrease in temperature and radiation
were observed (figure 2) particularly on 27" of June and 01* of July 2002. During
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June and July the water consumption of a grafted grapevine with a leaf area of about
0.30 m* was quite constant with an average from 0.25 to 0.30 L H,O d' per plant.

3,0

—@— Rebula
—O— 196/17 Castel

2,57 —w— Borner

2,0
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T4 (LH0 d' m2 leaf area)
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—@— Temperature
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9/6 13/6 17/6 21/6 25/6 29/6 3/7 717 11/7

date

Figure 2. Young grapevine grafted cutting transpiration as affected by rootstock and
meteorological changes.

Stem water potential

On 14" of June stem water potential was measured: plants on 'Rebula' showed a value
of -0.53 MPa, while on '196/17 Castel' and 'Borner' -0.54 MPa without significant
differences. Stem water potential revealed no water stress in the plants.

Dry matter partitioning

Dry matter partitioning revealed that 'Borner' rootstock reported the highest values of
total leaf area, and the lowest value of root weight. On the opposite, '196/17 Castel'
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rootstock reported the lowest values of leaf area, together with a high root weight.
'Rebula’ showed mean values of all dry matter partitioning. Leaf weight did not show
any difference, as well as dry matter data.

Tablel: Dry matter partitioning of grapevine cuttings grafted on different rootstocks.

Rootstock |leafarea (cm”) |leaf weight (g FW) | root weight (g FW) | root/shoot ratio
'Rebula’ 3023.3 ab® 474 a 82.1a 093 a
'196/17 CI' |2617.5b 43.6a 81.8 a 1.03 a
'Borner’ 3266.1 a 512 a 59.3b 0.62 b

* values with the same letter are not significantly different for P<0.05.

CONCLUSIONS

The amount of transpiration was found in agreement with Trambouze and Woltz,
2001 and with Williams et al., 2003 and no differences between rootstocks were
assessed. The water consumption data of young grafted grapevines may be useful for
irrigation scheduling in nurseries.
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ABSTRACT

The influence of late-season boron (B) application on the bud B concentration and fruit set
was studied in sweet cherry (Prunus avium L.). The experiment was carried out on 5-year-old
‘Summit’ and ‘Hedelfinger’ trees on rootstock Gisela 5 in Fruit Growing centre Gac¢nik. Trees
were sprayed with B (1% Bortrack) or water (control). Differences in B concentration were
measured between cultivars, the highest content in ‘Hedelfinger buds. Boron application
resulted in increased B concentration in flower buds. Fruit set was influenced with cultivar,
boron application and micro location. Fruit set was statistically higher in ‘Hedelfinger’ than in
‘Summit’ trees. The results showed that B fertilization had no effect on fruit set of ‘Summit’
despite increased concentration of boron by 94.8% in dormant flower buds. Foliar boron
spraying of ‘Hedelfinger’ was effective in increasing B concentration (by 157.2%) and fruit set
on half trees.

Key words: sweet cherry, Prunus avium, Gisela 5, foliar nutrition, boron, flower buds, fruit
set.

1ZVLECEK

VPLIV FOLIARNO DODANEGA BORA V JESENI NA VSEBNOST BORA IN DELEZ
OPLODITVE PRI SORTAH ‘SUMMIT’ IN ‘HEDELFINGER’ (Prunus avium L.)

Vpliv foliarno dodanega bora (B) v jeseni na koncentracijo bora v brstih in na delez oploditve
smo proucevali pri ¢esSnji (Prunus avium L.). Poskus smo izvedli na 5 let starih drevesih sort
‘Summit’ in ‘Hedelfinger na podlagi Gisela 5 v Sadjarskem centru Gacénik. Drevesa smo
poskropili z borom (1 % Bortrack) ali z vodo (kontrola). Ugotovili smo znacilne razlike v
koncentraciji bora med prouc¢evanima sortama, vecje koncentracije pri sorti ‘Hedelfinger’.
Foliarna prehrana z B je vplivala na vecjo koncentracijo bora v brstih obeh sort. Ugotovili
smo, da so na deleZ oploditve vplivali sorta, aplikacija z borom in mikro lokacija. Delez
oploditve je bil pri sorti ‘Hedelfinger’ znacilno vedji kot pri sorti ‘Summit’. Foliarna prehrana z
borom pri sorti ‘Summit’ ni vplivala na delez oploditve, ¢eprav se je koncentracija bora v brstih
po aplikaciji poveCala za 94,8%. Pri sorti ‘Hedelfinger se je po Skroplienju z borom
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koncentracija bora v brstih povecala za 157,2%, delez oploditve pa je bil vedji le na polovici
poskusnih dreves.

Kljuéne besede: ¢esnja, Prunus avium, Gisela 5, foliarna prehrana, bor, cvetni brsti, delez
oploditve.

1 INTRODUCTION

Flower clusters have a high demand for boron (B) during blossoming if fruit set is to
be fully effective (Hanson and Proebsling, 1996). Application of B sprays is often
used to ensure that sufficient amounts of B are available for flower fertilization, fruit
set, and early fruitlet development (Peryea, 1992; Zude et al., 1998; Hanson et al.,
1985; Stover et al., 1999; Nyomora et al., 1999; Stampar et al., 1999; Solar et al.,
2001). Flower buds are a preferential sink for B mobilization after foliar application
(Sanchez and Righetti, 2005). Soil-applied B increased root zone soil solution B
concentrations (Neilsen et al., 2004) and remained mostly in the roots while very little
was translocated in the above-ground portions of the tree at full bloom (Sanches and
Righetti, 2005). The tree response to foliar application of nutrients may be
inconsistent (Weinbaum et al., 1988). Boron sprays after bloom increased fruit set and
yield of the apple cultivar ‘Elstar’ (Wojcik et al., 1999). Sprays at the pink flowering
stage increased flower cluster and early-season leaf B concentrations of apple ‘Scarlet
Gala’ (Peryea et al., 2003). Application of B prior to flowering increased fruit set of
olive ‘Manzanillo’ (Perica et al., 2001). Foliar applications of B before full bloom or
after harvest increased fruit set and fruit yield of ‘Conference’ pear (Wojcik and
Wojcik, 2003). Boron sprays and a soil B application did not increase fruit set and
production of hazelnut (Ferran et al., 1997; Silva et al., 2003). Cultivars with lower
tissue B concentration before B application responded more significantly to
application (Hanson, 1991b; Nyomora et al., 1997).

Late season foliar spraying is an effective method of supplying B to flower buds,
leaves and flowers (Hanson et al., 1985) in sour cherry (Hanson, 1991a, 1991b),
apple (Zude et al., 1998), prune (Wojcik, 1999) and influences fruit set and yield of
almond (Nyomora et al., 1997). In vivo pollen germination and tube growth of
almond were enhanced by foliarly applied B during fall (Nyomora et al., 2000).
Boron applied to trees in the autumn moves from the leaves into the adjacent buds,
where elevated levels are maintained and expressed in flowers at anthesis (Hanson,
1991a; Thompson, 1996; Sanchez and Righetti, 2005). Apple shoot leaves retained,
absorbed and exported at least three to four times as much foliage-applied boron as
sweet cherry shoot leaves (Picchioni and Weinbaum, 1995).

Foliar B application often promotes fruit set and yield of different fruit species, but
response to B application seems to be related to different factors, like species,
cultivar, nutrient status,... The B requirements of sweet cherry and influence of B on
sweet cherry fruit set are poorly understood. The purpose of the current study was to
evaluate the possible differences in B concentration between sweet cherry cultivars
and the influence of late-season B application on the flower bud B concentration. The
aim of our experiment was also to determine if higher B concentrations influence the
fruit set.
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2 MATERIALS AND METHODS

The study was conducted on 5-year-old Summit/Gisela 5 and Hedelfinger/Gisela 5 sweet
cherry (Prunus avium L.) trees, planted in a single row system (900 trees/ha) and trained as a
slender spindle. Cultivars 'Kordia', 'Regina' and 'Hudson' were planted in the same orchard for
good pollination between cultivars. Bees were used during blooming time to ensure good
pollen distribution. Trees were without visible symptoms of boron deficiency. The soil content
of boron was 0.7 ppm (Phosyn laboratories). Trial was performed in Fruit Growing centre
Gacnik (Slovenia).

Foliar boron was applied 1 month prior to leaf fall (1% of October 2002) on 10 trees of each
cultivar. The other 10 trees served as a control and were sprayed with water. Boron
application with 1% Bortrac (0.15 ppm B, Phosyn) was settled with high pressure hand-gun
sprayer. At the time of B application trees had healthy leaves — flower buds on the spurs were
not free from the leaves. The experimental design was 2 randomised blocks with 20 trees of
each cultivar (5 trees per plot). The position of trees of 1* block was upper part of the slope of
the hill and the position of 2" block was lower part of the slope.

Dormant buds were collected in late March 2003 for boron analyses. 20 buds from different
parts of the tree were sampled (1 bud per spur). Samples (buds with bracts) were oven-dried
at 45 °C without washing. The dried plant material was ground to powder. Boron was
extracted with HNO; in Biotechnical faculty Ljubljana. Samples were analysed for B with ICP
OES (Inductively Coupled Plasma — Optical Emission Spectrometer) on National Institute of
Chemistry Slovenia.

Flowers and mature fruits were counted out on three comparable branches on three different
parts of every tree 1 to 2 m above ground level. Fruit set was calculated from number of
flowers and mature fruits on individual branches. Flowers were counted at the beginning of
flowering and mature fruits at the picking time. Sweet cherry fruits were picked at commercial
maturity on the basis of subjective estimation of fruit colour.

Multiway ANOVA was used for analysis the effect of factors: boron application, cultivar and
micro location on boron content and fruit set. Differences between treatments were estimated
with LSD test and Duncan’s multiple range test (a<0.05). Statistical analyses were carried out
using Statgraphics Plus 4.0 software (Manugistics, USA).

3RESULTS
3.1 Climatic conditions

Climatic conditions before and during flowering are shown in Fig. 1. Figure 1
presents air temperature 2 m above the ground level in the period 6™ April to 30™
April 2003. In the period from April 6 to 9 spring cool spell (Twin -4.8 °C) passed
Slovenia which coincided with phenological stage bud bursting (first swell to side
green) of sweet cherry. During full bloom the temperatures were rather low for
effective pollination. After the flowering (in May) the climate was very dry, average
temperatures were for 2 °C higher than long term temperatures.
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Fig. 1: The daily temperature data in the period 6" April to 30™ April 2003 in Fruit

growing centre Gacnik. Vertical arrow presents the phenological stage first
bloom of sweet cherries.

3. 2 Boron concentrations

Differences in boron concentration in dormant flower buds were statistically
significant between cultivars (Tables 1 and 2). The average boron concentration in
control trees of ‘Summit’ was 127.4 pgg”' dry wt and 2262 pgg' dry wt in
‘Hedelfinger’. The single boron application resulted in higher boron content in
‘Summit’ (Table 1) and ‘Hedelfinger’ dormant buds (Table 2). Boron concentrations
were similar in different blocks. Only in control ‘Summit’ trees there were higher
boron concentration in Block II. Boron spray increased B concentration in ‘Summit’
buds by 94.8% and in ‘Hedelfinger’ buds by 157.2%. The average boron
concentration in treated trees of ‘Summit’ was 248.2 pgg' dry wt and in
‘Hedelfinger’ 583.4 ugg™ dry wt.

Table 1. Average B concentrations (ugg' dry wt) in dormant ‘Summit’ sweet cherry
flower buds. Values followed by a different letter are significantly different

at a<0.05 by LSD test.
Block I Block 11
Summit Boron 267.2+14.7 a 224.5+20.84 a
Control 117.6+4.7 ¢ 137.246.1 b

Table 2. Average B concentrations (ugg”' dry wt) in dormant ‘Hedelfinger’ sweet
cherry flower buds. Values followed by a different letter are significantly
different at a<<0.05 by LSD test.

Block I Block II
Hedelfinger Boron 494.0+120.0 a 636.8£141.6 a
Control 266.7+36.9 b 197.0+40.7 b
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3.3 Fruit set

The number of flowers per branch was in ‘Summit’ and ‘Hedelfinger’ trees similar in
all treatments. The number of ‘Summit’ fruits per branch was in Block I statistically
higher than in Block II. Average number of ‘Hedelfinger’ fruits per branch in boron
treated trees was statistically higher in Block I, in control trees there were no
differences between blocks (data not shown).

The results show higher fruit set for ‘Hedelfinger’ than for *Summit’ sweet cherry.
Boron application of ‘Summit* sweet cherry trees resulted in similar fruit set in both
treatments and both Blocks (no positive effect on fruit set). Fruit set was statistically
higher only in control ‘Summit’ trees in Block I. Fruit set of boron treated
‘Hedelfinger’ sweet cherry trees was higher than of control trees only in Block I.
Fruit set of ‘Hedelfinger’ in Block II was lower than in Block I, similar to control
trees in Block I (Fig. 2).

30,0
a
25,0 o
i b
T S — Y -
S % b N T
B 150t \ T \J’ -
: c N N
"0t ] \;iji;i; ffffff \ji;iji -1
TY \<:<:<:< \<:<:<:
50 f--- g \a fffffff %5:5: —————— §§:§:§
ol N N1 N N\
boron ‘ control boron ‘ control
Summit Hedelfinger
|8 Block I &2 Block II|

Figure 2: Fruit set (%) of ‘Summit’ and ‘Hedelfinger’ sweet cherries of different
treatments and blocks. Values followed by a different letter are
significantly different at a<0.05 by Duncan’s multiple range test.

4 DISCUSSION

Single B product was used in our trial, because different B products resulted in similar
flower cluster B content in apple (Peryea, 2005). The content of boron in sweet cherry
dormant buds in our experiment was rather higher than content of B in sour cherry
‘Montmorency’ in Michigan (Hanson, 1991b). The differences in B content can be
ascribed to different species and also to the rootstock used. B nutritional status of
apple trees is influenced by a rootstock (Wojcik et al., 2003) and can holds true also
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for different sweet cherry rootstocks as well. Rootstock genotypes affect sweet cherry
vegetative and generative development (Usenik et al., 2006) but there are no data
about the influence of rootstock on B nutritional status in sweet cherry. Analyses of
boron content were made in flower buds because they can be used to predict B
nutritional status of apple trees (Wojcik, 2002).

Different B concentrations were measured in ‘Summit’ and ‘Hedelfinger’ dormant
flower buds. The concentration of boron in control ‘Hedelfinger’ trees were even
higher than in ‘Summit’ trees after boron application. Application with boron in our
trial resulted in similar increase of B like in sour cherry buds (Hanson, 1991b). Our
results show that fall foliar B application is an effective method to enlarge boron
concentration in sweet cherry dormant buds, like in apple (Zude et al., 1998), prune
(Wojcik, 1999) and sour cherry (Hanson, 1991b).

‘Summit’ fruit set was very low, it was less-than-optimum. Low fruit set could be
influenced by several factors: young trees, fruiting habit of cultivar ‘Summit’
(Bargioni, 1996), climatic conditions during bud swelling (Fig. 1). Ty, reached -4.8
°C when sweet cherry trees were in phenological stages first swell to side green.
Critical temperatures for these phases have been established for 'Bing' sweet cherry,
from -11.1 to -5.8 °C (Thompson, 1996). The number of ‘Summit’ fruits per branch
was in Block I statistically higher than in Block II which can be explained with the
influence of micro location on bad pollination. On the basis of our results for
‘Summit’ we cannot confirm the statement that response to B application appears to
be better in years when fruit set is low (Nyomora et al., 1999; Perica et al., 2001;
Hanson in Breen, 1995; Shrestha et al., 1987; Usenik and Stampar, 2002) because
boron foliar application had no influence on ‘Summit’ fruit set. Micro location and
cultivar characteristics had greater influence. Other unknown factor(s) may ultimately
determine the percentage of fruits that remain on the tree at harvest (Nyomora, 1999).

Fruit set of ‘Hedelfinger’ sweet cherry was statistically higher than in ‘Summit’ sweet
cherry. Fruit set of control and with B treated ‘Hedelfinger’ trees was sufficient for
yield of good quality fruits. Boron application had positive effect on ‘Hedelfinger’
fruit set in Block I. Fruit set of boron treated ‘Hedelfinger’ sweet cherry trees was
statistically higher than in control trees in Block I and higher than fruit set in both
treatments in Block II. Our results in ‘Hedelfinger’ show that nutrition with boron can
be effective (but inconsistent) also in cultivars with higher B concentrations. Nutrition
with boron can be more effective in conditions where trees were supplied inadequate
or in cultivars with lower tissue B concentration (Hanson, 1991b, Nyomora et al.,
1997).

Our results show that the tree response to foliar application of nutrients is also in
sweet cherry inconsistent (Weinbaum et al., 1988) and depends on different factors.
Assuring a good nutritional status of the floral buds may overcome bad climatic
conditions (Sanzol, 2001). Single foliar boron application is effective in increasing B
concentration in flower buds, higher B concentrations however can improve fruit set
in sweet cherry, so the possible positive effects can easly cover the costs. Nutrition
with boron can be more useful especially when fruit set is low and can be in function
of controlling tree vigour (medium productive cultivars on vigorous rootstocks).
Rootstock Gisela 5, used in our experiment, is early-bearing and very productive
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rootstock. There is a potential problem of excessive cropping (especially in
combination with very productive cultivars) which can result in poor fruit quality and
poor vegetative growth (Long, 2001). So caution is needed. Further studies of B
requirements and influence of boron on sweet cherry yield are needed, especially
when new technologies (cultivars, rootstocks, training systems) have been
introducing.
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ABSTRACT

The growth promoting effect of basal and foliar application of coir pith based cyanobacterial
biofertilizer on Basella rubra L. was determined by analyzing the morphological and
biochemical parameters of the control and test plants after treatment. Compared to control
plants test plants showed better height, stem circumference, number of branches, number of
leaves and number of flowers. Biochemical analysis of test and control plants also revealed
similar increase of parameters in test sample. Thus, from our study we recommend
cyanobacteria be considered as a serious contender in the field of biofertilizer.

Key words: Oscillatoria annae; coir pith; biofertilizer; Basella rubra L.; foliar spray.

1ZVLECEK

VPLIV BIOGNOJILA IZ OSTANKOV KOKOSOVIH OREHOV IN CIANOBAKTERIJ NA
ZDRAVILNO ZELISCE Basella rubra L.

Raziskan je bil vpliv biognojila, dobljenega iz ostankov kokosovih orehov in predelanega s
pomocjo cianobakterij na rast rastlin zdravilnega zeliS¢a Basella rubra L. Avtorji so analizirali
morfoloSke in biokemi¢ne parameter rastlin tretiranih z gnojilom in kontrolnih rastlin. S
preparatom tretirane rastline so bile visje, imele so debelejSe steblo, bile so bolj razvejane in
imele vel listov in cvetov. S cianobakterijami obdelani organski ostanki po predelavi
kokosovih orehov bi lahko bili pomembna osnova za pridobivanje biognajil.

Kljuéne besede: Oscillatoria annae; kokosovi ostanki; biognojilo; Basella rubra L.; foliarno
gnojenje.
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1 INTRODUCTION

Cyanobacteria play a spectrum of remarkable roles in the field of energy production,
biofertilizer, human food, animal feed, polysaccharides, biochemical and
pharmaceuticals and in cleaning up of the environment, etc. Cyanobacteria, the
oxygen evolving photosynthetic prokaryotes are found in varied aquatic and terrestrial
habitats in nature as well as in association with other organisms. They show high
flexibility and adapt themselves to varied environments because of their tropic
independence to carbon in a number of cases. Cyanobacteria are capable of abating
various kinds of pollutants and have advantages as potential biodegradation organism
(Malliga and Viswajith, 2005). These organisms degrade various aromatic
hydrocarbons and are useful for metal removal from polluted water. As these
organisms have simple growth requirements, they could be attractive host for
production of valuable organic products.

Coconut (Cocos nucifera L.) is cultivated in tropical countries. The fibrous mesocarp
of coir is used to make ropes. The wastes of coir yarn industry get accumulated in
large quantities making their disposal difficult, though it is used as soil conditioner.
Biofertilizer contains all the nutrients required for the plants and helps to increase the
quality of the soil with a natural microorganism environment. Foliar spray could be
used in many different growing medium with excellent production results for organic
farming, industrial and home application such as gardening. Basella rubra belonging
to the family Basellaceae is herbaceous twiners, leaves alternate, simple, penninerved,
margin entire, peteolate, estipulate, flowers pink in color. B. rubra stems and leaves
are sweet, cooling, emollient, aphrodisiac, laxative, haemostatic, appetizer, sedative,
diuretic and tonic. B. rubra has wide distribution in tropical Asia and Africa often
cultivated (Matthew, 1983; Sammbamurty, 2006).

2 MATERIALS AND METHODS
2.1 Organism and culture conditions

Fresh water cyanobacteria belonging to Oscillatoria annae was obtained from the germplasm
of National Facility for Marine Cyanobacteria, Bharathidasan University, Tiruchirappalli, Tamil
Nadu, India. The culture was maintained in BG11 medium (Rippka et al., 1979) at 1500 lux at
25+2°C.

2.2 Lignocellulosic material
Coir pith was collected from coir pith industry, Tiruchirappalli, Tamilnadu, India.
2.3 Experimental condition

Coir pith was collected from coir pith industry near Tiruchirappalli, Tamilnadu, India. A shallow
pit was prepared 6 m length and 1.5 m width and a rexin sheet was stretched over the pit.
100 litre of water was added to the pit. The pit was inoculated with 1 kg of O. annae. After 3
days coir pith was added in the ratio 1: 100. Cyanobacteria were allowed to act on the coir
pith for 15 days. Coir pith with cyanobacterium was filtered, mixed with soil in 1:1 ratio and
used as basal biofertilizer. The supernatant was applied as foliar spray. Totally 14 stem cuts
were used for this experiment. Basal and foliar spray was applied on seven cuts which were
treated as test. Seven stem cuts without any treatment act as control.

After 40 days of treatment morphological parameters like height of the plant, stem
circumference, branching and number of leaves and flowers of B. rubra were analysed.
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Biochemical parameters like sugars (Dubois et al., 1956), total phenolics (Swain and Hillis,
1959) nitrate (Wolley et al., 1960) chlorophyll (Arnon, 1949) carotenoid (Goodwin, 1954) and
protein (Lowry et al., 1951) were evaluated.

3  RESULT AND DISCUSSION

O. annae grew luxuriantly along with coir pith in field condition. During degradation
the medium color changed from colorless to brown due to the release of phenolic
compounds into the medium. This clearly indicated that the cyanobacterial growth
was not inhibited by the presence of the lignin content in coir pith. Combined effect
of basal and foliar application of coir pith based cyanobacterial biofertilizer had a
positive impact on the growth of B. rubra. Morphological observation in control and
test plant of B. rubra (Table-1) demonstrated increase in stem circumference (104.5
%), branching (244.36 %), number of flowers (600 %), number of leaves (108.9 %)
and height of test plants (31.7 %) over control. Previous studies shows appreciable
supporting results. Kumar and Mohan (1997) reported that seaweed liquid fertilizer
increased the number of flowers in black gram. This increase in number of leaves was
in agreement with our result showing increase in flowers in test sample. Lavanya
priya (1997) and Krishna veni (1999) showed a considerable increase in the growth of
rice plants with coir pith based cyanobacterial biofertilizer. Spraying of
cyanobacterial extract led to increased growth and yield of black gram plant
(Ravishankar, 2000). Stephenson (1974) reported a 61% increase in tomato yield with
liquid seaweed extract. Zeenat and Sharma (1990) observed the effect of application
cyanobacteria in combination with the chemical fertilizer diammonium phosphate on
the growth on yield of tomatoes. The above mentioned results completely supported
our study of combining basal and foliar application of coir pith based cyanobacterial
biofertilizer.

Table 1: Comparison of morphological parameters of coir pith based cyanobacterial
biofertilizer treated and untreated B. rubra.

S. Morphological parameters Control Test % of increase
No. over control
1. Height (cm) 16.1+0.021 21.2+0.026 31.7
2. Stem circumference (cm) 1.55+0.013 3.17+0.018 104.5
3. Number of branches 2.57+0.024 8.85+0.033

244.36
4, Number of leaves 11.2+0.001 23.4+0.020

108.9
5. Number of flowers 5+0.031 35+0.042

600

Values are the mean of three replicates + SD.
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Table 2: Comparison of biochemical parameters of coir pith based cyanobacterial
biofertilizer treated and untreated B. rubra

S. | Sample Sugar Phenol Nitrate Chlorophyll | Carotenoid Protein
No (ng/ml) (ug/ml) (ug/ml) a (ug/mi) (mg/ml) (mg/ml)
1. | Control | 59.3+0.023 | 12.6+0.107 | 13.7+0.01 | 101.0+4.728 | 0.07+0.01 | 26.0+0.035
2. Test 78.6£0.035 | 16.5+0.042 | 15.5+0.125 | 144.5+8.922 | 0.08+0.012 | 78.5+0.04
3. % of

increase 325 30.9 13.1 43.0 14.2 201.9

over
control

Values are the mean of three replicates + SD.

The water holding capacity of coir pith is enormous which was a boost to the growth
of cyanobacteria. The non-nitrogen fixing cyanobacteria which enriched the
phosphorus and potassium content in the soil also played a major role. This may be
due to release of growth promoting substance from cyanobacteria Selvarani (1983).
Combination of water holding capacity of coir pith and enrichment of soil by non-
nitrogen fixing cyanobacteria resulted in enhancement of growth of test plants. This
was clearly evident from the biochemical analysis of control and test plants.
Biochemical analysis showed and increase in sugar (32.5 %), phenol (30.9 %), nitrate
(13.1 %), protein (201.9 %), chlorophyll a (43.0 %) and carotenoid (14.2 %) in test
plants over control. Thus from our results and earlier reports we conclude that coir
pith based cyanobacterial biofertilizer could be an effective alternative or combination
for chemical fertilizer.
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ABSTRACT

Selenium is of metabolic importance in cyanobacteria and in some plants, being involved in
their antioxidative processes. Selenium is widely distributed on the Earth’s surface and
available for plants in at least small traces. Cultivation of plants enriched with selenium could
be an effective way of producing selenium rich foodstuffs and thereby increase health
benefits. The essentiality of selenium to higher plants is still under debate. Selenium can
increase the tolerance of plants to UV-induced oxidative stress, delay senescence, and
promote the growth of ageing seedlings. Recently it has been shown that selenium has the
ability to regulate the water status of plants under conditions of drought. The distribution and
speciation of selenium in plants and the effect of selenium alone and in combination with
some other environmental parameters is discussed.

Key words: selenium, plants
IZVLECEK
SELEN V RASTLINAH

Selen ima pomembno vlogo pri antioksidativnih procesih cianobakterij in nekaterih rastlin.
Selen je Siroko razzirjen po zemeljski obli in na razpolago rastlinam vsaj v majhnih koli¢inah.
Gojenje rastlin, obogatenih s selenom, je ucinkovit nacin dodajanja selena ljudem in
izboljSanju zdravja. V znanstvenem svetu poteka debata, ali je selen potreben za rastline.
Obstajajo pa dokazi, da selen pri rastlinah pospeSuje antioksidacijsko aktivnost, zavira
procese, povezane s staranjem in omili stres zaradi visoke svetlobe in tudi suse. V ¢lanku je
opisana sposobnost rastlin za akumulacijo selena in vpliv selena v kombinaciji za nekaterimi
drugimi okoljskimi dejavniki na rastline.

Kljuéni besedi: selen, rastline

1 INTRODUCTION

Selenium is a trace element that can function as an essential nutrient for humans and
animals or as an environmental toxicant; the boundary between the two is narrow and
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depends on its chemical form, concentration, and other environmentally regulating
variables (Fan et al., 2002; Shardendu et al., 2003). It is an important microelement,
exists in small amounts in microorganisms, plants, animals and humans. Although
selenium is an essential trace nutrient important to humans and most other animals as
an antioxidant, toxicity occurs at high concentrations due to replacement of sulphur
with selenium in amino acids resulting in incorrect folding of the protein and
consequently nonfunctional proteins and enzymes.

2 BENEFICIARY EFFECT OF SELENIUM TO HUMANS

Some regions like Slovenia, suffer from a relative deficiency of selenium (Pirc and
Sajn, 1997). Cultivation of plants enriched with selenium could be an effective way
of producing selenium rich foodstuffs and thereby increase health benefits (Ip and
Lisk, 1994; Finley et al., 2001; Lyons et al., 2005). Selenium has an important role
in the prevention of atherosclerosis, specific cancers, arthritis, and altered
immunological functions. The beneficial effects of selenium are dependent on the
chemical form. Selenomethionine (SeMet) is known to be the most readily
assimilated form of selenium (Patrick, 2004). Supplementation of human diet with
selenium yeast, containing SeMet as the main chemical form, significantly reduced
the occurrence of prostate cancer (Duffield-Lillico et al., 2003).

3. EFFECT OF SELENIUM ON PLANTS

The essentiality of selenium to higher plants is still under debate (Terry et al., 2000).
Selenium can increase the tolerance of plants to UV-induced oxidative stress, delay
senescence, and promote the growth of ageing seedlings (Xue et al., 2001; Pennanen
et al., 2002). Recently it has been shown that selenium has the ability to regulate the
water status of plants under conditions of drought (Kuznetsov et al., 2003).
Hartikainen et al. (2000) reported about growth promoting effect of selenium in
ryegrass. Senescence stress is partly counteracted with enhanced antioxidation which
is associated with an increase glutathione peroxidase (GSH-Px) activity. Although
some studies have evaluated the effect of hardness, temperature, pH and other
parameters on selenium toxicity, sulphate has perhaps been most widely studied in
relation to selenium uptake and toxicity in aquatic and terrestrial organisms
(Sappington, 2002). Selenium and sulphur are nutrients with very similar chemical
properties and their uptake and assimilation proceed through common pathways
(Eapen in D'Souza, 2005).

4 ABILITY OF PLANTS TO ACCUMULATE SE

Se has not been classified as an essential element for plants, although its role has been
considered to be beneficial in plants capable of accumulating large amounts of the
element (Terry et al.,, 2000). Uptake and accumulation of selenium by plants is
determined by the chemical form and concentration, soil factors such as pH, salinity
and CaCOs; content, the identity and concentration of competing ions, and the ability
of the plant to absorb and metabolize selenium (Kabata Pendias, 2001). Actively
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growing tissues usually contain the largest amounts of selenium (Kahakachchi et al.,
2004). Plants usually accumulate more selenium in shoot and leaf than in root tissues
(Zayed et al., 1998).

5 RESEARCH IN SLOVENIA
5.1 Methodology

On Jozef Stefan Institute, Biotechnical faculty and National Institute of Biology, the
determination of selenium in plants and their species, and on the other hand the effect
of selenium on plants are studied (Smrkolj and Stibilj, 2004; Breznik et al., 2005;
Germ et al., 2005a,b; Smrkol;j et al., 2005; Smrkol;j et al., 2006a). Selenium is applied
either as foliarly spraying, either by soaking the seeds in the solution of selenium.
Model plants are cultivars of Phaseolus vulgaris, Eruca sativa, Pisum sativum,
Glicine max, Fagopyrum eculentum, F. tataricum, Hypericum perforatum, Cucurbita
pepo,...). Experiments are conducted in glass houses as well as in semi-controlled
conditions and outdoors. The effect of selenium on plants is in certain cases combined
with other factors, like UV-B radiation (Fagopyrum esculentum, F. tataricum,
Cucurbita pepo) and drought (Solanum tuberosum).

5.1 Distribution of selenium and its species in plants

It was shown, that pea was good accumulators of selenium. The selenium content of
pea seeds obtained from the untreated (UT group), once (OT) and twice (TT) foliarly
treated plants was determined. The selenium content of pea seeds obtained from the
untreated, once and twice foliarly treated plants was, in each case, directly
proportional to the number of spraying applications. Seeds are usually a moderate
source of selenium, but several studies dealing with cereal and legume seeds showed,
that they are able to accumulate high amounts of selenium (Stadlober et al., 2001;
Smrkolj et al., 2005; Smrkolj et al., 2006a). Higher selenium contents were found in
leaves than in stems of plants grown from both OT and TT seeds, and these contents
were, as for the seeds, directly proportional to the number of original foliar treatments
(Smrkolj et al., 2006a). Selenomethionine was the only selenium compound found in
supernatants by anion and cation exchange chromatography, comprising 49 and 67 %
of the total selenium content in the OT and TT groups, respectively (Smrkol;j et al.,
2006a). The results of the study show that selenium enriched pea seeds are potential
source of dietary selenium, on account of their ability to accumulate Se, and that this
selenium is present mainly as SeMet, known to be favourable for human consumption
(Smrkolj et al., 2006a).

Common (Fagopyrum esculentum) and tartary (Fagopyrum tataricum) buckwheat
was treated by spraying the leaves with a water solution containing in the form of
sodium selenate in the flowering period. The selenium content in all parts of plant was
found to be less than 200 ng g~ in non-treated and in the range 2700-4650 ng g ' in
selenium treated buckwheat. Exposure to UV-B radiation lead to higher selenium
accumulation in flowers of both selenium enriched cultivars. In flowers and leaves, on
average 11% of the selenium content was soluble and in the form of Se(VI),
representing between 0.6% (flowers) and 3% (leaves) of the selenium content. In
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seeds 93% of the selenium content was found in the extracts and the main selenium
species was SeMet with 93 + 5% relative to the selenium content (Smrkolj et al.,
2005).

Determination of selenium compounds was performed in chicory (Cichorium intybus)
leaves from plants which were cultivated aeroponically with elevated concentrations
of Na,SeQ; for different periods. Selenium accumulated efficiently in chicory leaves;
up to 480 pg/g after 41 days of exposure, mostly (64%) as Se", i.e. in the form of
selenium added. Beside inorganic Se, they also found SeMet (4.2-8.4%) and
SeMeSeCys (<DL—-0.7%) (Mazej et al., 20006).

Data of content of selenium and its species in different plants are shown in Table 1.

Table 1. Literature data of content of selenium and its species in leaves of different

plants.
Total Se in
Plant Se addition leaves SeMeSeCys (%)* Literature
(ng/g dry
weight)
Chicorv (leaves)
(Cichorium intybus L.) 167-480 0.5-1.7
Lamb's lettuce (leaves)
(Valerianella locusta L.) };3256/24 453 3.0
mg .
Dandelion (leaves) 41 days Mazej et al., 2007
(Taraxacum officinale aeroponically 49 2.0
Waggers)
Parsley (leaves)

(Petroselinum crispum 290 4.4

Mill.)

NaZSeO4
Bean (seeds) 10 mg/L 2 30 Smrkolj, 2006b
(Phaseolus vulgaris L.)
10 days

* - % SeMeSeCys relative to total Se in sample

5.2 The response of plants to selenium and with combination with other
environmental parameters

Physiological parameters were measured in control plants and in plants obtained from
selenium treated seeds in Eruca sativa and in foliarly treated Fagopyrum esculentum
and F. tataricum. The potential and effective quantum yields of photosystem II were
unaffected by selenium in Eruca sativa, Fagopyrum esculentum and F. tataricum
(Germ and Osvald, 2005; Breznik et al., 2005a). The respiratory potential of Eruca
sativa, measured by electron transport system (ETS) activity, significantly increased
in plants, grown from selenium treated seeds (Germ and Osvald, 2005). The similar
results were given in the study on young plants of P. sativum; ETS activity was
highest in young pea leaves with the highest selenium content (Smrkolj et al., 2006a).
Selenium induced higher respiratory potential in the leaves of foliarly treated
selenium in S. tuberosum cv. Desiree, (unpublished data). Higher ETS activity
reflected increased GSH-Px activity in mitochondria (Smrkolj et al., 2006a). It was
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evidenced (Xue and Hartikainen, 2000; Hartikainen et al., 2000; Xue et al., 2001) that
selenium exposure increased GSH-Px activity in ryegrass and lettuce. However,
selenium did not affect respiratory potential in F. esculentum and F. tataricum
(Breznik et al., 2005a), foliarly treated with selenium.

5.3 The combined effect of selenium with other environmental parameters

The addition of selenium mitigated the negative effect of UV-B radiation on effective
quantum yield of PSII in both buckwheat species. The protective effect of selenium is
important because it improves light harvesting and through this the availability of
energy for plants (Breznik et al., 2005a). An ameliorative effect of Se, with regard to
mass of the tubers, was observed in drought exposed in S. tuberosum cv. Desiree
(unpublished data). Recently it has been shown that selenium has the ability to
regulate the water status of plants under conditions of drought; selenium causes
enhanced water retention in wheat tissue (Kuznetsov et al., 2003). The influence of
ambient and filtered solar UV-B radiation and of selenium treatment was determined
in pumpkins, Cucurbita pepo L. It was shown, that selenium increased yield under
ambient radiation conditions (Germ et al., 2005).

Enhanced UV-B radiation negatively affected the aboveground biomass and number
of seeds in foliarly treated F. esculentum with selenium. The interactions between
selenium and UV-B radiation to aboveground biomass, number of nodes and number
of seeds were obtained (Breznik et al., 2005b)

The aim of our future work is the continuation research regarding of the ability of
plants to accumulate selenium, determination of selenium species in plants, and the
effect of selenium on physiological and morphological characteristics of plants. We
will study the combined effects of selenium on plants with other environmental
parameters. We would like to assess the threshold of selenium beneficiary effects and
toxicity. Additionally, the way of application of selenium to plants, which is the most
safe for the nature will be assessed. And also, to determine which cultivated plants
have ability to assimilate selenium to be the most suitable for the human nutrition.
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ABSTRACT

In the present study, we evaluated the antibacterial activity in the leaf extracts of Mentha
piperita L. against pathogenic bacteria like Bacillus subtilis, Pseudomonas aureus,
Pseudomonas aerogenosa, Serratia marcesens and Streptococcus aureus. The aqueous as
well as organic extracts of the leaves were found to posses strong antibacterial activity
against a range of pathogenic bacteria as revealed by in vitro agar well diffusion method. The
ethyl acetate leaf extract of Mentha piperita showed pronounced inhibition than chloroform,
petroleum ether and water, leaf extracts being more on Bacillus subtilis, Pseudomonas
aerogenosa than Streptococcus aureus, Pseudomonas aureus and Serratia marcesens.

Keywords: Mentha piperita L., antibacterial activity, leaf extracts.
IZVLECEK

ANTIBAKTERIJSKA AKTIVNOST LISTNIH EKSTRAKTOV POPROVE METE (Mentha
piperita L.)

Ocenjena je bila antibakterijska aktivnost listnega ekstrakta poprove mete (Mentha piperita L.)
na patogene bakterije Bacillus subtilis, Pseudomonas aureus, Pseudomonas aerogenosa,
Serratia marcesens in Streptococcus aureus. Tako vodni ekstrakti, kot ekstrakti dobljeni z
organskimi topili so imeli mo&an protibakterijski u€inek proti vrsti patogenih bakterij v agarju
po in vitro metodi. Listni ekstrakt poprove mete, dobljen z etilnim actetatom je imel bolj izrazit
uCinek kot ekstrakti dobljeni s kloroformom, etrom ali vodo, bolje so ucinkovali na Bacillus
subtilis in Pseudomonas aerogenosa kot na Streptococcus aureus, Pseudomonas aureus in
Serratia marcesens.

Kljuéne besede: Mentha piperita L., antibakterijska aktivnost, listni ekstrakti
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1 INTRODUCTION

Higher and aromatics plants have traditionally been used in folk medicine as well as
to extend the shelf life of foods, showing inhibition against bacteria, fungi and yeasts
(Hulin et al., 1998). Mentha piperita L. (peppermint) is a medicinally important plant
that belongs to the family Labiate (Kirethekar and Basu, 1985). Peppermint is a non-
native herbaceous plant, it is a perennial, which can reach 100 cm in height (40
inches) has four-sided stem. The leaves are stalked opposite and toothed. The flower
are irregular in shape, they are pinkish or purplish (Clark and Menory, 1980).
Peppermint leaves contains about 0.5-4 % volatile oil that is composed of 50-78 %
free menthol, monoterpene, menthofurane and traces of jasmine (0.15 %) to improve
the oils quality remarkably (Dew and Evans, 1984). Peppermint is largely cultivated
in Indiana, Mexican and California for the production of peppermint oil. Peppermint
oil or peppermint tea is often used to treat gas and indigestion; it may also increase
the flow of bile from the gall bladder Mimica et al. (2003) and Forster (1996).
Peppermint oils relaxing action also extended to tropical use, when applied tropically
it acts as counterirritant and analgesic with the ability to reduce pain and improve
blood flow to the affected area. Peppermint oil and menthol have moderate
antibacterial effects against both gram-positive and gram negative bacteria Diaz et al.
(1988). Peppermint extracts are bacteriostatic against Streptococcus pyrogens,
Streptococcus aureus, Streptococcus pyrogens, Serratia marcescens, E.coli and
Mycobacterium avium (Gotshall, 1949). Peppermint is also found to have antiviral
and fungicidal activity (Chaumont and Senet, 1978). Menthol is virucidal against
influenza, herpes and other viruses. Aqueous extracts of peppermint leaves were
antiviral against influenza A, newcastle disease virus in egg and cell culture system
Hirobe (1994) and Alkofahi et al. (1990). Menthol and peppermint oil are fungicidal
against Candida albicans, Aspergillus albus and Dermatophytic fungi. However, to
the best of our knowledge, no serious efforts have been made to test the antibacterial
properties of Mentha piperita so far. In the present study we established antimicrobial
activity of Mentha piperita against pathogenic bacteria. The study confirms that both
aqueous as well as organic solvent leaf extracts possess strong antibacterial properties
against various pathogens viz., Bacillus substillus, Pseudomonas aureus,
Pseudomonas aerogenosa, Serratia marcesens and Streptococcus aureus.

2 MATERIALS AND METHODS
2.1 Preparation of leaf extracts

Apparently healthy plants were collected, washed thoroughly in tap water and dried at dark
room temperature for 15 days. The leaves was powdered and extracted following the
published procedure with slight modification as standardized in our lab Alade and Irobi,
(1993); Essawi and Srour (2000). The powdered material was soaked in petroleum ether,
chloroform, ethyl acetate, ethanol, methanol and water by keeping it in a shaker for 3 days.
The extracts were filtered through cheesecloth and the extracts were reduced to 10 % of its
original volume. The filtrate organic solvents were concentrated in vacuum using a rotary
evaporator, while aqueous extracts were dried using water bath.

2.2 Separation of the compounds

The menthol present in Mentha piperita leaf extracts were analysed for qualitative by using
thin layer chromatography which is commercially available TLC, aluminum sheets with silica
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gel 60F,54 were used. The isolation separation of menthol was done by using the procedure
of Stahl (1964).

2.3 Inoculums

The test microorganisms Bacillus substillus, Pseudomonas aureus, Pseudomonas
aerogenosa, Serratia marcesens and Streptococcus aureus were obtained from culture
repository of Best Biotech culture collection, Bangalore, India. The organisms were inoculated
onto NB (Nutrient Broth), (0.5 % Peptone, 0.5 % Sodium Chloride, 0.15 % Yeast extract; pH
7.4) and incubated at 37 °C for overnight. The bacterial cells were harvested by centrifuging
at 5000g for 15 min. The pellet formed was washed twice with PBS (Phosphate Buffer
Saline), (10 mM Sodium Chloride, pH 7.4) and the cells were counted by haemocytometer.
The bacterial cells were diluted to approximately 10° CFU/ml before use (Owais et al., 2005).

2.4 Determination of antibacterial activity:

The antibacterial activity of the leaf extracts was determined using agar well diffusion method
following published procedure with slight modification (Perez et al. 1990). Nutrient agar was
inoculated with the given microorganisms by spreading the bacterial inoculums on the media.
Wells (8 mm diameter) were punched in the agar and filled with plant extracts. Control wells
containing neat solvents (negative control) or standard antibiotic solution (positive control)
viz., Chloromphenicol (100 ug/ml) were also run parallel in the same plate (Valsaraj et al.,
1997). The plates were incubated at 37 °C for 18 h. The antibacterial activity was assessed
by measuring the diameter of the zone of inhibition for the respective drug. The relative
antibacterial potency of the given preparation was calculated by comparing its zone of
inhibition with that of the standard drugs viz., Choloramphenicol.

2.5 Statistical analysis

The resultant clear zones around the discs were measured in mm. The antibacterial activity of
plant extracts were indicated by clear zones of growth inhibition. Five replicates were
maintained for each treatment. The data were subjected to statistical analysis as per the
method of Gomez and Gomez (Gomez and Gomez, 1976).

3 RESULTS

We used both polar as well as non-polar solvents for the extraction of active
components from the leaves of Mentha piperita plant. The antibacterial activity of the
Mentha piperita was assessed using the agar well diffusion method by measuring the
diameter of growth inhibition zones and its subsequent concentration was tabulated
(Table. 1). The results shown in (Table 1 and Figure 1) indicate that the aqueous and
polar solvent extracts possessed strong antibacterial activity. In ethyl acetate,
chloroform and water the highest antibacterial activity was retained in 50 pl and 100
pl concentration of leaf extracts. We found that both aqueous as well as ethyl acetate
extracts of leaves were successful in killing the bacteria in a dose dependent manner.
The MIC (Minimal inhibitory Concentration) for the aqueous extracts was found out
to be 10 mg/ml for Bacillus substillis and Pseudomonas aerogenosa. While Serratia
marcesens and Streptococcus aureus required about 0.25 mg/ml of the crude extract
for effective killing. On the other hand Pseudomonas aureus was inhibited at the dose
of 0.35 mg/ml of the crude extract. The zone of inhibition assay results demonstrated
that the ~8 mg of crude leaf extract was able to produce same effect as that of 20 ug
of Choloromphenicol (data not shown). Beside the 50 ul concentration of leaf
extracts, the 100 pl concentration of leaf extracts was found to possess maximum
inhibition, although, overall potency was about half to that of the 50 ul concentration
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of leaf extracts. (Table 1 and Figure 1,2). Upon chemical analysis, the extracts were
found to possess glycosides and alkaloids. The extracts were found to be rich in
menthol compound as revealed by specific assay. The presence of menthol was
further confirmed by thin layer chromatogram, which showed presence of green
fluorescent spots in the extracts of chloroform (Figure 3). The ethyl acetate extracts
had very large zones of inhibition ranging from 9 mm and it also showed high degree
of inhibition against Bacillus subtilis, Pseudomonas aerogenosa, Streptococcus
aureus than Pseudomonas aureus and Serratia marcesens.. The chloroform leaf
extracts showed moderate inhibition against Bacillus subtilis, Pseudomonas aureus
and Streptococcus aureus than Pseudomonas aerogenosa and Serratia marcesens But
the petroleum ether leaf extracts exhibited less inhibition against Bacillus subtilis,
Pseudomonas aureus and Serratia marcesens than Streptococcus aureus and
Pseudomonas aerogenosa.

4 DISCUSSION

We used both the aqueous and polar solvents for the extraction of active components
from leaves of the plant. The result of the study reveals that an aqueous and polar
solvent was actively against the strains of the bacteria that are common cause of
infections. Mentha piperita shows significant activity as because the leaf contains
many potent compounds such as menthol, menthone, menthyl acetate, menthofuran,
and limnone (Fleming, 1998). These compounds have higher medicinal value
especially in the treatment of dyspepsia, epigastric bloating, impaired digestion,
eructions, and flatulence, tropically used to relieve nasal congestion in the common
cold and itch relieving used as tropic protective agents Alkofahi et al. (1990). The
biologically active compounds are screened by dissolving the crude powder on
various solvents respective to the solubility of the compound specific solvents
confirmed by the TLC (data not shown). The antibacterial activity was expressed at
varying degrees with the activity being both strain and dose dependent .The various
crude extracts of Mentha piperita showed significant activity against all the bacteria
tested. Similar to our result, the biological activity of Mentha piperita against the
pathogenic bacteria were reported by (Deans and Baratta, 1998). Based on that, we
used the three different solvent extracts of leaves of Mentha piperita showed activity
against all bacteria at all dosages. The leaf extracts of Mentha piperita exhibited
antibacterial activity only in ethyl acetate, petroleum ether, choloroform, menthanol
and aqueous extracts against the bacteria tested in agar well diffusion method at 50 pl
-100 pl concentration by the following method of Valsaraj et al. (1997). We observed
maximum activity at 100 pl concentration against Pseudomonas aerogenosa,
Streptococcus aureus, Bacillus subtilis than Serratia marcesens and Pseudomonas
aureus.The present reports indicates that increased lipophillic compounds are
extracted using the petroleum ether, chloroform and methanol increased the
suspended higher compounds in the above solvents as stated by Tomas et al. (1988).
We subjected the leaf extracts of different solvents to thin layer chromatography and
column chromatography to identify the compounds dissolved in the solvents and
quantifies the compounds using spectrophotometer techniques followed by the
previous work (Essawi and Srour, 2000). The present work was similar to (Deans and
Baratta, 1998) shows that the compounds from Mentha piperita possess potent
antimicrobial activity and suggesting that the Mentha piperita leaf extracts should
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contains the effective active constituents responsible for eliminating the bacterial
pathogens. Finally, it can be concluded that the active chemical compounds present in
Mentha piperita should certainly find place in treatment of various bacterial
infections. The results from the present study are very encouraging and indicate this
herb should be studied more extensively to explore its potential in the treatment of
infectious diseases as well.
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The antibacterial activity of leaf extracts of menthapiperita was screened at 50 pl concentration against
B.s = Bacillus substillus, P.ar = Pseudomonas aureus, P.ag =Pseudomonas aerogenosa, S.m= Serratia
marcesens and S.a = Streptococcus aureus. The leaf extracts were dissolved in different solvents a.
Petroleum ether b. Chloroform c. Ethyl acetate d. Water e. Control — Chloromphenicol.

Figure 1: Antibacterial activity of leaf extracts of Mentha piperita was screened at 50
ul concentration
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The antibacterial activity of leaf extracts of menthapiperita was  screened at 100 pl concentration
against B.s = Bacillus substillus, P.ar = Pseudomonas aureus P.ag =Pseudomonas erogenosa, S.m=
Serratia marcesens and S.a = Streptococcus aureus.The leaf extracts were dissolved in different
solvents Viz a. Petroleum ether b. Chloroform c. Ethyl acetate d. Water e. Control — Chloromphenicol

Figure 2: Antibacterial activity of leaf extracts of Mentha piperita was screened at
100 pl concentration

Table 1: Antibacterial activity of the active components present in the leaf extract of
Mentha piperita against various microorganisms

Zone of inhibition in (mm)

Extract (Mean * sD)
50pl 100 pl

B.subtil | P.aureus | P.aerogenosa | S.marscens | S.aureus B.subtilis | P.aureus [P.aerogenosa S.marscens | S.aureus

is
Pet. Ether 6.3+0.17 | 5.210.21 3.3:0.13 4.0£0.41 3.2+0.31 13.2+0.39 | 9.240.16 5.3+0.33 7.3+.0.33 6.45+0.32
Chloroform 4.240.25 | 3.4+0.23 2.4+0.28 1.6+0.28 6.3+0.32 10.2+0.21 7.1+0.24 4.5+0.32 3.4+.0.30 13.4+0.31
Ethyl acetate 9.9+0.28 | 2.3%0.27 6.4+0.30 4.3:0.41 3.24¢0.25 142+0.17 | 3.2%0.20 11.4+0.29 9.2+0.26 7.4+0.30
Water 4.240.25 | 3.4+0.23 4.2+0.23 2.3+0.35 3.0+0.33 7.3+0.27 6.4+0.28 9.1+0.56 5.08+0.23 5.26+0.28
Chlorompenicol 8.3+0.23 | 9.4+0.23 6.1+0.14 7.2+0.29 7.3+0.30 16.1+0.18 | 17.3+0.37 | 12.2+0.33 13.240.37 15.240.23

The antibacterial activity of leaf extracts of Mentha piperita against various bacterial strain was
developed by agar diffusion method. The active component of the leaves of mentha piperita were
extracted with different solvents. The solid residues in respective solvents at 10mg/ml concentration.
The well bored in bacterial culture plates were filled with 100 pl of suspension. (~2mg crude extract).
The negative control wells were exposed with the neat solvent. Each value represents mean of five
different observations = S.D.







Acta agriculturae Slovenica, 89 - 1, avgust 2007 str. 81 - 93

Agrovoc descriptors: organic agriculture; alternative agriculture; traditional uses;
surveys; farm surveys; sustainability; human behaviour; value systems; motivation;
environmental protection; technological changes

Agris category code: F08, E20, E51
COBISS code 1.01

The characteristics of conventional and organic farmers in
Podravska region®

Andrej UDOVC?, Anton PERPAR’

Received: September 9, 2006; accepted: June 20, 2007.
Prispelo: 9. september, 2006; sprejeto: 20. junij, 2007.

ABSTRACT

The paper presents the results of a questionnaire survey on adoption of organic farming in
Podravska region. The survey was conducted on the sample of 58 organic farms and 99
conventional farms in the year 2005. The results show certain differences among both groups
of farms in information adoption and attitudes towards nature sustainability. Both groups of
farms use different information sources, and are members in different associations. Also the
level of environmental awareness is higher by organic farmers but in many other
characteristics the differences are not significant. The analysis of future plans of conventional
farmers also revealed a significant proportion of farms which are undecided regarding the
conversion of their farms to organic agriculture in the next 10 years.

Key words: attitudes, ecological agriculture, agri-environmental schemes
IZVLECEK
ZNACILNOSTI KONVENCIONALNIH IN EKOLOSKIH KMETOV V PODRAVJU

Prispevek podaja rezultate anketne raziskave o sprejemanju ekoloSkega kmetijstva v
Podravju. Raziskava je zajela vzorec 58 ekoloSkih in 99 konvencionalnih kmetij v letu 2005.
Rezultati kaZejo dolo€ene razlike med obema preucevanima skupinama kmetij glede iskanja
in uporabe informacij, in odnosa do trajnosti naravnega okolja. Tako kmetje iz posamezne
skupine uporabljajo razli¢ne informacijske vire in so Clani razlicnih zdruzenj. Tudi raven
okoljske zavesti je viSja pri ekoloskih kmetih, pri mnogih ostalih znacilnostih pa ni bilo opaziti
signifikantnih razlik. Analiza prihodnjih nacrtov konvencionalnih kmetov je razkrila, da je velik
delez takih, ki so neopredeljeni glede moznosti konverzije svoje kmetije v ekolosko v
prihodnjih 10 letih.
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1 INTRODUCTION

Organic farming presents a possibility for part of Slovene’s farms to continue with
their activity and to gain a satisfactory farm income when combined together with
payments from agricultural policy measures. Slovenia plans to still increase the
number of organic farms and their production areas (Strategija razvoja..., 2006). The
series of surveys in 2003 and 2004 (Jelen, 2003; Kejzar, 2003; Serjun, 2005; Stropnik,
2003) also found out that demand for Slovene organic products is still exceeding the
existing supply of all kind of organic products in all regions. The above summarises
the reasons why it is important to study the adoption and the key factors influencing
the decision about starting organic farming.

In Slovenia the organic farming started to receive agricultural policy support already
in the year 1999. In 2001 the Slovene agri-environment programme (SAEP) was
implemented and organic farmers were legitimate to direct payments for the measures
from this programme. The first payments within the SEAP were paid out in 2002.
Following this, the numbers of organic producers has increased every year. For
illustration, 41 organic producers applied for subsidies in 1999, as in 2004 there were
already 1,489, what represents 2% of all Slovenian farms (gkerbot, Uranjek, 2005).

Our main research objectives were to analyse the agricultural situation on selected

agricultural holdings (conventional and organic) in the selected region (the north-

eastern part of Slovenia, the Podravska region) and to compare the results between
organic farmers and conventional farmers. More specifically, our study tried to find
answers to the following research questions:

e Are there significant differences between organic farmers and conventional
farmers regarding the agricultural situation on holdings (farm size, education
level, income level, number of family members, memberships of professional
associations etc.)?

e Are the relations and views to nature, concerns about future generations,
environment...significant different between organic farmers and conventional
farmers?

The analyses of factors that influence farmers’ adoption of innovations, as well as
analyses of the differences between organic and conventional farming have started in
late 90ies when the participation of farmers in the EU member states in agri-
environmental programmes became more widespread. In one of the earlier analyses
Wilson (1997) grouped factors influencing the adoption of certain agri-environmental
scheme in ‘‘scheme factors’’ (e.g. payments) and ‘‘farmer factors’’ (e.g. age of
farmer). In his analysis he proved that the strongest factor influencing the decision for
adopting a certain scheme/s is farm size, where the medium size farms were most
interested to adopt. That the farm size is one of the most important factors also
indicated the analysis of Diederen et al (2003), Chaves (2001). On the other hand
Burton in his analysis (2003) found farm size as insignificant factor. Other factors
which also showed some influence on adoption of either organic farming or certain
agri-environmental schemes are: education, farmer’s attitude towards environment,
sources of information and income situation of the farm (Wilson, 1997, Diederon,
2002, Burton 1999 and 2003, McCann and Sullivan, 1997).
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2 METHODS

The study sample was selected from farms in the northern part of Podravska region, where
both organic and conventional farms exist side by side. The reason for selecting particular
local municipalities for farm sampling was determined by the fact that the agricultural advisory
service for both types of farms is offered by the same institution — the Maribor Agricultural
Institute.

The sampling of organic farms was done on the basis of the membership list of the
Association of Organic Farmers of Podravje, which provided us with the list of 78 farms
(including farms in conversion). From this list all farms which exceeded the threshold of
subsistence farms (1 ESU4) were selected. So we got a list of 72 farms, from which 6 had
already stopped to farm. Finally 59 agreed to be interviewed.

For conventional farms, a stratified sample by ESU size classes was provided from the
National Statistical Office (SURS). In each class (see table 2 for class sizes) 40 conventional
farms were selected to enable a final sample size of 33 farms per class. The initial survey
was performed during the winter 2005 for both groups.

Because of the time difference between database establishment (year 2000 for the purpose
of national agricultural census) and realisation of our survey, the selected sample didn’t prove
to be adequate. There were some farms in the sample that had stopped with farming, or its
economic size changed. So additional sampling for conventional farms was necessary and a
second round of interviews was done in late summer 2005. Thus, for inferences to the
regional farm population, the sample needed to be weighted.

Table 1: Number of farms and their distribution in the region and in the planned sample
(Source: SURS 2006; regional data per 31. 12. 2004)

Region Sample
Conventional farms Subsistence (<1 ESU) 801 0
Small (1<2 ESU) 680 33
Medium (2<6 ESU) 778 33
Large (6 ESU and more) 560 33
Sub-total 2819 99
Organic farms* Subsistence (<1 ESU) 6 0
1 ESU and more 66 66
Sub-total 72 66

* Including farms in conversion; 1 ESU = total standard gross margin on a farm divided by
1200 Euros

Table 2: Distribution of sample farms by economic size classes in realised survey

Size classes

Subsistence | Small | Medium | Large | Total
Conventional farmers 15 18 33 32 99
Organic farmers 2 5 29 22 58
Total 17 23 67 49 157

The personal interviews were based on fully structured questionnaires that were pre-tested in
this, and five further regions in other EU accession countries. The questionnaire consisted of
250 variables grouped in seven sections:

* ESU - European Size Unit is a measure of the economic size of a farm business based on

the gross margin imputed from standard coefficients for each commodity on the farm. The
application of these standard coefficients results in the Standard Gross Margin (SGM) for
a farm or group of farms (1 ESU = 1200 EUR).
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- role of formal institutions and information sources,
- general attitudes towards environment,

- conversion to organic agriculture,

- characteristics of the farm,

- characteristics of farm manager and his family,

- finance and market development, and

- specific attitudes - behavioural relationships.

The opinions variables of interviewees were measured on semantic differential scales ranging
from1to 7.

In this article we present the results of the analyse of differences between organic and
conventional farms in farm size, education, information sources about agricultural production
methods, dependency on farm income and personal attitudes towards environmental and
economic factors.

The quantitative analysis of the survey data was done by means of descriptive statistical
analysis, and research questions were tested by use of chi-square test for two independent
variables.

3 EMPIRICAL RESULTS
The farm population

The general characteristics of total farm population as well as organic farms in the
survey area compared to the whole country are presented in the tables 3 and 4. The
regional data on organic farms were provided by the organic farmers association of
Podravje.

Within the survey we defined as organic farmers those farmers, who already received
certificate of organic agriculture, are in the process of conversion, and as conventional
farmers are indicated those farmers who are farming in conventional way.

Table 3: Total and organic farm populations in Slovenia. 2000 and survey region
(SURS, 2002)

Country Survey area
Total no. farms* 86,427 3,078
No. organic farms** 620 78
% of total no. farms 1% 3%
Total hectares farmed 537,249 15,539
Hectares farmed organically 5,425 903
% of total hectares farmed 1% 5.8%
Average size of agricultural holdings* (ha) 6.2 5.0
Average size of organic holdings** (ha) 8.8 11.6
Farm types specialist crops 13,177 463
Farm types specialist livestock 24,312 650
Mixed farm types 48,942 1,865
Individual farms 86,336 3,075
Corporate farms 131 3

* Excluding household plots. ** Including farms in conversion.
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Table 4: Size structure of farms in survey area, 2000 (SURS, 2002)

Number of predominately subsistence farms* 964
Number of small, but trading farms (<= 5 ha) 1119
Number of medium sized farms 595
Number of large farms (>= 10 ha) 400
Total 3078
Total excluding predominately subsistence farms 2114

* E.g. if a farm sells only a minor part of its products to neighbours, this still counts as being
predominately subsistent.

Farms in Slovenia are mostly of mixed type, what is a consequence of natural
conditions and big share of absolute grassland. Also in our sample we can found the
same situation with 53% of organic farmers’ and 61% of conventional farmers’ farms
being of mixed crop-livestock type. The next most frequent farm type among
conventional farmers are specialised field crops farms with 13% and among organic
farmers specialised grazing livestock farms (38%). All the other types are presented
with small share of farms.

Full time family farms present 74% of all organic farmers’ farms in a sample and
almost 52% of conventional farmers’ farms. Organic farmers are thus more

professional engaged in agriculture.

Table 5: Descriptive statistics for the sample

Variable Organic farmers (58) Conventional farmers
99)
Mean SD Mean SD
Age of farm manager 48.5 | 11.274 544 | 12.181
Income earned from farming (%) 32.86 | 19.94 39.43 | 25.686
Farm size (ha) 3.71 | 2.209 4.53 1.72
Predominant farm type Mixed crop - Mixed crop -
livestock (53%) livestock (61%)

SD = Standard Deviation;

Among questioned farm managers most of them were males. Women presented 33%
of questioned organic farmers and 27% of conventional farmers. 69% of organic
farmers and approximately 48% of conventional farmers are full-time engaged in
farming. The rest are part-time farmers. Regarding the age structure of
farmers/managers there are noticeable differences in age structure of farmers between
organic farmers and conventional farmers. By the organic farmers the younger age
groups show higher share of managers as by conventional farmers and opposite. In
last two classes (older than 56 years) we can find almost half (48.5%) of conventional
farmers and only 25.9% of organic farmers, what indicates that younger farmers are
more interested in adopting organic farming, what is also confirmed by the chi-square
test (p=0.02). More than 86% of organic farmers and 94% of conventional farmers
have children, so they can expect that their family farming will continue.
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For Slovenian farmers is typical that they gained their farming experiences from on-
farm training and different courses organized mostly by Agricultural Advisory
Service. The questioned farmers also show this pattern with the highest share of
farmers in both samples having only on-farm training with the combination of their
own learning (from books and practical experiences) or just on-farm training.
Frequent combination is also on-farm training, own learning and some courses. Only
20.7 % of organic farmers and 17.2 % of conventional farmers have an agricultural
high school of higher level of agricultural training. The general education of
questioned farmers can be, in comparison to results from Agricultural survey data
from 2000 (SURS, 2002), valued as good. Organic farmers are having higher level of
education as conventional farmers, but the difference is not significant (p=0.1), so it
can’t be presumed that the level of education influences the decision for conversion.
Most of questioned farmers of both groups have secondary education. Bigger
difference is regarding farmers with finished college or university. Around 17% of
organic farmers and 8% of conventional farmers finished college or university.

3.2 Role of formal institutions and information sources

Farmers are generally not very often members of different associations and
organisations, and when they are members, then this organisations are often of
professional nature. In the analysed case the organic farmers are in high share
members of organic farming association (86.2 % of them), while conventional farmers
are mostly members of farming co-operative but with much smaller share (29.3 % of
them). Results also show that organic farmers are more often attending meetings of
their organisations as conventional farmers. The highest share of organic farmers
attends meetings of Organic farming association and farming co-operative meetings.
Conventional farmers attend fewer meetings, mostly of farming co-operatives or other
formal or informal farmer groups (mainly Cattle breeders associations and
Agricultural and Forestry Chamber).

Farmers get general information on agriculture from different sources. Organic
farmers get them mostly from organic farming associations, while the most important
source for conventional farmers are farming co-operative and agricultural extension
service. For conventional farmers important source of information is also talking with
other conventional farmers and Farmers’ union.

Most important general information source for organic farmers are Organic farming
associations and agricultural advisory service. All the other sources are not so often
used. Conventional farmers get general information on agriculture mostly from
agricultural advisory service and from other conventional farmers and farming co-
operatives. The forth most important information source for conventional farmers are
agricultural publications. Modern communication sources are almost not in use in
both groups.
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Picture 1: Number of farms which use specified information sources

Both groups of farmers answered also about their main source of information on
organic farming. As expected the most important source of information on organic
farming for organic farmers are Organic farming associations, less frequent sources
are also farmers’ union, farming co-operatives and agricultural advisory service.
Conventional farmers get information about organic farming mostly from other
conventional farmers, from agricultural advisory service and farming co-operatives. It
is interesting that both groups of farmers don’t use modern information sources as
internet and TV or radio. Media source were not very often mentioned. Newspapers
and agricultural publications are used more often from conventional farmers as from
organic farmers.

Regarding the opinion about organic farming, conventional farmers in general think
that majority of farmers have more or less good opinion about it. The organic farmers
opinion is less optimistic and there is a significant difference among both groups
(p=0.001).

3.3 Successor situation

Assured successor is one of the important factors for long term family farming
sustainability. Successor is already known on 39.7% of organic farmer’s farms and on
40.4% of conventional farmer’s farms and successor status has not significance for
adopting the organic farming. More than 20% of organic farmer’s and conventional
farmer’s farms don’t have assured successor and on the rest of farms it is not
applicable because of different reasons: children are still too young, farm is owned by
parents, farm is small, farmer’s wife is against potential successor, farmer is not
owner of the farm and farm is already on sale.
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On the question how successor situation influences on the decision weather to convert
to organic farming or not the answers among organic farmers group were bit
surprising, because big share of them answered that successor situation is not
important at all for their decision. So the decision to convert is not much connected
with future but with present situation and with present generation. Only smaller share
of organic farmers put bigger importance of the successor situation in decision
process. Conventional farmers predominantly consider successor situation as quite,
slightly or even very important, but smaller part of them also as not important factor.
The answers between the groups are significantly different (p=0.001).

3.4 Farmers attitude towards environmental and economic factors

In general both groups are showing positive concern about their environment, but
some differences in attitudes between organic farmers and conventional farmers are
noticeable. Organic farmers concern significantly more (p=0.001) about most
mentioned environmental problems as shows in the picture 2. Only in case of personal
health and own personality (Me) the differences are not significant. The highest
concern is in both groups given for their children and future generations. Organic
farmers showed the lowest concern for other people in community, while
conventional farmers have the smallest concern for marine life. The same situation is
noticeable in their relationship with the natural environment. Both groups of farmers
feel closely connected with a nature. The reason for this can be explained as the
agricultural activities are very connected with nature and also depend on nature and
natural conditions. Also here organic farmers are more narrowly connected with
nature as a conventional farmers (average score 2.84 : 2.54).

Organic farmers and conventional farmers have in most cases from 25% to 50% of
their farm’s annual gross income from farming. In average conventional farmers have
39% of income from farming and organic farmers 32.9% (see table 5). The share of
income from farming is not significant for decision to adopt organic farming.

Picture 3 present average distribution of different kind of incomes on interviewed
farms. Comparing average amounts we can see that income from farming is more
important for conventional farmers (but not significant), on farm activities bring
significantly (p=0.001) more income on organic farmer’s farms, off-farm activities
contribute also to farm’s annual gross income (more important for conventional
farmers, but not significant), while subsidies present bigger part of farm income for
organic farmers (p=0.01) as for conventional farmers. The reason can be found in fact
that organic farmers get money also to implement other measures of Slovene Agri-
Environment Programme (SAEP). Unearned income (i.e. social transfers) in average
is also important for overall farm income (18.2% of total farm income for organic
farmers and 26% for conventional farmers).
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Picture 2: Average scores for different concerns regarding the environment
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icture 3: Average income structure on organic farmers’ and conventional farmers’ farms
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Analysis of farmers’ attitude towards environmental and economic factors of their
business operations showed certain difference between organic farmers and
conventional farmers. The organic farmers are assessing the listed environmental and
economic factors higher then conventional farmers with the exception of profit
maximisation. The statistically significant difference could be calculated by
possibility for providing on farm employment and opportunity to expand the business.
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Picture 4: Scores for personal importance of certain factors for farm managers

The results of the analysis also show that conventional farmers mostly do not plane to
convert within the next 10 years or are not really certain about that option (score 4)
(Picture 5). But on the other hand 50% of them stated that they will monitor the
development within the organic production and they leave open the possibility to
reconsider it.

0 5 10 15 20 25 30 35

% of farms

Picture 5: Likelihood of conventional farmers to convert in next 10 years
(1- strongly disagree, 7 — strongly agree)

Also the results on a question “What is the likelihood of you having a farm appraisal
for investigating ‘organic farming’ as a possible alternative to conventional farming
over the next 10 years?” show that 40% of conventional farmers consider it likely to
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extremely likely. For all the other this is unlikely to extremely unlikely. This shows
that there is a certain insecurity about the future development of conventional
agriculture for small Slovene farms. And as official agricultural policy is for the
future strongly promoting the stronger shift towards more sustainable and organic
agricultural production the farmers do consider this option also in their future
development alternatives.

4 CONCLUSIONS

Comparing the results to previously published analysis (Wilson, 1997, Diederon,
2002, Burton 1999 and 2003, McCann and Sullivan, 1997) we can see that our results
in general confirm our hypothesis and previous findings that there are factors which
distinguish organic from conventional farms as farm size, income structure,
education, membership of professional associations, dependency on farm for income
and personal attitudes towards environmental concerns, but some of them did not
proved to be statistically significant (education, share of income from agriculture).

On the other side the successor factor proved to be more important to conventional
farmers as to organic farmer what contradicts to what was stated by research of
Wilson (1997), Potter and Lobley (cit. by Wilson, 1997). This result can be partly
explained with the fact that for one half of questioned farmers the successor question
is not an issue, as the farmers are still young or they already have the successor.
Though there is no significant difference in the successor situation structure the
difference in importance of successor factor my rise from the fact that smaller
conventional farmer generally feel higher level of insecurity regarding their farm
future, mostly because the next generation has better income opportunities in off farm
activities.

Though, investigating the motivational and financial structures of organic farmers lets
us conclude that adopters could partly not realise their expectations or they decided
for organic production as this enabled them to get some extra income from subsidies
not forcing them to significantly change their production techniques. They have
mostly been producers of milk and cattle, which can often not earn an extra margin on
the organic market, pointing towards a mismatch of supply and demand not only in
quantity, but also in the kinds of products as the demand for organic products still
exceeds what is offered in many product categories (Akcijski nacrt..., 2005).

Considering this and the results of the presented survey we can anticipate, that the
future adoption of the organic agriculture is dependant on one side on the future
development of the demand for organic food products and its processing possibilities
(most important segment are animal products), and on the other side the future
development of economics of conventional and organic agriculture especially for
small size part time farms which are typical for Slovenia and are at the moment still
continuing with its low intensity conventional production.
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ABSTRACT

The occurrence of some Lepidopterous species was determined between 2004 and 2005 on
the horse chestnuts of Istanbul-Belgrad Forest in Turkey. The following eleven pests of the
horse chestnut were recorded: Cameraria ohridella (Deschka & Dimic, 1986) (Gracillariidae),
Archips crataegana (HuUbner, 1799), A. podana (Scopoli, 1763), A. xylosteana (Linnaeus,
1758) (Tortricidae), Crocallis elinguaria (Linnaeus, 1758), Ennomos quercaria ([Hibner],
[1812]), E. quercinaria (Hufnagel, 1767), Erannis defoliaria (Clerck, 1759), Operophtera
brumata (Linnaeus, 1758), Pachycnemia hippocastanaria (Hibner, 1799) (Geometridae) and
Amphipyra pyramidea (Linnaeus, 1758) (Noctuidae).

Key words: Lepidoptera, horse chestnut, pests, Istanbul, Turkey.
IZVLECEK

POJAV NEKATERIH VRST LEPIDOPTER NA DIVJEM KOSTANJU
(Aesculus hippocastanum L.) V GOZDU ISTANBUL-BELGRAD V TURCUJI

V letih 2004 in 2005 je bil ugotovljen pojav vrst Lepidopter na diviem kostanju v gozdu
Istanbul-Belgrad v Turciji. Ugotovljenih je bilo naslednjih enajst Skodljivcev: Cameraria
ohridella (Deschka & Dimic, 1986) (Gracillariidae), Archips crataegana (Hibner, 1799), A.
podana (Scopoli, 1763), A. xylosteana (Linnaeus, 1758) (Tortricidae), Crocallis elinguaria
(Linnaeus, 1758), Ennomos quercaria ([Hibner], [1812]), E. quercinaria (Hufnagel, 1767),
Erannis defoliaria (Clerck, 1759), Operophtera brumata (Linnaeus, 1758), Pachycnemia
hippocastanaria (Hubner, 1799) (Geometridae) and Amphipyra pyramidea (Linnaeus, 1758)
(Noctuidae).

Kljuéne besede: Lepidoptera, divji kostanj, Skodljivci, Carigrad, Turcija.
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INTRODUCTION

The general area of Turkey is 77.056.192 ha. The forested area is 21.188.747 ha, so
27.5% of the land in the country is covered with forests (Anonymous, 2006a). The
Belgrad Forest corresponding to 0.03% of forested areas in Turkey covers an area of
5.444 ha. Elevation in the area ranges from 40 to 230 meters. The climate of Belgrad
Forest according to Thornthwaite classification system is humid, mesothermal oceanic
with a moderate water deficit in summer. The soils are shallow to deep, gravely,
loamy clay in texture, rich in organic matter with medium to good permeability rates.
Dominant vegetation includes Quercus frainetto, Q. cerris and Fagus orientalis tree
species mixed with varying amounts of Acer campestre, A. trautvetteri, Alnus
glutinosa, Carpinus betulus, Castanea sativa, Populus tremula, Sorbus torminalis and
Ulmus campestris with a normal crown closure (Yaltirik, 1966; Kantarci, 1980;
Karaoz, 1988; Ozyuvaci et. al., 2004).

The name of horse chestnut is given for its speciality of being used against heaves
(Chronic Obstructive Pulmonary Disease) after completing of the horse racing. This
tree species with a domed crown grows up to about height of 25 m. The outer
branches of the old trees lean out of during vegetation period because of heights of
leaves. During winter season branches falling leaves turn towards up again. The
leaves are opposite and palmately compound, with leaflets; each leaflet is 10-25 cm
long, making the whole leaf up to 50 cm across, with a 20 cm petiole (Anonymous,
2006b; Anonymous, 2007). A. hippocastanum is an exotic plant species for Turkey
and is widely cultivated in Belgrad Forest. A. hippocastanum is generally used for
parks and gardens or afforestation of gaps because of the fast and good growing on
each area such as native species. It offers an aesthetic image and protection against
the noises, dusts, air pollutions and heat in urban areas of Turkey. The horse chestnut
is also an ornamental plant species used in Landscape architecture planning. But,
there is almost no information about its pests in Turkey. Although some insects were
observed feeding on A. hippocastanum but more of this studies investigated directly
Lepidopterous species that cause problems on this tree species. On the other hand, in
European and Balkan countries it is especially well known the A. hippocastanum is
severely damaged by some insects (Ariéns, 2004; Augustin et. al., 2004; Avtzis,
2004; Baraniak et. al., 2004; Del Bene / Gargani, 2004; Gininenko, 2004; Girardoz et.
al., 2004; Johne et. al., 2006; Matosevi¢, 2004; MatoSevi¢ et. al., 2006; Milevoj,
2004; Milevoj / Pivk, 2004; Perju et. al., 2004; Subchev et. al., 2004; Tilbury et. al.,
2004). In contrast, nobody investigated insect problems on this tree species in Turkey.
Therefore, the aim of this study was to investigate harmful Lepidopterous species
causing disease on horse chestnut adapting itself the climate conditions of Turkey.

MATERIAL AND METHODS

This study was conducted between 2004 and 2005 years in Istanbul-Belgrad Forest. The
horse chestnut trees are distributed on sites (1, 2, 3, 4 and 5) in forest area (Figure 1). The
horse chestnut trees were monitored for the presence of pests. Larvae on infested leaves,
parts of trunks and shoots were picked up from April to October. The pests were fed regularly
inside glass bottles covered organdy mesh in the laboratory. Also, Cameraria ohridella was
monitored into bags hanging on tree brunches. Relative humidity in the laboratory was
maintained 60-70% within 20-24 °C. The emerged adults were killed in killing jars with ethyl
acetate. Each specimen was pinned using a no: 1 insect pin and the wings were mounted on
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a spreading board. After, the dried specimens were numbered and placed in insect boxes.
Each Lepidopteran specimen was identified using our collections by an Olympus
stereomicroscope.

HEMERBURGAZ ORMAN BAETME SEFLIGI

Figure 1. (a) The map of Belgrad Forest.
(b) Sites of founded chestnut trees in forest area (1, 2, 3, 4 and 5)
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RESULTS

Lepidopteran species determined belong to four families Gracillariidae, Tortricidae,
Geometridae and Noctuidae, and are shown below:

Cameraria ohridella (Deschka & Dimic, 1986) (Gracillariidae)

04.vi.2004 (larva), 06.ix.2004 (pupa), 27.ix.2004, 1 &'; 04.vii.2004 (larva), 10.ix.2004
(pupa), 01.x.2004 1 &; 11.viii.2004 (larva), 15.ix.2004 (pupa), 04.x.2004, 1 Q;
11.viii.2004 (larva), 12.ix.2004 (pupa), 02.x.2004, 1 Q; 12.ix.2004 (larva), 17.ix.2004
(pupa), 13.x.2004, 1 @; 11.viii.2005 (larva), 04.ix.2005 (pupa), 24.ix.2005, 1 9;
11.viii.2005 (larva), 05.ix.2005 (pupa), 30.ix.2005, 1 &; 06.ix.2005 (larva),
10.ix.2005 (pupa), 03.x.2005, 1 &.

The moth was more abundantly in the study field. It was founded 3-9 larvae in point
of numbers on each leaf, generally 6-9 larvae on lower branches and 3-5 larvae mid
branches.

Archips crataegana (Hiibner, 1799) (Tortricidae)

Istanbul-Bebek, Belgrad Forest on Crataegus monogyna and Quercus robur (De
Lattin, 1951; Avci, 1997; Kocak / Seven, 2001a).

04.v.2005 (larva), 13.v.2005 (pupa), 30.v.2005, 1 J.

Archips podana (Scopoli, 1763) (Tortricidae)

Adana, Bursa, Canakkale, Istanbul, Izmit, Kirklareli on Cornus mas, Corylus colurna,
Fraxinus angustifolia, Malus sp., Populus sp., Quercus frainetto, Rosa sp. and Tilia
argentea (Osthelder, 1935; Bodenheimer, 1941; De Lattin, 1951; Yigit / Uygun,
1982; Avci, 1997; Kocak, / Seven, 2001a; Ozbek / Calmasur, 2005).

03.v.2004 (larva), 25.v.2004 (pupa), 07.vi.2004, 1 &; 05.v.2004 (larva), 18.v.2004
(pupa), 05.vi.2004, 1 Q; 11.v.2005 (larva), 02.vi.2005 (pupa), 09.vi.2005, 1 &.
Archips xylosteana (Linnaeus, 1758) (Tortricidae)

Bartin, Bursa-Mustafakemalpasa, Istanbul-Alemdag, Belgrad Forest, Florya, Yildiz
Park, Izmir-(Bornova, Torbali), Kirklareli-Kofcaz, Kocaeli on Acer campestre,
Ailanthus sp., Carpinus betulus, Cercis siliquastrum, Corylus colurna, Fraxinus sp.,
F. ornus, Lonicera sp., Pistacia sp., Platanus sp., Populus tremula, Rubus sp.,
Quercus sp., Q. petraea subsp. iberica, Q. robur, Rhododendron sp., Rosa sp., Salix
sp., Tilia argentea, Ulmus sp. (Bodenheimer, 1941; Acatay, 1943; Aysu, 1951; Alkan,
1962; Sekendiz, 1974; Canakcioglu, 1982; Uzun / Yalcin, 1992; Avci, 1997; Kocak /
Seven, 2001a; Ozbek / Calmasur, 2005).

30.iv.2004 (larva), 18.v.2004 (pupa), 06.vi.2004 1 3; 5.v.2004 (larva), 17.v.2004
(pupa), 31.v.2004 1 Q; 11.v.2004 (larva), 18.v.2004 (pupa), 10.vi.2004 1 9;
10.v.2005 (larva), 17.v.2005 (pupa), 30.v.2005 1 Q.

Crocallis elinguaria (Linnaeus, 1758) (Geometridae)

Usak-Akse plantation (Mol, 1977; Kocak / Seven, 2001b).

11.v.2005 (larva), 18.v.2005 (pupa), 20.vi.2005 1 3.

Ennomos quercaria ([Hiibner], [1812]) (Geometridae)

Istanbul-Belgrad Forest, Kirklareli-Demirkoy, Aegean region on Aesculus
hippocastanum, Carpinus betulus, Fagus orientalis, Quercus petraea subsp. iberica,
Q. pubescens, Q. robur and Salix sp. (Mol, 1977; Kocak / Seven, 2001b).

25.iv.2004 (larva), 28.v.2004 (pupa), 07.vi.2004, 1 J3; 03.v.2004 (larva), 30.v.2004
(pupa), 14.vi.2004, 1 Q.

Ennomos quercinaria (Hufnagel, 1767) (Geometridae)

Bursa, Istanbul-Sariyer, Kirklareli-Demirkoy, Kirsehir on Quercus sp. (Staudinger,
1881; Kansu, 1963; Okyar / Aktac, 1999).
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05.v.2004 (larva), 30.v.2004 (pupa), 11.vi.2004, 1 ; 05.v.2004 (larva), 31.v.2004
(pupa), 10.vi.2004 1 9.

Erannis defoliaria (Clerck, 1759) (Geometridae)

Bursa-Karabelen, Edirne-Tavuk Forest, Istanbul-Belgrad Forest, Kahramanmaras,
Kirklareli-Demirkoy, Samsun-Gelemen, Trabzon-Meryemana on Acer platanoides,
Alnus glutinosa, Betula sp., Carpinus betulus, Castanea sativa, Corylus colurna,
Fagus orientalis, Quercus robur, Rosa sp., Salix alba, Sorbus torminalis, Tilia sp. and
Ulmus sp. (Osthelder, 1935; Mol, 1977; Ozay, 1997; Yuksel, 1998; Okyar / Aktac,
1999; Kocak / Seven, 2001b).

05.v.2004 (larva), 17.v.2004 (pupa), 28.xii.2004, 1 Q; 05.v.2004 (larva), 18.v.2004
(pupa), 03.1.2005, 1 3'; 05.v.2004 (larva), 18.v.2004 (pupa), 17.1.2005, 1 &; 11.v.2004
(larva), 19.v.2004 (pupa), 06.i.2005, 1 J; 04.v.2005 (larva), 17.v.2005 (pupa),
11.i.2006, 1 &.

Operophtera brumata (Linnacus, 1758) (Geometridae)

Canakkale-Koru Mountain, Edirne-Tavuk Forest, Istanbul-Belgrad Forest, Kirklareli-
Demirkoy-Igneada, Aegean region on Acer sp., Carpinus betulus, Castanea sativa,
Corylus colurna, Populus sp., Quercus sp., Q. petraea subsp. iberica, Q. robur,
Rhododendron sp., Salix sp., S. alba, Ulmus sp. (Mol, 1977; Ozay, 1997; Okyar /
Aktac, 1999; Kocak / Seven, 2001Db).

03.v.2004 (larva), 20.v.2004 (pupa), 01.i.2005, 1 &; 03.v.2004 (larva), 20.v.2004
(pupa), 24.1.2005, 1 Q; 03.v.2004 (larva), 20.v.2004 (pupa), 03.i.2005, 1 J'; 03.v.2004
(larva), 20.v.2004 (pupa), 18.i.2005, 1 &; 04.v.2005 (larva), 17.v.2005 (pupa),
30.xii.2005, 1 Q; 04.v.2005 (larva), 31.v.2005 (pupa), 14.1.2006, 1 9; 04.v.2005
(larva), 30.v.2005 (pupa), 17.i.2006, 1 &; 10.v.2005 (larva), 29.v.2005 (pupa);
13.1.2006, 1 &.

Pachycnemia hippocastanaria (Hiibner, 1799) (Geometridae)

Amasya, Bursa, Canakkale-Ecebat (Staudinger, 1881; Okyar / Aktac, 1999; Kocak /
Seven, 2001b).

30.iv.2004 (larva), 20.v.2004 (pupa), 18.i.2005, 1 J&; 04.v.2005 (larva), 16.v.2005
(pupa), 22.i.2006, 1 J.

Amphipyra pyramidea (Linnaeus, 1758) (Noctuidae)

Duzce, Istanbul-Belgrad Forest, Tekirdag-Malkara, Zonguldak-Centre and Eregli on
Carpinus betulus, Fagus orientalis, Quercus sp. (De Lattin, 1951; Hacker, 1987,
Hakyemez, 1994; Kocak / Seven, 2001b; Akbulut et. al., 2003).

14.v.2004 (larva), 18.v.2004 (pupa), 17.vi.2004, 1 &.

DISCUSSION AND CONCLUSIONS

Most of obtained species are polyphagous and these species prefer forest trees than
ornamentals.

Cameraria ohridella was the most important dominant insect species found on horse
chestnuts in this study. However, this situation does not cause vitality problems on
trees at least for now. The information about this species recorded in previous studies
was not encountered during this study. Cameraria ohridella was not reported in the
studies carried out previously in Turkey whereas it was the most dominant species
found on chestnut trees in Belgrad Forest. Although Cameraria ohridella is well
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known species in European and Balkan countries due to its damages on A.
hippocastanum there is no information about this insect in Turkey.

Among the collected polyphagous species, Archips crataegana, A. podana, A.
xylosteana, Crocallis elinguaria, Erannis defoliaria, Operophtera brumata,
Amphipyra pyramidea and the monophagous species on Quercus sp., Ennomos
quercinaria, were carried out on Aesculus hippocastanum in Turkey by this study.
The obtained findings related to Ennomos quercaria living on A. hippocastanum in
the Belgrad Forest are harmony with the recorded literature by Mol.
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ABSTRACT

This is a preliminary communication reporting on a case where the scion of a grafted tomato in
a greenhouse crop of Crete became infected by the root-knot nematode Meloidogyne
javanica.

Key words: greenhouse crop, grafting, nematodes
IZVLECEK
PRIMER OKUZBE CEPLJENEGA PARADIZNIKA Z NEMATODO Meloidogyne javanica

Predhodno porocilo o primeru, da je cepi¢ ceplienega paradiznika v rastlinjaku na Kreti okuzila
nematoda Meloidogyne javanica.

Kljuéne besede: vrtnina v rastlinjaku, cepljenje, nematode

1 INTRODUCTION

Grafting vegetables on resistant rootstocks is a mean of controlling root-knot
nematodes in areas with intensive land use (Lee, 1994; Greco, 1999; loannou, 2001;
Kacjan Marsi¢ and Osvald, 2004; Lopez-Perez et al., 2006 ).

Despite several grown tomatoes are resistant against the root-knot nematode species
Meloidogyne javanica, M. incognita and M. arenaria (Williamson, 1998), the desirable
fruit characteristics are not always available in the nematode resistant cultivars. In
these cases susceptible varieties with the commercially required characteristics can be
grafted onto nematode resistant rootstocks. In Greece the interest in growing grafted
plants to control root-knot nematodes, especially in greenhouses, has been increased,
but published data are available only for cucumber (Giannakou and Karpouzas, 2003).

! Nematology Researcher, PhD., Plant Protection Institute, National Agricultural Research

Foundation, PO BOX 2228, 71003, Heraklion, Crete, Greece. e-mail:
etzortza@her.forthnet.gr
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An investigation of a problem observed in a grafted greenhouse tomato crop is
described below.

2 MATERIALS AND METHODS

In a greenhouse of Crete with known problem of root-knot nematodes, a tomato crop had been
established with a susceptible cv. grafted on a resistant rootstock. That was an evaluation of
experimental genotypes under the development to become cultivars by a Seed Company.
Many plants remained stunted and chlorotic and produced small fruits. Root samples were
brought in the lab and examined.

3 RESULTS AND DISCUSSION

Several galls were observed on roots deriving from the scion. In contrast, the rootstock
was free of galls but small in size (Figure 1). The galls of the scion root were dissected
and revealed the presence of several females and egg masses of root-knot nematodes.
The population was identified as M. javanica.

Figure 1. Root galls of M. javanica on a root produced by a scion (A) in a grafted
tomato plant. The resistant rootstock (B) remained uninfected.

The certain plants had been planted deeply and the point of grafting was very close to
the soil surface or had been covered with soil. The great humidity caused rooting of the
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scion and this newly produced root became larger than that of the rootstock and as was
susceptible, became infected by nematodes. It is hypothesized that the plant was
receiving the majority of water and nutrients from the scion’s root system and that
explains the appearance of symptoms typical of nematode infection. These problems of
scion rooting should be avoided at planting taking care so as the grafting point not to
be close to soil surface. Furthermore cultivation techniques should prevent the
formation of soil piles around the plant stem.

The use of grafted tomatoes on resistant rootstocks as a mean of managing nematode
populations should be investigated in greenhouse crops of Greece. Rotation of resistant
tomato with susceptible has been already proved successful for reducing M. javanica
infestations in greenhouse conditions of Crete (Tzortzakakis et al., 2000). Further
research is also required in accessing the susceptibility of tomato rootstocks to
resistance breaking pathotypes of Meloidogyne, which have been found infecting
resistant tomatoes in both field and experimental conditions (Tzortzakakis et al., 1999,
2000, 2005).
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ABSTRACT

A field experiment was conducted during the summer season of 2000-2001 at the Vegetable
Research Farm of Indian Agricultural Research Institute (I.A.R.l.), New Delhi (India) to test the
efficacy of three Azotobacter strains as a potential supplement to nitrogenous fertilizer in
improving growth and yield of onion cv. Pusa Madhvi. The treatments consisted of factorial
combination of four levels of nitrogen (0, 25, 50 and 75 kg N ha'1) and three Azotobacter
strains (CBD-15, AS-4 and M-4) with two uninoculated controls one with full dose of N (100 kg
ha '1) and the other without NPK. Application of 75 kg N ha™ along with inoculation of CBD-15
was found to have significantly increased most of the growth and yield parameters, soil
available nitrogen, and nitrogen content in the bulb followed by M-4 inoculation as compared to
application of full dose of nitrogen without the inoculation. Days to bulb initiation were
significantly reduced due to inoculation with CBD-15 or M-4 along with 50 kg N ha” whereas
days to bulb maturity were significantly reduced due to inoculation with any of the strains along
with the same N rate (50 kg ha'1) as compared to application of full dose of nitrogen without
the inoculation. The finding demonstrated a saving of 50 kg N ha” without significantly
affecting yield and an average increase of 13.5% marketable yield due to Azotobacter
inoculation in the presence of 75 kg N ha™.

Key words: Azotobacter, onion, nitrogenous fertilizer, growth, yield, available nitrogen,
bulb diameter
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1ZVLECEK

VPLIV KOMBINIRANE APLIKACIJE Azotobacter-JA IN DUSICNEGA GNOJILA NA
PRIDELEK CEBULE (Allium cepalL.)

V letih 2000-2001 je bil na Vegetable Research Farm, Indian Agricultural Research Institute
(ILA.R.L.), New Delhi (India) izveden poskus za preverjanje ucinkovitost treh sojev Azotobacter
kot moznih dodatkov k uporabi dusi¢nih gnoijil, da bi se izboljSalo rast in pridelek pri ¢ebuli cv.
Pusa Madhvi. Poskus je vkljueval faktorske kombinacije stirih ravni preskrbljenosti z dusikom
(0, 25, 50 and 75 kg N ha'1) in tri genotipe Azotobacter (CBD-15, AS-4 and M-4), z dvema
neinokuliranima kontrolama, od tega eno z odmerkom N (100 kg ha ’1) in drugo brez gnojenja
z NPK. Aplikacija 75 kg N ha™ je skupaj z inokulacijo CBD-15 dala pomembno povecanje
vecCine parametrov rasti in pridelka, v tleh dostopnega dusika in vsebosti duSika v ¢ebulah po
inokulaciji z M-4 , v primerjavi z aplikacijo polnega odmerka dusika a brez inokulacije. Stevilo
dni do zacetka tvorbe ¢ebul je bilo zna&ilno manjSe pri inokulaciji z CBD-15 ali M-4 , skupaj z
odmerkom 50 kg N ha™. Stevilo dni do zrelih ebul je bilo znacilno manjse pri inokulaciji s
katerim koli genotipom pri enakem odmerku N (50 kg ha'1), v primerjavi s polnim odmerkom
dusika brez inokulacije. Ugotovitve kazejo prihranek 50 kg N ha™ brez znacilnega znizanja
pridelka. Ugotovljeno je povpre¢no povecCanje trznega pridelka za 13,5% pri inokulaciji z
Azotobacter-jem in odmerku 75 kg N ha™.

Kljuéne besede: Azotobacter, ¢ebula, dusiéno gnojilo, rast, pridelek, dostopen dusik, premer
Cebul

INTRODUCTION

Onion (Allium cepa) is one of the most important vegetable crops grown and
used throughout the world. Onion being among the high nitrogen demanding
vegetables, its productivity depends on use of optimum fertilizer rates and if
not adequately fertilized, considerable yield losses are apparent. The present
day modern agriculture depends heavily on use of chemical fertilizer for
boosting crop yield. However, these fertilizers are often in short supply and
their indiscriminate use has an adverse effect on long-term soil health and
environment, which has received global attention. Moreover, chemical
fertilizers are costly and hence are hardly affordable by small and marginal
farmers, which constitute the majority of the farming community in
developing countries. The most realistic solution is, therefore, to exploit the
possibility of supplementing chemical fertilizers with organic ones, more
particularly biofertilizers of biological origin. These days biofertilizers have
emerged as an important component of integrated nutrient management
strategy and had a promise to improve an over all crop performance, yield and
nutrient supply. Thus, of late increasing attention is being paid to derive the
most benefit from biofertilizers. Biofertilizers are low cost, effective and
renewable source of plant nutrients to supplement chemical fertilizers and
their role in onion as well as other vegetable production, therefore, assumes a
special significance, particularly in the present context of very high cost of
chemical fertilizers.

Onion responds well to Azotobacterization and yield increase up to 20 per cent
has been reported (Meshram and Shende, 1990). However, there exists wide
variation in nitrogen fixing capacity of various strains of Azotobacter (Vinay,
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1998) and strain specificity to crop plants has also been reported (Rajakumar
and Lakshman, 1990). The present study was, therefore, conducted with the
view to identify efficient strain of Azotobacter and to select a suitable N level
and Azotobacter strain combination(s) for better growth and yield of onion.

MATERIALS AND METHODS

A field experiment was conducted using onion cultivar Pusa Madhvi during the summer
season of 2000-2001 at the Vegetable Research Farm of Indian Agricultural Research
Institute (IARI), New Delhi, on sandy loam soil having a pH of 7.9. Four levels of nitrogen (0O,
25, 50 and 75 kg N ha ') and three Azotobacter strains (CBD-15, AS-4 and M-4) were
combined factorially with two additional uninoculated controls one with full dose of N, 100 kg
N ha”, (standard practice) and the other without NPK (absolute control). A total of 14
treatments including controls were laid out in Randomized Block Design (RBD) with three
replications. A plot size of 4.68 m? and spacing of 10cm x 15cm were used. A carrier based
(Charcoal: Soil, 3:1) inoculum of each of the Azotobacter strain @ 500 g ha” was suspended
in water to prepare a slurry and seedlings were uprooted from the nursery beds and dipped
in the respective Azotobacter strain slurry for transplanting in the main field. Only half dose of
nitrogen as urea was applied at the time of transplanting and the rest half was applied in two
equal splits at 30 and 50 days after transplanting. Full doses of phosphorus as single super
phosphate and potassium as muriate of potash were applied to all the treatments at
transplanting @ 50 kg P,Os and 75 kg K;O ha™, respectively. Data was recorded on growth
parameters such as plant height, number of leaves per plant both at 45 and 90 days after
planting. Observation was also made on days to bulb initiation, days to maturity, bulb weight,
bulb diameter, total and marketable yields, bulb nitrogen content and soil available nitrogen.

RESULTS AND DISCUSSION
1. Plant height and number of leaves per plant

At 45 days after transplanting (DAT), only plant height was significantly
influenced due to Azotobacter inoculation under all levels of nitrogen tested
when compared to the control with 100 kg N ha' (Table 1). However, at 90
DAT, both plant height and number of leaves per plant was significantly
influenced due to nitrogen amendment with Azotobacter inoculation.
Application of 75 kg N hal in combination with CBD-15 or M-4 significantly
improved all parameters over the control treatment with 100 kg N hal. Such
increase in plant height due to Azotobacter inoculation have also been reported
by (Badaway and Amer, 1974; Martinez et al., 1994) in tomato and (Dibut et al.,
1993; Rita, 1993 and Mandhare et al., 1998) in onion.

2. Days to bulb initiation and maturity

Days to bulb initiation and maturity showed variations both among the
nitrogen levels and Azotobacter strains. In the absence of nitrogen, inoculation
of Azotobacter did not significantly reduce the duration of bulb initiation and
maturity. Similarly, inoculation of Azotobacter strain in the presence of 25 and
75 kg N ha' resulted in days to bulb initiation and maturity that was
statistically at par with both uninoculated controls. However, application of 50
kg N ha' along with the inoculation of CBD-15 or M-4 resulted in 4 and 3.7
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days earlier bulb initiation, respectively over the standard control. Likewise,
application of the same N level (50kg N ha-1) along with the inoculation of any
of the Azotobacter strains led to 1.7 to 2.7 days earlier bulb maturity as
compared to the full dose of nitrogen (100 kg N ha-1) application without the
inoculation. Similarly, early bulb initiation and maturity in onion was reported
by Rita (1998) due to Azotobacter inoculation. The earliness in bulb initiation
and maturity may be attributed to the ability of the bacterium to produce
growth promoting substances which might have induced bulbing at earlier
stage and there by enhanced chance of early crop maturity. Further more,
inoculation along with high dose of nitrogen could not be as effective as
inoculation along with moderate or lower doses in reducing days to maturity
due to prolonged vegetative growth period in the former case.

3. Bulb diameter and 10 bulb weight

An overall increase of 11.2% and 8.5% higher horizontal and vertical bulb
diameter, respectively over the control treatment with 100 kg N hal were
obtained due to inoculation of CBD-15 along with 75 kg N ha and it was
closely followed by the treatment with 75 kg N ha'l + M-4 (Table 1). The
values for both treatments were statistically significant when compared to the
control treatment with 100 kg N ha-l. Similar trend was observed for weight of
10 bulbs. Amendment of 75 kg N ha! through inoculation of either CBD-15 or
M-4 resulted in 15 and 12.5 % increased weight of 10 bulbs, respectively over
the control treatment with 100 kg N ha-! (Table 1).

4. Total and marketable yields

Supplementation of nitrogen fertilizer with Azotobacter inoculation markedly
increased both total and marketable yields. Supplementing 75 kg N ha'
through inoculation of either CBD-15 or M-4 gave an increase of 12.9 and 9.9%
in total yield; and 15 and 11.9%, respectively in marketable yields over the
uninoculated control with 100 kg N hal. The result also clearly demonstrate
that inoculation of CBD-15 or M-4 in the presence of 50 kg N ha-lgave yield
statistically at par with the uninoculated control having full dose of N (100 kg
N ha) there by resulting in a net saving of 50 kg N ha-l. Similarly, (Konde et
al., 1978 and Rita, 1998) have also reported increased total yield in onion due to
Azotobacter inoculation. Bhonde et al. (1997) reported the highest marketable
yield (230.62 q ha) in onion due to combined application of Azotobacter and
50% recommended dose of nitrogenous fertilizer.

5. Soil available nitrogen and bulb nitrogen content

A remarkable increase in soil available nitrogen after crop harvest was
observed due to supplementation of 75 kg N ha with inoculation of CBD-15
over the control with full dose of nitrogen as well as over the absolute control
by giving 23.6 kg ha -land 104.5 kg ha! higher soil available nitrogen over both
the controls, respectively (Table 2). Inoculation with all the strains except in the
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absence of applied nitrogen, have furnished the soil with additional quantity of
available nitrogen compared to the amount that was present before the crop
was planted (236.37 kg ha-1). Likewise these findings draw support from
several other earlier reports. Ahmad (1998) reported the highest soil available
nitrogen due to application of 145g N tree’! + Azotobacter strain CBD-15 over
145g N tree-! + Azotobacter strain M-4 and all other treatments which is in close
conformity with the present finding. Nitrogen content in bulbs was
significantly increased due to supplementation of 75 kg N ha?l with either
CBD-15 or M-4 over the control with full dose of nitrogen (Table 2). These two
treatments gave 0.24 and 0.16 per cent higher nitrogen in bulbs over the
standard practice and 1.17 and 1.0 per cent higher nitrogen in bulbs over the
absolute control, respectively. A significant increase in percent nitrogen in
grain as well as stover of maize was also reported due to Azotobacter
inoculation along with moderate amount of nitrogenous fertilizer by Meshram
and Shende (1982). The increase in nitrogen content in bulbs might be due to
better root development that was achieved as a result of inoculation with
efficient strains, which led to enhanced nutrient uptake.

CONCLUSION

Of the three strains of Azotobacter used, two strains (CBD-15 and M-4) in the
presence of 75 kg N ha! were found to have significantly improved the growth
and yield parameters, nitrogen content in the bulb and soil available nitrogen
when compared to uninoculated control with 100 kg N hal. An average
increase of 13.5% in marketable yield was achieved due to effective Azotobacter
strain inoculation in the presence of 75 kg N ha' over uninoculated control
with 100 kg N hal. Inoculation with the effective strains (CBD-15 and M4) also
enabled a saving of 50 kg N hal with out affecting total and marketable yields
as compared to the uninoculated control treatment with 100 kg N ha™. The
increase in growth and yield parameters in the inoculated treatments can be
attributed to the multiple effects of Azotobacter such as their ability to fix
atmospheric nitrogen (Pandey et al., 1989) suppression of pathogenic micro-
organisms (Lakshmi Kumari et al., 1972; Meshram and Jagar, 1983), production
of growth promoting substances (Brown, 1974, Shende et al., 1975). Moreover,
its role in solublization of phosphate (Iswaran and Marwaha, 1981) and general
improvement in nutrient uptake of the plant due to root proliferation might
have also considerably contributed to enhanced growth and yields of the
inoculated treatments in these findings.
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Figure 1. Total and marketable yields of onion as affected
application of Azotobacter strains and reduced N doses

Table 1. Various growth parameters of onion as affected by combined application
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Treat. Plant height (cm) No. of leaves Days to Days to Bulb diameter (cm) 10 bulb weight
per plant bulb maturity
initiation
45 90 45 90 Vertical ~ Horizontal ~ Fresh  Dry
DAT DAT DAT DAT
T1 30.27 47.87 4.20 7.03  73.33 128.7 4.10 5.33 656.7 56.40
T2 39.63 59.63  4.87 8.67 7033 127.0 5.67 6.80 920.0 97.40
T3 29.80 47.00 4.07 6.80  73.67 129.0 4.00 5.17 640.0 53.30
T4 36.00 5443 4.80 813 71.00 127.3 5.23 6.17 880.0  89.00
T5 30.93 49.00 4.32 717 73.00 128.3 4.23 5.33 673.3 59.23
T6 39.40 58.87 4.87 853  70.67 127.0 5.60 6.73 900.0 96.83
T7 35.90 55.23  4.67 799  68.00 125.0 5.00 6.23 876.7 86.33
T8 34.53 53.67  4.55 750  69.33 126.0 4.87 6.03 836.7 81.37
T9 34.77 54.33 4.60 797  68.33 125.3 5.03 6.10 860.0 83.20
T10 32.60 51.03 4.50 760  71.67 126.3 4..60 5.63 750.0 69.63
T11 31.53 50.17  4.40 733 7233 126.7 4.47 5.50 740.0 67.63
T12 33.30 5213  4.53 760  71.33 126.0 4.70 5.73 770.0 73.30
T13 36.07 54.00 4.73 8.00 72.00 127.7 5.10 6.27 880.0 83.13
T14 27.67 4417  3.39 6.13  74.00 130.0 3.73 4.37 560.0 49.07
C.D. 3.20 410 0.39 051 3.35 1.52 0.42 0.45 37.40 13.57

(5%)

T.=0kgN ha* + CBD-15
T.=75kg N ha™* + AS-4
T,=50 kg N ha’+ CBD-15
T = 25 kg N ha'+ CBD-15
T3 = Full dose of N (100 kg N
ha™) without Azotobacter
(standard practice)

T,=75kg N ha™ + CBD-15
Ts=0kg N ha' + M-4
Te= 50 kg N ha™+ AS-4
Tu= 25 kg N hat+ As-4
T4 = Without NPK and
Azotobacter (absolute

control)

T;=0kg N ha™ + AS-4
Te=75 kg N hat+ M-4
Te = 50 kg N ha™'+ M-4
T= 25 kg N hat+ M-4
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Table 2: Soil available nitrogen and bulb nitrogen content as affected by combined
application of Azotobacter strains and reduced nitrogen doses

Treatment Available nitrogen in Nitrogen content (%)
soil (kg ha 1) in Bulbs

T1 220.5 2.53

T2 295.5 3.57

T3 214.5 2.50

T4 262.9 3.35

Ts 2242 2.60

Te 290.6 3.49

17 269.7 3.22

Ts 254.5 3.16

Ty 267.6 3.21

T1o 245.3 2.89

T 241.0 2.79

T2 249.5 291

T3 271.9 3.33

T4 191.0 240

C.D. (at 5%) 23.40 0.12
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ABSTRACT

The study analysed the influence of presence of protected area on the vulnerability and
resilience of the surrounding region in different socio-economic and natural shocks and
perturbations. For the study two areas were selected: area of Triglav national park (TNP), as
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use of in-depth interviews among relevant stakeholders. In each area some interviews were
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of the analysis mostly confirmed our hypothesis. We could recognize that the diversity of
actors and social roles are essential as sources of stabilty, resilience, robustness and
integrity in the social dimension of natural resource management, that an ecological regime
shift or collapse does not necessarily result in a regime-shift or collapse of the social-
ecological system, that an adaptive governance framework relies critically on the
collaboration of a diverse set of stakeholders operating at different social and ecological
scales, that good governance of the socio-economic domain does not necessarily imply
maintaining a stable / resilient / robust / integer social-ecological system and that institutions,
social networks and organisation interact across scales. On the other hand a hypothesis that
more diverse tourism leads to higher stabilty, resilience, robustness and integrity of social-
ecological systems was not confirmed.
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1ZVLECEK

PODEZELSKI TURIZEM IN ZAVAROVANA OBMOCJA - DEJAVNIKI POVECANJA
PROZNOSTI PODEZELSKIH OBMOCIJ

V raziskavi je bil preu€evan vpliv prisotnosti zavarovanega obmodja na ranljivost in proZnost
SirSe regije ob razli¢nih socio-ekonomskih in naravnih Sokih in motnjah. Raziskava je bila
izpeljana na obmocju Triglavskega narodnega parka (TNP), kot obmocju z visoko stopnjo
raznolikosti turisticne ponudbe in Kozjanskega regijskega parka (KRP), kot obmocja z ozkim
spektrom turisticne ponudbe. Primarni podatki so bili zbrani s poglobljenimi intervjuji z
glavnimi akterji. V vsakem obmocju smo izvedli ve€ intervjujev, pri emer so v posameznih
primerih intervjuvanci zastopali tudi po ve¢ deleZnikov. Rezultati analize so pretezno potrdili
zastavljene raziskovalne hipoteze. Ugotovljeno je bilo, da je raznolikost aktivnih udeleZzencev
in socialnih vlog bistvenega pomena kot vir stabilnosti, proznosti, Zilavosti in celovitosti
druzbene komponente upravljanja z naravnimi viri; da sprememba ali propad ekolodkega
reZima ne pomeni nujno spremembe ali propada socio-ekoloSkega sistema; da je adaptivni
okvir vodenja kriti€no odvisen od sodelovanja med razli¢nimi akterji na razli¢nih druzbenih in
okoljskih ravneh; da uspesno upravljanje socio-ekonomskega podroc¢ja ne pomeni nujno tudi
ohranjanja stabilnega / proznega / zilavega in celovitega socio-ekoloskega sistema in da
institucije, druZzbena omrezZja in organizacije medsebojno sodelujejo preko vec&ih ravni. Na
drugi strani je bilo ugotovljeno, da razli€éna raven diverzifikacije turisticne ponudbe ne
prispeva k vi§ji ravni stabilnosti, proznosti, Zilavosti in celovitosti socio-ekoloSkega sistema.

Kljuéne besede: podeZelski turizem, zavarovana obmocja, proznost, socio-ekoloski sistem,
razvoj podeZzelja, inovacije, u€enje, ranljivost

1 INTRODUCTION

This study explores two protected areas in Slovenia with a focus on rural tourism. The
main purpose of the research is to analyse a rural tourism situation in two areas and to
explore the influence of tourism in rural areas on resilience of the region. The analysis
focused on social, economic and environmental aspect of protected areas.

The study areas were selected upon two most important criteria presented below:

* Protected area established at least 15 years ago (selected parks: Triglav National
Park (TNP) and Kozjanski Regional Park (KRP) as they were the only parks that
were established more than 15 years ago in Slovenia);

* Extent of tourism diversification — TNP is characterized by highly diversified
forms of tourism activities and infrastructure, while in the KPR the activities
offered to tourists and tourism infrastructure are not so diversified yet.

The main research objective was to understand the interrelations between the
development of the tourism in investigated regions (along with its specificity) and:
stability, resilience robustness and integrity of the entire region.

The following list highlights the main elements of the analysis:

1. Analysing the functioning of social-ecological systems of two chosen regions in
Slovenia is the general aim of the research.

2. The analysis focused on the key dimensions for a functioning system over time,
namely: integrity, robustness, stability and resilience (Stirling, 2005).

3. The four dimensions were treated as interdependent.
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4. The context for undertaking the analysis consisted of: ecosystem specificity, level
of biodiversity, cultural values, actors’ behaviour and institutional context.

5. Functioning of social-ecological systems is also conditioned by internal and
external factors having an influence on the system. These factors differ from each
other not only by their character (biophysical vs. socio-economic), but also by
impetuosity (shocks vs. shifts). As part of the research, in each case there were
four variants of factors of change identified, which have an influence on the
system.

6. Adaptation processes to the identified shocks and shifts were analyzed with
particular focus on two processes: institutional change and social learning.

Initially, both selected regions were analysed separately, followed by a comparative
analysis of both cases which permitted identifying the distinctive ways of adaptation
to changing conditions on socio-economic and natural character.

This study has above all empirical character and it presents empirical material
collected with adopted assumptions and aims of the examination. The most important
elements of the used theoretical framework are introduced in the following.

Regions as complex adaptive systems — the unit of analysis will be social-ecological
systems which are: (1) systems composed of biophysical and social components, (2)
where individuals have self-consciously invested time and effort in some type of
physical and institutional infrastructure that affects the way the system functions over
time in coping with diverse external disturbance and internal problems, and (3) those
that are embedded in a network of relationships among smaller and larger components
(Janssen, Andersen, Ostrom, 2003: 7).

Development patterns of complex adaptive systems

Considering the fact that in conducted analysis the dynamics of social-ecological
systems will interest us, when considering the processes of adaptation the essential
dimensions of system development and their changeability should be recognized. In
the process of change basic aspects of analysis will be whether (and if so - in what
way) the system is able to maintain its functions. The elements of the system are not
homogeneous; they have different adaptive potentials. They are conditioned with the
nature of changes occurring in the system and the specificity of factors having an
influence on the system. We can point to the following abilities of systems (Stirling
2005, quoted from Stagl 2006: 5-6):

Resilience is the ability of a system to maintain its functions in case of episodic
exogenous shocks.

Robustness is the ability of a system to maintain its functions in case of secular
external change.

Stability is the ability of a system to maintain its functions in case of endogenous
disruptions.

Integrity is the ability of a system to maintain its functions in case of secular internal
change.

Institutional Analysis and Development (IAD) framework
Institutions will be treated by us as the element which strengthens or impairs the
adaptive potential of the system in a significant way. For the purpose of this research
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a theoretical frame suggested by Elinor Ostrom and its partners (Institutional Analysis
and Development) (2005) will be used in the context of analysis of the institution.

Innovation and Learning Processes

Assuming that the process of adaptation is a process whereby system element change
to account for modified conditions. Effective adaptation is often only possible , when
innovation and learning happen. It is the ability of the system to read signals correctly
and to adjust adaptive reactions accordingly. An effective process of adaptation is a
necessary condition for functional innovation to happen, whereas the appearance of
the appropriate innovation is the symptom of the appropriate course of the system
learning.

Referring the learning process (but also phenomenon of the innovation) to the system
it 1s however necessary to distinguish three levels of analysis in relation to which
learning/ innovation will be analysed:

- individual learning / innovation,

- organisational learning / innovation,

- regional learning / innovation.

2 RESEARCH QUESTIONS AND RESEARCH HYPOTHESES

Research questions:

1. How has the tourism sector developed over the last 15 years in each region? How
can the ‘action situations’ of tourism activities in rural areas be described? Does
the type of tourism activities influence whether stabilty, resilience, robustness and
integrity are promoted or reduced by tourism over time? How types of tourism
activities are best characterised?

2. What where major disturbances in the selected areas in the last 15 years? How can
they be classified into external / internal perturbations as well as shocks (single
event) / shifts (ongoing change)? What were the main outcomes of specific
disturbances in each of the in the study regions?

3. Which rural actors are capable of adapting to shocks or perturbations? How did
they react to each of the specific disturbances?

4. Which rural actors are capable of shaping the adaptation processes after shocks or
perturbations? Are they equipped with the skills and means that they need for this
task?

5. Are there some institutions in Slovenia (measures or funds), which aim to buffer
shocks or perturbations?

Research hypotheses

1. More diverse tourism leads to higher stabilty, resilience, robustness and integrity
of social-ecological systems.

2. An ecological regime shift or collapse does not necessarily result in a regime-shift
or collapse of the social-ecological system.

3. Good governance of the socio-economic domain does not necessarily imply
maintaining a stable / resilient / robust / integer social-ecological system.

4. A diversity of actors and social roles are essential as sources of stabilty, resilience,
robustness and integrity in the social dimension of natural resource management.
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5. The main social sources of resilience are institutional redundancy, flexible social
networks, social memory and organisations that bridge levels in systems of multi-
level governance.

6. Institutions, social networks and organisation interact across scales.

7. An adaptive governance framework relies critically on the collaboration of a
diverse set of stakeholders operating at different social and ecological scales.

3 METHODS AND DATA

For conducting the research in question we used a case study approach as a particular
method of qualitative research. Here qualitative methods are justified because they are more
suitable to capture the complexity of social-ecological systems and to identify (not to omit)
non-linearity of processes (Berkes, Colding, Folke, 2003: 7).

The following methods were used in this research:

. Desk research — it was mainly used in the first stage of research when stakeholders,
key informants and perturbations (shocks/shifts) were identified and general data about
TNP and KRP were collected. Desk research was mainly devoted to legal documents,
official statistics, reports, articles and publications about mentioned regions.

. In-depth interviews — most of the data for this study were collected by using
interviews. Reason for using this technique is that its semi-structured character allows
respondent to partially modify structure of interview and to touch on subjects which
were not included initially.

. Observation — in fieldwork research also observations were important, such as
conditions in study area, relations between different stakeholders, opinions one about
another etc.

Primary data were collected in June and July 2006. Because of the limited time and
resources we asked representatives of the local authority who know the situation and
stakeholders involved in rural tourism in protected areas well to prepare a list of most
important actors for interviews — for both cases TNP and KRP.

In TNP interviews were conducted with the following stakeholders*:
¢ Representatives of Triglav National Park Board,
Employees from Information Centre of TNP in Trenta,
Owners of Tourist Farms in Trenta,
Representatives of Tourist Association of Trenta, Log pod Mangartom and Kobarid,
Representatives of Local Community Log pod Mangartom,
Owners of Guest Houses in Log pod Mangartom,
Majors of Municipalities of Bovec and Tolmin,
Employees of Local Tourist Organizations and Tourist Information Centres in Posocje,
Representative of Kobarid Museum of First World War,
Member of the State Parliament from Posocje,
Employee of Angling Club of Tolmin.

In KRP interviewees were the following:
e Representatives of Kozjanski Regional Park Board,
e Majors of the Municipality of Kozje, Bistrica ob Sotli and Podcetrtek,
¢ Representatives of Local Community of Kozje and Bizeljsko and at the same time
owners of Tourist Farms,
o Representatives of Tourist Farms in the area of KRP,
e Representatives of Tourist Associations working in KRP,

* As TNP area is big, we concentrated our interviews only in Poso&je region — mostly villages Trenta
and Log pod Mangartom. The reason is that we used examples of schocks and shifts from there.
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e Parish priest of the Catholic Church (cooperate also in pilgrimage tourism on Svete
Gore),

Representative of Marketing Service of Spa Olimia in Podc&etrtek,

Employee of Tourist Information Centre in Pod&etrtek,

Owners of Guest Houses in KRP,

Representative of Hunter's Family of Kozje.

Detailed data about interviewed persons are because of private data confidence available
only from the research institution (Biotechnical Faculty).

Sources of secondary data collected were: legal documents, official statistics, reports,
articles, scientific and other publications and other documents, internet resources — reports,
self-government bodies and organisations websites. A crucial source of information were the
following websites:

- home page of TNP (http://www.tnp.si)

- home page of KRP (http://www.kozjanski-park.si and http://www.gov.si/kp/)

- home page of Ministry of Environment and Spatial Planning (http://www.gov.si/mop/)

3.1 Description of perturbations within the social-ecological system

Table 1: Overview of perturbations

Perturbations TNP - Trenta Kozjanski RP
Diverse tourism Not diverse tourism
. Independance of Slovenia
£ = Independance of Slovenia and ;
5 © . ) . . and new border with
EE c| Shock | accession to EU; Closing of mine Croatia-
(] H ’
220 X Rabel) Accession to EU
2 § % Shift Political system change Political system change
; o v | Initiatives for a new Law on TNP
88 c| Shock | and initiatives for changing the
5° % borders of park
=| Shift Emigrations from area Emigrations from area

£ o Tcs Shock Earthquake in Posocje in 1998 Eg;t:quake in Kozjansko in

69 |3

&5 g Shift Growth of game (reed and roe

Qo w deer, bear, wolf, and lynx)

® 3 Landslide in Log pod Mangartom Drought in 2003

5% || Shock

< 2 |c Ear . . .

g'a 5} arming land overgrowing, Farming land overgrowing

<'1:> 2 | Shift Decreasing of Soca trout

o population

Short describtion of perturbations:

e Independance of Slovenia and new border with Croatia — Slovenia became
independent in 1991 and a consequence was also a new border with Croatia which
influenced on situation in Kozjansko region also. People from area before sold their
products mostly in Zagreb market, people from Zagreb were also often visitors of the
area. Border changed the situation because duties and other border limitations made
obstacles for free trade (except for the illegal one). Independence of Slovenia at the
same time brought more power to local communities and their development (local
self-government reform).

e Slovenian accession to European Union — after some years of adaptation Slovenia
joined EU in 2004. It was necessary to adopt to EU legislation but on the other hand
there were new possibilities for projects and finances from EU funds.
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e Closing of mine Rabelj - happened in 1991 and had influence on life in Log pod
Mangartom and surrounding area, more people lost their working places, some of
them after also emigrate from the area.

e Political system change — Slovenia started with political system reforms in 1989 when
more parties system changed old one party socialist system. Consequences were ex-
Yugoslavian market loss, market economy instead of planning economy, problems in
adoption to the new system and market economy in factories etc.

e Initiatives for a new Law on TNP — the Law on TNP is still from 1981, so still from ex
system and many times also in some contrary with new objectives and systems.
Even more initiatives, also experiments of new law are present, so also Slovenian
government had to establish a group to prepare a new Law on TNP.

¢ Emigrations from area — in both study cases emigrations are present and they are
mostly result of lack of working possibilities and less developed infrastructure
(communal, social...).

o Earthquake in Posoc€je in 1998 caused a lot of damage in Posocje area. Renewal
was supported, managed and organized also from national level.

e Earthquake in Kozjansko in 1974 was a natural catastrophe for less developed
Kozjankso region. On the other hand it contributed a lot to a new development
initiative of the region (infrastructure, new buildings, tourism development...).

e Growth of game — population of wild animals sometimes increase too much and
exceed the borders, as a consequence there can be a damage in agriculture,
destroyed natural balance, also big fear of local population (in case of bears for
example).

e Landslide in Log pod Mangartom happened in November 2000. Approximately
1,000,000 m° of material was displaced from an altitude of 1400 to 1600 m and
mainly deposited at an altitude of 630 m. The consequences of the landslide, which,
by its size (materials from an area of over 25 hectares were displaced and deposited
over more than 15 hectares) is one of the largest in Slovene history, are catastrophic.
7 persons lost their lives, 6 residential and farm buildings were destroyed, and
another 23 buildings in the village of Gornji Log were more or less damaged. With 2
bridges ruined, the road connection between Bovec and Predel, which is of vital
importance to the area, was cut off. The road to Mangart was partially or fully buried
beneath earth or destroyed, and considerable damage was also caused to power
supply facilities. Direct damages are estimated at almost 2 billion SIT.

e Farming land overgrowing is typical for all Slovene remote and less favoured areas,
we can find some case in flat land area also. Reasons are different: not possible use
of machinery on slopes, aging farm population, stoped farming activities of land
owners etc.

e Decreasing of So€a trout population was mostly a result of human intervention in
natural system. Some trout breeders brought a not autochtonous brook trout which
was much more aggressive as autochtonous one.

e Drought in 2003 — whole Slovenia territory was affected with longer dry which had
influence mostly in agriculture, water supply and fire endanger.

4 RELATIONSHIPS BETWEEN RURAL TOURISM AND THE
VULNERABILITY OF REGIONS

In the following subsections a reply to questions whether regions of two explored
national parks differ in their adaptation potential given in relation to individual
features of social-ecological system as: resilience, robustness, integrity and stability,
is given on the basis of interviewes replies.
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4.1 Influence on system stability

The stability of the system can be assessed by [Inalyzing the reaction on the closure
of the Rabelj mine in TNP and establishment of the border to Croatia for KRP.

In connection to the establishment of border and loss of markets, we can say that this
event was really a shock for the region and it took some time to adopt to it, and this
adoption took a kind of evolutive path from “what to do now” over smuggling to
redirecting to new more distant markets and change of structure of the products (from
vegetable to more fruits and wine and rural tourism). The same kind of adoption
happened in touristic industry (local SPA), so that on the long the area don’t feel that
the border presents a development problem.

In case of TNP and Log pod Mangartom the closure of the mine had both: positive
and negative effects. The positive is that water pollution from the mine stoped, but on
the other hand a lot of local inhabitants lost their jobs with little possibility to find a
new one. The village itself did never really try to compensate this loss with some
other activity, but over time the activities of surrounding area and the park
(development of tourism in Soca valley and development programs such as organic
farming in National park) have produced new opportunities. But still a number of
people left the village.

4.2 Influence on system resilience

Regarding the change of political system and accession to the EU it is hard to tell
which area adapted better. At the beginning the area of TNP had better chances to use
the instruments available because of the accession process (EU financed projects) and
also the private initiative could start to develop sooner (experience from neighbouring
countries and national parks as wel as more financial sources from people who were
working over border), but also the KRP area did use te available possibilities well and
is increasing it use nowadays (structural fonds, international cooperation on projects
etc.).

4.3 Influence on system robustness

Regarding the system robustness we could somehow conclude that both areas tried to
use the available opportunities (tourism development, introducing new products,
engaging in rural development programs and projects etc.), where the effect of this
seems to be better in the KRP than in the TNP. The reason for this might lie in the
fact, that both protected areas are of different size. The KRP is smaller and more
homogeneous, so also the coordination among actions and projects is easier. On the
other side the TNP is generally divided on three almost not comnnected valleys
(because of natural barriers-mountains) with different needs and visions of future
development.

4.4 Influence on system integrity

With reference to the integrity of the regions if we trie to assess it over the problem of
out migration than we cannot really notice the difference, because in both regions the
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problem persist and for the time being also the development of tourism cannot reduce
it.

But on the other hand in both regions was also mentioned, that the development of
tourism is inducing the inflow of people, especially those who want to build there
their second houses, what brings with a new problem: so called “black building” -
building of second houses without spatial plan and permissions. Trenta valley has
more development problems also because of “black buildings” and different interests
of local people and weekenders.

5 CONCLUSIONS

Protected areas become one of the most important society valuableness and already
now present an important part of tourist infrastructure (information centres, trails,
accomodations...) and tourist offer. Data shows (Hladnik, 2005) that more as 30% of
foreign tourists come in Slovenia mostly because of unspoiled nature and natural
valuablenesses and also that 30% of Slovene people spend their free time in nature. In
the future protected areas will be one of the top themas in tourism development. They
mean »above standard offer« with peace, unspoiled nature, with nature connected
activities. Slovenia has great possibilities for sustainable tourism in protected areas
because of big varieties, the question is just what kind of tourism and activities are
appropriate for protected areas and in what extent. It depend on each protected areas
characteristics also.

The conclusions are presented in two dimensions. In the first one, we will discuss the
results in relation to three issues: innovation, learning and reducing vulnerability. In
the second one, we will briefly comment on answers for research hypotheses on the
base of results of the research.

5.1 Innovation within the adaptive process

The appearance of the appropriate innovation is the symptom of the effective
adaptation to the changing context and shocks or shifts. In the case of both
investigated regions it is possible to identify the occurance of innovations.

TNP has developed its own scientific research institute which work as independant
institut in frame of TNP Public Institution from 1998. The main task of institute is to
collect and to arrange the results of scientific researches in park from different areas
of work and to stimulate and directing the researches of research institutions and
individuals and to research natural and cultural heritage. Data are useful than for
natural and cultural heritage valuating. Quality informations are key importance for
protection.

TNP opened also some Information Centres of TNP: one in Trenta (it helped a lot to
Trenta development, mean also working places and it is a motor of development) and
one in »Pocarjeva domacija« in Radovna. TNP was selected also as a partner in pilot
project »Young Ranger« - innovative way to present ranger's work to pupils and to
stimulate them for nature protection and to share the awareness in local communities.
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In TNP they are developing also a model of eco tourism as a way of sustainable
tourism appropriate for protected areas.

In Trenta TNP Information Centre together with Tourist Association Trenta prepared
also innovative tourist programme “Four easy seasons” with protected trade mark.
Programme foresee development of additional offer in spring and autumn, prolong of
summer season and partly also of winter season. They are preparing also a new valley
web portal which will present a valley completly and make possible also a central
reservations system for all offerers in valley.

The innovations for Slovene management of protected areas are also the
establishment of park’s administration own research unit, as well as volounteer renger
service in the park, project young renger and information centers spread across the
park, which represent also kind of local development cores. Inovation resulting from
natural disaster in Log pod Mangartom is also the implementation of alarming system,
which is the first of its kind in Slovenia.

KRP also developed some really inovative products and projects based on natural and
traditional cultural heritage of Kozjansko (based on endogenous potential). They
started to evident flora and fauna and found on their area beside all 37 kind of natural
orchids grow (of 60 known in Slovenia) and around 120 different birds. They also
detailed evidented rural achitecture (more than 3000 units, 800 of them can have a
status of cultural monument). Very innovative is also project »Kozjansko apple« and
all products developed from them and trade mark SOZITJE (symbiosis) for these
products. It is not every kind of apple but old autochtonous cultivars, some of them
are known only in their area (for example »sevniska voscenka«), the other are old
autochtonous Slovene cultivars. Such apple cultivars are produced in traditional high
trunk meadow orchards which are very important also as habitats for different kind of
birds and other animals. Meadows with apple trees are late cut (not more than twice in
year), so they allowe also orchids to blow. They are important also as an element in
traditional cultural landscape of Kozjansko so they renewed them and also planted
new ones. But it is important also how to care for such orchards so they organized
also education programme how to cut the tries, how to make different products from
them (brandy, vinegar, juice..). As a result of education a special group of »tree
cuters« were qualified and they went around and cut the tries and learn people in area
how to do that. Trade mark for products from apples was protected in Patent Office.
They found also a special way of bottle filling — it enables to store a juice for two
years without conservans. At the end »apple project« finished also with now
traditional international »Apple festival« (proffessional, seminar, cultural and social
event). Renewal of high trunk meadow orchards became also an international
(INTERREG) project. In Kozjansko also joinery was traditional and “apple project”
brought new possibility for revival also-to make some products from very colourful
apple or nut tree wood. KRP together with partners from Finland, Germany and
Austria established also partnership network EUREX 21 for information and
experiences exchange, presenting their products, projects and culture. Innovative is
also breeding of capons under meadow orchards as revival of an old Middle Ages
Characteristics. Within the cultural programmes of the Kozjanski Park also Music
Summer at the Podsreda Castle is innovative. Also different walking trails on area are
innovative and also some new iniciative for eco village. In one abandoned hamlet
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with four homes they want to develop ecological village with apartments and with
parallel tourist and educational offer.

5.2 Learning within the adaptive process

Summing up the issue of learning it is worthwhile mentioning that the effective
process of learning must co-occur with the process involving all actors into the
process of deciding and managing protected area and its sourroundings (Kofinas
2003: 7). In both case such action is being taken. Main initiator of these actions in
both areas is the park administration, where the TNP is much more active due to its
bigger size, higher financial support from national budget and longer existence. The
active learning is organized in forms of different workshops, seminars, participation
in national and international projects and transfers of good practices for different kind
of people. Boths parks administrations are also putting a great effort on cooperation
with children, so in both areas they are trying to involve actively local schools into the
park activities.

As the both parks are in the moment in the process of preparing their management
plan they put also a great effort to involve local actors into this process to learn what
the local and interested public expect from the park, what are their needs and
problems etc.

5.3 Reducing vulnerability by promoting rural tourism

All available data (primary and secundary) and also interviews with people from
protected areas shows that rural tourism is seen as a very important, probably also the
most important, factor for economy in area and also as a solution for lost working
places in both study areas. But not mass tourism and not every kind of tourism. Both
areas promote sustainable way of tourism in connection with nature protection and
local area characteristics. Endogenous potentials (natural and human) of each area are
most important. Tourism in park increasing and it means also important contribution
in economy of individual area.

In TNP they have vision about ecotourism as an appropriate way of tourism for
protected areas. Ecotourism is one way of sustainable tourism; it is an instrument for
natural protection and at the same time assures sustainable economic benefits for local
people (Solar, 2005). Ecotourism can be understood as environmental, sociological
and economic category. As economic category it can crucial contribute to sustainable
rural development and it is at the same time a motor of development. As sociological
category it can contibute to higher awareness of public about importance of nature
protection, at the same time visitors have impression that with their appropriate
treatment contribute to protection and maintaining. As economic category ecotourism
assure promotion and marketing of products from protected areas like nature, cultural
heritage, clean water, fresh air, local autentical products (also from ecological
farming). But all kind of tourism activities and their development should be adjusted
with local population in protected areas.

Tourism in protected areas is mostly in tight connection with agriculture also. In TNP
and KRP such connections are very important and they also build their offer on them.
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Agriculture maintains cultural landscape and increase attractivity of the park and
products of farming are important tourist product also (Kozjansko apple case or wool
products from Trenta). Tourism can also offer local produced food, prepared by local
recipes for example. Extensive farming methods increase biodiversity also. In KRP
Park Board want to increase number of ecological farms and to create a network
between ecological farms, tourism in park and spas in surroundings.

5.4 Research hypotheses

H-1: More diverse tourism leads to higher stabilty, resilience, robustness and
integrity of social-ecological systems.

In the case of two analysed protected areas, the region TNP has more diversified
tourist offer but in the analysis we could not find a firm evidence which indicates
higher stability, resilience, robustness and integrity of this area. In some cases the less
divers area (KRP) proved to be better off (i.e.stability of regions).

H-2: A diversity of actors and social roles are essential as sources of stabilty,
resilience, robustness and integrity in the social dimension of natural
resource management.

On the example of two analysed cases it is possible to notice, that some actors are
simultaneously performing different roles (i.e. the same person is local representative,
chair person of local tourist bord and owner of biggest tourist farm in the area) what
leads to the better adaptation to shocks and shifts. Such a situation is taking place in
both cases.

This facilitates to see at a lot of issue from different perspectives, to understand
different arguments; it leads the better adaptation, higer stabilty, resilience, robustness
and integrity.

Involving representatives of different subjects into the dialogue is also leads higer
stabilty, resilience, robustness and integrity, what proved to be correct very evidently
in the case of KRP, where with the change in the management of the park, which
involved into its work more local stakeholders, increased the positive acceptability of
the park by the local inhabitants.

H-3: An ecological regime shift or collapse does not necessarily result in a
regime-shift or collapse of the social-ecological system.

The good example to evidence this hypothese is KRP case with draught.

The drought had important influence in the year 2003, but rather short-lived and not
causing permanent damage. Ecosystem possesses possibilities of curbing the negative
influence of some process or factor, it is not a necessary interference of the man.

It is possible to say for investigated region that the draught was rather "fact media"
which had no notable consequences neither on behaviour of local population (no one
decided for installing irrigation system afterwards) nor on the visitors.

H-4: An adaptive governance framework relies critically on the collaboration of
a diverse set of stakeholders operating at different social and ecological
scales.

In both casees - TNP and KRP - research demonstrated the general adaptation
connected with the free market economy. In the KRP case the adaptation to the
conditions of the free market economy is more obviously connected with the
development of tourism as in the case of TNP, which was already before the shift
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touristically developed. Now tourist businesses are developing at all communities. It
is an adaptation on the regional level in frames which is the element of cooperation
connected with the fact that generally the tourism is seen as one of the development
opportunities for the whole country and not only for the investigated regions.

H-5: Good governance of the socio-economic domain does not necessarily imply
maintaining a stable / resilient / robust / integer social-ecological system.

1) KRP — An excellent example of cooperation of diverse groups of actors is a
situation after appointing the new director of the park. After the new director involved
the local stakeholders into the park management, all the interviewed actors evaluated
a park as much more acceptable for the local population.

The benefits from cooperation get not only to actors but also national park, which can
more effectively realize one's objectives. In the KRP case can see very well a
participatory model of park management. The new director which at the moment in
the verbal phase is declaring the will of the cooperation is getting considerably bigger
capital of the confidence than its predecessor which was perceived as the person
throwing such a model of managing with park.

2) TNP - in this case in until now cooperated three categories of actors: the park
administration, representatives of the self-government and the government as the
founder of the park. The relative high interest of government and park administration
in the nature protection and the lack of the consistent politics of all communities in
the scope of the development caused that mostly local population saw park as
limitation for the development of tourism on the national park area. At present the
change can be noticed in the process of preparing a new law, where the government
has involved a much wider spectres of stakeholders in its preparation.

In the context of the multilevel cooperation of diverse categories of actors we need to
pay attention for the special NGOs role. In the process of developing a new law they
became wery active and they are becoming the actor taking aiming action to make
policies of self-government bodies and the management of the park more cohesive. In
other words, they are becoming the crucial subject holding the model of multilevel
cooperation in this way.

H-6: Institutions, social networks and organisation interact across scales.

We are analysing three levels: individual, group/organisational, and regional. The
shock/shift which feld the most reactions in both parks is earthquake.

This shock has in both areas mobilized the higher number of both formal and informal
institutions on local and national level. The local level institutions were mostly active
at very beginning at helping people to rescue their lives and property, and they started
to reduce their activities as the eminent treath to this reduced or finished. On the other
hand the national level institutions became more active in next phase in reconstructing
the caused damages.

At the beginning the activity of all this institutions was very high and different
cooperations between them were established, but when the time passing these
interactions started to weaken and with the time even broke or were re-established on
the lower level as before the shock. In illustration to this can be a comment from one
inhabitant of Log, who said that just after the quake and landslide everybody was
connected to other, but after rebuilding the village, when bigger distances between
houses were made, the people even became less linked together as before the disaster.
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H-7: The main social sources of resilience are institutional redundancy, flexible
social networks, social memory and organisations that bridge levels in
systems of multi-level governance.

In the TNP regions the social memory and social networks could be recognised as the
important factor enhancing the adaptive potential of governance, as the national park
has a long lasting tradition (over 80 years) and because of closed alpine communities
also process of social memory transmission is still present.

In the case of KRP this is not so evident; as the region is more open and less
developed so the out migration was much higher.
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IZVLECEK

Glavni namen pri€ujoCega prispevka je osvetliti vpradanje besedilnih vzorcev v znanstvenem
Clanku s podrocja varstva zelja (Brassica oleracea L. var. capitata). Teoreti¢no izhodisCe za
analizo je sporocilna semantika, ki se naslanja na sistemsko-funkcijski model jezika. V
prispevku so uporabliene metode besedilne analize v povezavi z orodji korpusnega
jezikoslovja. Pri beleZenju jezikoslovnih znadilnosti, nanizanih v linearnem poteku besedila, ki
bi jim tezko sledili z roénim oznagevanjem, nam je v pomo¢& oblikoslovni oznagevalnik za
slovens€ino, izdelan na Institutu za slovenski jezik ZRC SAZU, pri izpisovanju jezikoslovnih
znacilnosti besedil pa je uporabljena graficna predstavitev. Graf je nekak3en slikovni model in
je tako izhodiS&e za opis besedilne zgradbe znanstvenega ¢lanka.

Kljuéne besede: zelje, Brassica oleracea L. var. capitata, varstvo rastlin, znanstveni ¢lanek,
besedilni vzorci, oblikoslovni oznadevalnik za slovensgino

ABSTRACT

MAP OF TEXTUALE PATTERNS IN RESEARCH ARTICLE OF PROTECTION OF
CABBAGE (Brassica oleracea L. var. capitata)

This paper aims to explore textual patterns of research article of protection of cabbage
(Brassica oleracea L. var. capitata). The theoretical construct for the analysis is provided by
concept of message semantics as defined in Systemic Functional linguistics. In the study, the
specificity of discourse analysis is combined with tools of corpus analysis. The linguistic
features of texts which would be difficult to keep track of by manual tagging are recorded by
the automated part-of-speech tagger for Slovenian developed at the Institute of Slovenian
language at ZRC SAZU and the graphic display is used for the presentation of data. The
graph functions as a sort of map and as such becomes the starting point for the description of
the discourse structure of research article.

Key words: cabbage, Brassica oleracea L. var. capitata, crop protection, research article,
textual patterns, part-of speech tagger for Slovenian language
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UVOD

Da besedilo ni samo linearna zdruzba stavkov, ampak hierarhi¢no urejena struktura, je
teoreti¢no izhodis¢e vseh novejsih smeri jezikoslovja, sociologije in psihologije, ki se
ukvarjajo s preucevanjem besedila. Zgodovinski pregledi nam kazejo, da ima
preucevanje zgradbe besedil v literarni vedi dolgo tradicijo in je spodbudilo tudi
raziskovanje strukturne zgradbe besedil v jezikoslovju. S problematiko strukturne
zgradbe besedil se na evropskih tleh ukvarjajo vse od antike. Tako je Ze Aristotel v
Poetiki (ok. 330 pr. Kr.) obravnaval zgradbo tragedije in epa (Aristotel, 1982).
Strukturni zgradbi se posvecata predvsem dve jezikoslovni Soli: sistemsko-funkcijska
in pragmaticna.

Teoreti¢no izhodisce prispevka je model za besedilno analizo, kakrSnega je izoblikovala
Hasanova (Hasan, 1984). Zaradi tesne navezanosti njene teorije na Hallidayevo teorijo
jezika smo najprej zarisali §irSi tloris Hallidayeve misli o jeziku. Pri obravnavi vprasanja
pomena v Hallidayevi teoriji jezika je treba postaviti v izhodisce dejstvo, da gre za
sistemsko-funkcijsko teorijo jezika, ki poudarja, da jezik ni samo abstrakten sistem
znakov, ampak da je njegova osnovna funkcija sporazumevalna, zato je tudi razumevanje
pomena zelo Siroko. Po Hallidayu je vsaka jezikovna dejavnost vpeta v druzbeno-
kulturni kontekst. Pri sporazumevanju govorec iz mreze jezikovnih pomenov izbere
samo nekatere pomene. Proces in rezultat pomenskega izbora v dolo¢enem kontekstu je
besedilo. In ¢eprav se nam govorjena in pisna besedila na prvi pogled kazejo, kakor da so
iz besed in stavkov, so v resnici zgrajena iz ubesedenih pomenov (Halliday, 1989). V
sistemsko-funkcijski teoriji jezika je besedilo pomenska enota.

Opis pomenskega ustroja besedila je zahtevna naloga, saj je besedilna semantika novo
podroc¢je jezikoslovja, ki je v primerjavi z besedno in stavéno semantiko dokaj
neraziskano. Glavni razlog za tezko razumevanje semanticnega ustroja besedila je
neizdelan metajezik za opis te ravnine (Birch in O'Toole, 1988).

METODE DELA

Metajezik za opis besedilnega pomena

Podlaga za analizo semanti¢nega ustroja znanstvenega &lanka je bila sporo€ilna semantika
in njeni semantiéni pojmi: sporocilo, entiteta in dogodek (Hasan, 1991). V sistemskem
jezikoslovju je temelj za oblikovanje pomenskih mreZ opis oblikoskladenjskih vzorcev, saj je
med pomensko in slovni€éno ravnino dialekticho razmerje. Pomeni so dosegljivi samo kot
ubesedeni pomeni na slovniéni ravnini (Halliday, 1973). Clovekove predstave postanejo v
besedilu jezikovni izrazi ali modeli: entiteta, dogodek in okolis€ine, ki so v stavku izraZeni kot
samostalniSka zveza, glagolska zveza in prislovne ali predloZzne zveze. Zato je prvi korak k
analizi besedil opis oblikoskladenjskih znacilnosti osebkovih entitet in povedkovih dogodkov.
Ker postopek ro€nega vnasanja oblikoskladenjskih znacilnosti ni primeren za analizo daljSega
besedila, smo se odlodili za oblikoskladenjsko oznalevanje, ki je predstavljeno v naslednjem
razdelku.

Oblikoslovno oznacevanje

Za bolj detajlno jezikoslovno analizo besedil moramo racunalniSko besedilo oznaditi dodatno.
Tako kot imamo v jezikoslovju razli¢ne ravnine, na katerih preu€ujemo jezikovne enote, je tudi
v korpusnem jezikoslovju mogoCe oznafevanje na razlicnih ravninah: glasoslovno
oznacevanje (angl. 'phonological annotation’), oblikoslovno oznacevanje (angl. 'grammatical
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annotation' ali 'part-of-speech tagging'), skladenjsko oznafevanje (angl. 'syntactical
annotation’), semanticno oznacevanje (angl. 'semantic annotation’) in pragmati¢no
oznacevanje (angl. 'pragmatic annotation') (O'Donnell, 1999).

Najbolj raz8irjena oblika jezikoslovnega oznalevanja je oblikoslovno oznacevanje.
Oblikoslovno oznaceni korpusi se ponavadi uporabljajo za leksikografske, oblikoslovne in
skladenjske raziskave posameznih jezikovnih znadcilnosti. Da je oblikoslovno oznaéeni korpus
mogoce uporabiti tudi za besediloslovne raziskave, je pokazal Biber (1998). Kako se
glagolske oblike nizajo v besedilu, je prikazal z diagramom, iz katerega je jasno vidno, da
meje med deli besedila niso ostro zaértane, ampak zajemajo konec ene enote in zaCetek
nove enote. Za oblikoslovno oznadevanje potrebujemo posebno programsko opremo in nabor
oznak. Oznacevalnik za slovens¢ino je zacel nastajati leta 1996 na Institutu za slovenski jezik
ZRC SAZU in je bil prvi¢ predstavljen v Slavisti¢ni reviji (Jakopin in Bizjak, 1997).

IzhodiS€e za nado analizo znanstvenega &lanka s podrocja varstva zelja je torej oblikoslovno
oznaceno besedilo. Na sliki je 1 ponazorjen odlomek oblikoslovno ozna¢enega besedila na
racunalniSkem zaslonu.

wV_ letu 2002 smo_ preugevali vpliv Stevila Skropljenj z_ deltametrinom na zmanjSanje

sES Sse5 § GPap GLmp Smed Ssed Ssp2 E6 Smeé ES Ssed

Ekodl jivosti tobakovega_resar ja nha zgodnjem zel ju.m

S5zeg Smel ES PseS SseS

V_ blo€nem poskusu smo_ na zunanjih listih glave ob&utl jivega cv. Parel ugotavl jali odstotek
mES Pmes Sme5 GPap E5 Pmp5 SmpS SZe2 Pme2 K IRmel GLmp Smed
poSkodovanosti listne povriine.m

S5zeg PZeg SZed =)

w0b upoStevan ju niZ jega gospodarskega praga Skodl,jivosti (do 1% po3kodovane listne povr3ine) med
mES 5585 Pme2 j Pme2 Sme2 Szed2 E2 PNZe2 PzZe2 Szed E&
pbravnavan jema, v_ katerih smo_ rastline enkrat in_ dvakrat po3kropili z_ insekticidom, ne
Ssdé ES ZRsdS GPap S5zp4 A Vpr A GLmp E6 Smeé gtz
gotavl jamo razlik.g

ap SZp2 =

wOmen jeni prag tam ni___ bil__ preseZen Sele pri osmem zunanjem listu v_ glavi, kar je__
sPNmeli Smel ZK GZPce GLBme GNmel [ ES &VYme5 PmeS SmeS E5 SZe5 ZR GPce

el jalo tudi za neskropl jene rastline, pri katerih smo_ na zunanjih listih ugotovili najvedji
Lse t Ed4 PZpd SZpd ES ZRZpS GPap ES5 PmpS Smp5S GLmp Pmed j j
povprecni indeks poSkodb.g

Pmedi Smed SZp2 =

Slika 1: Odlomek oblikoslovno oznacenega besedila
Figure 1: Section of grammatically tagged text

V oblikoslovno oznatenem besedilu ima vsaka beseda pripisano pravilno, od sobesedila
odvisno oblikoskladenjsko oznako. Oblikoslovno oznako sestavljajo: kratica za besedno
vrsto, ki je pisana z velikimi tiskanimi ¢rkami in vedno na prvem mestu, sledijo kratice, pisane
z velikimi tiskanimi ¢rkami, ki oznacujejo besednovrstne skupine, in kratice za oblikoslovne
znacilnosti, ki so pisane z malimi tiskanimi ¢rkami ali Stevkami. Nabor oznak sta podrobneje
opisala Jakopin in Bizjak (1997).

Glavni namen oblikoslovnega oznacevanja je bil pojasniti teoreticne pojme, ki so vkljuceni v
pojmovni sestav sporocCilne semantike in oblikoslovnega oznacevanja.

Analiza znanstvenega ¢lanka

Zapleteno vprasanje besedilnega pomena, to je prepoznavanje semanti¢ne kontinuitete in
premikov ter s tem povezano razmejevanje strukturnih enot, smo ponazorili z besedilno
analizo znanstvenega ¢lanka: Vpliv Stevila Skroplienj z insekticidom na zmanj$anje
Skodljivosti tobakovega resarja (Thrips tabaci Lindeman, Thysanoptera, Thripidae) na
zgodnjem zelju (Trdan in Znidaréig, 2004).

Dolo¢anje osebkovih entitet in povedkovih dogodkov je bilo v prvem koraku opisovanje
oblikoskladenjskih uresnicitev osebkov in povedkov v stavénih enotah. Postopek ro¢nega
vhasanja oblikoskladenjskih znagilnosti je zelo dolgotrajen Ze za eno besedilo. Oblikoslovno
oznateno besedilo nam je omogocilo samodejno belezenje jezikoslovnih znadilnosti,
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nanizanih v linearnem poteku besedila. Tako v nadaljevanju predstavljamo racunalniski
postopek, s katerim smo iz oblikoslovho oznaenega korpusa dobili izpisek zaporedja
glagolskih in samostalniSkih oblik, kakor si sledijo v linearnem poteku besedila, in predstavili
postopek pretvorbe niza oblikoskladenjskih oznak v grafi¢ni zapis.

Grafi¢ni prikaz osebkovih entitet in povedkovih dogodkov

Z oblikoslovnim oznacevalnikom za slovens¢ino, vgrajenim v urejevalnik EVA, smo oznaili
izbrani znanstveni ¢lanek, kar omogoCa samodejno zapisovanje jezikoslovnih znacilnosti,
nanizanih v linearnem poteku besedila. Glagolske oblikoskladenjske oznake smo glede na
kategorijo osebe, Stevila in Casa pretvorili v Steviléne oznake in v programu MsExcel
oblikovali graf.

REZULTATI

Graf, ki je bil izdelan na osnovi podatkov o osebkovih entitetah in povedkovih
dogodkih v ¢lanku, je prikazan na sliki 2 in je opremljen s pojasnili za branje.

Enote od 1 do 9 na vodoravni osi oznacujejo kategorijo osebe in Stevila. Enote na
navpi¢ni osi pomenijo zaporedno Stevilko stavka v besedilu. Osebkove entitete so
predstavljene kot tocke in povedkovi dogodki kot polja.

V prvem stavku, ki je na navpicni osi oznacen z zaporedno Stevilko 3, je entiteta v
smeri vodoravne osi oddaljena za tri enote, kar pomeni, da je nanosnik govorec in
raziskovalci (1. oseba mnozine), barvno polje pa je svetlo, kar nam sporoca, da je
dogodek prvega stavka usmerjen v sedanjost. Tudi nanosniki drugega, tretjega in
Cetrtega stavka so raziskovalci, v Cetrtem stavku pa je dogodek usmerjen v preteklost,
saj je barvno polje temno. Razpon od 1. do 6. enote na vodoravni osi je razpon
netretje glagolske osebe in na tem obmocju grafa se gibljejo ¢rni kvadrati, ki
sestavljajo pomensko skupino, imenovano raziskovalci. S ¢rnim kvadratom so
oznacene tudi tiste entitete, ki se gibljejo v razponu tretje glagolske osebe, a se
nanasajo na raziskovanje (na primer 21. stavek). Razpon tretje glagolske osebe je od
7. do 9. enote na vodoravni osi in na tem obmocju so razvr$¢ene Se naslednje
pojmovne entitete: zelje (beli kvadrat), tobakov resar (beli krog), deltametrin (¢rni
krog) in pojem Skodljivost (plus).

Da bi pojasnili, kako so v grafu upodobljene osebkove entitete z barvnimi tockami in
povedkovi dogodki z barvnimi polji in kako je zabelezeno njihovo gibanje, ali
drugace povedano, kako je treba brati graf, smo v tem razdelku podrobno opisali
entitete in dogodke za nekatere stavke besedila. Vendar namen grafa ni branje stavka
za stavkom. V nadaljevanju smo graf uporabljali kot slikovni model, ki smo ga vzeli
pod drobnogled in opazovali besedilne vzorce, ki jih ustvarja zaporedje entitet in
dogodkov v tem besedilu.
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Slika 2: Graf za znanstveni ¢lanek o varstvu zelja
Figure 2: Map of research article of protection of cabbage
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Opis besedilnih vzorcev

S pomocjo slikovnega modela na sliki 2 smo osvetlili besedilne vzorce, ki jih v
besedilu zarisuje gibanje entitet in dogodkov. Ze beZen pogled na slikovni model
znanstvenega Clanka je dovolj, da opazimo razlikovanje med entitetami na zacetku in
koncu besedila ter entitetami v osrednjem delu. Kaksne so torej razlike med zac¢etnim
in osrednjim delom? Kaj pa med zacetnim in kon¢nim delom?

Poglejmo si enoto, imenovano izvle¢ek, in opazujmo vzorce, ki jih ustvarjajo
konfiguracije entitet in dogodkov. Od prvega do devetega stavka prevladuje entiteta,
ki oznacuje raziskovalce v prvi osebi mnozine (¢rni kvadrat), dogodki pa so usmerjeni
v sedanjost in preteklost. Pomeni se torej gibljejo v pojmovnem polju raziskovanja.

Prehod k novi enoti, uvodu, uvaja deseti stavek. Iz grafa lahko razberemo, da v uvodu
ustvarjata kontinuiteto na osi entitet raziskovanje (¢rni kvadrat) in uni¢evanje (entiteta
tobakov resar, ki je predstavljena z belim krogom, in entiteta deltametrin, ki je
predstavljena s ¢rnim krogom). Na ¢asovni osi pa prevladuje usmerjenost v preteklost.
Naslednja enota se razteza od 24. do 52. stavka in se imenuje metode. Tudi metode so
tako kakor izvlecek raziskovalno osredinjena enota (¢rni kvadrat), ki uvede entiteto
zelje (beli kvadrat). Lastnosti, ki gradijo pomenski premik v metodah, so vezane tudi
na os dogodka, na kateri je izbrana moznost za sedanjost, to je istost Casa govorjenja
in pomenske podstave.

Od 53. do 55. stavka imamo prehod k enoti diskusija z rezultati, za katero je znacilno,
da so entitete bolj razprSene. V linijo kratkih sledij, najprej tobakov resar in zelje (beli
krog in beli kvadrat), nato pojmovna entiteta Skodljivost (plus), se nenehno vpleta
entiteta raziskovanje (¢rni kvadrat). Povedkovi dogodki so v prvi polovici enote
usmerjeni v preteklost (temno polje), v drugi polovici v sedanjost (svetlo polje). Taka
razprSena linija sledij se nadaljuje tudi v sklepni enoti (stavki 79-93), vendar z
osredinjenostjo na preteklost.

Z analiti¢nim opazovanjem besedilnih vzorcev, ki jih ustvarjajo entitete in dogodki,
smo za znanstveni ¢lanek o varstvu zelja opisali pet jasno zamejenih delov besedila.
Ugotovili smo, da se deli besedila, to so izvlecek, uvod, metode, diskusija z rezultati
in sklepi, precej razlikujejo glede na konfiguracije entitet in dogodkov.
Osredotocenost na raziskovanje, sledja pojmov s podro¢ja varstva zelja ter raba
preteklega in sedanjega Casa so lastnosti, ki oblikujejo znanstveni ¢lanek.

Graf je torej nekaksSen slikovni model, ki beleZi gibanje entitet in dogodkov in je tako
izhodis¢e za opis strukturnih vzorcev, nastajajocih s kontinuiteto, premiki in prepleti
entitet in dogodkov v besedilu. Prav graficna upodobitev s svojo stati¢nostjo naj bi
nam pomagala, da tisto, kar ostaja v ubeseditvenem procesu neopazno in prikrito,
pusti sled, pride na povr§je ter nam da predstavo o kontinuiteti in premikih v
pomenskem valovanju besedila.
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SKLEPI

Z besediloslovno analizo smo ugotovili, da pozorno opazovanje nizanja osebkovih
entitet in povedkovih dogodkov pripelje do strukturnega tlorisa znanstvenega ¢lanka s
podrocja varstva zelja. Poseben pomen pri opisu pomena sta imela semanti¢na pojma
entiteta in dogodek, ki se navezujeta na sporoCilno semantiko (Hasan, 1991) in s
katerima je mogoce opisati strukturne enote besedila in narediti pomenske premike, ki
so v jeziku zakriti in jih posluSalec/bralec zaznava le intuitivno, razvidne in dostopne
jezikoslovnemu preucevanju.

Ceprav je namen prispevka grafi¢no prikazati besedilne vzorce, se ob analizi
postavljajo nova vprasanja o besedilnih vzorcih v znanstvenih ¢lankih s podrocja
varstva zelja. Da bi dobili gradivo za analizo, ki s svojim obsegom zagotavlja tudi
ustrezno reprezentativnost vzorca za dovolj zanesljivo in veljavno posplositev
rezultatov na populacijo znanstvenih ¢lankov s tega podroc¢ja, bi morali oblikovati
korpus, ki bi obsegal najmanj 50 besedil. Tako je prispevek tudi spodbuda za
nadaljnje zbiranje gradiva in ugotavljanje besedilnih znacilnosti znanstvenih ¢lankov
s podrocja vrtnarstva in varstva rastlin.
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ABSTRACT

In the past, the selection of plants used to rest upon individual taste and fashion dictates of
the period, rather than starting from and following directives determined by the goal of
creating a certain space characteristics. In the literature the plant species are frequently
treated individually and arranged according to the visual effect of each plant. In order for this
research to satisfy the needs of design practice, it was necessary to ascertain the hidden
designer potential of each plant, which is not identical with the pleasing effect of the plant.
This is how the central problem is formulated in this research: to determine the selection
criteria (of plant species), arising from the visual characteristics of the plants and, based on
these criteria to determine the suitability of plants in order to create visual effects of
vegetation planes. In this sense we can expose the importance of proving the connectedness
between morphological properties of the plants and the characteristics of vegetation planes,
which are formed by these very plants. The subject of this research is plant material, 208
shrubs and 193 trees, systematized according to their size, shape, habitus, texture, colour, as
well as the seasonal appearance of individual characteristics. We established the method and
criteria for the selection of morphological properties of the plants that allow us to achieve a
certain visual character of the vegetational plane. The process of plants selection is shown on
concrete examples, whereby certain design demands determine the choice of the adequate
plants. For the final selection of plants it is necessary to add criteria arising from eco-
physiological needs of the plants and from technological demands.

Key words: landscape architecture, methods, plant material, plant morphology, vegetation
plane, selecting species
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1ZVLECEK

METODA UPORABE MORFOLOSKIH LASTNOSTI KOT MERILA ZA IZBOR
RASTLINSKIH VRST PRIMERNIH ZA IZGRADNJO VEGETACIJSKIH PLOSKEV®

Izbor rastlinskih vrst je pogosto temeljil na okusu in modi dobe, bolj kot na nizu izhodiS¢,
dolocenih s ciljem ustvarjanja dolo€enih prostorskih znacilnosti. V literaturi so rastlinske vrste
pogosto obravnavane individualno in razporejene glede na vidne uc€inke posamezne rastline.
Da bi raziskava zadostila potrebam oblikovalske prakse, je bilo potrebno ugotoviti skriti
oblikovalski potencial rastline, ki pa ga ne ena¢imo z vSec€nostjo rastline. Tako je postavljen
osnovni problem v raziskavi: dolo€iti merila za izbiranje rastlinskih vrst, ki izhajajo iz vidnih
lastnosti rastlin in na podlagi teh meril doloCiti ustreznost vrst za ustvarjanje vidnih ucinkov
vegetacijskih ploskev. V tem smislu lahko izpostavimo pomen dokazovanja povezanosti med
morfoloskimi lastnostmi rastlin in lastnostmi vegetacijskih ploskev, ki jih te rastline tvorijo.
Predmet raziskave je tako rastlinsko gradivo, 208 grmovnih in 193 drevesnih vrst razporejenih
po velikosti, obliki, habitusu, teksturi, barvi in €asu pojavljanja posameznih lastnosti.
Metodolosko so razvita merila za izbor morfoloSkih lastnosti rastlin, s katerimi lahko
dosezemo dolo€eno vidno znacilnost vegetacijske ploskve. Postopek izbiranja rastlin je
prikazan na konkretnih primerih, kjer se na podlagi doloCene oblikovalske zahteve izberejo
ustrezne vrste. Za koncni izbor rastlinskih vrst pa je potrebno dodati Se merila, ki izhajajo iz
ekofizioloskih potreb rastlin in tehnoloSkih meril.

Kljuéne besede: krajinska arhitektura, metodologija, rastlinsko gradivo, morfoloske
lastnosti, vegetacijske ploskve, izbor rastlin

1 INTRODUCTION

The knowledge about plant material and its applicability is an important factor in
achieving quality in landscape design. It manifests in the appropriate selection of
plant species for individual design solutions.

In nature the distribution and expansion of plants is determined by biotic factors
(soil, climate, fauna) whereas in a designed landscape humans represent the main
factor. Here the plants become material, and humans make choices, arrange and
remodel according to their needs and wishes.

In the past — and it is often still so nowadays - the selection of plants was wont to
rest upon individual taste and fashion dictates of the period, rather than starting from
and following directives determined by the objective of creating a certain space
characteristics.

The primary elements or rather ‘building blocks’ of a designed landscape are called
landscape elements. These can be vegetational (lawn plane, tree avenue) or non-
vegetational (water and sand planes, buildings) (Ogrin, 1996). Examining the
relevant literature (Zion, 1970; Robinson, 1992; UCONN Plant Data Base of trees,
shrubs and vines, 2005; Wyman, 1956) it was ascertained that the research of plant
suitability as regards the construction of vegetational plane phenomena had been
fragmentary. Merely a few basic elements have been treated, such as hedges and
ground-cover plants. The procedures of selection are non-transparent and quite
inadequate for the use of serious design.

Prispevek je del doktorske naloge, mentorica izred. prof. dr. Ana Kucan



DOBRILOVIC, M. in sod.: Visual characteristics as a key factor in species selection... 139

Therefore the main research problem can be seen as determining criteria for the
selection of plant material, arising from the visual properties of the plants and, based
on these criteria, subsequently determining the suitability of plants as to their
capacity to create visual effects of vegetational planes. This paper focuses on
vegetational planes; it is in this light that the objective is set - examining the
morphological properties of plant species with the aim to establish a means of
selection of plant species suitable for the construction of vegetational planes.

2 VEGETATIONAL PLANES

Vegetational planes represent one of the possible plane features (water, rock, sand,
buildings, vegetation). In terms of their direction in space they can be horizontal,
slanting or vertical; in terms of surface properties they can be flat or modulated
(concave or convex).

The properties of the materials by means of which a plane is composed are
uniformity, homogeneity, coherency (Ogrin, 1996). Significant characteristics of the
plants that form horizontal planes, are low variability within one species, equalized
texture of shoots, leaves, blooms, and regular growth.

Figure 1. Vertical vegetational plane (Pterocarya fraxinifolia, BF, Ljubljana)

The character of the plane also depends on the size of the planting area. One of the
important properties we expect from a good cover plant is its habitus. However, the
suitability of the habitus is not estimated by the appearance of each individual plant. It
is important to see the park as a whole. Importance is given to the holistic aspect of
the park. This is where the dense growth of the different plants plays an important
role (the direction of the offshoot growth, the intertwining of shoots). Good cover
plants should cover the ground rapidly and form a condensed vegetational cover. This
requirement is best fulfilled by quick-growing species with even growth (with no
intervals of quick and slow growth).

Vertical vegetational planes occur in nature at the juncture of two different eco-
systems. They can be found alongside water phenomena like river banks or lake
shores. Alternatively they can develop due to the influence of geomorphologic
phenomena (karstic edges, earth depressions). In the cultured landscape they occur
when land use is change, like at the juncture of forest (or its remnants) and farming
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land, the juncture of near-water vegetation with cultured landscape and similar. In
landscape design vertical vegetational planes play a significant part in the articulation
of space. They define spatial boundaries and the measurement of the space, create
effects of depth, form backgrounds, sceneries and similar. In order to create an
effective sense of the plane, it is important to respect the homogeneity of material,
especially with regard to its vertical direction (trunk, branches, shoots). This can be
accomplished by means of appropriate species selection and by choosing the
appropriate planting density (Dobrilovic, 2005:18).

Properties of plant species suitable for the construction of vertical vegetational planes
are uniform branch and shoot growth along the whole length of the prolongation of
the trunk or main shoot, and good adaptability of the plants to the change of lighting.
Furthermore the shoots and branches should sprout low (above-ground), the length of
side branches and shoots should be even. A long life span, equalization within the
species, clearly determined periods of pheno-phases in development flowering,
growth).

3 MATERIAL AND WORK METHOD

The subject matter of this research project are plant species designed for greening of public
spaces. They are chosen on the basis of assessing their hardiness, their resistance to urban
climate, to diseases and pests, the cost of maintenance and their design potential.

The research encompasses autochthonous species (Kotar and Brus, 2003), suitable for the
use in public parks and foreign species or sorts of trees and shrubs, which are wide-spread in
our country and fulfil users demands (Siftar, 2001).

The principal goal of the research is to define appropriate criteria for plant species selection in
order to obtain the desired effect of the vegetational plane. In order to achieve this it was first
necessary to establish the connection between the morphological and the visual properties of
the vegetational plane (height, texture, colour and similar) formed by the plants, and to
determine which morphological properties of the plants affect the desired character of the
vegetational plane.

As far as the work method is concerned it is imperative to emphasize that the aspect here
treated as far as the knowledge of plants is concerned, covers a fairly unknown ground and
does not provide well-established methods of research. Therefore in the continuation the
work process is introduced in some detail. It was necessary to systematize all plant species
(the research subject matter) according to their visual properties (size, shape, habitus,
texture, colour) and the properties determined by their seasonal appearance (e.g. foliage
colour — autumn, colour of blossoms — spring ...). All plants were classified on the basis of
data obtained by observing visual properties in situ, and subsequently comparing them with
findings of other authors. This was followed by a meticulous analysis in terms of visual
properties (size, shape, colour, texture, durability of foliage). Next step was the setting of
criteria for the selection of morphological plants by means of which we can achieve the
desired visible characteristics feature of the vegetational plane. In order to help establish the
afore-mentioned connections, in the continuation two schemes are being demonstrated in
which the grey colour designates those morphological plant properties by which the character
of horizontal (Figure 2) and vertical (Figure 3) vegetational planes is being defined. A finely
textured green horizontal vegetational plane best agrees with plant species displaying
morphological properties of small shrubs, above-ground growth, spreading habitus, fine
foliage texture and green leaf colour.



DOBRILOVIC, M. in sod.: Visual characteristics as a key factor in species selection. ..

Size Shape Habitus Texture
trees: .
lat_'ge: 10m - = ¥ -
ﬁﬂ A
@ coarse
shrubs: o
large: 3 m - @

middle: 1,5-3 m

%E&

e

Figure 2. Morphological characteristics of plants used for horizontal vegetation plane
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Figure 3. Morphological characteristics of plants used for vertical vegetation plane
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The next step is the selection of plant species according to the desired visual effects of the
vegetational plane. The selection process is introduced by means of a concrete example and
represents one of the results of this research. The suitability of plant species for the
construction of vegetational planes is determined according to the following criteria: size,
foliage durability, shape, habitus, colour (leaf, blossom, shoot). The criteria are introduced

gradually,

each added criteria representing a new level

or rather combination of

morphological properties. We consider the most suitable those species that conform most

optimally to all levels of selection and all combinations of criteria.
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4 RESULTS AND DISCUSSION

Results of this research are presented in two condensed complexes:

1. Systematizing the plant species according to their morphological properties; this
comprehensive part of the results is not shown in the article. It is however of
great importance for the process of selection itself. By the same token it
represents an autonomously applicable outcome, since the elaborate complex
classification enables us to look for adequate plants with regard to their visual
properties (size, shape, habitus, texture, colour) and seasonal appearance.

2. The process of plant selection itself in terms of the effect that the plant species is
capable of expressing when appearing as a constituent part of a certain
vegetational element.

The selection of plant species in terms of desired visual effects of the vegetational
plane shall now be demonstrated on a concrete example. Prior to the selection of
certain plant species a distinct design goal (or respectively a pre-formulated design
request) for a certain visible effect of the landscape element is presented. Thus, for
example, by making a certain choice we wish to find the best possible plant species
for the construction of a vegetational plane whose visual effects are defined by its
height, texture, colour and the point in time when a certain effect will be taking place.

Example: horizontal vegetational plane

The expected properties (design requirements): height 60-150 cm, uniform,
homogenous, compact; upper surface modulated in the shape of low clumps, small
heaps (clumpy structure), finely textured both in the leafy and the leafless state, of
green colour in the period of vegetation, shoots of a distinct colour during winter
time.

Stipulating morphological properties of adequate plant species:

" size: shrub (60 -150 cm)

= foliage durability:  deciduous

» shape: rounded to broadly spreading
» habitus: densly packed mass

= texture - leaf: fine

* colour - leaf: green

= colour — shoot: intensive

Definition of criteria for selection and a list of species that conform to these criteria:
1. Size - foliage durability - habitus

Caryopteris incana Rhamnus frangula

Cytisus praecox 'Hollandia' Ribes alpinum

Cytisus scoparius Salix helvetica

Cytisus x praecox Salix purpurea Nana'

Cytisus x praecox 'Allgold' Salix rosmarinifolia

Genista tinctoria Spiraea japonica 'Goldflame'
Prunus tenella 'Fire Hill' Spiraea japonica 'Litlle Princess'

Prunus triloba Spiraea x bumalda 'Anthony Waterer'
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2. Size - foliage durability - habitus — shape

Caryopteris incana Salix helvetica

Cytisus praecox 'Hollandia' Salix purpurea Nana'

Cytisus scoparius Salix rosmarinifolia

Cytisus x praecox Spiraea japonica 'Goldflame'

Cytisus x praecox 'Allgold' Spiraea japonica 'Litlle Princess'
Genista tinctoria Spiraea x bumalda 'Anthony Waterer'

Ribes alpinum

3. Size - foliage durability - habitus — shape- texture

Caryopteris incana Salix purpurea Nana'

Cytisus praecox 'Hollandia' Salix rosmarinifolia

Cytisus scoparius Spiraea x bumalda 'Goldflame'
Cytisus x praecox Spiraea japonica 'Litlle Princess'
Cytisus x praecox 'Allgold' Spiraea x bumalda 'Anthony Waterer'

Genista tinctoria

4. Size - foliage durability - habitus — shape — texture — color (shoots, leaves)
Cytisus praecox 'Hollandia'

Cytisus scoparius

Cytisus x praecox

Cytisus x praecox 'Allgold’

Genista tinctoria

The last five chosen plant species represent the result of the selection and conform to all
selection criteria. The choice of plants is adequate in terms of desired effects of the
horizontal vegetational plane - yet sparse. The differences among the species appear in
terms of their capacity to modulate the surface (clump structure). When choosing suitable
species, adequate for the creation of a certain visible effect of a horizontal vegetational
plane (the example of choice here shown) the most important property to be considered is
the size of the shrubs and the way they grow — habitus (before shape). Therefore in
selection criteria habitus comes before shape. The most suitable is Genista tinctoria
(compact shrubs, tightly packet stems form a low clump). Cytisus praecox 'Hollandia' in
C. x praecox 'Allgold' are somewhat taller, the shoots are longer and ascend, and therefore
show some difficulty in intertwining, their clump structure is less pronounced.

The species Cytisus scoparius presents the greatest difficulty in how to predict the form
of its growth. It is nevertheless suitable for the construction of vegetational planes on
larger surfaces (it is a good ground-cover plant to be used for the greening in the
landscape). For all the enumerated species it is imperative to consider their demands for
heat, good lighting as well as the soil reaction.

5 CONCLUSION

The method used and here described for the selection of plant species represents a novelty
in the field pf landscape design. By means of this research it was ascertained that the
manner of selecting plants according to their visual properties is appropriate. For a final
selection it is necessary to add to the morphological criteria some other criteria, which are
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formulated on the basis of eco-physiological needs of each plant (lighting, temperature,
soil conditions) and technological demands (cultivation requirements).

Therefore it is imperative that we emphasize the relativity of such plant selection, as is
evident from the above commentary, relating to a concrete example of choosing
appropriate plants.

The results of the research are applicable on different levels. By using the data gained in
the research (systemizing the plant species according to their visual properties) we can
find species that belong to certain size classes, shapes, colours, and textures.

The data can be combined arbitrarily in order to search for cross-section multitudes that in
essence repreent combinations of morphological properties.

The data and the above mentioned systematizations are not presented in tis paper, due to
the ampleness / extensiveness of the material.

Alongside the selection criteria as such it is also important in which order or rather
sequence the criteria, upon which we base the selection of the plants, are applied.

Which criteria are to be included and in what order, largely depends on the design goal.
The paper demonstrates the process of selection of plant species suitable for horizontal
vegetational planes. In a similar way suitable plants for other landscape elements can be
chosen (line, point, clump and similar).

The presented process of selection is not applicable only in landscape architecture. It can
be equally useful in selective breeding, since it can help determine the need for a
particular shape, habitus, colour ... In terms of its informative quality it can be applied by
tree planters, horticultural experts and may also be seen as a welcome aid in the education
of landscape architects and horticultural experts.
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1ZVLECEK

Kopenske rastline se soocajo s problemom, kako sprejeti iz ozracja ustrezno koli¢ino CO, in
pri tem omejiti oddajanje vode. Resitev tega problema je uravnavanje prevodnosti listnih rez.
Da je v danih razmerah dosezena optimalna prevodnost rez, se celice zapiralke odzivajo na
mnoge signale iz okolja in na signale iz rastline. V ¢lanku predstavljamo odzive listnih rez na
glavne abiotske dejavnike in pri prikazu ucinkov teh dejavnikov uporabimo lastne rezultate
porometri¢nih meritev. Opisan je prenos signalov v regulaciji listnih rez, v opisu so vklju¢ene
nekatere nedavne ugotovitve na tem podrocju.

Kljuéne besede: listne reze, prevodnost listnih rez, regulacija, signalna mreza, izmenjava
plinov, transpiracija

ABSTRACT
REGULATION OF STOMATAL CONDUCTIVITY

Land plants are faced with competing demands to take up CO, from the atmosphere while
limiting water loss. The functional solution to this dilemma is the regulation of stomatal
apertures. The guard cells of stomata respond, in order to achieve optimal conductance, to
various environmental and endogenous stimuli. In this paper the effects of main abiotic
factors on stomata are described and presented by original porometric data. In addition the
signal transduction in the regulation of guard cells response, including recent findings related
to this topic is discussed.

Key words: stomata, stomatal conductivity, regulation, signal network, gases exchange,
transpiration

1UVOD

Preproste rastline, ki vodne bilance ne uravnavajo aktivno, vodo hitro oddajajo skozi
svojo povrsino, preko katere izmenjujejo tudi pline, ki sodelujejo v rastlinski
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presnovi. Imenujemo jih poikilohidre rastline in so vezane na rastiS§¢a z visoko
vlaznostjo. S prehodom rastlin na kopno je postala dostopnost vode najpogostejsi
omejujoci dejavnik rasti in razvoja. Rastline so v odgovor na ta selekcijski pritisk
razvile tkiva in organe, ki jim omogocajo ucinkovito preskrbo z vodo (korenine in
prevodna tkiva) in tkiva, ki omejujejo izgubo le-te (krovna tkiva s svojimi
diferenciacijami). Kutikula na povrsini nadzemnih organov vis§jih kopenskih rastlin
lahko moc¢no omeji izgubo vode, a hkrati tudi ovira izmenjavo plinov, ki jih rastlina
potrebuje (CO,, O,). Za u€inkovito izmenjavo plinov in nadzorovano oddajanje vode
so rastline v krovnih tkivih razvile posebne aktivno regulirane odprtinice — reze (lat.
stomata). Reze se lahko pojavljajo na razli¢nih delih rastline, vendar v najve¢jem
obsegu na listih (listne reze). Izmenjava plinov skozi reze poteka z difuzijo,
transportom, pri katerem je gonilna sila razlika v koncentraciji plina med atmosfero in
rastlino. Koncentracijski gradient je poleg upornosti, ki jo plin sreuje na difuzijski
poti, odloc¢ilen dejavnik hitrosti difuzijskega toka. Izrazimo ga lahko tudi kot razliko
parcialnega tlaka vodne pare atmosfere in lista (deficit tlaka vodne pare). Poleg
celiénih mehanizmov, npr. uravnavanja vodnega statusa celice s pomocjo
osmoregulacije, predstavljajo reze osnovo za aktivno uravnavanje vodne bilance, ki jo
poznamo pri homojohidrih rastlinah.

Rastlina obicajno, ko ni potrebe po izmenjavi drugih plinov, omejuje izgubo vode z
zapiranjem listnih rez. Vecina rastlin pa mora v dnevnem casu, ko v zelenih tkivih
poteka fotosinteza, zagotoviti sprejem CO, iz okoliskega zraka. Da zagotovi nemoten
potek fotosinteze, rastlina odpre reze, s ¢imer pa se pospesi tudi proces oddajanja
vode (transpiracija). Potrebno je torej kontrolirano uravnavanje prevodnosti listnih
rez, ki je vedno sprejemanje kompromisa, kako zadostiti presnovnim potrebam v
okviru fotosintezne vezave atmosferskega ogljika in kako hkrati s primernimi
omejitvami transpiracije ohraniti pozitivno vodno bilanco rastline. Ta odnos med
fotosintezo in transpiracijo opredelimo s parametrom, ki ga imenujemo ucinkovitost
izrabe vode (water use efficiency).

Rastline so, da je dosezena optimalna izmenjava plinov ob ¢im manjs$i izgubi vode,
razvile zapleten sistem regulacije odprtosti rez. Listne reze se odzivajo na mnoge
okoljske in notranje (endogene) signale, na vsakega na dolofen nacin. Razli¢ni
dejavniki pa nikoli ne delujejo loceno, temve¢ se njihovi vplivi prepletajo. Prav tako
pa so med seboj prepletene signalne poti, preko katerih dejavniki sprozajo spremembe
prevodnosti rez. Prav zapletena signalna mreza omogoca rastlinam doseganje za dane
razmere optimalne odprtosti listnih rez in prej omenjenega kompromisa. V tem ¢lanku
kratko predstavljamo vplive glavnih dejavnikov, ki dolo¢ajo prevodnost listnih rez in
dosedanja spoznanja o delovanju mrez pri prenosu signalov.

2 ZGRADBA LISTNIH REZ

Aktivni del listne reze sta dve celici zapiralki (ang.: guard cell), med katerima se
nahaja odprtina. Celici zapiralki lahko spremljata celici spremljevalki ali pa sta
obdani z obi€ajnimi celicami povrhnjice (slika 1). Celice zapiralke s spremembo
koncentracije osmotsko aktivnih snovi uravnavajo vsebnost vode, kar se odraza na
njihovem volumnu in znotrajcelicnem tlaku (turgorju, potencialu tlaka). Urejena
razporeditev mikrofibril celuloze v celicnih stenah doloca, v katere smeri se lahko Siri
celica, ko se ji poveca volumen. Pri listnih rezah radialna struktura v celi¢ni steni



HLADNIK, J., VODNIK, D.: Regulacija prevodnosti listnih rez 149

povzro€i, da se celici zapiralki ob povecanju turgorja razmakneta in tako oblikujeta
rezo. Obicajno je reza polkrozna (slika 1a), pri graminejskem tipu listnih rez, ki se
pojavlja pri travah in Sasih, pa je bolj podolgovata (slika 1b).

PR e N, 7, S
Slika 1a, b: Mikroskopsk