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ABSTRACT

Phosphorus (P) deficiency severely limits rice production in
the world. Colonization of plant root with arbuscular
mycorrhizal fungi (AMF) may have a considerable
consequence for P uptake and plant growth. In contrast to
other crop species, there is little experimental evidence about
the role of mycorrhizal colonization in lowland rice plants.
This study was undertaken to examine whether inoculation of
rice plants can contribute in the mobilization and uptake of
insoluble P form. In addition, an attempt was made to compare
flooded plants with non-flooded ones in their mycorrhizal
responsiveness. In one experiment, insoluble P was supplied
for plants inoculated either with Glomus mosseae or Glomus
intraradices, then growth and P uptake was determined.
Results showed that colonization with AMF significantly
improved uptake of P derived from insoluble P source. In
other experiment, rice plants were inoculated with Glomus
mosseae or Glomus intraradices in non-flooded nurseries and
then transplanted either to flooded or non-flooded conditions.
Root colonization by AMF was decreased due to flooding
conditions from 43% to 27%. Nevertheless, the plant growth
responded positively (117% increase) to inoculation when
grown at flooded conditions, while dry matter of non-flooded
plants was diminished up to 64% by inoculation. Mycorrhizal
colonization had also a significant contribution in the uptake
of P and K in flooded but not in non-flooded plants.

Key words: Glomus mosseae, Glomus intraradices, lowland
rice, Oryza sativa, flooding
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1ZVLECEK

MOBILIZACIJA IN PRIVZEM FOSFORJA V RIZU
(Criza sativa L.) V PRISOTNOSTI MIKORIZNIH GLIV
S POPLAVNIM NAMAKANJEM IN BREZ LE-TEGA

Pomanjkanje fosforja (P) omejuje svetovno pridelavo riza.
Naselitev rastlinskih korenin z arbuskularnimi mikoriznimi
glivami (AMF) bi lahko pomembno vplivala na privzem P in
rast rastlin. Poskusni podatki o vlogi mikorizne kolonizacije
rizevih rastlin so v primerjavi z nekaterimi drugimi vrstami
rastlin redki. Ta raziskava je bila zastavljena, da bi proucili, ali
inokulacija korenin riza z mikoriznimi glivami vpliva na
mobilizacijo in privzem netopne oblike P. Mikorizna
odzivnost je bila preizkuSena v razmerah z in brez uporabe
poplavnega namakanja. Netopna oblika P je bila dodana
rastlinam, inokuliranim z Glomus mosseae ali Glomus
intraradices, opazovana je bila rast rastlin in privzem P.
Naselitev rizevih korenin z AMF je vplivala na povecan
privzem P iz netopnega vira tega elementa. V drugem poskusu
so bile rastline inokulirane z istima vrstama mikoriznih gliv v
nepoplavnih razmerah in nato presajene v poplavne in
nepoplavne razmere. Naselitev korenin z AMF se je v
poplavnih razmerah znizala s 43% na 27%. Kljub temu je bil
odziv rastlin na inokulacijo in izpostavitev poplavnim
razmeram pozitiven, rast se je povecala za 117%, medtem ko
se je suha snov rastlin iz nepoplavnih razmer zmanjsala za
64%. Inokulacija z mikoriznimi glivami je prav tako
pomembno vplivala na privzem P in K v poplavnih razmerah,
tega vpliva pa ni bilo mogofe zaznati pri rastlinah v
nepoplavnih razmerah.

Kljuéne besede: Glomus mosseae, Glomus intraradices, riz,
Oryza sativa, poplavljanje
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1 INTRODUCTION

The roots of most plant species are often colonized with
arbuscular mycorrhizal fungi (AMF). The greatest
beneficial effect of AMF symbiosis for host plant has
been related to improved phosphorus (P) nutrition. Root
colonization with AMF can enhance the uptake of P by
plant roots by providing a larger absorbing surface for
uptake of P and by overcoming problems relating to
development of depletion zone, via translocation in
external hyphae to the host plant root (Peterso and
Massicotte, 2004; Shenoy and Kalagudi, 2005). In
addition to increased absorption surface in mycorrhizal
root systems, mycorrhizal plants have been shown to
have increased uptake of P from poorly soluble P
sources, such as iron and aluminum phosphates and
rock phosphate. Solubilization of soil P is achieved by
rhizospheric modifications through the release of
organic acids, phosphatase enzymes and some
specialized metabolites like siderophores (Shenoy and
Kalagudi, 2005). Indirect mechanisms deriving from the
effects of AMF on rhizosphere properties have also
been suggested. These include changes in pH (Li et al.,
2001) and root exudation patterns (Laheurte et al.,
1990). Besides the direct effect of AMF on P nutrition,
uptake from soil of other mineral elements by the
mycorrhizal mycelium and subsequent transfer to the
plant have been demonstrated in particular for
potassium (George et al., 1992) and nitrogen (George et
al., 1995).

Rice is an important food crop particularly in Asia.
Phosphorus deficiency is one of the most limiting
factors in rice production and annually large amounts of
P fertilizers are being used in rice fields in the world
(Itao et al., 1999). In contrast to other crop species such

as clover (Nadian et al., 1997; Bi et al., 2003), sorghum
(Bagayoko et al., 2000) and wheat (Hawkins and
George, 1999), there is little experimental evidence
about the role of mycorrhizal colonization in rice plants
(Solaiman and Harita, 1996; Purakayastha and
Chhonkar, 2001; Gao et al., 2007).

Although rice is grown in different ecosystems, 78% of
the world’s rice is grown under irrigated or rainfed
lowland conditions (Itao et al., 1999). It was reported
that rice plants readily form mycorrhizal associations
under upland conditions, but under submerged
conditions infection is rare due to the anoxic
environment (Ilag et al., 1987). Barea (1991) reported,
however, that AMF can survive in waterlogged
conditions, and this is supported by the fact that Glomus
etunicatum, showed fairly high colonization in rice roots
and best survival under submerged conditions
(Purakayastha and Chhonkar, 2001). In a work on six
aerobic rice genotypes, relatively high colonization of
roots (28-57% depending on genotypes) was observed
(Gao et al., 2007) and significant effect on Zn uptake
was reported. However, there is a paucity of information
available on the involvement of AMF in mobilizing and
uptake of P in rice particularly under waterlogged
conditions.

Therefore, this work was aimed to investigate the effect
of AMF colonization on mobilization of insoluble P
form and P uptake. The second aim was to evaluate the
effect of AMF colonization on growth and P uptake
under flooded conditions compared with non-flooded
colonized plants.

2 MATERIAL AND METHODS

Preparation of substrate and fungal inoculum

Quartz sand used as growth substrate was washed with tap
water and treated with 1% HCI for 24 h. Then it was washed
again once with tap water and 2 times with distilled water.
After sterilization in autoclave for 2 hours and subsequent
drying, quartz sand was weighed and then pots were filled.

The AMF species were Glomus mosseae (Nicol and Gerd)
Gerdemann and Trappe or G. intraradices Schenck and Smith
(provided by Soil Biology Laboratory, Faculty of Agricultural,
University of Tabriz), that were propagated for 4 months on
sorghum plants in greenhouse. Pot contents, including sand,
root segments, hyphae and spores were used as inoculum.
Number of spores in the inoculum was 33-35 per g for both of
mycorrhizae species and root colonization percentages were
74.8 and 78.8 (%) for G. mosseae and G. intraradices
respectively.
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Plant material, seed germination, nursery cultivation and
transplantation

Rice (Oryza sativa L. cv. Shafagh) provided by Rice Research
Center, Guilan, Iran, were surface-sterilized and then
germinated in the dark on filter paper soaked with saturated
CaSO, solution. Germinated seeds were transferred to nursery
culture including three treatments (without AMF inoculation,
inoculation with G. mosseae, inoculation with G. intraradices)
with three replicates per treatment. Nursery containers were
filled with mixed sterilized sand and inoculum, then 30 young
seedlings were transferred to each container and plants were
grown for three weeks. Non-inoculated containers received the
same amount of sterilized inoculum. Containers were irrigated
with distilled water daily to maintain moisture at field capacity
and were fed each week with half strength nutrient solution
(Yoshida et al., 1972) without P, but Ca;(PO,), was added at 4
g Kg' to each container. At the end of nursery culture,
colonization of seedling roots was tested by random sampling.
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Treatments and experimental design

Colonized plants were transplanted to the 3 L pots and 5 plants
were cultivated in each pot. Roots were carefully separated
from rhizosphere soils and were washed with distilled water
for removing soil particles before transplanting. Two separate
experiments were conducted:

Experiment I. Three AMF treatments including without
inoculation (—~AMF), inoculation with G. mosseae or G.
intraradices, four P treatments including without P, 0.05 mM
soluble P (as K,HPO,), 0.05 mM insoluble P (as Ca3(POy),)
and both P forms each at 0.05 mM were applied in this
experiment. Plants were grown under non-flooded conditions
(60% of water holding capacity).

Experiment II. Three AMF treatments similar with
Experiment I and two watering regime including flooded (0.5
cm water above the sand) and non-flooded and two P levels
(without and with 0.3 mM KH,PO,) were applied in this
experiment.

Plants were grown for one month under controlled
environmental conditions with a temperature regime of
25°/18°C day/night, 14/10 h light/dark period, a relative
humidity of 70/80% and at a photon flux density of about 300-
400 pmol m?s™". Plants were daily irrigated by distilled water
or nutrient solution (Yoshida et al., 1972), the latter was

performed after determination of nutrients depletion by
measuring N and P concentrations in the pots.

Harvest and analyses

Harvested plants were first rinsed with tap water and then with
distilled water. The mycorrhizal colonization percentage was
evaluated by the grid line interest method (Phillips and
Hayman, 1970). Shoots and roots were blotted dry on filter
papers and dried at 70°C for 2 days to determine plant dry
weight. For determination of elements content, oven-dried
samples were ashed in a muffle furnace at 550°C for 8 h and
then digested in 1:3 HNO;. The digested samples were dried
on a heating plate and subsequently ashed at 550°C for
another 3 h. Samples were resuspended in 2 ml 10% HCI and
made up to volume by double distilled water. Concentration of
P was determined spectrophotometrically by ammonium-
vanadate- molybdate method (Gericke and Kurmies, 1952)
and of K was determined by flame photometry. Nutrient
uptake was calculated for each pot as the sum of nutrient
content of shoot and root for 5 plants.

Experiments were conducted in a randomized complete block
design using three replications. Statistical analyses of data
were carried out by ANOVA test (Tukey test at p<0.05).

3 RESULTS

AMF colonization was not observed in the non-
inoculated plants. The highest colonization rate
occurred in the absence of added P in both experiments.
In Experiment I, presence of soluble and insoluble P
reduced colonization of root by about 30-31% to 15-
16%. Effect of soluble P form in lowering colonization
of roots was greater than insoluble P form. The lowest
colonization (10%) was observed in the presence of
both P forms (Table 1). In Experiment II, application of
P lowered colonization from 43% to only 25% in non-
flooded and from 27% to 15% in flooded plants
inoculated with G. intraradices. Flooding had a
significant inhibitory effect on colonization of roots, it
resulted in reduction of colonization rate from 35-43%
to 25-27% in —P and from 22-25% to 12-15% in +P
plants (Table 2).

Effect of inoculation on chlorophyll content and
growth of plants

Experiment I: Plants growth and chlorophyll content of
leaves was significantly reduced when roots were
inoculated with AMF. Growth inhibition of colonized

plants was 28-60% compared with non-inoculated ones
depending on AMF species and P supply form.
Negative effect of AMF colonization was more
prominent in plants inoculated with G. mosseae
compared with plants colonized with G. intraradices
and was similar for root and shoot. The highest plants
growth was achieved at supply of soluble P and
application of both P forms under non-inoculation
conditions (Table 1).

Experiment II: The growth response of plants to
colonization by AMF was greatly depended on flooding
treatment. In flooded plants, in contrast to plants grown
at non-flooded condition, AMF inoculation stimulated
growth significantly (shoot and root dry weight). Plants
height and chlorophyll content was also affected
positively by AMF inoculation in flooded but not in
non-flooded plants. The positive effect of AMF
colonization on shoot and root dry weight of flooded
plants was clearly depended on AMF species and the
level of P. In —P plants, the positive effect of G.
intraradices was mainly higher than G. mosseae, and in
+P plants the trend was inverse (Table 2).

Acta agriculturae Slovenica, 93 - 2, julij 2009
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Table 1. Leaf chlorophyll content and growth of rice (Oryza sativa L. cv. Shafagh) without (-AMF) and with
inoculation by Glomus mosseae or Glomus intraradices supplied by different phosphorus form and grown
under non-flooded conditions. Data in each column followed by the same letter are not different
significantly (P<0.05).

P AMF Root Chlorophyll Plant Height Shoot Yield Root Yield
colonization( (Relative) (cm) (mg pot™) (mg pot™)
%)
-P —AMF 0° 100+3 2 73+1° 2073+18° 890+12 ©
G.m 3143 ° 4243 F 3843 ¢ 8344135 ° 410437 °
G.in 3041 ° 63+8 ¢ 5041 © 13744179 480+15 °f
+P —AMF of 88+5° 77£2° 2454+59 ° 17494211 °
(soluble) G.m 1641 ¢ 4945 4543 f 1328+72 ¢ 595+15 %
G.in 15+1° 74+£10 © 66+4 ¢ 17544159 © 863+14°
-p —AMF 0° 94:+4 ™ 72+1° 1817470 877+10 ¢
(insoluble) G.m 18+1° 4243 F 3621 100117 © 436+10f
G.in 18+0° 57+3 % 5142 °¢ 1309456 ¢ 503426
+P —AMF 0Ff 91+3° 77427 2321483 ° 1614459 °
(Soluble+ G.m 1241 ¢ 4243 F 3741 &0 1270454 ¢ 597£12 %
insoluble) G.in 10£1 ¢ 7243 ¢ 562 ¢ 1405+107 ¢ 704+112 ¢

Table2. Leaf chlorophyll content and growth of rice (Oryza sativa L. Cv. Shafagh) without (-AMF) and with
inoculation by Glomus mosseae or Glomus intraradices supplied by different phosphorus level and grown
under flooded or non-flooded conditions. Data in each column followed by the same letter are not
different significantly (P<0.05).

P Flooded/ AMF Root Chlorophyll Plant Height Shoot Yield Root Yield
Non- colonization( (Relative) (cm) (mg pot™ (mg pot™h)
flooded %)
—P Flooded —AMF 0¢ 131425 % 26+4.1 677£153 ¢ 269+84 9
G.m 2541 ° 152+18 34+0.9 ® 1297+101 ° 1006+134 °
G.in 27+1°¢ 175+12 34+1.8 % 14734109 ° 14724275 °
+P Flooded —AMF 0¢ 100+2 ° 2449.0 ™ 1171+231° 497+120
G.m 1242 F 128+7 ® 40+7.2° 2580+319* 1538+249
G.in 15+1 °© 12618 ® 34+0.6 ™ 2209+311° 1262495
-P Non- —AMF 0¢ 1924272 3745.5° 1333157 823+126 €
Flooded G.m 3542 ° 185439 ° 26+1.3 % 699+48 521498
G.in 43427 188+12 ° 25+1.3 % 481+82 ¢ 367496 ¢
+P Non- —AMF 0¢ 196+13 ® 40+0.3 ® 2066177 1384+142 ™
Flooded G.m 2241 ¢ 187+5% 31434 % 1140+189° 1048+213 >
G.in 2541°¢ 142+42 29+1.3 % 856+153 554449 <

Flooding had an obvious effect on plants growth
depending on mycorrhizal status. In non-mycorrhizal
plants, flooding conditions reduced dry weight of shoot
and root by about 43-48% and 64-67% respectively.
Inoculation with AMF changed the plants growth
response to flooding. Flooding improved shoot and root
dry weight of mycorrhizal plants up to 86-206% in —P
and 56-156% in +P treatments when inoculated with G.
mosseae and G. intraradices respectively.

Nutrients uptake under inoculation and non-
inoculation conditions

Experiment I: P uptake was lower significantly or in
tendency in mycorrhizal plants with the exception of
plants supplied with insoluble P as the sole P source. In
the latter treatment, a significant effect of

156 Acta agriculturae Slovenica, 93 - 2, julij 2009

mycorrhization was observed for P uptake only in plants
colonized with G. mosseae. Potassium uptake was
significantly lower in mycorrhizal plants under all P
supply form and inoculation with both AMF species
(Fig. 1).

Experiment II: A significant positive response of P
uptake to inoculation was observed only in flooded
plants inoculated with G. mosseae in both P treatments.
In contrast, in plants at non-flooded conditions, P uptake
was decreased slightly or significantly by AMF
inoculation in both P treatments. Potassium uptake was
slightly higher in flooded plants at both P treatments
(Fig. 2).
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Fig. 1. Uptake of P and K by rice (Oryza sativa L. cv. Shafagh) without (-AMF) and with inoculation by Glomus
mosseae or Glomus intraradices supplied by different phosphorus form and grown under non-flooded
conditions. Columns indicated by the same letter are not different significantly (P<0.05)
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Fig. 2. Uptake of P and K by rice (Oryza sativa L. cv. Shafagh) without (-AMF) and with inoculation by Glomus
mosseae or Glomus intraradices supplied by different phosphorus level and grown under flooded or non-
flooded conditions. Columns indicated by the same letter are not different significantly (P<0.05).
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Fig. 3. The correlation between root growth (mg DW pot™) and uptake of P and K (mg pot™) in rice (Oryza sativa
L. cv. Shafagh) without or with inoculation by AMF. R values followed by * or ** are significant at the 0.05

or 0.01 probability levels, respectively.

4 DISCUSSION

Mycorrhizal colonization and plant growth

Colonization of roots with AMF in plants grown non-
flooded, reduced distinctly plants growth at all P
treatments. It suggests that, AMF colonization reduces
plant performance under non-flooded conditions
independent from their P nutritional status. It is well
known that the establishment and maintenance of
mycorrhizal symbiosis is linked to a flow of carbon
from the host plant to the fungus. Accordingly, a

substantial proportion of photosynthates allocated to the
roots, is required for symbiosis. Environmental
conditions such as shading and defoliation, which limit
photosynthates supply to plants also depress colonized
plants growth (Marschner, 1995). Therefore, depression
of plant yield in response to AMF colonization in this
work, could be well explained by competition of fungus
with plants for photosynthates, because of a low
photosynthesis rate of plants, which is most likely due

Acta agriculturae Slovenica, 93 - 2, julij 2009

159



Roghieh HAJIBOLAND in sod.

to a low light intensity in growth chamber (300-400
pmol m?s™) compared with open field conditions
(1700-2000 pmol m™s™). However, this explanation
could not be applied for mycorrhizal plants under
flooded conditions. The cause of different mycorrhizal
responsiveness of flooded and non-flooded plants could
not be interpreted by their flooding response when
nonmycorrhizal. It is likely the result of a specific
interaction between AMF and plants which is likely
established only under flooded conditions. Whether the
greater P and K uptake observed in flooded compared
with non-flooded mycorrhizal plants is the cause or
result of positive mycorrhizal responsiveness of flooded
plants is not known and should be further investigated
in detail.

The colonization rate of flooded plants at harvest was
significantly lower than non-flooded plants. Because the
colonization rate of roots was similar for plants before
transplanting, the effect of different colonization rate of
seedlings at the start of transplanting stage could be
ruled out. Therefore, differential colonization of roots
was most likely developed after transplantation and
throughout the experiment due to submergence. AMF
fungi are obligate aerobes, accordingly, a low
colonization rate of roots under flooded conditions
could be the result of lower oxygen availability to fungi.
Nevertheless, it was reported that, the colonization of
roots of rice with G. etunicatum in aerobic nursery
conditions persisted under waterlogged conditions when
the rice was transplanted (Purakayastha and Chhonkar,
2001). Difference among AMF species and plants
genotype in their response to oxygen availability is one
explanation of this discrepancy. However, in this work a
significant benefit of host plants from AMF inoculation
under flooded conditions was achieved though a low
colonization.

Effect of AMF inoculation on P uptake
Mycorrhization of plants with G. mosseae caused a
significant mobilization of insoluble P in the substrate
and uptake by plants. Effect of G. intraradices was not
significant. Mycorrhizal plants have increased uptake of
P from poorly soluble P sources through either direct or
indirect mechanisms deriving from the effects of AMF
on rhizosphere properties including changes in pH (Li et
al., 2001) and root exudate patterns (Laheurte et al.,
1990). We observed a significant acidification of
rhizophere in mycorrhizal rice plants under low P
supply that reached up to 1.7 pH units (Hajiboland et
al., 2007).

AMF colonization had also a significant effect on
uptake of soluble P in flooded plants. In P deficient
soils, root colonization by AMF, improved significantly
P uptake per unit root length due to the enhancement of
the total root surface by hyphal growth (Smith and
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Read, 1996). In addition of improvement of P uptake
per unit root length as the consequence of increased
total root surface, one of the main causes of increased P
uptake by inoculation and genotypic differences is the
response of root growth to AMF. Increased P uptake
was clearly associated with increased root growth e.g.
root weight. Root dry weight was increased up to 274
and 209% in —P and +P flooded plants respectively
inoculated with G. mosseae which was associated with
105 and 61% increase in P uptake of —P and +P plants
respectively. The corresponding values for K uptake
was 42 and 63% for —P and +P plants respectively.
Conversely, root growth was inhibited by inoculation up
to 24 and 37% in non-flooded —P and +P plants
respectively, which results in reduction of P uptake up
to 40-47% and K uptake by about 35-21% in —P and +P
plants respectively. The contribution of root growth in
increased nutrient uptake was reflected in the
correlation coefficient (R) between root dry weight and
P and K uptake (Fig. 3). Therefore, root growth
response to AMF was a determining factor in the
response of P and K uptake to AMF inoculation.

Reduction of K uptake due to AMF colonization
observed in the Experiment I and in the non-flooded
plants in the Experiment II could be also the result of an
overall growth reduction particularly root growth and
surface area in AMF inoculated plants. Root length and
spatial availability are particularly important for
nutrients such as P and K (Marschner, 1995),
accordingly, K uptake responded similar with P to the
changes in the root growth in this work. Uptake of K
was reported to increase by AMF inoculation in some
tropical plant species, cowpea and sorghum (Bagayoko
et al., 2000), decrease in millet (Bagayoko et al., 2000)
or remained unchanged in barley (Mohammad et al.,
2003).

Effect of AM colonization in dependence of AMF
species

Mycorrhizal species were different in their effect on
growth and nutrient uptake. Although negative effect of
AMF colonization on plant growth under non-flooded
conditions (Experiment I) was more prominent in plants
inoculated with G. mosseae compared with G.
intraradices, effect of colonization with the former
AMF species in mobilization and uptake of insoluble P
form was higher than that with the latter species.
Similarly, inoculation by G. mosseae, had a beneficial
effect on P uptake under flooded but not non-flooded
conditions. A poor effectivity of G. intraradices cannot
be explained by lower root colonization. It might be
related to poor development and activity of the external
hyphae, low hyphal transport rates, and poor solute
interchange at the arbuscule-host root cell interface
(Marschner, 1995).
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ABSTRACT

In 2008, a lucerne aphid parasitoid Aphidius ervi Haliday was
first recorded in Slovenia. This oligophagous parasitoid is
used as biological control agent against bigger aphid species.
By sampling aphid mummies on different locations in
Slovenia in 2008, we found parasitoid Aphidius ervi on nine
host plants (corn, pea, alfalfa, red clover, winter wheat, oat,
onion, potato and winter barley). Among 1812 primary
parasitoids found in Slovenia in 2008, there were 46
individuals of Aphidius ervi; 21 male and 25 female
parasitoids. In the present paper description of the species, its
geographic  distribution and host plant-aphid-parasitoid
associations are given.

Keywords: Aphidius ervi, parasitoid, first record, biological
control, Slovenia

1ZVLECEK

PRVA NAJDBA PARAZITOIDA Aphidius ervi Haliday V
SLOVENLJI

V letu 2008 smo v Sloveniji prvi¢ ugotovili zastopanost
parazitoida Aphidius ervi Haliday, ki parazitira zlasti listne usi
na metuljnicah (Fabaceae). Ta oligofagni parazitoid se
uporablja kot bioticni agens ve¢jih vrst listnih usi. Parazitoida
Aphidius ervi smo v letu 2008 nasli na 9 gostiteljskih rastlinah
(koruza, grah, lucerna, ¢rna detelja, ozimna pSenica, oves,
¢ebula, krompir in ozimni je¢men) v Sloveniji, in sicer med
vzoréenjem u$jih mumij. V letu 2008 smo nabrali 1812
primarnih parazitoidov, med njimi je bilo 46 osebkov vrste
Aphidius ervi; 21 je bilo samcev in 25 samic. V prispevku je
opisana vrsta, njena geografska raz§irjenost in povezava med
gostiteljsko rastlino, usjo ter parazitoidom.

Kljuéne besede: Aphidius ervi, parazitoid, prva najdba,
bioti¢no varstvo rastlin, Slovenija

1 INTRODUCTION

Aphidius ervi Haliday is a Palaearctic oligophagous
parasitoid species associated in its region of origin
mainly with Macrosiphinae  aphids, such as
Acyrthosiphon pisum Harris on legumes and to a lower
degree with Macrosiphum euphorbiae Thomas and
Aulacorthum solanii (Kaltenbach) on other food plants
(Takada & Tada, 2000; Takada, 2002). Although
Sitobion avenae (Fabricious) on cereals in a suitable
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host for Aphidius ervi, this parasitoid has a minor
relevance as an aphid biological control agent on the
cereal agro-ecosystems in Europe (Cameron, 1984).

Aphidius ervi was already found in Australia, East
Palaearctic, Nearctic region and in North Africa (Fauna
europaea, 2007). In Europe Aphidius ervi is present in
some areas of former Yugoslavia (Serbia, Kosovo,
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Montenegro), in the Netherlands, Spain, Slovakia,
Republic of Moldova, Italy, Ireland, Hungary, Greece,
Germany, France, Finland, Czech Republic, Bulgaria,
Great Britain and in Andorra (Fauna europaea, 2007).

Females of the Aphidius ervi are from 2.8 to 4.1 mm
long. It has clypeus with 10-18 long hairs and antennae
18-19 (17,20)-segmented, reaching to the middle of
abdomen. Antennal F1 is equal to F2, 3 times as long as
wide, with apical portion not thickened. Central areola
on propodeum is relatively narrow, upper areola has 5-
10 and lower 3-6 hairs. Pterostigma on wing is 4-5
times as long as wide, with metacarpus about 1/3 shorter
than pterostigma. Radial abscissa 2 is usually only
somewhat shorter than abscissa 1. Tergite 1 is 3.5 times
as long as wide at spiracles. Aphidius ervi is easily
distinguishable from the other congeners by the rugose
anterolateral area of tergit 1. The coloration of female
head is black brown, with lower part of genae, clypeus
and mouthparts yellowish and apices of mandibles dark.
Antennae apex of pedicellus and the basal part of F1 is
yellowish and the remaining antennomeres from dark-
brown to black. Legs are yellow with apices of tarsi and
coxae dark brown. Male of Aphidius ervi has antennae
20-21(22)-segmented and tergite 1 clearly stouter than
in female. The coloration in male is much darker than in
female. Head is entirely black brown with clypeus and
lower portion of genae more of less yellowish.
Antennae are black brown with basal ring of F1
yellowish. Thorax is entirely brown, legs are more or
less brown yellowish and abdomen is dark brown
(Stary, 1973; Pennacchio, 1989).

Aphidius ervi is the most common on legume aphids,
such as Acyrthosiphon pisum and Acyrthosiphon
Mordvilko sp. on different host plants: Medicago sativa
Linnaeus, Lathyrus clymenum Linnaeus, Lens culinaris
Medikus, Melilotus alba Medikus, Pisum sativum
Linnaeus, Trifolium nigrescens Viviani, Trifolium
pretense Linnaeus, Vicia faba Linnaeus, Vicia sativa
Linnaeus and other. Aphidius ervi is also parasitoid of
other aphids: Aulacorthum solani on Malva neglecta
Wallr. and Pedicularis brachyodonta Schloss. et
Vukotin.; Diuraphis noxia (Kurdjumov) on Hordeum
vulgare Linnaeus; Hyperomyzus lactucae Linnaeus on
Sonchus Linnaeus sp.; Macrosiphum cholodkovskyi
(Mordvilko) on Filipendula ulmaria (Linnaeus)
Maximowicz; Macrosiphum euphorbiae on Galega
officinalis Linnaeus and Solanum tuberosum Linnaeus;
Metopolophium dirhodum (Walker) on Avena sativa
Linnaeus, Avena sterilis Linnaeus, Avena Linnaeus sp.,
Hordeum vulgare and Triticum aestivum Linnaeus;
Myzus persicae (Sulzer) on Gossypium herbaceum
Linnaeus and Nicotiana tabacum  Linnaeus;
Rhopalosiphum padi Linnaeus on Hordeum vulgare;
Schizaphis graminum (Rondani) on Triticum aestivum;
Sitobion avenae on Dactylis glomerata Linnaeus,
Festuca Linnaeus sp., Hordeum murinum Linnaeus,
Hordeum vulgare, Secale Linnaeus sp., Setaria
verticilata (Linnaeus), Triticum durum Desf. and
Triticum aestivum; and Sitobion fragariae (Walker) on
Festuca sp. (Stary, 1973; Pennacchio, 1989).

Figure 1: Female of parasitoid Aphidius ervi (Photo: K. Kos).
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Figure 2: Rugose petiole of Aphidius ervi female in lateral view (Photo: K. Kos).

Figure 3: Forewings of Aphidius ervi female (Photo: K. Kos).
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Figure 4: Empty mummy of an aphid, parasitised by parasitoid Aphidius ervi (Photo: K. Kos).

Parasitoid Aphidius ervi is used for biological control of
bigger aphid species like Macrosiphum euphorbiae and
Acyrthosiphon pisum since 1996. The total development
of wasp takes 26 days at 14 °C, 13.5 days at 20 °C and
12 days at 23.6 °C. A female lays about 350 eggs in a
life time of which most are laid during the first 5 to 7
days at a rate of about 55 eggs per day. The
recommended release rate to control Macrosiphum
euphorbiae ranges from 0.15 m* to 1 m”. Aphidius ervi
has a very good searching ability. Developmental stage
at which Aphidius ervi is released to control aphids is
pupae in form of aphid mummies (van Lenteren, 2003).
The parasitic wasp is applied in crops such as tomato,
sweet pepper, eggplant, gerbera, rose, cucumber, bean,

etc. Biological control of aphids by aphid parasitoids
presents a long lasting form of control on several crops,
it can be introduced preventatively and it has fast results
(Biobest Biological Systems, 2009).

The purpose of this research is to find the indigenous
species of aphid parasitoids in Slovenia and to offer
environmentally friendly systems of plant production
with reduced use of chemical insecticides. Our aim is to
explore the possibilities of introduction of biological
control agents, their vitality and longevity under certain
circumstances of plant production and the efficacy of
artificial habitat, which offers food, shelter and
alternative hosts/prey to natural enemies.

2 MATERIAL AND METHODS

The sampling took place from 25 April till 30 August 2008 in
agro-ecosystems in different regions in Slovenia; in Ljubljana
(central Slovenia), Lower Styria (Stajerska), Prekmurje, Upper
Carniola (Gorenjska), Lower Carniola (Dolenjska), Goriska
and in Slovenian Istria. Aphids, their parasitoids and host
plants were collected on cultivated and wild-growing plants.

While sampling parasitoids, we modified the method
according to the life cycle of parasitoids in their hosts (after
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Brajkovi¢ in Tomanovi¢, 2005). Parasitoids develop in yet
living aphids, this way we collected living aphids and their
mummies in plastic pots, together with their host plants. The
pots were covered with nylon patch, which enabled air flow
and at the same time prevented the escape of aphids and later
flown out parasitoids. The samples were marked with the
successive number of sample, date of sampling and location
(place of collection). Additionally, we annotated also species
of host plants, on which the samples were collected.



The samples of aphids for identification were kept in an
Eppendorf tube (1.5 ml) together with 70 % solution of
ethanol. Each tube was marked with the number of sample
according to the number on the pot. Because of the easier
identification we gathered only bigger specimens of winged
and non-winged aphids.

We left pots closed for 2 to 3 weeks, in some cases even
longer, so that the wasps flew out from the mummies and died.

The first record of Aphidius ervi Haliday in Slovenia

Afterwards we put the content of the pot on the white surface
and separated the parasitoids with the brush from the rest of
the content. The parasitoids were kept in the vessels, which
were marked with the corresponding number of the sample.
Identification of aphids was performed on the Faculty of
Agriculture in Zemun (Serbia) and identification of parasitoids
was done on the Faculty of Biology in Belgrade (Serbia) (Kos,
2007; Kos et. al., 2008).

3 RESULTS WITH DISCUSSION

Parasitoid Aphidius ervi was found on nine different
host plants; corn, pea, alfalfa, red clover, oat, wheat,

onion, potato and barley (Table 1), while aphids are still
in process of identification.

Table 1: Number of females and males of A. ervi in different regions of Slovenia on 9 different host plants (f=female,
m=male; CS=central Slovenia, LS=Lower Styria (Stajerska), P=Prekmurje, UC=Upper Carniola
(Gorenjska), LC=Lower Carniola (Dolenjska), G=Goriska and SI=Slovenian Istria).

CS LS ucC LC G SI

Host plant/sex film|fim|f| m|f| m|f|m|]f|m|f|m| Total
Pisum sativum 1 1 2 1]1]1 7
Trifolium pratense 1 1
Medicago sativa 1 1 412 |4 3 26
Solanum tuberosum 112 3
Allium cepa 1 1
Hordeum vulgare 2 2
Zea mays 2 1 3
Triticum aestivum 1 1
Avena sativa 1 1 2
Total 218101 ]0]0]2]0]4]|5]9]1]8]6 46

Among 2173 primary parasitoids found in Slovenia,
there were 46 individuals of Aphidius ervi, 21 males and
25 females. 26 members of A. ervi were found on alfalfa
and 7 on pea. In Prekmurje we did not find any

members of A. ervi, while in other regions we found 14
individuals in Slovenian Istra, 10 in Gori$ka and Central
Slovenia and 9 in Lower Carniola.

Al Poaceae:
Alliaceae:
SR Hordeum vulgare
Allium cepa ot EG
Triticum aestivum
- "\ ; / Avena sativa
,_Fabacm_c" Solanaceae:
) ‘{ isum sanvam Solanum tuberosum
Trifolium pratense
Medicago sativa

Figure 5: Host plants of Aphidius ervi, found in Slovenia in 2008.
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Nine different host plants, where we found A. ervi,
belong to 4 botanical families: Alliaceae, Poaceae,

Fabaceae and Solanaceae (Fig. 5).

4 CONCLUSIONS

The results of the present study indicate that Aphidius
ervi uses different host plants and is widely distributed
in Slovenia, while we found it in almost all Slovenian
regions. Data of He et. al. (2006) research suggests that
this parasitoid has high potential to suppress aphid
population, when the latter increases. Aphidius ervi is
an effective biological control agent for many aphid
species. It has proven high efficiency in controlling
greenhouse aphid pests. It is effective in controlling
Acyrthosiphon pisum, Macrosiphum euphorbiae and
Myzus persicae.

Results of our two year research exhibit species
diversity and wide circulation of parasitoids in different
agricultural ecosystems on selected locations in
Slovenia (Kos et. al., 2007; 2008; 2009). In 2006 and
2008 we found and identified 2173 primary parasitoids,
belonging to 30 species from 8 genera: Aphidius,
Binodoxys, Diaeretiella, Ephedrus, Lipolexis,
Lysiphlebus, Monoctonus and Praon. In the future we
must pay attention on the conservation of the natural
enemies, the conservation of their natural habitats that
represents alternative food, hosts and shelter, or even to
increase the number of natural enemies in Slovenia with
the aim to reduce application of insecticides.
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ABSTRACT

Experiments were carried out in the Vézaiiai Branch of the
Lithuanian Institute of Agriculture (West Lithuania region) in
2002-2005. The aim of this research was to estimate the
ecological significance of perennial legumes used as green
manure for the biological properties of triticale and rye and for
diseases resistance. Residues of the perennial grasses tested
and ploughed-in aftermath contributed different contents of
nitrogen to the soil. The highest content of nitrogen was
contributed to the soil with red clover residues and aftermath.
Residues of white clover and aftermath ploughed in as green
manure determined more favourable soil properties. This had a
positive effect on the formation of biological parameters of
cereals grown after white clover, which made it possible
without mineral and organic fertilisers to produce on average
3.88 t ha™' of triticale grain and 3.82 t ha™' of rye grain, or by
1.09 and 0.28 t ha™ more compared with their growing after
red clover managed in the same way as white clover. Different
growing conditions of winter cereals, i.e. different preceding
crops, had a significant effect on the occurrence of scald and
septoriosis.

Key words: preceding crops, winter cereal, productivity, yield
forming indicators, diseases

IZVLECEK

VPLIV PREDHODNIH POSEVKOYV NA PRIDELEK
TER POJAVNOST BOLEZNI PRI OZIMNIH ZITIH

Poskusi so bili opravljeni v Vézaiciai Branch na Lithuanian
Institute of Agriculture v obdobju od leta 2002 do 2005.
Namen raziskave je bil oceniti ekoloski pomen trajnih
metuljnic, uporabljenih za zeleno gnojenje, na odpornost proti
boleznim ter na bioloske lastnosti tritikale in rzi. Zaorani
ostanki zelenih delov preizkusanih metuljnic so imeli razli¢ne
so prispevali ostanki rdece detelje, zaorani ostanki bele detelje
pa so imeli ugodnej$e ucinke na lastnosti tal. Izboljsane talne
lastnosti so pozitivno vplivale na parametre rasti, ki so
omogo¢ili pridelek 3,88 t ha zrnja tritikale in 3,82 t ha' zrnja
rzi brez uporabe mineralnih ali drugih organskih gnojil. Ko je
bil predhodni posevek rdeca detelja, je bil pridelek tritikale
manjii za 1,09 t ha', pridelek rZi pa za 0,28 t ha” manjsi v
primerjavi s pridelkom po zelenem gnojenju z belo deteljo.
Razliéni predhodni posevki so imeli pomemben vpliv na
pojavnost oziga in listne pegavosti.

Klju¢ne besede: predhodni posevki, ozimna zita, pridelek,
bolezni

1 INTRODUCTION

Winter rye (Secale cereale L.) is a very important bread
cereal. Rye grain dry matter contains 9 — 19 % of
protein, 49 — 66 % of starch, 1.6 — 1.9 % of fat, 2.0 — 2.5
% of fibre, various trace elements and vitamins. Winter
rye can tolerate acidic soil, is less demanding in terms
of nutrient content and can better utilise soil moisture in
spring.
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Winter triticale (xTriticosecale Wittm.), compared with
wheat performs better on poorer or even acidic soils
(Magyla et al., 2001). In good conditions the grain yield
can be as high as 8-10 t ha' and can exhibit valuable
biochemical, physiological and agronomical
characteristics. Triticale grain contains 12 — 19% of
protein with an appropriate composition of amino acids.
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Winter triticale and rye are a promising alternative feed
crop in Estonia, Latvia and Poland (Alaru et al., 2003).
Winter cereal should be an acceptable alternative crop
possessing considerable potential as a source of energy
and protein in Lithuania too. There were sown about 56
thousand ha by this crop in our country in 2002.

The productivity of winter cereals depends on soil
properties, meteorological factors, fertilisation, and
especially humus content in the soil. The residues and
ploughed in green material of perennial grasses, as
preceding crops, have a positive effect on the formation
of productivity elements of cereal crops not only in the
first year but also in the second year, which determines
the productivity of cereal link (Arlauskiené, 2000). The
largest amount of organic matter is left in the soil with
the residues of perennial grasses, less with annual
grasses, winter cereals, maize, spring cereals, grain
legumes and others (Arlauskiené, 2000; JanuSiené,
1992; Magyla et al., 1997). In the crop rotations with
perennial grasses with plant residues the soil receives
much more C, N and ashy elements P,Os and K,O
(IImakos, 1999).

Winter cereals are annually heavily damaged by the
diseases such as scald, leaf spots, various rusts, root rot
diseases. Many authors indicate that the incidence of
fungal diseases of winter cereals is determined by the
weather conditions, imbalanced mineral fertilisation,
crop species and variety, soil preparation, sowing time,

preceding crop, weed infestation, abundance of pests,
and luxuriance of the crop stand. More abundant
mineral fertilisation of winter cereals in some cases
slows down the spread of Septoria, but sometimes has
virtually no effect. Some researchers’ data suggest that
more abundant fertilisation promotes the spread of
Septoria (Bailey et al., 1996; Conway, 1996; Eyal,
1999; Gauril¢ikiené et al., 1999; Hutcheon et al., 1996;
Lisova et al., 1996). However, experimental results
often vary considerably between years. It is maintained
that preceding crops of winter cereals have quite a
weighty effect on the occurrence of root rots, however,
there is little experimental evidence on the effects of
this factor on the spread of foliar diseases (Loiveke et
al., 2003).

Research on the use of various herbaceous species for
green manure in contemporary agriculture has gained
new relevance. Cheap and high quality green manure is
an important element in crop alternation in specialised
cereal crop rotations. The use of green manure tends to
reduce weed, disease and pest incidence, and less
nutrients are leached from the plough layer into deeper
soil layers (Romanovskaja et al., 2003).

The aim of this research was to determine effect of
preceding crops (perennial legumes as green manure) on
the productivity of winter cereals and occurrence of
their diseases.

2 MATERIAL AND METHODS

Experimental layout

Two analogous experiments were set up in 2002 and 2003,
each experiment lasted for three years. The field experiments
were done following multi-factorial method. The experimental
treatments were replicated four times and were arranged
randomly. The soil of the experimental site is albi —
edohypogleyic luvisol, light loam on medium heavy loam.

A factor —preceding crops of winter cereals:

1. Red clover — cut twice (R).

2. Red clover — 1% crop for forage, aftermath ploughed in
(R+A).

3. White clover — cut twice (R).

4. White clover — 1st crop for forage, aftermath ploughed in
(R+A).

5. Timothy — cut twice 2 (R).

B factor —cereals:

1. Triticale.

2. Rye.

The triticale variety ‘Tevo’ and rye variety ‘Rukai’ were
grown observing ecological cultivation recommendations. The
cereals were grown after differently managed preceding crops:
red clover ‘Vyliai’, white clover ‘Stiduviai’ and timothy
‘Gintaras II’.
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Plant green material was chopped and shallowly incorporated
during phytocenosis flourishing period, and after two weeks
deeply ploughed in (25 cm). In 2003 cereals were sown on
September 8 and in 2004 on September 6. Seeking to
determine the ecological value of different preceding crops no
mineral fertilisers and plant protection products were used.

Soil samples were collected before trial establishment and
after perennial grasses ploughing in from the 0 — 20 cm depth.
Available P,O5 and K,0O were determined by the A-L method,
total nitrogen by Kjeldahl, organic carbon by a mineraliser
‘Heraeus’.

Plant residue mass was determined by the Katchinski monolith
washing method. We considered the following as plant
residues: stubble, undecomposed plant parts present on the soil
surface and roots situated at the 25 ¢cm depth. The mass of all
plant residues and overground mass were re-calculated into
dry matter. Having determined the concentration of major
nutrients we calculated the content of nutrients (kg ha™')
incorporated into the soil. The content of phosphorus in the
green material of preceding crops, their plant residues and
cereal grain and straw was determined by colorimetry and
potassium by flame photometry methods. The share of
nitrogen fixed from the atmosphere by legume bacteria in the
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plant mass was calculated by multiplying nitrogen content by
the Chopkins — Piters coefficient 0.63 (Trepacev, 1979).

Grain samples for analyses were taken from each plot after
pre-cleaning. One thousand grain weight was determined
according to ISO 580-77. The data on 1000 grain weight and
yield were adjusted to 15% moisture content.

Diseases assessment

Foliar disease assessments on rye and winter triticale were
carried out in 2004-2005 in the third ten-day period of June at
late milk maturity stage (BBCH 77-80). In each area under
assessment 10 places were randomly chosen and three
normally developed stems were taken per place. Three top
green leaves were assessed per stem (Surkus et al., 2002).

The following methods were used for the diagnostics of fungal
diseases: visual, according to external symptoms and
microscopy.

Disease incidence, i.e. per cent of disease-affected leaves (P)
was calculated according to the formula:

100, where n—number of affected leaves,
N N — number of assessed leaves.

The disease-affected leaf area was estimated in per cent
according to the scale recommended by the European Plant
Protection Organisation (EPPO). This scale is included in the
EPPO Standards (1997) .

Table 1. Meteorological conditions of the vegetation period

Disease severity (R) was calculated according to the formula,
having added per cent of affected leaf area of each leaf and
having divided the sum by the number of assessed leaves:

2(n'b)
R = where Y (n'b) — sum of product of the

number of leaves with the same percent
N of severity and value of severity,
N — number of assessed leaves.

Meteorological conditions

In the spring of 2002 warm and dry weather prevailed. At the
beginning of summer there was sufficient warmth and
moisture for the development of perennial grasses, and in
August with prevailing dry weather and declining moisture
reserves, the conditions for grass growth were only
satisfactory (Table 1). The drought lasted until the second ten-
day period of September. In the spring and summer of 2003,
except for July, hydrothermal conditions were favourable for
the development of perennial grasses. The autumn conditions
were also conducive to the emergence, establishment and
growth of cereals. During the spring-summer period of 2004
agrometeorological conditions for the development of cereals
and perennial grasses were satisfactory. The autumn was
warm and wet, which might have intensified biochemical
processes in the soil and leaching of some part of released
nitrogen. In 2005 the spring and beginning of summer were
drier (rainfall only 80 %) compared with the long-term mean.
Rainy second half of spring hindered cereal harvesting.

Air temperature (°C)

Rainfall (mm)

decade +/— of the decade +/— of the
Month I I I per long-term I I o per long-term
month mean month mean
Year 2002
April 3.1 8.8 9.5 7.1 +1.5 0.4 3.8 9.9 14.1 -29.9
May 17.0 12.4 16.4 15.3 +4.1 0.3 11.6 8.4 20.3 -23.8
June 16.5 16.3 14.5 15.8 +1.0 1.0 41.2 21.3 63.5 -0.3
July 17.1 20.6 18.2 18.6 +1.8 32.7 56.8 429 132.4 +45.8
August 20.3 20.8 18.8 20.0 +3.6 0 0 0.3 0.3 —88.7
Year 2003
April 0.0 6.1 8.5 4.9 -0.7 19.2 9.5 18.5 472 +3.1
May 9.5 10.9 14.3 11.6 +0.4 14.9 23.5 4.1 42,5 +1.6
June 15.5 13.3 14.9 14.6 -0.2 2.5 19.6 50.6 72.7 +8.8
July 17.0 19.7 21.4 19.4 +2.6 22.8 13.5 11.6 47.9 —38.0
August 18.7 17.1 14.4 16.7 +0.3 10.0 35.2 71.6 116.8 +27.3
Year 2004
April 5.1 8.2 8.4 7.2 +1.6 6.4 5.7 3.7 15.8 -27.8
May 15.0 8.5 8.7 10.7 -0.5 4.6 16.2 16.0 36.8 -7.1
June 13.7 12.5 14.1 13.4 -13 3.5 41.7 23.7 68.9 +4.9
July 15.1 15.4 17.0 15.8 -1.0 31.7 12.9 7.9 52.5 -32.8
August 20.5 17.9 16.0 18.1 +1.7 4.2 30.3 29.9 64.4 —24.7
Year 2005
April 5.0 8.2 5.5 6.2 +0.6 10.0 2.0 3.0 15.0 -28.1
May 8.6 8.9 15.8 11.1 -0.1 5.0 27.0 6.0 37.0 -6.8
June 12.0 15.5 15.6 14.4 -03 6.0 30.0 9.0 45.0 -18.7
July 18.6 19.8 17.4 18.6 +1.8 36.0 98.0 59.0 193.0 +105.8
August 16.2 15.6 16.6 16.1 -0.3 171.0 81.0 15.0 267.0 +174.9

The experimental data were processed by ANOVA and correlation-regression analysis methods (Tarakanovas et al., 2003).
The symbols used in the paper: * and ** significant at 95 and 99% probability level; R — ploughed in residues, R+A — ploughed in residues and

aftermath.
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3 RESULTS AND DISCUSSION

Amount of nutrients, soil agrochemical properties

In the sowing year conditions were favourable for the
growth of perennial grasses, however, legumes and
grasses differed in phytomass and productivity
coefficients. Overground phytomass of legumes was by
2.5 — 2.9 times higher than underground, and that of
timothy by 0.9 times lower, whereas biological
productivity coefficients amounted to 0.32 — 0.40 and
1.26, respectively. A similar trend was identified also in
the years of grass use. Underground phytomass of
legumes significantly correlated with overground
phytomass (white clover r = 0.635** and red clover r =
0.582%*), that is with increasing overground phytomass,
underground phytomass increased, too. Having
ploughed in aftermath, legumes left in the soil 70 — 71%
of the total phytomass in the form of roots and plant

residues: red clover 8.8, and white clover 5.8 t ha™' dry
matter.

Analyses of chemical composition of green manure
showed that the highest concentrations of nitrogen,
phosphorus and potassium were found in white clover
overground phytomass, (2.80, 0.76 ir 2.95%
respectively). In the aboveground phytomass of red
clover the contents of the above-mentioned biogenic
elements were lower by 14, 25, 21%, respectively. Plant
overground part was richer in nutrients than
underground part: nitrogen content by 1.4 — 1.6,
phosphorus by 2.2 — 4.0 and potassium by 2.1 — 3.6
times. The lowest nutrient concentration was identified
in the residues of timothy (0.74% N, 0.15% P,Os,
0.57% K,0 respectively). The largest amount of all
nutrients was contributed to the soil after ploughing in
of red clover aftermath (Table 2).

Table 2. Amount of nutrients incorporated into the soil with plant residues of preceding crops and with aftermath

Preceding crops of DM of plant Nutrients kg ha '
. residues and N N: P,Os: K,O
winter cereals P,0s K,O
green manure total fixed

1. Red clover (R) 8.19 144.8 91.2 37.4 85.9 1:03:0.6
2. Red clover (R+A) 10.1 185.8 117.0 50.1 138.0 1:03:0.7
3. White clover (R) 5.58 68.9 43.4 15.6 38.5 1:02:0.6
4. White clover (R+A) 7.18 125.9 79.3 334 94.9 1:03:0.8
5. Timothy (R) 8.59 60.2 - 18.4 40.9 1:03:0.7

With incorporation of lower dry matter contents of
green manure, which was determined by the yield of
plant species and weather conditions, the soil received
less nutrients than with plant residues. After red clover,
with overground phytomass and residues the soil
received 185.8 kg ha ' nitrogen, of which nitrogen fixed
by legume bacteria from the atmosphere accounted for
the larger (117.0 kg ha') part. Here the content of
nitrogen was by 1.5 times higher than after identically
managed white clover.

The largest amounts of phosphorus and potassium, like
those of nitrogen, were contributed to the soil with red
clover overground phytomass and residues. With red
and white clover aftermath incorporated (2.22 and
2.07 tha™' dry matter), the soil received more nutrients
than with ploughed in root and plant residues of the
above mentioned clovers: nitrogen by 1.3 — 1.8,
phosphorus by 1.3 — 2.1 and potassium by 1.6 — 2.5
times more. Although with lower mass the soil received
less nutrients, the ratio N: P,Os: K,O remained similar,
ie. 1kg:02-03kg:0.6-0.7 kg.

The value and effect of preceding crops depend not only
on the amount and chemical composition of phytomass
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but also on soil and climate conditions (Granstedt, 2000,
Magyla et al., 2004). It was found that in sandy loam
luvisol (East Lithuania) with red clover aftermath yield
the soil received on average 94.9 kg ha ' of nitrogen,
8.64 kg ha' of phosphorus and 88.3 kg ha' of
potassium (Romanovskaja et al., 2003). Under North
Lithuania’s conditions where sod calcareous heavy loam
soils prevail the greatest amounts of nutrients are left in
the soil after bastard lucerne and red clover, while the
lowest contents are left after vetch and oats mixture.

Perennial  grasses  with  different  biological
characteristics determined a diverse accumulation of
total nitrogen, humus and available P,O5 and K,O in the
soil (Table 3). Experimental evidence indicates that in
the plough layer (0 — 20 cm depth) after all preceding
crops the content of total nitrogen was similar (0.105 —
0.120%), however, compared with its content before the
trial the content of total nitrogen after red clover was by
14 — 28% higher, after white clover by 31 — 33% higher.
The highest increase in humus content (0.25 percentage
units) occurred with ploughing in red clover aftermath,
slightly less (0.21 percentage units) with variously
managed white clover. The largest amount of available
phosphorus in the plough layer was identified after red



Effect of preceding crops on the winter cereal productivity and diseases incidence

clover, whose aftermath was ploughed in, and that of
available potassium after identically managed white
clover.

Table 3. The effect of different legumes on soil agrochemical properties

Preceding crops N % Humus % P,0smg kg™ K,0 mg kg’

of winter cereals 1 2 1 2 1 2 1 2
1. Red clover (R) 0.105 0.120 1.56 1.66 179 147 163 131
2. Red clover (R+A) 0.090 0.115 1.63 1.88 207 200 148 164
3. White clover (R) 0.090 0.120 1.59 1.80 194 196 163 135
4. White clover (R+A) 0.080 0.105 1.55 1.76 170 185 154 168
5. Timothy (R) 0.095 0.120 1.64 1.78 161 163 174 130

Note: 1- before trial establishment, 2 — after ploughing in of perennial grasses

During mineralization of nitrogen-rich residues of
legumes, the gradually released nitrogen has a positive
effect on the formation of yield biological parameters
during all cereal growth stages, unlike mineral fertilisers
of which a large part is leached (McGuire et al., 1999).
The productivity of cereals is determined by a lot of
characteristics and traits: growing period, overwinter
survival, ear productivity, grain size, photosynthetic
efficiency, disease resistance and others (Chlebnikov et
al., 1997; Plycevaitieng, 2002).

Yield forming indicators, grain yield and grain
protein content

Crop stand density data show that triticale had a
significantly higher number of plants, which made up
by 11.0% more compared with rye (Fig. 1).

Preceding crops did not have any effect on crop stand
density. Similar data were obtained while analysing
biological value of legumes in agrocenoses on heavy
loam soils (Arlauskiené et al., 2001). Insignificant
differences in the number of plants per area unit might
have occurred due to different seed placement depth,

different seed vigour and other factors. The most
important factor for high yield is the number of
productive stems per area unit. It shows biological
stability of the variety, its persistence or resistance to
variable environmental conditions (Chlebnikov et al.,
1997; Plycevaitiene, 2002).

The intensity of productive tillering of all crops was
also dependent on the weather conditions. In 2004,
when there was a shortage of moisture during the
growing season, i.e. the rainfall constituted only 72% of
the long-term rate, the mean tillering coefficient of
triticale was 1.17, and of rye 1.08. In 2005 when during
the growing season the amount of rainfall was 169% of
the long-term rate, the mean tillering coefficient of
triticale was lower (1.08), and of rye higher (1.13).
Cereal species had a significant effect on the formation
of productive stems. The number of productive stems in
triticale crops was on average 322.6 per m” or by 21.8 %
more than that of rye. The highest number of productive
stems formed in the cultivation sites where red clover
aftermath had been ploughed in.
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Figure 1: The effect of preceding crops on the triticale and rye yield forming indicators

Plant height is a very variable trait that depends on the
characteristics of a variety, weather conditions and
geographical terrain (Plyéevaitiené, 2002). Diverse
nitrogen contents in clover residues and aftermath
determined different plant height of cereals. The
greatest plant height of both cereal species was recorded
in the treatments fertilised with white clover. Having
compared white clover treatments no significant
differences were revealed, but different management of
red clover did have some significant effect. Having
ploughed in red clover residues cereals grew taller.
Cereals grown after timothy were the shortest.

Similar data were obtained while analysing ear length.
The ears of cereals grown after timothy were
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significantly shorter (8 — 10 %), compared with clover
preceding crops. Different clover green manures did not
have any significant effect on ear length; inappreciably
longer eras were recorded only after white clover.

Averaged data show that winter rye matured 17.5 %
more grain (or 6 grains more) per ear compared with
winter triticale. The higher number of grain per era for
the wvarieties of both cereals was obtained in the
treatments fertilised with white clover residues and
aftermath.

1000 grain weight varies due to different weather
conditions during grain formation and ripening stage
and is affected by fertilisation and number of plants per
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area unit (Plycevaitiené, 2002). 1000 grain weight of
winter rye was significantly higher (4.6 g) than that of
triticale. 1000 grain weight was less affected by
preceding crops than the number of grain per ear. The
lowest 1000 grain weight was recorded after timothy
and white clover of which only residues were ploughed
in. However, having incorporated a larger amount of
green manure, i.e. red clover residues and aftermath and
white clover aftermath the soil received more nutrients.
This leads to the conclusion that a higher content of
biological nitrogen incorporated had a significant effect
on 1000 grain weight of cereals.

Grain yield t ha™

4
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Cereal species had the greatest effect on both 1000 grain
weight and grain yield, the effect of the preceding crop
was lower. Averaged data show that rye grain yield,
irrespective of different preceding crops, was by 0.38 t
ha' higher than that of triticale. Comparison of the
preceding crops indicates that having ploughed in white
clover aftermath the highest cereal grain yield was
obtained. Ploughing in of white clover aftermath
increased triticale grain yield by 0.94 t ha™' and that of
rye by 0.41 t ha”', whereas ploughing in of red clover
aftermath exerted some effect only on rye grain yield

(Fig. 2).

Grain protein content, %

10 +
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Figure 2: The effect of preceding crops on triticale and rye grain yield and grain protein content

Different enrichment of soil with nutrients did not have
any significant effect on protein content in cereal grain
(Fig. 2). In all cases nitrogen content in triticale grain
was by 5 — 35% higher than that of rye. Only in rye
grain nitrogen content was positively influenced by
nitrogen-rich plant residues. Comparison of the
preceding crops shows that the highest nitrogen increase
(18%) was obtained having ploughed in aftermath of
white clover.

Table 4. Results of Fisher-test of productivity parameters

Different preceding crops and diverse amounts of
nutrients contributed to the soil determined different
formation of yield biological parameters of winter rye
and triticale. Analysis of variance of the data suggests
that crop stand density and the number of productive
stems were significantly affected only by the species of
cereals (Fpe = 19.49 > Fieoro.1 = 7.06 and Fy, = 32.82
> Fiheor01 = 7.06), and plant height, ear length, number
of grain per ear, 1000 grain weight and grain yield were
affected by both factors investigated, i.e. by preceding
crops of winter cereals and cereal species (Table 4).

Productivity parameters Variance -
Treatment Factor A Factor B Interaction AB

Number of emerged plants 1.66 0.21 13.49%** 0.16
Number of productive stems 3.92%%* 0.12 32.82%* 0.50
Plant height 129.98** 9.67** 1129.22%* 0.48
Ear length 23.98** 3.86%* 197.17%* 0.80
Number of grain per ear 4.72%* 2.87* 29.65%* 0.34
1000 grain weight masé 29.82%* 3.1%* 252.71%* 0.81
Grain yield 5.02** 9.46** 4.89** 0.61

Similar regularities of green manure effect were
identified while comparing lucerne, red clover and
vetch-oats mixture on heavy-textured soils (Arlauskiené

et al., 2002; JanuSiené et al., 2004; Maksténiené et al.,
2001). The efficiency of green manure in sandy loam
soil increases when using this management means
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together with mineral fertilisation (Romanovskaja et al.,
2003; Vaisvila et al., 1997).

Diseases incidence and severity

Grain yield in cereals depends not only on such yield
components: number of ears per unit area, number of
grains per ear, grain weight per ear and 1000 grain
weight, but also on plant resistance to diseases. A strong
mutual compensation is usually found between all
productivity components and plant resistance to disease.
However, a limitation of one component can not be
completely compensated for by the others. Grain weight
predominantly depends on how much the plant
assimilates during the stage of grain-filling, and this is
closely related to the area of long-lived green leaves.
The favourable results of effective disease control on
grain yield are largely based on a higher long-lived
green leaves (Darwinkel, 1978).

The spread of the following foliar diseases during the
experimental period was more intensive: in rye — scald
and brown rust, in winter triticale — scald, brown rust
and septoriosis. Experimental findings suggest that in
2004 scald affected from 29.2 to 47.5% of rye leaves
and severity of this disease was from 7.0 to 9.75%. In

70
60
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20
10 4
0 4

Disease incidence, %
O Scald

O Brown rust

Scald | Brown

Red clover White clover | Timot

2005 scald was extremely severe and affected from 50.8
to 69.2% of rye leaves, severity was from 8.75 to
18.32%. Significant differences were determined
between treatments, i.e. the incidence of scald in rye
grown after variously-managed preceding crops was
different.. According to the average research data, rye
that grew after white clover whose aftermath was
ploughed in (R + A) was by 1.4 times more affected by
this disease causal agent and rye that grew after white
clover whose only residues were ploughed in (R) was
affected by 1.3 times more compared with the rye
preceded by timothy (Fig. 3). The severity of scald was
also higher in rye grown after white clover by 1.1 and
1.2 times, respectively. Rye stand density (different
number of productive stems) did not have any effect on
scald severity and incidence (r = 0.171 and 0.215) in
2004. But the lowest incidence of this disease was
recorded in rye grown after variously managed red
clover in 2005. The incidence and severity of scald
depended also on rye stand density. A medium strong
positive correlation was identified between scald
incidence and severity and the number of rye productive
stems: incidence: y =21.976 + 0.132 x, r = 0.638** (P <
0.05); severity: y = 0.097 + 0.062 x, r = 0.598** (P <
0.05).

14 - Disease severity, %

12 4

10 4 0O Scald

8 0O Brown rust
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4 4
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Figure 3: The effect of preceding crops on rye foliar fungal diseases incidence and severity. Average data of 2004 —

2005.

In 2004 and 2005 the incidence of brown rust in rye
agrocenose was similar, however, the disease severity
was different. In 2004 the higher amount of rainfall in
June promoted a more intensive occurrence of brown
rust in rye, whereas warmer and drier weather during
the same period in 2005 resulted in 2.2 — 3.0 times
lower severity of the disease. So, incidence of brown
rust was from 5.8 to 16.6% in 2004 and from 9.2 to
12.5% in 2005, and severity — from 1.51 to 1.83 and
from 0.52 to 0.85 respectively. The greatest number of
brown rust-affected rye (10.8 — 16.6%) in 2004 was
identified in the treatments where rye was grown after
variously-managed white clover, and the rye preceded
by red clover and timothy were the least-affected. In
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2005, conversely, the rye grown after red clover and
timothy was by 1.1-1.4 times more affected by brown
rust, compared with the rye grown after white clover.
Average research data suggests that rye growing in
different conditions, i.e. after different preceding crops
does not have any consistent effect on brown rust
incidence and severity (Fig. 3). However, a medium
strong correlation was identified between rye stand
density and brown rust incidence in 2005: y = 16.047 —
0.019 x, r =—0.606** (P < 0.05).

In the experimental years the incidence of scald was
rather high not only on rye but also on winter triticale.
In 2004 after different preceding crops from 31.3 to
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52.5% of winter triticale plants were scald affected and
in 2005 from 18.8 to 21.3%. According to the average
research data significant differences in the incidence of
scald were determined between all treatments, however
the highest incidence and severity of scald were
identified in winter triticale grown after legumes (red
and white clovers), compared with the triticale preceded
by spiked plants (Fig. 4). Winter triticale stand density
had a great effect on the incidence of scald, there was
identified a correlation between scald incidence and the
total number of winter triticale stems (y = 38.085 —
0.049, r = — 0.565*; P < 0.05) and between scald
incidence and the number of triticale productive stems
(y = 37.179 — 0.056x, r = — 0.778**; P < 0.05).
Different triticale stand densities did not have any effect
on the severity of scald (r = — 0.267* and — 0.166%,
respectively).

Disease incidence, %
O Scald

O Brown rust

B Septoriosis

5 0,7 0,7

Septorio

Red clover | White clover|Timot

During the experimental period in all agrocenose winter
triticale was affected by brown rust causal agent
Puccinia recondita Roberge ex Desmaz., however the
disease severity was very low and in most cases did not
reach 1%. In some cases only the traces of the disease
were identified. The relationship between the incidence
of brown rust and ecological conditions of cereal
cultivation site was identified: in 2004 by 5.0 — 7.5
percentage units higher disease incidence was recorded
in winter triticale which was preceded by variously-
managed white clover. However in 2005 an opposite
trend of brown rust incidence was observed, the disease
incidence was by 1.4 — 1.6 times higher in the
cultivation sites where timothy residues were ploughed
in for the preceding crop of the cereal, compared with
winter triticale grown after white clover.
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Figure 4. The effect of preceding crops on triticale foliar diseases incidence and severity. Average data of 2004 —

2005.

Moderately strong infection of septoriosis was identified
in winter triticale (Fig. 4). The incidence of septoriosis,
and in many cases severity, was significantly affected
by different winter triticale growing conditions,
especially in 2004 the infection level on winter triticale
grown after differently-managed white clover was twice
as high as in triticale preceded by timothy. As the
average data show, the highest disease pressure was
identified in triticale grown after white clover whose
residues (R) and aftermath were ploughed in (R + A):
the triticale grown under such conditions were
septoriosis affected by 1.4 — 1.6 times more than
triticale grown after the other preceding crops (Fig. 4).

Slightly fewer leaf spot-affected winter triticale leaves
were identified in the stands with a lower plant density r
=—0.395%.

Disease resistance are very highly dependent on the
weather conditions of the year of cultivation and
genotype. It is noteworthy that winter rye varieties are
characterized by yield stability between years, whereas
triticale productivity varies more markedly. When
weather contitions are unfavorable or, when there is a
shortage of nutrients, the varieties are incapable of
actualizing their genetic potential and resistance to
diseases too (Sliesaravicius et al., 2006).

4 CONCLUSIONS

Various preceding crops largely determined chemical
properties of light loamy soils. The highest humus
contents accumulated in the soil after red clover
aftermath, while the highest contents of nitrogen,

phosphorus and potassium accumulated after white
clover aftermath.

Nitrogen and potassium-rich red clover aftermaths used
as green manure increased the number of productive
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stems and 1000 grain weight. Variously -used white
clover preceding crop had a positive effect on plant
height, ear length and grain number per ear.

Ploughing in of white clover aftermath increased
triticale grain yield by 0.94 t ha™ and that of rye by 0.41
t ha-1, whereas ploughing in of red clover aftermath
exerted some effect only on rye grain yield.

Host-plants growing conditions influenced the incidence
of some diseases. In winter triticale preceded by white
clover we identified a more intensive occurrence of
diseases, such as septoriosis, compared with other
preceding crops. It was identified a more intensive
occurrence of diseases, such as scald in rye preceded by
white clover compared with the other preceding crops
too.
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ABSTRACT

In August 2008, we examined 95 soil samples for the
occurrence of entomopathogenic nematodes in eastern part of
Slovenia. 11 samples from 9 different locations were positive
to entomopathogenic nematodes, but to this time only sample
D54 was analysed. This soil sample was collected in
Dravograd. Genetic studies proved that the nematode species
in this sample was Heterorhabditis bacteriophora. This is the
first record of Heterorhabditis nematode in Slovenia. Until
now we confirmed the presence of four entomopathogenic
nematode species in Slovenia; Steinernema  affine,
Steinernema  carpocapsae, Steinernema  feltiae  and
Steinernema kraussei. We expect that in Slovenia the use of
these biological agents against insect pests will become
important alternative to insecticides as it is known in many
other countries of the world.
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1ZVLECEK

ENTOMOPATOGENA OGORCICA Heterorhabditis
bacteriophora (Poinar) - PRVI PREDSTAVNIK 1Z
DRUZINE HETERORHABDITIDAE, NAJDEN V

SLOVENIJI

V avgustu 2008 smo preucili 95 talnih vzorcev, da bi ugotovili
zastopanost entomopatogenih ogoréic v vzhodnem delu
Slovenije. 11 vzorcev z devetih razlicnih lokacij je bilo
pozitivnih na zastopanost entomopatogenih ogoréic. Doslej
smo analizirali le vzorec D54, ki je bil odvzet blizu
Dravograda. Genetska analiza je potrdila, da gre za vrsto
Heterorhabditis bacteriophora. Gre za prvo najdbo ogorcice
iz rodu Heterorhabditis v Sloveniji. Doslej smo v Sloveniji
potrdili zastopanost 4 vrst entomopatogenih ogorcic, in sicer:
Steinernema affine, Steinernema carpocapsae, Steinernema
feltiae in Steinernema kraussei. Pri¢akujemo, da bo v
Sloveniji uporaba omenjenih naravnih sovraznikov $kodljivih
zuzelk postala pomembna alternativa insekticidom, kar je sicer
ze znano v §tevilnih drugih drzavah sveta.

Kljuéne besede: bioti¢no varstvo, entomopatogene ogorcice,
domorodna vrsta, Slovenija, Heterorhabditis bacteriophora,
Heterorhabditidae, prva najdba
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1 INTRODUCTION

The entomopathogenic nematode Heterorhabditis
bacteriophora was first described in 1975 as a new
species as well as a member of new genus, and family
(Heterorhabditidae) of Rhabditida (Poinar, 1976). The
infective juvenile (1J) stage was found to transmit a
specific Gram-negative bacterium in the anterior
intestine to the hemocoel of insect hosts (Poinar et al.,
1977). This symbiotic bacteria is Photorhabdus
luminescens subspecies luminescens (Fischer-Le Saux
et al., 1999). Until now several Heterorhabditis species
have been described (Adams et al., 2006) and studied
for their biological control potential (Selvan et al., 1993;
Koppenhofer et al., 2004).

Transmission of symbiotic bacteria by the 1J of
entomopathogenic nematodes is significant for EPN to
successfully parasitize insect host and to reproduce
(Han and Ehlers, 2000). This relationship can also be
described as an obligate (for nematode and bacteria)
vector-born disease of insects. It is discussed upon
symbiotic-mutualistic relationship because nematodes
provide shelter and protection for bacteria in an
exchange for killing the attacked insects (Han and
Ehlers, 2000). Latter, bacteria also produce antibiotics,
which prevent the development of intra- and
interspecific competitors (Hu and Webster, 2000),
which would also feed on cadavers. Bacteria transform
the content of the host into feed, suitable for nematodes
and also bacteria themselves are feed for nematodes
(Kaya and Koppenhofer, 1999).

Heterorhabditis bacteriophora life cycle includes an
egg, four juvenile stages and the adult (Poinar, 1976).
The third-stage juvenile is the only free-living form,
which is able to attack and infect the insect. The
infective third-stage juveniles move through the soil in
search of an insect host. This stage is adapted to live
without feeding for a prolonged time. When the host is
found, the nematode can enter into it through natural
openings, or uses a dorsal tooth or hook, to break the
insect cuticle. After entrance the nematode releases the
symbiotic bacteria (Milstead, 1979). The bacteria
multiply in the insect hemocoel and in the period from
24 to 72 hours after the entrance of the
entomopathogenic nematode insect usually dies (Ciche
and Ensign, 2003).

In Slovenia, momentarily only two species of
entomopathogenic nematodes, Steinernema feltiae and
S. carpocapsae, have a status of indigenous species
(MAFF, 2008ab); therefore only this species can be
applied in the field. With the researches, which results
we also present in this paper, we want to enlist as more
species of entomopathogenic nematodes as it is
possible, while in foreign countries they worth as
alternatives to insecticides in controling pest insects
(Schroer et al., 2005). The strain D54, which we present
in a current paper, we plan to use in extensive
experiments in the future; first in the laboratory and
afterward, when its status will be administratively
entrenched, also in the field.

2 MATERIALS AND METHODS

In August 2008, we examined 95 soil samples from 19
different locations on the occurrence of EPNs in
Slovenia. The soil samples, five from each location,
were taken in Prekmurje, Koroska and Stajersko region
(eastern part of the country). We used »Galleria bait
method«, which is the most frequently used method of
EPNs detection from soil. After the death of greater wax
moth (Galleria mellonella [Linnaeus]) larvae, we dried
cadavers for 12 days and put them in so called »White
trap« (Bedding and Akhurst, 1975) to separate the
nematodes from death larvae. The suspension, which

was acquired in this way, was used for artificial
infection of the larvae of greater wax moth. Following
procedure contained the use of centrifuge and 5 %
concentration of sodium hypochlorate. The aim of this
process was to acquire infective juveniles from the
suspension. We confirmed the presence of nematodes in
11 soil samples from 9 locations. Only 1 positive
sample, D54 (taken in the meadow near the city
Dravograd (NW Slovenia, 46°35'N, 15°01'E, 390 m
alt.) was identified to this time.

3 RESULTS

To confirm the identification of isolated nematodes
from larvae of wax moth, a selected sample was
analysed by molecular biological approach. Genomic
DNA was extracted from individual nematode and PCR
was performed to multiply ITS region using primers
TW81 and AB28 after Hominick et al. (1997). PCR
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product were reisolated from 1 % TAE-buffered agarose
gel using QIAquick Gel Extraction Kit (Qiagen, USA)
(Fig. 1). Reisolated sample was sequenced in the
laboratory of the Agricultural Biotechnological
Research Centre, G6d61l6, Hungary. The sequence was
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submitted into GenBank public database (Accession
Number: FI477060).

Figure 1: 1 % TAE buffered agarose gel, in the 1%, 10" and 13" lanes: GeneRuler 100 bp DNA Ladder Plus
(Fermentas), in the 6" and 7" lane: PCR product of our sample D54, using the primer pair specified in
the text, 8" and 9™ lane: PCR product of sample slug nematode — Alloionema appendiculatum. The two
most strength fragment in the ladder are 500 and 1000 bps length.

Sample DNA sequence was compared to sequences of  producing significant alignments and at least 99 %
species Heterorhabditis using BLAST search in  identity = were derived from  Heterorhabditis
National Centre for Biotechnology Information (NCBI)  bacteriophora: GenBank Accession No. FJ346825 and
web site (www.ncbi.nlm.nih.gov). The sequences  EU921445 (Fig. 2).
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EF043440 826 G.AA ..., Aol C L Too.oo... 885
FJ477060 699 ATACCTGTGGATGCCCACGTATGAAATATGACGTGTCGTATAC-ACGGCTAGGAGGTATG 757
FI346825 796 . e e e e e e e 854
EU921445 B84 . i m e e eaee e meae T e aae e 742
EFO43440 886 .. .. e e e e e e 944
FJ477060 758 TCTC-AGATGAA-TTT-G-TT-ATGCAACC-TGAGCTCAG 791
FJ346825 855 . - -— T e eaa 889
EU921445 743 - e e e ane e eeneeean 775
EF043440 945 - - A - Al -, e 979

Figure 2: Multiple sequence alignment of the ITS rDNA region (including partial fragments of the 18S and 28S
rDNA genes) of 4 Heterorhabditis species. Code FJ477060 correspond to the Slovenian isolate of

Heterorhabditis bacteriophora (D54).

Codes FJ346825 and EU921445 are Heterorhabditis

bacteriophora strains from South Africa and Hungary. Code EFO43440 correspond to Heterorhabditis

zealandica strain from Ireland.

4 DISCUSSION

Genetic studies proved that the nematode species is
Heterorhabditis bacteriophora (Poinar, 1976) (Fig. 2).
The ITS1-5.8S-ITS2 region, including the partial 18S
and 28S rRNA genes (flanked by above primers) of
Slovenian isolate D54, was 791 bp long (Fig. 1).
BLAST searches (Altschul et al., 1990) in GenBank
showed that Slovenian isolate D54 (Fig. 2) has a high
similarity (99 %) with those sequences available for H.
bacteriophora populations (e.g. accession numbers
FJ346825 and EU921445). Sequence of other species
from Heterorhabditis group, namely H. zealandica was
obtained from GenBank searches that exhibited a lesser
degree of similarity with the Slovenian isolate and other

H. bacteriophora populations (e.g. accesion number
EF043440) (Fig. 2). The present study constitutes the
first report of H. bacteriophora in Slovenia. In Europe,
the occurrence of H. bacteriophora was up to now
confirmed in Bulgaria, Czech Republic, France,
Germany, Hungary, Italy, Moldova, Poland, Portugal,
Spain and Switzerland (Hominick, 2002). Only 4
species from genus Heterorhabditis were found in
Europe; H. bacteriophora (11 countries), H. megidis (13
countries), H. downesi (3 countries) and H. zealandica
(1 country) (Hominick, 2002).

Figure 3: Infective juvenile (1J) of Heterorhabditis bacteriophora from sample D54.
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The infective juveniles of H. bacteriophora are between
520 and 600 pm long (Fig. 3). Entomopathogenic 1Js
developed different foraging behaviours to infect insect
host, cruiser and ambusher strategies (Lewis et al.,
1995). H. bacteriophora is a cruiser forager, meaning
that it actively searches its host. In addition to sensing
CO, and volatile cues released by the host (O’Halloran
and Burnell, 2002), 1Js are attracted to B-caryophyllene
(Rasmann et al., 2005). This substance is a terpene,
which is released, if the plant roots are damaged
(Rasman et al., 2005). IJs developed chemosensory
mechanisms not only to perceive the host, but also the
locations where insect host are likely to be present.

H. bacteriophora IJs develop into hermaphrodites and
this can lay eggs that develop into hermaphrodites,
females or males. When the egg laying stops, nematodes
can develop inside the maternal body with the process
called endotokia matricida (Johnigk and Ehlers, 1999).
Nematodes that are developed by endotokia matricida
are predominantly hermaphroditic IJs (Dix et al., 1992).

Entomopathogenic nematode H. bacteriophora was
proved to have big potential in biological control of
insects (Selvan et al., 1993; Koppenhofer et al., 2004).
Some target pests that have been controlled by H.
bacteriophora in field tests are white grubs, black vine
weevil, strawberry root weevil, Colorado potato beetle,
cucumber beetles and some others (Grewal et al., 2005).
Some attempts have been made to test this nematode
also against foliar pests, but the problem of desiccation,
exposure to sunlight and high temperatures that are
lethal to exposed nematodes have limited such
applications (Grewal et al., 2005).

In Slovenia, momentarily only Steinernema feltiae and
S. carpocapsae are on the domestic list and we are able
to use them also in field experiments (Laznik et al.,
2008ab). When also H. bacteriophora will shift from
exotic agents list, we will test its activity against the
pest insects in the open too. The most intensive
experiments will be done against the insect pests for the
control of which we do not have registered insecticides,
their number is limited, and specially against the insects,
which already developed the resistance to insecticides.
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ABSTRACT

The aim of this study was to compare the effect of PE black
mulch with bare soil and hay cover against winged aphid
number. In order to create management strategy in
watermelon, flight dynamics of aphid population was
recorded. The field experiment was set up as a randomized
block design in three replications at Pula in Mediterranean
region of Croatia. Aphids were collected weekly using yellow
water metal traps. There were six sampling dates starting from
19 May until mulch was covered by plant canopy. We found
significant difference in aphid number among the sampling
dates as a result of their population dynamics on watermelon.
The catches of two assessments in the second half of May
were more numerous than during assessments in June. The
flight maximum was recorded on 26 May and the population
density significantly decreased from 9 June. There was not
much effect of mulch on aphid number. However, at the peak
of aphid population hay cover attracted 13% (26 May) and
18% (2 June) more aphids compared to bare soil.

Aphidae, watermelon, Citrullus lanatus, PE
black film, hay mulch

Key words:

IZVLECEK
LISTNE USI NA LUBENICAH (Citrullus lanatus Thunb.)

Cilj nase raziskave je bil ugotoviti, kako PE ¢rna folija v
primerjavi z golimi tlemi in tlemi, prekritimi s senom, vpliva
na razSirjenost listnih uSi na Iubenicah. Tako smo z
ugotavljanjem Stevilénega stanja usi zeleli prilagoditi
tehnolgijo gojenja lubenic v boju proti tem Skodljivcem.
Poljski poskus, ki je bil leta 2008 zasnovan po metodi
naklju¢nih blokov v treh ponovitvah, je bil postavljen v okolci
Pulja v primorskem delu Hrvaske. Prisotnost usi smo s
preStevanjem na rumenih kovinskih vabah ugotavljali vsak
teden. Od 19. maja do trenutka, ko so listi lubenic prekrili tla,
smo opravili Sest prestevanj. Med posameznimi datumi smo
ugotovili znacilno razliko med §tevilom usi na vababh, ki je bila
posledica njihove populacijske dinamike na rastlinah. Stevilo
usi v dveh prestevanjih v drugi polovici maja je bilo znato
vecje od Stevila usi nastetih v juniju. Najvecji nalet usi je bil
ugotovljen 26. maja. Njihova razSirjenost pa se je znalilno
zmanjSala do 9. junija. Nacin zastiranja tal ni statisticno
znacilno vplival na razsirjenost usi. Poudariti pa je treba, da je
na vrhuncu prisotnosti usi senena zastirka privabila 13 % (26.
maja) oz. 18 % (2. junija) ve¢ usi, kot smo jih naSteli v
obravnavanjih na golih tleh.

Kljuéne besede: Aphidae, lubenice, Citrullus lanatus, PE ¢rna
folija, senena zastirka

1 INTRODUCTION

Institute for Adriatic Crops and Karst Reclamation, Put Duilova 11, CR-21 000 Split; e-mail: Katja.Zanic@krs.hr
Institute of Agriculture and Tourism, Carla Huguesa 8, CR-52 440 Pore¢, Croatia

Institute for Adriatic Crops and Karst Reclamation, Put Duilova 11, CR-21 000 Split

Institute for Adriatic Crops and Karst Reclamation, Put Duilova 11, CR-21 000 Split

Institute for Adriatic Crops and Karst Reclamation, Put Duilova 11, CR-21 000 Split

Biotechnical Faculty, University of Ljubljana, Jamnikarjeva 101, SI-1111 Ljubljana

Acta agriculturae Slovenica, 93 - 2, julij 2009 str. 189 - 192



Katja ZANIC in sod.

Following the trends in cultural practice, many growers
have employed mulching, as a common practice and the
most often used soil cover is the black polyethylene
(PE) mulch (Goreta et al., 2005). The use of
polyethylene mulches increase early and total yield of
many vegetable such as strawberry (Fragaria X ananas
Duch.), tomato (Lycopersicon esculentum Mill.), pepper
(Capsicum annuum L.), squash (Cucurbita pepo L.),
potatoe (Solanum tubeosum L.) and melons (Cucumis
and Citrullus spp.) (Soltani et al., 1995; Farias-Larios
and Orozco-Santos, 1997b; White, 2003, 2004; Johnson
et al., 2004). Many vegetable growers would prefer to
use mulches that can be produced on-farm and
incorporated into soil to build soil organic matter. Such
organic plant waste include grasses, straw and hay.

According to Csizinszky et al. (1995), different mulch
systems create a specific microenvironment around the
plants. Compared to bare soil, changes in
microenvironment include changes in root-zone
temperature and in the quantity and quality of light
reflected from the mulch surface back to leaves
(Lamont, 1993).

The reflected energy from the mulches affects not only
plant growth, development, yields, and the behaviour of

insects that visit the plants (Kring and Shuster, 1992).
Mulch systems may influence on aphid populations that
landing in the crop. According to Farias-Larios and
Orozco-Santos (1997a, 1997b) and Walters (1993),
clear, black and white mulches reduce the aphid number
compared to bare soil. Silver reflective mulch is
superior to white, yellow, or black with yellow edges in
reducing aphid population (Brown, 1993). The number
of winged aphids per leaf is significantly higher on
cantaloupe plants grown over bare soil than on those
grown over reflective plastic or organic straw mulch
(Summers et al., 2005). Straw mulch has been well
studied in reducing pests infestation and virus incidence
in several crops (Saucke and Doring, 2004; Trdan et al.,
2008). Related to our observation, the use of straw
mulch makes a problem in vegetable crops because of
cereals germination. To avoid the cereals-weed
appearance, organic mulch, hay was included in the
experiment.

A number of aphid species have been recorded as
Cucurbitaceae crops feeders (Millar, 1994; Farias-
Larios and Orozco-Santos, 1997a; Stapleton and
Summers, 2002). The aim of this study was to compare
the effect of PE black mulch versus bare soil and hay
cover on aphid number in watermelon crop.

2 MATERIAL AND METHODS

Field experiment with watermelon (Citrullus lanatus [Thunb. ]
Matsum & Nakai), cv. Farao (S&G Syngenta Seeds-
Vegetables, Nederland/Belgie) was conducted at Valtura -
Pula (44°52'N, 13°54'E, 10 m elevation) in Mediterranean
region of Croatia, during 2008.

The treatments (PE black mulch, bare soil and hay cover) were
arranged in a randomized complete block design with three
replications. The hand planting was done on 9 May, 2008. The
rows were 1.5 m apart and in-row plant spacing was 1.0 m.
Each plot (4.5 m wide x 10 m long) was consisted of three
rows (1.0 m wide x 10 m long). Black PE film was 0.02 mm
thick and 120 cm width (Ginegar Plastics Products Ltd.,
Kibbutz Ginegar, Israel). The black mulch was applied using
mulch-laying equipment, while the hay was spread by hand at
50 kg per plot in a thick layer (20 cm). Standard cultural and
pesticide practice for commercial watermelon production were

applied. The average growing period rainfall is 320.0 mm and
cumulated temperatures were 520.6 °C.

In order to create management strategy in watermelon, flight
dynamics of aphid population was recorded. Winged aphids
were collected weekly using customized Moericke yellow
water metal trap (60 cm x 60 cm x 12 cm). The metal pans,
with a sink-hole and faucet in the middle of a small pyramidal
bottom, were placed on legs 40 cm above soil surface in the
middle of the plot. There were six sampling dates starting
from 19 May until mulch became covered by the plant canopy.
Depending on environmental conditions water was added in
the pans during the week. Collected material was inspected
and aphids were separated using a stereomicroscope (Zeiss,
Stemi 2000).

Data were tested by ANOVA (Stat View) and treatments were
compared with LSD test at P < 0.05.

3 RESULTS AND DISCUSSION

The significant difference in aphid number among the
sampling dates was found as a result of their population
dynamics on watermelon (Fig. 1). The catches of two
assessments in the second half of May (19 and 26 May)
were more numerous than during assessments in June.
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The flight maximum was recorded on 26 May and the
population density significantly decreased from 9 June.

Compared to our unpublished data, the results obtained
at Pula are not coincidence with aphid flight dynamic
recorded at Opuzen (43°00'N, 17°34'E, 3 m elevation).
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That results indicate the aphid flight in watermelon field
at Opuzen starts at the beginning of May and increases
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Figure1: Aphid population dynamics in watermelon field at Pula (2008)

There was not much effect of mulch on aphid number
(Fig. 2). The numbers of aphids captures during the
sampling were too variable to detect the differences
between the mulches. The results were obtained under
field conditions for the cultivation of watermelon crops,
and probably are linked to aphid biology and ecology,
sampling date and season, and the influence of
environmental  factors, which are particularly
characterised by wind pressure.
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However, at the peak of aphid population hay cover
attracted 13% (26 May) and 18% (2 June) more aphids
compared to bare soil. According to our unpublished
data, the overall spring seasonal averages of aphid
number showed that fewer winged aphids were
consistently found on black and clear mulches
compared to brown, green and white ones in 2004 and
2005 at Opuzen. The less attractiveness of black mulch
to aphids was not confirmed in the experiment
conducted at Pula.
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Figure 2: The number of winged aphids caught in yellow water traps in mulched watermelon or grown on bare soil

at Pula (2008)
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4 CONCLUSIONS

The most imporant factors that reduce the productivity
of the watermelon are high temperatures, high humidity,
exces rain, pests and diseases. The results obtained in
our study indicate that the use of different mulch system
is a potential factor in aphids control on watermelons.

The aphids’ flight maximum in watermelon growth at
Pula in 2008 was occurred two weeks earlier than at
Opuzen (2004, 2005). Ten days after the planting,

during the first assessment, the aphid population density
was equally as the recorded maximum. That indicates
the observations of the visual traps are necessary, anon
after the planting, in order to create the aphids control
management strategy.

The effect of different mulches on aphid populations in
vegetable crops has to be continued.

5 ACKNOWLEDGEMENT

The authors thank head of Valtura jail who gave up part
of jail farm for carrying out this experiment and

prisoners who were of valuable assistance during aphid
sampling.

6 LITERATURE

Brown, J.E., Dangle, JM., Woods, F.M., Tilt, KM,
Henshaw, M.D., Griffey, W.A., West, M.S. 1993. Delay
in mosaic virus onset and aphid vector reduction in
summer squash grown on reflective mulches. HortSci.,
28, 9: 895-896.

Csizinszky, A.A., Schuster, D.J., Kring. J.B. 1995. Color
mulches influence yield and insect pest populations in
tomatoes. J. Amer. Soc. Hort. Sci., 120, 5: 778-784.

Farias-Larios, J.,, Orozco-Santos, M. 1997a. Color
polyethylene mulches increase fruit quality and yield in
watermelon and reduce insect pest populations in dry
tropics. Gartenbauwissenschaft, 62, 6: 255-260.

Farias-Larios, J., Orozco-Santos, M. 1997b. Effect of
polyethylene mulch colour on aphid populations, soil
temperature, fruit quality, and yield of watermelon under
tropical conditions. New Zeal. J. Crop Hort., 25, 369—
374.

Goreta, S., Perica, S., Dumi¢i¢, G., Bugan, L., Zani¢, K. 2005.
Growth and yield of watermelon on polyethylene mulch
with different spacings and nitrogen rates. HortSci., 40,
2:366-369.

Johnson, J.M., Hough-Goldstein, J.A., Vangesell, M.J. 2004.
Effects of straw mulch on pest insects, predators, and
weeds in watermelons and potatoes. Environ. Ent., 33, 6:
1632-1643.

Kring, J.B., Schuster, D.J. 1992. Management of insects on
pepper and tomato with UV-reflective mulches. Fla.
Entomol., 75, 1: 119-129.

Lamont, Jr.W.J. 1993. Plastic mulches for the production of
vegetable crops. HortTehnology, 3, 1: 35-39.

192" Acta agriculturae Slovenica, 93 - 2, julij 2009

Millar, .M. 1994. A Catalogue of the Aphids (Homoptera:
Aphidoidea) of Sub-Saharan Africa. Agricultural
Research Council, Pretoria.

Saucke, H., Doring, T.F. 2004. Potato virus Y reduction by
straw mulch in organic potatoes. Ann. Appl. Biol., 144,
3:347-355.

Soltani, N., Anderson, J.L., Hamson, A.R. 1995. Growth
analysis of watermelon plants grown with mulches and
rowcovers. J. Amer. Soc. Hort. Sci., 120:1001-1009.

Stapleton, J.J., Summers, C.G. 2002. Reflective mulches for
management of aphids and aphid-borne virus diseases in
late-season  cantaloupe (Cucumis melo L. wvar.
cantalupensis). Crop Prot., 21, 891-898.

Summers, C.G., Mitchell, J.P., Stapleton, J.J. 2005. Mulches
reduce aphid-borne viruses and whitefies in cantaloupe.
Calif. Agr., 59, 2: 90-94.

Trdan, S., Znidar¢i¢, D., Ka¢, M., Vidrih, M. 2008. Yield of
early white cabbage grown under mulch and non-mulch
conditions with low populations of onion thrips (Thrips
tabaci Lindeman). Int. J. Pest Manag., 54, 4: 309-318.

Walters, S.A. 2003. Suppression of watermelon mosaic virus
in summer squash with plastic mulches and row covers.
HortTehnology, 13, 2: 352-357.

White, J.M. 2003. Watermelon yield and size when grown on
four mulch colors. Proc. Fla. State Hort. Soc., 116: 138—
139.

White, J.M. 2004. Summer squash yield and fruit size when
grown on eight mulch colors in central Florida. Proc. Fla.
State Hort. Soc., 117: 56-58.



COBISS Code 1.01

Agrovoc descriptors: marshes; swamps; wetlands; fertilizer application; fertilizers; botanical composition; flora; mowing;

harvesting; biomass

Agris category code: FO1; F70; FO4

Changes in floristic composition over three years of Ljubljana marsh
grassland in relation to cutting and fertilising management

Matej VIDRIH', Jure COP?, Stanislav TRDAN®, Klemen ELER"

Received August 6, 2008, accepted July 8, 2009.
Delo je prispelo 6. avgusta 2008; sprejeto 8. julija 2009.

ABSTRACT

A research in Ljubljana marsh was conducted from 2004 to
2006 with the aim to determine how the regime of cutting and
fertiliser application over several years influences on the
floristic composition of meadow sward. Field sampling plots
in split-plot design with four replications were set up on two
different types of grassland, one belonging to Arrhenatherion
(sampling plot T1), the other to Molinion alliances (sampling
plot T2) in 1999. The main plots represented the frequency of
4 cutting regimes (2 cuts with normal and delayed first one, 3
and 4 cuts per year) and sub-plots represented the fertiliser
regime (no fertiliser, PK and NPK fertiliser with two different
amounts of N). After five years, the cutting, and especially
fertiliser application, significantly altered the floristic
composition. In floristic composition of Arrhenatherion plot
more frequent cutting in combination with higher amount of N
fertilisation increased the proportion of grasses (92.7 % on a
fresh matter basis). This was mostly observed in 2004.
Legumes proportion (15.4 %) increased mainly on plots where
PK fertiliser was used and a first cut was retarded. When N
fertiliser was used on Molinion plot in all treatments with
cutting herbs (forbs) increased their proportion up to 65 % in
average. The proportion of legumes in sward of this plot was
neglecteable that's way treatments did not have any special
effect on them.

Key words: Ljubljana marsh, grassland, cutting, fertilising,
floristic composition, biomass

1ZVLECEK

SPREMEMBE V FLORISTICNI SESTAVI RUSE
LJUBLJANSKEGA BARJA SKOZI TRI LETA V
ODVISNOSTI OD CASA KOSNJE IN INTENZIVNOSTI
GNOJENJA

Na Ljubljanskem barju smo v obdobju 2004-2006 opravili
raziskavo, s katero smo Zzeleli ugotoviti, kako vplivata Stevilo
kosenj in gnojenje skozi daljSe obdobje na floristi¢no sestavo
ruse. Travniska poskusa v split-plot zasnovi s Stirimi
ponovitvami sta bila zasnovana na dveh tipih poskusnih
ploskev, ki pripadata zvezama Arrhenatherion in Molinion v
letu 1999. Glavne parcele so predstavljale Stiri rezime
pogostnosti kosnje (2-kosna raba z zapoznelo in standardno
prvo kosnjo, 3-kosna in 4-kosna raba), podparcele pa nacin
gnojenja (negnojeno, gnojeno z gnojili PK in NPK, gnojeno z
dvema razli¢nima odmerkoma N). Po petih letih sta kosnja in
predvsem gnojenje zelo spremenili videz travis¢a in vplivala
na floristicne karakteristike travne ruse. V travni rusi
poskusnih ploskev zveze Arrhenatherion je pogostejsa kos$nja
v kombinaciji z ve¢jim odmerkom dusSika vplivala na vecji
delez trav (92,7 % v svezem zelinju). Ta sprememba je bila
najbolj izrazena v letu 2004. Delez mase metuljnic (15,4 %) se
je najbolj povecal po gnojenju s PK in zapoznelo prvo kosnjo.
Na poskusni parceli zveze Molinion se je najbolj povecal delez
zeli (najve 65 %), in sicer v vseh postopkih kosnje ter tedaj,
kadar je bil uporabljen dusik. Delez metuljnic v tej rusi je bil
zanemarljiv.

Kljuéne besede: Ljubljansko barje, travinje, kosnja, gnojenje,
floristi¢na sestava, biomasa
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2 Assist. Prof., Ph. D., ibid.
3 Assist. Prof., Ph. D., ibid.
4 Teach. Assist., Ph. D., ibid.
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1 INTRODUCTION

The Slovene grasslands, predominantly existing as
semi-natural vegetation, cover 60 % of agricultural land
(5000 km*) (Cop, 2006). In addition 2700 km® of
abandoned grasslands have reached different phases of
plant succession toward forest climax vegetation for the
last fifty years. On the managed grasslands the cutting
system prevails with two to three cuts on mesotrophic,
and one cut on oligotrophic karst and wet grasslands.
Intensive cutting and grazing systems were also
introduced on many farms during last few decades. Due
to this development and abandoning of herbage
production in marginal grassland areas many species-
rich meadows and mountain pastures are endangered
(Cop et al., 2004). In temperate climate zone grassland
management is a key factor which determines sward
floristic composition (Hopkins and Holz, 2005).
Generally, intensification of herbage production reduces
sward plant diversity while improving its agronomic
value (Plantureux et al., 2005). Grasslands in marginal
areas can be exception to this and preservation of the
remaining species-rich grassland is a primary goal of
nature conservation (Armbruster and ElsaBer, 1997,
Mountford et al., 1993) The continuation of traditional
ways of grassland management that would best preserve
biodiversity is often not compatible with the
requirements of intensive livestock production
(Isselstein et al., 2005; Critchley et al., 2002; Hopkins
et al., 1990). Therefore, we have been performing a
long term field study to investigate effects of cutting

regime and fertiliser inputs on sward floristic
composition of two grassland types located in an
environmentally sensitive area such as Ljubljana marsh
area (Seliskar, 2000; Jogan et al., 2004; Hacin et al.,
2001). Almost all grasslands represent unimproved and
semi-improved hay meadows traditionally mowed twice
a year. In the past there was also a combination of lax
spring and autumn grazing along with summer cutting
(Verbi¢, 2000). Undesired plant succession has occurred
on many parts of Ljubljana marsh, area that can be
assigned as typical environmentally sensitive one. Of its
160 km® surface app. 120 km® are covered by semi-
natural grassland, which is highly diverse, often
supporting considerable floristic diversity at a local
scale, providing habitats for invertebrate and other
animal groups and delivering a range of ecosystems and
socio-economic functions. On this Ljubljana marsh
Arrhenatherion alliance is a dominant vegetation. Much
less grassland area belongs to Molinion, Filipendulion,
Magnocaricion, Caricion davallianae and Phragmition
communis alliances (Seliskar, 1986). Aiming for
sustainable grassland production in this area, a research
was conducted to test the effects of cutting and fertiliser
treatments on herbage production and floristic
composition of Arrhenatheretum elatius and Molinia
caerulea grasslands. We wanted to test the influence of
two typical grassland management measures on floristic
changes in meadow sward.

2 MATERIAL IN METHODS

In March 1999, two sampling plots were established on semi-
natural grassland of Ljubljana marsh (lat. 45°58” N, long.
14°28’ E, alt. 295 m). One plot was on grassland with
predominant Arrhenatherum elatius (T1) and the other on fen
meadow with predominant Molinia caerulea (T2). Both plots
were arranged in split-plot design with four replications. Three
cutting regimes were allocated as the main plots and four
fertiliser treatments as sub-plots. Cutting regimes for T1 were:
2 cuts with delayed first one, 3 cuts and 4 cuts per year, and
for T2 were: 2 cuts with a 'normal' and delayed first one and 3
cuts per year. Fertiliser treatments were 0 NPK (= no), 35 kg P
+ 133 kg K ha''yr'! (= PK), 50 kg N ha'cut” applied to the
first cut only + 35 kg P+ 133 kg K ha™ yr'! (= NyyPK) and 50

kg N ha! cut” applied to each of 2 or 3 or 4 cuts + 35 kg P +
133 kg K ha™! yr' (=N,PK). The sub-plot size was 2.5 x 4 m
in T1, and 2 x 4 m in T2 (Cop et al., 2001). In the fourth trial
year (2002), the soil was moderately acid (pH/CaCl, = 4.9 —
5.2) with low to moderate P and moderate to high K content (P
=1.9-55mg, K=10.6—29.5 mg) in T2. Fertilising with PK
in previous years had a positive effect on soil nutrient status
only on Molinia caerulea fen meadow (T2 sampling plot). The
chemical properties of soil on Arrhenatherum elatius
grassland (T1 sampling plot) in four most intensive treatments
in the eight year are shown in Table 1.

Table 1: Chemical properties of soil on four plots of sampling plot T1 in spring 2006 after 7 years of experiment (phosphorus and

potash were determined by extraction in ammonium lactate).

Treatment pH/CaCl, P,05/(mg/100 g) K,0/(mg/100 g)
no 7.0 3.5 11.8
four cut PK 6.9 14.9 21.1
regime NPK 7.0 10.9 16.2
NePK 6.9 15.6 16.4

194 Acta agriculturae Slovenica, 93 - 2, julij 2009



Changes in floristic composition over three years of Ljubljana marsh grassland in relation to cutting ...

Results presented here are derived from the first cut of the
sixth, seventh and eight trial years and comprise proportions
of floristic groups (grasses belonging to botanical family
Poaceae, legumes belonging to botanical family Fabaceae
and herbs belonging to remaining botanical families) in
herbage. The analyses were performed by means of hand
separation of fresh herbage samples into plant floristic groups
which were afterwards weighted. The size of sampling area

was 0.5 x 0.8 m. According to Braun-Blanquet method (1964)
a floristical survey on species presence (a combine assesment
of cover and abundance) was also conducted. Statistical
analyses of data were done by ANOVA and only p values
(significance level) are shown for both factors and their
interaction. Data in proportions were transformed using an
equation Y = 2*arcsine(sqrt(x)). Results for ANOVA are
presented only for the eight (2006) trial year.

3 RESULTS

In 2006, we made a floristical survey at all 96 sub-plots
(3 cutting regimes, 4 fertiliser treatments regimes, 4
replications) of sampling plots T1 and T2. The
community of Arrhenatherum elatius  grassland
consisted in total of 89 species (Table 3), from most
abundant to rare ones. The most frequent grasses were
Arrhenatherum elatius, Festuca rubra and Dactylis
glomerata. The group of legumes was represented by
Vicia cracca, Lathyrus pratensis and Trifolium pratense
whereas Equisetum palustre, Galium mollugo and
Ranunculus repens prevailed in a group of herbs. The
community of Molinia caerulea consisted in total of 85
species (Table 4). Three most frequent grasses were
Molinia caerulea, Anthoxanthum odoratum and Holcus
lanatus. From a group of legumes the most frequent
were Vicia cracca, Lotus uliginosus and Lotus
corniculatus, meanwhile the group of herbs was
represented the most frequently by Filipendula ulmaria,
Galium mollugo and Potentilla erecta. In sampling plot
T1 a higher management intensity (special with four
cuts per year and applying 50 kg of N at each cut)

encouraged the group of grasses (Figure 1; bigger
circles in ternary graphs), which is most noticeabled in
year 2005. The highest fresh herbage proportion of
grasses (92.7 %) was measured on plot with treatment
of three cuts and N;(PK fertiliser in 2005. The highest
proportion of legumes (15.4 %) was determined on plot
with treatment of two cuts with delayed first cut and PK
fertiliser in 2006 and the highest proportion of herbs
(49.4 %) was measured on plot with treatment of two
cuts with delayed first cut and no fertiliser in 2004.
Cutting regimes had significant effect on proportion of
grasses and legumes, fertiliser treatments had only on
legumes and none of them on herbs proportion (Table
2). Due to the lack of legumes (important ones) in the
sward none of the treatments came near to the
recommended proportion of floristic groups (Fig. 1:
triangle symbol in ternary graphs) in sward of semi
natural grassland when looking from the forage
production view (Dietl, 1982).
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20 80 20 80 20 80
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R 60 %, R 60 % &0 60'Q
N N () <
& 50 50 2 & 50 50 2 T 50 50 2
2 ) % %
60 40 60 40 60 40
70 30 70 30 70 30
80 /\0/\/\ 20 80 /\0/\/\ 20 80 /\0/\ 20
90 /\/\/\/\/\/\M/\ 10 90 N\/\ 10 90 /\/\/\/\/\/é\m 10
DB\ VAVAVAVAVAVAVAVAY =N
100 fe) 0 100 0 100 o 0
0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Grasses Grasses Grasses

Figure 1: Influence of cutting and fertiliser application on floristic composition of Arrhenatherion sampling plot
(T1) in 2004 (a), 2005 (b) and 2006 (c) (o-most extensive management, O-most intensive management) (4
cuts) and position of optimal proportion (A) of floristic groups in semi natural grassland.

In sampling plot T2, a lack of legumes in sward was
even more expressed. However sward on plots which
received only PK fertiliser showed the increase in
proportion of legumes and this fact led to the highest

proportion of them (11.4 %) on plot with treatment of
two cuts and PK fertiliser in 2005. On the other hand,
with increasing intensity of management (specially with
N fertiliser) of herbs (Figure 2; year 2005) which
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reached the highest proportion (88.7 %) on plot with
treatment of two cuts and no fertiliser in 2005.

resulted in their highest proportion of herbs (85.0 %) on
plot with treatment of two cuts and delayed first cut and
applying 50 kg of N at each cut in 2004. Grasses

0 » 100 a) 0 100 b) 0 , 100 C)
10 %0 10 %0 10 90
20 8 20 80 20 80
30 30 30 70
s 3 s «%, ¢ 3
g 502, g 502, g 0%
60 207 60 0% 60 0%
70 20 70 30 70 30
% VAYAVAS % VATAVAS 5 VATAVAN
NVAVAVAVAVAVAVAVAVARH % OONNNN 90/@%0
RVAVATAVN o VAVAY AVANRI™ AVAVANPRS 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 8 90 100 0 10 20 30 40 50 60 70 8 90 100
Grasses Grasses Grasses

Figure 2: Influence of cutting and fertiliser application on floristic composition of Molinion sampling plot (T2) in
2004 (a), 2005 (b) and 2006 (c) (o-most extensive management, O-most intensive management) (4 cuts)
and position of optimal proportion (A) of floristic groups in semi natural grassland.

between cutting regime and fertiliser treatments had no
significant effect on none of the floristic groups.

The proportion of floristic groups on sampling plot T2,
measured in eight year, first cut, was affected less by
cutting than fertiliser application (Table 2). Interaction

Table 2: Significance level (alpha risk) for the test of effects of the cutting regime (C) and fertiliser treatments (F) on
floristic groups in herbage of the 1% cut in Arrhenatherion (T1) and Molinion (T2) sampling plots, 8" trial

year.
Sampling plot T1 Sampling plot T2

Grasses Legumes Herbs | Grasses Legumes Herbs

Cutting regime (C) 0.002 0.033 0.455 0.041 0.454 0.064

Fertiliser treatments (F) 0.127 <0.001 0.117 0.001 <0.001 0.001

CxF 0.072 0.468 0.080 0.920 0.100 0.915
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Table 3: Floristical survey of the Arrhenatherum elatius grassland after Braun-Blanquet method (sampling plot T1)

according to cutting regime and fertilising (8" trial year) *.

2 cuts (delayed) 3 cuts 4 cuts
no | PK INPK|NPK| no | PK [NPK|NPK| no | PK |[NPK|NPK

IAnthoxanthum odoratum 1 + + + +
IArrhenatherum elatius 2 2 2 3 + 3 3 3 + 2 1 3
Dactylis glomerata 1 + + 1 + 1 1 1 + 1 1 1
Festuca pratensis + | + 1 1 1 1 1 1 +
Festuca rubra agg. 2 1 1 + 2 1 1 3 1 3 +
Helictotrichon pubescens + | + 2 1 2 2 1 1 1 1
Holcus lanatus + 1 1 + +
Poa trivialis + + + 1
Lathyrus pratensis + 1 + | + + +
Medicago lupulina + + +
Trifolium pratense + 1 1 1 +
Vicia cracca + + + + + + + + + +
Achillea millefolium + + + + 1 + 2 1 + + + 1
Ajuga reptans + + +
IAngelica sylvestris + + | + +
Calystegia sepium + + | + +
Campanula patula + + | + + | + +
Centaurea jacea + | + + | + + | + | + 1 + + 1 +
Cerastium holosteoides + + +
Cirsium oleraceum + + + +
Convolvulus arvensis + + + + + + + +
Cruciata glabra + + | + + +
Daucus carota + + + + +
Equisetum palustre 3 1 1 + 3 1 + | + 3 + + | +
Erigeron annuus + + +
Galium mollugo 1 2 2 2 1 2 1 2 1 + + 1
Glechoma hederacea + + +
Leontodon hispidus + + | + + | +
Leucanthemum ircutianum + + + + + + + + + 1 2 +
Lythrum salicaria + | + + | + +
Silene latifolia + + + + + +
Mentha aquatica + | + + + +
Mentha longifolia + | + +
Pastinaca sativa + + + + + + +
Pimpinella major + | + + + | +
Plantago lanceolata + 1 + 1 1 1 + + | +
Ranunculus acris + + 1 1 1 + + + +
Ranunculus repens + | + + |+ |+ |+ |+ + |+ |+ |+ |+
Rumex acetosa + + + +
Taraxacum officinale + + + +
\Verbascum sp. + + | + +
\Veronica persica + + + + |+ | + |+
Total number of species 20 | 27 [ 22 {29 |24 |26 |30 |30 ]28 )25 |24 |28

* Species with cover < 1 %, appeared in one or two treatments only, are not included in the table.
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Table 4: Floristical survey of the Molinia caerulea fen meadow after Braun-Blanquet method (sampling plot T2)
according to cutting regime and fertilising (8™ trial year)*.

2 cuts (delayed) 2 cuts 3 cuts
no | PK |NPK|NPK| no | PK |[NPK|NPK| no | PK |NPK|NPK

IAnthoxanthum odoratum 1 1 + + 1 + | + 1 1 1 1 1
IArrhenatherum elatius 1 + | +
Brachypodium pinnatum 2 2 + + 2 2 2 + + 1
Briza media + + + + + + + + +
Carex flava + + + + | + + | +
Dactylis glomerata + | + 1 1
Deschampsia cespitosa + 1
Festuca ovina agg. + 1
Festuca pratensis + |+ | + + |+ | 2 + | +
Festuca rubra agg. 1 + 1 1 1 1 1 2 2 2
Helictotrichon pubescens + + 2 + | +
Holcus lanatus + 1 2 1 + 1 1 + 1
Luzula campestris + | + + + | + +
Molinia caerulea 4 + | + + 4 + 3 + + | +
Lotus corniculatus + 1 +
Lotus uliginosus + 1 + + 1 + 1 +
Vicia cracca 1 + 1 + |+ | + + | + + | +
Angelica sylvestris + |+ |+ |+ + |+ |+ |+ |+ + | +
Betonica officinalis + |+ |+ |+ |+ + | + 1 + | + +
Centaurea jacea + | + + | + + | +
Cirsium oleraceum + + | +
Cruciata glabra + | + + + | +
Daucus carota +
Equisetum palustre +
Filipendula ulmaria 2 1 1 2 1 1 2 1 1 + 1 1
Galium mollugo + 1 1 2 2 2 1 3 1 1 2
Leucanthemum ircutianum + | + + | + + 1 1
Lysimachia vulgaris +
Lythrum salicaria + + + + + + + +
Plantago lanceolata + | + |+ | + + + | + |+ + | +
Potentilla erecta 1 + | + + | + + | + + 1 + + | +
Ranunculus acris + | + + + +
Ranunculus repens + | + + |+ | +
Rumex acetosa + + + + + +
[Thymus alpestris + + + | + + | +
Total number of species 21 126 |20 | 18 | 18 | 22 | 19 | 15 | 26 | 36 | 28 | 25

* Species with cover < 1%, appeared in one or two treatments only, are not included in the table.

4 DISCUSSION

In this study, we explored the possibility of combining
agricultural and nature conservation objectives in
threatened wet grasslands at the Ljubljana marsh by
applying different cutting regimes and fertiliser
amounts. Both factors were tested at low (no for
fertiliser) to moderate levels to confirm their effects on
the floristic composition of two seminatural unimproved
meadows. After eight trial years the data show that the
NPK and PK fertilising treatments improved floristic
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composition on T1 sampling plot regarding fodder
quality, while on T2 sampling plot these two treatments
increased the proportion of herbs, which are not the
most appropriate for the nutrient poor grassland
community as the one belonging to Molinion alliance.
Grasses, especially the competitive Arrhenatherum
elatius, Dactylis glomerata and Festuca pratensis,
responded to moderate increasing number of cuts and
fertiliser input with an increase in their proportion in the
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sward of sampling plot T1. This response is considered
as typical and is described elsewhere (e.g. Tallowin,
1996; Wyss, 2002). Under similar treatment conditions,
the stress tolerant Molinia caerulea, which initially
prevailed in the sward of sampling plot T2, was
replaced mainly by forbs (Filipendula ulmaria within
delayed 2 cuts and Plantago lanceolata and Galium
mollugo within other two cutting regimes) (Cop et al.,
2004). Every fertiliser input increased proportion of tall
grasses belonging to Arrenatherum elatius grassland
and tall forbs belonging to Molinia caerulea fen

meadow as was also got in the literature (Smith et al.,
1996). But we should also not forget that amount of
precipitation and solar radiation can have significant
effect on grassland production. And also floristic
composition of sward is only one variable in multi
dimensional space in which other two important
variables are dry matter yield (quantity) and nutrients
yield (quality). For the last two it is known for a long
time that they increase with management intensity of
grassland sward.
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IZVLECEK

Predstavljeni so rezultati 7-letne raziskave o vplivu dodanega
P na njegovo dostopnost v tleh, na vsebnost P v zelinju
kraSkega pasnika in na povecanje mase razpolozljivega zelinja
pri stopnjujo¢em se odmerku uporabljenega gnojila (0, 90, 270
in 540 kg P,0s ha' skupno v 3 letih). Koncentracija
dostopnega P v tleh je bila v obravnavanju nizek odmerek (30
kg P,0s ha'' letno) vegja za 2,4 mg P,0s 100 g tal od
kontrolnega obravnavanja. S trikrat ve¢jim odmerkom gnojila
je bila vsebnost P v tleh poveCana za 4,4-krat. Vzorenje
zemlje do dveh globin (0 - 3 cm in 3 - 6 cm) je pokazalo, da je
vedji del razpolozljivega P za rast rastlin v vrhnji, zelo plitvi
plasti zemlje. V petih rastnih sezonah po zadnjem gnojenju s P
se je zmanjSala koncentracija dostopnega P v tleh od 0,4 mg
do 3,6 mg P,0s 100 g tal, odvisno od skupno uporabljenega
gnojila. Zaradi izredne siromasnosti zemlje kraskega pasnika s
P, je tudi njegova vsebnost v zelinju ruse zelo nizka. Zadosca
le za polovi¢no pokritje potreb pasnih zivali po tej rudnini,
zato je povecanje vsebnosti P v zelinju pri gnojenju s fosfati
pomembnejSe od povecanja pridelovalne zmogljivosti
zemljis¢a. Z letnim odmerkom 90 kg P,Os ha™ se je v treh
rastnih sezonah v povpreénem vzorcu zelinja koncentracija P
povetala na 2,1 g P kg™ SS. Uporabljen P je imel na maso
zelinja razpolozljivega za paso in na delez izkoriSCenosti ruse
majhen vpliv, najverjetneje zaradi kisle reakcije tal in
pocasnega izboljsanja floristi¢ne sestave ruse.

Kljucne besede: fosfor, kraski pasnik, gnojenje, tla, zelinje

ABSTRACT

PHOSPHORUS IN THE SOIL AND IN THE HERBAGE
OF THE KARST PASTURE

The results of P fertilization on karst pasture in a 7-year study
are discussed. The changes of P availability for plants, the
content of P in herbage and the yield increase at different
rates of applied fertilizer (0, 90, 270 and 540 kg P,Os ha™ -
total in 3 years) were measured. In treatment with low rate of
P (30 kg P,0s ha™ year™), the concentration of available P in
soil was increased for 40 %. At three times higher rate of
applied P, the content in soil was increased for 4,4 fold. The
most of available P was found in top layer of soil as show the
results of soil sampling at two depths (0 - 3 cm and 3 - 6 cm).
The contentration of P in soil decreased during five growing
seasons for 0.4 mg to 3.6 mg P,0s 100 g of soil, depending
on rate of applied fertiliser. Because the soils of karst pasture
are very poor on P, the concentration of P in herbage is very
low too. Only one half of the animal's need for P can be
covered this way. The increase of P concentration in herbage
as a result of applied P is more important than the increase of
the yield. At annual rate of 90 kg P,Os ha’' the average
concentration of P in herbage was 2.1 g P kg of DM. The
effect of applied P on the yield of available and used herbage
by grazing animals was small, due to low soil pH and slow
improvement in floristic composition of the sward.

Key words: phosphorus, karst pasture, fertilizing, soils,
herbage
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1 UVOD

Ruso kraskega travinja so v preteklosti rocno pokosili in
pridelek odpeljali s travinja ter ga spravili kot mrvo tja,
kjer so imeli domace zivali za rejo mesa in mleka. Mrvo
so uporabili za krmljenje v hlevih, saj so potrebovali
veliko hlevskega gnoja za vzdrzevanje dobre
rodovitnosti zemlje vinogradov in zelenjavnih vrtov
(Gruden, 1910). Ker je reja prezvekovalcev v zadnjih
desetletjih na kraskem obmodju zelo upadla, so veliko
mrve, pridelane na suhih travis¢ih krasa, prodali na
druga obmocja v Sloveniji za potrebe reje konj in krav
molznic. Tako se je iz€rpavanje kraskega travinja
nadaljevalo s premes¢anjem rudnin na daljse razdalje s
ruse in odprodaja mrve. Zemljis¢a, kjer ni bila mogoca
strojna kosSnja, so bila izCrpana Ze poprej zaradi
obCasnega  poziganja  grmovne  vegetacije  in
nenadzorovane pase drobnice (Kaligari¢ in sod., 2006).
Pomanjkanje rudnin v vrhnji plasti zemlje, ki je
odlo¢ilnega pomena za dobro uspevanje rastlin ruse z
ve¢jo hranljivo vrednostjo za prehrano zivali, je torej
povzrocil c¢lovek z nacinom preteklega izkorisCanja
kraskega travinja. Seveda so za gospodarnejSe
izkori$¢anje kraskega travinja tudi druge omejitve, kot
so razgibanost in kamnitost zemljiS¢, suha poletja in
druge. Toda glavni razlog za opuscanje kmetijske rabe
teh zemljis¢, ki mu sledi Sirjenje grmovne zarasti ter
slabega gozda in s cimer se poveCuje pozarna
ogrozenost obmocja, je nizka pridelovalna zmogljivost
teh izérpanih zemljis¢ in neustrezna kakovost pridelane
krme za visoko proizvodne pasme prezvekovalcev
(Fercej, 1996), ki so jih v preteklosti prednostno Sirili na
obravnavano obmocje.

Za rekultivacijo kraskega travinja obstajajo Stevilni
razlogi. Vendar je ne bo mogoce narediti z uvajanjem
tradicionalnega nacina kmetovanja zaradi pomanjkanja
in drage delovne sile in tudi ne z uporabo postopkov
konvencionalnega kmetovanja, ker bo vse ve¢ omejitev
pri uporabi gnojil in drugih dosezkov sodobnega
kmetovanja zaradi potrebe po varovanju naravnih virov
na kraskem obmocju. Strah pred onesnazevanjem

vodnih virov z rudninami (eutrofikacija), ki so s
kmetijskih zemljis¢ lahko odplavljena, izprana ali
odneSena v vodotoke, je vse pogosteje predmet
mednarodnih predpisov o omejevanju uporabe gnojil
(Csatho in sod., 2007). Vse bolj se uveljavlja spoznanje,
da bo imela pasna reja domacih zivali zelo pomembno
vlogo pri rekultivaciji omenjenih kraskih zemljis¢
(Vidrih in sod., 1995; Papanastasis, 1999; Rodriguez in
sod., 2005). Zelo nizka vsebnost rastlinam dostopnega
fosforja (P) v zemlji kraskega travinja je ovira za
normalen razvoj pasnih zivali in za povecanje deleza
bele detelje (Trifolium repens L.) v rusi, ki je nujno
potrebna za izboljSanje kakovosti zelinja in
ucinkovitejSo vezavo zracnega dusika za izdatnejSo rast
ostalih rastlin v rusi kraskega pasnika (Scott, 2003;
Caradus in sod., 1996). Rastnim razmeram obmocja se
vegetacija vedno lahko prilagodi zaradi velike
raznovrstnosti in Stevilénosti vrst rastlin. Pri domacih
zivalih te moznosti nimamo, saj je odbiranje pri njih
potekalo predvsem na hitrejSo rast le pri treh vrstah
zivali. Poleg tega so pri izvajanju nadzorovane pasSe
zivali prostorsko omejene in ne morejo na zelo velikem
obmocju poiskati takega zelinja, ki bi jim zagotovilo
dovolj rudnin za normalen razvoj. Zato jim moramo
zagotoviti kakovostno krmo in dovolj vseh potrebnih
rudnin v obroku z zelinjem, ki bo zrastlo na rodovitnih
tleh. Za potrebe pasne reje zivali je bilo krasko travinje
v preteklosti malo proucevano. Iz¢rpana in opu$¢ena
kmetijska zemljis¢a ne predstavljajo velikega potenciala
za ve€jo ekonomicnost kmetovanja in dober zasluzek.
Zaradi vsega omenjenega bo boljSe poznavanje
procesov, ki spremljajo uporabo rudnin na izérpanih
krasko travinje ne bo preraslo grmovje in gozd slabe
kakovosti, kar povecuje pozarno ogrozenost obmocja in
s tem se podoba negovane pokrajine izgublja (Hocevar
in sod., 2004). Namen raziskave je bil ugotoviti in
spremljati spreminjanje koncentracije fosforja in ostalih
makro- ter mikroelementov v tleh in zelinju kraskega
pasnika na planini Vrems¢ica.

2 MATERIAL IN METODE

Na obmocju planine VremsCica potekajo proucevanja
rekultivacije opuscenih kraskih zemlji$¢ s pasno rejo drobnice.
Vremscica je vegetacijsko in tudi floristicno dokaj pestra, saj
se nahaja na klimatsko prehodnem obmodju. Za juzna pobocja
planine je znacilno toploljubno rastje, medtem ko so severni in
severovzhodni deli precej hladnejsi, mezofilnejsi (Eler, 2007).
Med travnisko vegetacijo prevladujejo suha submediteransko-
ilirska travi§ca iz razreda Festuco-Brometea Br.-Bl. et Tx. 43
(Kaligaric, 1997). Vecina travi$¢ Vremscice spada v
makroasociacijo Carici humilis-Centaureetum rupestris Ht.
31, natanneje v montansko subasociacijo Anthyllidetosum
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vulnerariae Poldini 89 (Kaligari¢, 1997). Ta je razvita na
plitvih tleh (rendzinah), ki so ve¢inoma v pasni rabi, redkeje
se kosijo, danes pa so obsezna obmocja podvrzena zara$¢anju
(Kaligari¢, 1997). Del pasnikov na planini Vrems¢ica je urejen
s stalnimi elektroograjami za vodenje nadzorovane paSe
plemenskih ove. Travniski poskus o tri letnem dodajanju P
tlem in njegovem vplivu na spreminjanje njegove vsebnosti v
zemlji in ostalih rudnin v zelinju v naslednjih letih je bil
izveden na pasniku (lat. 45° 41' S, long. 14° 12'V, alt. 820 m),
ki je bil razdeljen na Sest ograd. Poskus je potekal v Cetrti
ogradi in je obsegal §tiri razlicne odmerke gnojenja s P, vsako



obravnavanje je imelo S§tiri ponovitve in v obravnavani
raziskavi so predstavljene izbrane meritve sedmih let.
Osnovne parcele v poskusu so bile velike 40 m* (5 x 8 m),
njihova razporeditev na zemljisCu je bila izvedena na osnovi
slucajnega bloka.

Obravnavanja s P v prvih treh letih trajanja poskusa so bila
naslednja: 1- kontrola, negnojeno; 2- nizek odmerek fosforja:
30 kg P,0s ha! vsako leto (v treh letih skupno 90 kg P,Os ha®
"; 3- srednje visok odmerek fosforja: 90 kg P,Os ha™ vsako
leto (v treh letih skupno 270 kg P,Os ha™") in 4- visok odmerek
fosforja: 270 kg P,Os ha™' vsako drugo leto (v treh letih
skupno 540 kg P,Os ha™). Gnojilo superfosfat (tripleks 45 %
P,05) (Petrokemija d.d., Kutina, Hrvaska) je bilo uporabljeno
vsakokrat spomladi pred za¢etkom vegetacije. Rusa je bila vsa
leta izkori§¢ana samo s paSo s plemenskimi ovcami, in sicer v
vsakem obhodu ob visoki gostoti zasedbe (90 ovc ha™) in &¢im
krajSem trajanju zasedbe (< 10 dni). Tako je bila dosezena
enakomernejsa razporeditev zivalskih izlo¢kov po vsej ogradi
s poskusom. Pri tem smo merili maso razpolozljivega zelinja,
ki pomeni tisto koli¢ino zelinja, ki nastane do zacetka obhoda
pasnih zivali. Vzor¢enje zemlje za klasicno pedolosko analizo
je bilo izvedeno prvi¢ spomladi (leto 1996) pred postavitvijo
poskusa. Nato je sledilo obdobje treh let (leta 1996, 1997,
1998) gnojenja s stopnjujocim se odmerkom fosforja (30, 90
in 270 kg ha™' P,Os). Ob koncu prve faze poskusa (leto 1998),

Fosfor v zemlji in zelinju kraskega pasnika

to je po opravljenem gnojenju s celotnim odmerkom fosforja,
je bilo izvedeno tudi vzorcenje tal s pedolosko sondo in sicer
0d 0 -3 cmin 3 - 6 cm na istem mestu vzor¢enja. Pred analizo
smo iz vzorcev odstranili delce organskega materiala s
premerom ve¢ kot 1 mm in dolzino nad 5 mm. Naslednja Stiri
leta (od leta 1999 do 2003) so potekale meritve spreminjanja
vsebnosti rastlinam dostopnega fosforja v tleh z vzoréenjem
na jesen vsako drugo leto. Reakcijo tal smo dolo¢ili
elektrometri¢no v suspenziji 10 ml talnega vzorca in 50 ml
0,01 M CacCl, (SIST ISO 10390, 1996), fosfor in kalij po AL-
metodi (Egner, 1960), organsko snov po metodi Walkley
Black (SIST ISO 14235, 1999), skupni dusik po Kjeldahlu
(Bremner in Mulvaney, 1982) in teksturo s sedimentacijsko
pipetno metodo (Janitzky, 1986).

Vzorcenje zelinja ruse na obravnavanem poskusu za pridelek
ter merjenje vsebnosti rudnin sta bila opravljena ob pri¢etku
druge faze poskusa, to je v Cetrtem letu trajanja poskusa (leto
1999). V istem casu je bilo vzorceno zelinje razliénih vrst
rastlin izven poskusa, ki je lahko uporabljeno za prehrano
prezvekovalcev v razmerah pomanjkanja kakovostnejse krme
na pasniku. Podatki o zaloZenosti tal z rudninami in
proizvodnost zelinja, dobljeni v poskusu, so bili analizirani in
statisticno obdelani s programoma Microsoft Excel 2003 in
Statgraphics 4,0. Statistino znacilne razlike smo ugotavljali z
Duncanovim testom pri 5 % tveganju.

3 REZULTATI IN DISKUSIJA

3.1 P v zemlji in njegov vpliv na rast zelinja

Podatki analize tal ob postavitvi poskusa (leto 1996) so
pokazali, da je do globine 6 cm v povprecju samo 2,0
mg P,Os5 100 g'l tal in 20,8 mg K,O 100 g'l tal, vrednost
pH pa je znasala 5)7. Na obmocju izvajanja
obravnavanih proucevanj sta bila napravljena dva opisa
pedoloskega profila tal s pripadajoCimi fizikalnimi in
kemi¢nimi lastnostmi posameznih horizontov. Za
proucevanje so bili vzeti vzorci iz debelejsih plasti
zemlje (horizont A1 0 - 16 cm). Zato je bila ugotovljena
vsebnost dostopnega P v zemlji Se mnogo nizja od
vzoréenja do globine 0 - 6 cm. Bil je samo v sledovih, s
tendenco viSje vrednosti za Al hrizont in manj v
globljih plasteh. Zgornji horizont sprsteninaste rendzine
je bil MI teksture, z globino pa je delez gline narascal
tako, da je mestoma A2 horizont bil tezje MGI teksture.
Zemlja je bila mrvicaste do drobno grudicaste strukture
in propustna za vodo. Vrednosti pH se je gibala v
obmocju kisle reakcije, stopnja nasienosti talnega
kompleksa je bila pod 50 %, manj kot polovico so
zasedali kalcijevi (Ca) ioni. To kaze na izpranost
karbonatov iz zgornjega horizonta, saj je znasa stopnja
nasic¢enosti v A2 tudi do 76 % (Preglednica 1).

V treh letih gnojenja s P je bilo skupno uporabljeno v
posameznem obravnavanju v poskusu 90, 270 in 540 kg P,Os
ha'. Dodan P je imel visoko znagilen vpliv na njegovo
dostopnost za rastline. Na kontrolnem postopku, kjer je bila
vsa leta ruSa samo izkoriS€ana s paso ovc, se vsebnost
dostopnega P v tleh ni bistveno spremenila v sedmih letih
trajanja opazovanj. Izrazen je bil zgolj rahel padec njegove
vsebnosti proti koncu trajanja opazovanj. Ta pojav je mogoce
delno razloziti z obnaSanjem ovc pri paSi. Vecletna
opazovanja njihovega obnaSanja so pokazala, da se ve¢ Casa
zadrzujejo na delu zemljisca, kjer je rodovitnost zemlje boljsa,
masa razpolozljivega zelinja za paSo vecja in v rusi vecji delez
metuljnic kot posledica delovanja dodanega P. Domnevamo
lahko, da je bilo na tistih delih poskusa, kjer je bilo gnojeno s
P, puscenih ve¢ izloCkov in da je bilo prisotno premescanje
rudnin iz kontrolnih parcel na gnojene parcele.

V obravnavanju nizek odmerek fosforja (30 kg P,Os
ha”' letno) oziroma skupno 90 kg P,Os ha se je
povecala vsebnost dostopnega P v tleh za 2,4 mg P,Os
100 g tal (Preglednica 2). S trikrat ve&jim odmerkom
gnojila (90 kg P,0s ha™ letno) oziroma skupno 270 kg
P,O;s ha' je bila vsebnost P v tleh povedana za 6,5 mg
P,05 100 g tal. Podobno povecanje vsebnosti P v tleh
je bilo ugotovljeno tudi v obravnavanju z visokim
odmerkom gnojila (540 kg P,0s ha' skupno
uporabljeno v treh letih).
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Preglednica 1: Pedoloski profil dveh mest vzorcenja s pripadajocimi fizikalnimi in kemicnimi lastnostmi izbranih

horizontov

Table 1: Pedological profile of two sampling places with physical and chemical properties of selected horizons

Parametri kemicne

Profil in horizonti

analize tal PI PII

Al A2 Brzl Al A2
Globina (cm) 0-8 8-47 47 -70 0-16 16 - 28
Glina (%) 13,2 25,9 38,4 14,6 27,8
pH (CaCl,) 4,5 4,4 42 4,6 6,2
P,0s (mg 100 g™ tal) 1,1 0,4 <0,1 <0,1 <0,1
K,0 (mg 100 g™ tal) 7,5 4.4 7,5 8 7,6
Organska snov (%) 9,7 5,9 1,7 11,6 8,8
C (%) 5,6 34 1 6,7 5,1
CN razmerje 13,3 14,2 11,1 16,8 17
S (mmol 100 g™ tal) 4,7 3 3,6 15,7 40,3
T (mmol 100 g tal) 29,4 25,1 21,2 34,8 51,8
V (% nasicene) 16 12 17 45,1 77,8
Ca (%) 13,6 10,8 14,5 41,6 76,1
Mg (%) 1,6 0,3 1,1 2,4 0,9
K (%) 0,6 0,4 0,8 0,6 0,4
Na (%) 0,3 0,2 0,3 0,6 0,3
H (%) 84 88 82,8 54,9 22,1

Preglednica 2: Spreminjanje vsebnosti za rastline dostopnega P v zemlji v ¢asu Stirih let po zadnjem gnojenju s P

(leto 0)

Table 2: Changes of plant available P in soil four years after the last fertilizing with P (year 0)

Skupno uporabljeno
v treh letih gnojenja

Leto analiziranja zemlje in koncentracija mg P,Os 100 g™ tal

s P,Os kg ha 1999 (leto 0) 2001 (leto 2) 2003 (leto 4)
kontrola - 0 1,9 1,9 1,8
90 - (3x30) 3,5 4,9 4,5
270 - (3x90) 8.4 9,2 7.8
540 - (2x270) 8,5 9,6 6,1

Ob koncu prve faze poskusa (leto 1998), to je po
opravljenem gnojenju s celotnim odmerkom P, je bilo
izvedeno tudi vzoréenje zemlje do dveh globin in sicer 0
-3 cmin 3 - 6 cm na istem mestu vzorCenja. Iz
dobljenih podatkov v Preglednici 3 je mogoce ugotoviti,
da je bil ve¢ji del razpoloZzljivega P za rast rastlin v zelo
plitvi plasti zemlje pri ¢emer je vecji del dodanega P v
obdobju treh let ostal vezan prav tam predvsem zaradi
vecjega deleza organske snovi. Razgradnja odmrlih
delov rastlin v razmerah kraskega pasnika je zelo
pocasna zaradi kratke vegetacijske dobe, kisle reakcije v
tej plasti zemlje in nezadostne u¢inkovitosti drobnozivk
zaradi slabega zadrzevanja padavinske vode v vrhnji
plasti zemlje.
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Rezultati ponovljene analize zemlje vzorcene do globine
6 cm Cez dve leti (tri rastne sezone) so pokazali, da se je
povecala dostopnost P za rastline, in sicer za 1,4 mg
P,05 100 g'1 tal pri nizkem odmerku, za 0,6 mg P,Os
100 g™ tal pri srednjem odmerku in za 1,1 mg P,Os 100
g tal pri visokem odmerku dodanega P (Preglednica 2).
Naslednje vzoréenje tal v obravnavanem poskusu je bilo
narejeno ponovno ¢ez dve leti, to je Stiri leta (pet rastnih
sezon) po zadnjem gnojenju s P. Rezultati kazejo, da je
prislo v tem casu do zmanjSanja vsebnosti dostopnega P
v tleh. To zmanjSanje je znasalo v obravnavanju nizek
odmerek 0,4 mg P,Os 100 g tal, v obravnavanju srednji
odmerek 1,4 mg P,Os 100 g’ tal in v obravnavanju
visok odmerek 3,6 mg P,Os 100 g™ tal.



Fosfor v zemlji in zelinju kraskega pasnika

Preglednica 3: Podatki kemicne analize tal vzorcenih na dveh globinah v poskusu gnojenja s P
Table 3: Data of soil chemical analysis on two depths in the experiment with P fertilizing

Skupni Globina pH P,0s K,0O Organska C CN N
odmerek vzorenja (CaCl,) (mg100 (mg 100 snov (%)  razmerje skupni
(kg P,Os ha™) (cm) glta)  g'tal) (%) (%)
0 0-3 5,6 3,8 35,5 14,4 8,3 14,8 0,56
0 3-6 5,1 0,4 13,7 8,5 4,9 13,2 0,37
90 0-3 5,7 4,5 44.9 16,6 9,6 16,0 0,60
90 3-6 59 0,8 15,6 9,6 5,6 12,7 0,44
270 0-3 5,6 10,2 35,0 16,4 9,5 13,6 0,70
270 3-6 5,2 2,6 16,6 8,2 4,7 15,5 0,57
540 0-3 5,1 12,7 245 13,1 7,6 14,9 0,51
540 3-6 5,1 3,1 12,1 7,8 4,5 12,9 0,35

Na hitrost rasti ruSe in viSino mase razpoloZljivega
zelinja za paSo spomladi je imelo gnojenje s P zelo
majhen in neznacilen vpliv, Ceprav se kaze teznja po
boljsi rasti ruse ob visjem odmerku P pri vseh meritvah
v Casu rastne sezone (Slika 1). Slaba ucinkovitost
dodanega P na povisek pridelka je posledica kisle
reakcije tal in dejstva, da spreminjanje floristicne
sestave ruse kraskega pasnika poteka zelo pocasi.

34 Rudnine v zelinju

V cetrtem letu trajanja poskusa so bili nabrani vzorci
zelinja za potrebe doloCitve vsebnosti rudnin v

obravnavanju negnojeno in v obravnavnaju srednji
odmerek fosforja (skupno 270 kg P,Os ha™' v 3 letih).

Vzorceno je bilo zelinje ruSe spomladi in poleti po
metodi Sopov, na podoben nacin kot pasejo zivali.
Zaradi siromasnosti zemlje kraSkega pasnika s P, je tudi
njegova vsebnost v zelinju ruSe zelo nizka. Ugotovljeno
je bilo 1,2 g P kg™ suhe snovi (SS). Z letnim odmerkom
90 kg P,0s ha' se je v treh rastnih sezonah njegova
vsebnost povecala v povpre¢nem vzorcu zelinjana 2,1 g
kg' SS (Preglednica 4). Tudi vsebnost Ca je bila
povisana zaradi gnojenja s P, v pomladanskem zelinju
pa tudi vsebnost natrija (Na). Vsebnost mikroelementov
(cink - Zn, mangan - Mn, zelezo - Fe, baker - Cu) je bila
vi§ja v poletnem zelinju, ker je bil delez starejsih rastlin
in odmrle organske snovi v rusi vecji zaradi pasnih
ostankov od spomladi.

3500
a a
a T M kontrola
3000 a 090 —
"5 2500 abab b §270
&p a @ 540
< 2000 =
2,
=
'73 1500 - a—a_2
g a a a a a
g 1000
=
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0 ,
16.5. 1.6. 21.6. 12.7.
Datum vzorcenja

Slika 1: Masa razpolozljivega zelinja (16.5., 1.6., 12.7.) in pasnih ostankov (21.6.) na poskusu gnojenja s
stopnjujocim se odmerkom P (v kg ha™) v letu 2002. Podana so povprecja + SN, enaka ¢rka nad stolpcem
oznacuje obravnavanja, med katerimi ni statisticno znacilnih razlik (Duncanov test, p<0,05)

Figurel: Mass of available herbage (16.5., 1.6., 12.7.) and sward residuals (21.6.) in phosphorus experiment with
increased portion of P (in kg ha™') in 2002. Means + SE are presented, different letters above columns mark
statistically significant differences between the treatments (Duncan's test, p<0.05)
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Preglednica 4: Vpliv gnojenja s P na vsebnost pomembnejsih rudnin v zelinju kraskega pasnika spomladi in poleti in
potrebna vsebnost v suhi snovi za ovce (Grace, 1983)

Table 4: The influence of P fertilizing on the concentration of more important minerals in the herbage of karst
pasture in spring and summer and required content in dry matter for sheep diet (Grace, 1983)

Cas vzoréenja Pomlad Poletje Potrebna vsebnost
Odmerek kg P,Os5 ha! v 3 letih 0 270 0 270 rudnine v
krmi za ovce

Fosfor (g kg™ SS) 1,18 2,15 1,16 2,14 2,5
Kalcij (g kg” SS) 11,51 14,94 12,31 14,03 3,2
Magnezij (g kg™ SS) 2,00 2,98 2,16 3,20 1,2
Kalij (g kg™ SS) 1504 1521 11,42 15,55 6,0
Natrij (g kg™ SS) 0,27 0,50 0,36 0,31 0,9
Cink (mg kg™ SS) 2420 22,70 23,50 54,90 25,0
Mangan (mg kg™ SS) 43,30 57,30 43,30 71,40 25,0
Zelezo (mg kg SS) 73,30 78,20 153,30 190,40 40,0
Baker (mg kg™ SS) 7,51 10,82 10,75 16,62 14,0

Katere vrste rastlin bodo zauzile zivali pri pasi, je pri
nadzorovanem vodenju pase zelo odvisno od deleza
dolocene rastline v rusi. Ve¢ kot je neke rastline v rusi,
vedji je njen delez v zauzitem obroku, ¢e je ponudba
zelinja za paSo priblizno vzklajena s potrebo Zivine po
krmi. Zato so bile lo¢eno vzor¢ene tiste rastline, ki so od
posamezne skupine predstavljale najvecji delez v rusi.
Najve¢ P je wvseboval navadni regrat (Taraxacum

officinale L.), manj ¢rna detelja (7rifolium pratense L.)
in najmanj rdeca bilnica (Festuca rubra L.). Gnojenje s
P je vplivalo na povecanje vsebnosti P v vseh treh
vrstah rastlin. Najbolj se je povecala njegova vsebnost
pri ¢rni detelji, in sicer za 52 %. Dodan P je vplival tudi
na povecanje vsebnosti Na, ki ga v zelinju kraskega
travinja obicajno tudi zelo primanjkuje.

Preglednica 5: Vpliv gnojenja s P na hranilno vrednost in vsebnost rudnin ob koncu pomladi v zelinju rastlin, ki so

bile v rusi najbolj zastopane

Table 5: The influence of P fertilizing on nutrient value and mineral content in herbage of plants which were the

most abundant at the end of spring

Vrsta rastline

Navadni regrat

RDECA CRNA DETELJA
BILNICA

Gnojeno s P,Os kg ha™! 0 270 0 270 0 270

Suha snov (g kg’ zelinja) 381,2  359,9 2802 273,4 174,8 174,4
Surove beljakavine (g kg™ SS) 80,34 84,26 151,2 156,2 165,6 158,7
Surova vlaknina (g kg SS) 356,60 3554  321,2 320,8 152,2 152,1
Surovi pepel (g kg SS) 42,54 43,56 62,87 59,53 105,9 101,1
Fosfor (g kg™ SS) 1,15 1,95 1,60 2,44 1,96 3,16

Kalcij (g kg' SS) 4,49 3,40 14,63 13,98 19,77 16,63
Magnezij (g kg SS) 1,01 1,17 2,79 3,54 3,80 4,72
Kalij (g kg SS) 9,06 11,79 14,90 11,09 27,68 25,82
Natrij (g kg SS) 0,41 0,34 0,56 0,71 0,83 1,42
Cink (mg kg SS) 22,30 17,79 37,03 26,41 35,42 55,14
Mangan (mg kg™ SS) 34,87 75,14 29,23 32,73 38,64 44,80
Baker (mg kg™ SS) 7,39 7,56 14,04 13,57 15,61 17,54
Selen (mg kg™’ SS) 0,027 0,026 0,031 0,037 0,035 0,041
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4 RAZPRAVA

Rezultati Stevilnih kemicnih analiz zemlje za potrebe
izdelave pedoloske karte Slovenije (Stepanci¢ in sod.,
1980) ali za potrebe znanstveno raziskovalnega dela
(Leskosek, 1965) ali za potrebe pridobivanja
nepovratnih sredstev pri urejanju pasnikov na opuséenih
placil v SKOP programu (Susin, 2007) nedvoumno
kazejo na zelo nizko vsebnost rastlinam dostopnega P v
zemlji nasega travinja (LeskosSek, 1998), posebno tistega
v hribovitem svetu in na krasu. Podobne razmere na
travinju v hribovitem svetu so tudi v drugih geografskih
obmocjih, posebno v Sredozemlju (Seligman, 1996).
Tako je tudi v primeru travinja na planini Vremscica,
kjer potekajo proucevanja rekultivacije opuscenih
zemljis¢ s pomocjo zivali kot orodjem (Vidrih in sod.,
1995). Ze s predhodnimi proudevanji na drugih
obmocjih Slovenije je bilo potrjeno, da je povecanje
vsebnosti dostopnega P v tleh nujno potrebno za
izdatnejSo rast bele detelje in povecanje njenega deleza
v rusi (Vidrih, 1990).

Visina letnega odmerka P za poveCanje njegove
vsebnosti v tleh je predmet Stevilnih raziskav (Leskosek,
1978; Edmeades in sod., 1990; Dodd in sod., 1999).
Vecdji del dodanega P preide najprej v netopnega in Sele
s povecanjem mikrobioloske aktivnosti v tleh se izboljsa
tudi oskrba rastlin s P. Zivali z gaZenjem lahko
pospesijo ta proces (Djodjic in sod., 2005). Zadnji dve
leti izvajanja proucevanj je bilo mogoce opaziti vse veé
glistin na povrsju tal tako v pomladanskem kot tudi

5

Poglaviten razlog za opuscanje rabe kraskega travinja je
zelo nizka vsebnost rastlinam dostopnega P v tleh. Ta je
bil odvzet zemlji s pridelkom krme in premescen v nizje
leZe¢a obmocja tudi z erozijskimi procesi. Rekultivacijo
kraskega travinja narekujejo Stevilni razlogi, ki imajo
vpliv na kakovost Zivljenja na tem obmocju. Ponovno
usposobitev opusCenih zemljis¢ za rabo in pridelavo
funkcionalne hrane bo mogoce ucinkovito izvajati samo
z vodenjem nadzorovane pase domacih zivali.

Dolgoletna in redna uporaba fosfatnih gnojil na kraskem
pasniku je osnovna zahteva za rekultivacijo iz€rpanih
zemljisS¢ s pomocjo pasnih zivali. Pasne zivali imajo
velike in specifi¢ne potrebe po rudninah, ki jih z ruso
siroma$nega kraskega travinja ni mogoce pokriti. Zato

jesenskem casu. To je bil jasen znak o povecani
aktivnosti dezevnikov v zemlji, s ¢emer je prislo do
izdatnejSega meSanja vrhnje plasti zemlje s tisto pod
njo, ki je Se bolj siromasna s P. Tako je verjetno prislo
do ucinka razredCitve na vsebnost P v vzorceni plasti
zemlje, saj je bilo ugotovljeno zmanj$anje vsebnosti ob
koncu trajanja proucCevanj, ki ga ni mogoce pojasniti
samo z odvzemom za rast ruse.

Samo gnojenje s P je v zacetku rekultivacije opuscenih
zemlji$¢ pravilna odlocitev, ker je treba najprej povecati
vsebnost P v zelinju, da bodo pasne zivali dovolj
oskrbljene s to rudnino. Glede na navedbe v literaturi
(Grace, 1983) mora zelinje vsebovati najmanj 2,5 g P
kg' SS, da so pokrite potrebe za normalen razvoj Zivali
za rejo. V obravnavanju negnojeno je zelinje vsebovalo
le polovico navedene vrednosti in pri gnojenju s
srednjim odmerkom P je Sele v tretji sezoni opazovanj
vsebnost P v zelinju narasla do 2,1 g kg" SS. Istodasna
uporaba apna za znizanje kislosti zemlje bi vplivala na
povecanje pridelka in boljSo rast metuljnic v rusi, toda
zvisanje vsebnosti P v zelinju bi bilo manjse, kot je bilo
dosezeno pri gnojenju samo s P (Albrecht, 2005).
Izkusnje, ki jih imajo drugje z opustitvijo redne uporabe
fosfatov na pasnikih v hribovitem svetu zaradi slabe

ekonomske ucinkovitosti kaZzejo na zmanjSanje
pridelovalne  zmogljivosti zemlji§¢ in ponovno
opusCanje kmetijske rabe na takih obmogjih

(Gillingham in sod., 1990).

SKLEPI

je gnojenje teh zemljis¢ z letnim odmerkom 90 kg P,Os
ha™ (39 kg P ha™) nujno potrebno, da bodo pasne Zivali
ustrezno oskrbljene s P in bo rekultivacija opuscenih
zemljis¢ uspesna ter njihova uporaba gospodarna tudi v
slabsih razmerah za kmetovanje kot so danes.

Siromasnost obravnavanih zemljis¢ s P je tudi glavna
ovira za hitro in wulinkovito povecanje njihove
pridelovalne zmogljivosti, ki je nujna za ohranjanje teh
zemljis¢ v funkciji pridelave hrane, negovane podobe
pokrajine, zmanjSanje pozarne ogrozenosti obmocja in
povecanje  sposobnosti zemlje za  neskodljivo
recikliranje odpadnih snovi.
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IZVLECEK

V intenzivnem vrtnarstvu se za vzgojo sadik in pridelavo
vrtnin v vseh letnih casih uporablja razli¢ne oblike
zavarovanega prostora. NajenostavnejSa in najcenej$a oblika
zavarovanega prostora je neposredno prekrivanje rastlin z
agrotekstilijami. Agrotekstilije so vlaknovine, izdelane iz
tekstilnih vlaken, ki so navadno kemi¢nega izvora. Od
agrotekstilij namenjenih za prekrivanje vrtnin, se zahtevajo
primerna trdnost in dobre prepustne lastnosti, ki se pod
vplivom vremenskih sprememb ne smejo bistveno poslabsati.
Lastnosti agrotekstilij so odvisne od vlaken, iz katerih so
agrotekstilje izdelane, ter od postopka in pogojev izdelave.
Namen raziskave je bil analizirati dva tipa polipropilenskih
(PP) vlaken (FiberVisions® HY-Comfort in UV-stabilizirana
PP vlakna Trevon®), namenjenih za izdelavo vrtnarskih
vlaknovin, primerjati rezultate z deklariranimi vrednostmi in
predstaviti nekatere metode analize tekstilnih vlaken.
Raziskava je pokazala, da prihaja med izmerjenimi in
deklariranimi vrednostmi pri nekaterih lastnostih primerjanih
vlaken do dolocenih razlik in da sta si preucevana tipa PP
vlaken razli¢na v tekstilno-mehanskih in strukturnih lastnostih.
besede: vlakna,

Kljuéne agrotekstil,  polipropilenska

vlaknovina, mehanske lastnosti

andrej.demsar@ntf.uni-lj.si

isti naslov kot *

ABSTRACT

THE COMPARISON OF PROPERTIES OF
POLYPROPYLENE FIBRES INTENDED FOR THE
PRODUCTION OF AGROTEXTILES

In the intensive horticulture various ways of protected area are
used for the growth of seedlings and the cultivation of
vegetables in all seasons. The easiest and the cheapest form of
protected area is agrotextile which can be laid directly over
field crops. Agrotextiles are nonwovens which are
manufactured from textile fibers which are usually of
chemichal origin. Textiles, used as a agrotextiles require
suitable tensile strenght, and good permeability characteristics
with no significant deterioration under the influence of
weather changes. Properties of agrotextiles depend on the
fibers made of and on the type and conditions of production.
The aim of research was to analyse two types of
polypropylene (PP) fibers (FiberVisions® HY-Comfort and
UV-stabilised PP fibers Trevon®) which are used for the
production of agrotextiles and to compare the results with the
declared properties and to present some methods for the
analysis of the textile fibers. The research showed that there is
a difference between measured and declared properties and
that two types of PP fibers are different regarding textile-
mechanical and structural properties.

Key words: agrotextile, polypropylene fibers, nonwovens,
mechanical properties
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1 UVOD

V intenzivnem vrtnarstvu se uporablajajo razlicne
oblike zavarovanega prostora, ki omogoca vzgojo sadik
in pridelavo vrtnin v vseh letnih casih. Najenostavnejsa
in najcenejSa oblika zavarovanega prostora je
neposredno prekrivanje rastlin z agrotekstilijami.
Agrotekstilije so vlaknovine iz tekstilnih (navadno
kemi¢nih) vlaken, ki se uporabljajo za neposredno
prekrivanje rastlin, za tunele ali dopolnilne tunele v
vecjih objektih (Osvald in Kogoj Osvald, 1999). V
proizvodnji vlaknovin se lahko uporabijo skoraj vse
vrste vlaken, vendar imajo kemicna vlakna veliko vecji
komercialni pomen kot naravna. Med kemi¢nimi vlakni
se za izdelavo agrotekstilij vecinoma uporabljajo
polipropilenska (PP) vlakna. Ta vlakna uvr§¢amo med
kemi¢na vlakna iz sintetiziranih polimerov. Osnovna
surovina za izdelavo polipropilena kot polimera je
propilen, ki ga navadno dobijo pri pirolizi in krekiranju
nafte iz lazjih in srednje tezkih frakcij ali destilatov
nafte, ki so stranski produkti rafinerij (Pajgrt in sod.,
1983).

Osnovna znacilnost PP vlaknovin, ki se uporabljajo v
vrtnarstvu, so nizka masa (17-60 g/m’), velika
elasti¢nost in dobra prepustnost za soncne zarke (80-94
%). Vlaknovine blazijo temperaturne ekstreme. Voda
prek mikropor pocasi pronica in enakomerno zaliva
rastline, hkrati pa prek mikropor izhlapeva, zaradi ¢esar
ne nastaja kondenz (Rekowska in sod., 1999). Poleg

tega vlaknovine zadrzujejo prah in varujejo rastline pred
vetrom, Skodljivimi Zzuzelkami in virusi (Dierickx,
1999).

Mnoge raziskave poroajo o pozitivnem vplivu PP
vlaknovin na pridelek vrtnin. Tako so Wadas in sod.
(2004) v hladni pomladi s prekrivanjem krompirja
(Solanum  tuberosum 1.) dosegli dvakrat toliksni
pridelek gomoljev z ve¢ suhe snovi in Skroba kot pri
nepokritih rastlinah. Do podobnih razultatov so s
siljenjem krompirja pod vlaknovino prisli tudi Sawicka
in Mikos-Bielak (2000) in Lachman in sod. (2003).
Vedji pridelek so pod vlaknovino dosegle tudi Stevilne
druge rastline, kot npr. okra (Hibiscus esculentus L.)
(Brown in Channell-Butcher, 1999), zimska solata
(Lactuca sativa L.) (Iwata in Kobayashi, 1999), dinje
(Cucumis melo L.) (Ibarra in sod., 2001), paradiznik
(Lycopersicon esculentum Mill.) (Znidaréi¢ in sod.,
2003), por (Allium porrum L.) (Kolota in
Adamczewska-Sowinska, 2007) in kolerabice (Brassica
napus var. gongylodes) (Biesiada, 2008).

Namen raziskave je bil analizirati lastnosti dveh tipov
PP vlaken, ki se uporabljata za izdelavo vrtnarskih
vlaknovin, in ugotoviti razliko med deklariranimi (s
strani proizvajalca) in izmerjenimi lastnostmi. Namen
prispevka je tudi predstaviti nekatere metode,
namenjene za analizo lastnosti tekstilnih vlaken.

2 MATERIAL IN METODE

V raziskavi smo uporabili dva tipa PP vlaken:
— PP vlakna, FiberVisions® HY-Comfort,
— UV-stabilizirana PP vlakna Trevon®.

Dolzino izravnanih vlaken (1) smo dolocali po standardu SIST
ISO 6989. Posamezno vlakno smo s pomocjo dveh pincet
izravnali ob merilu in od¢itali dolZino.

Vrednost dolzinske mase vlaken (T smo od¢itali na
vibroskopu Zweigle S-150 po standardu SIST EN ISO 1973.
Dolzinska masa je definirana kot masa vlakna na doloceno
dolZinsko enoto in jo zato imenujemo tudi linearna gostota.
Mednarodni sistem merskih enot SI doloca kot osnovno enoto
za dolzinsko maso kg/m, kot dovoljeno pa tudi tex = g/km
(dtex = g/10 km).

Stopnjo kodravosti (Kg) smo izracunali iz razmerja med
dolzino izravnanega in dolzino skodranega vlakna (ASTM
D3937, 2007).

Pretrzne sile in pretrzne raztezke vlaken v nateznem poskusu
smo merili na dinamometru Instron 6022 (SIST ISO 5079).
Rezultate meritev smo ovrednotili s pomocjo ra¢unalniSkega
program DINARA (Bukosek, 1989). Racunalniski program
nam poleg vrednosti napetosti, raztezka, integrala, prvega,
drugega in tretjega odvoda v celotnem obmocju raztezkov
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poda rezultate numeri¢ne analize. Omogoca tudi prikaz
naras¢anja napetosti in deformacije od nicelne vrednosti do
pretrga vzorca v obliki grafa in integralno analizo krivulje
specifi¢na napetost — raztezek.

F
Oy = P (eNidtex) 1)
T;
= 1420 (eN/dtex) 2
Cdpr =0 pr- +W cN/dtex 2)
Oy specificna pretrzna napetost (cN/dtex)
Cipr - dejanska specificna pretrzna napetost (cN/dtex)
A pretrini raztezek (%)
Fy..... pretrzna sila (cN)
T dolzinska masa (dtex)

Termicne lastnosti smo dolocili po termomikroskopski metodi,
ki jo je opisala Prelog (2003).

Dvolomnost smo merili s polarizacijskim mikroskopom
Meopta, opremljenim z nitnim krizem v okularju, merilnim
okularjem in vstavljivim Ehringhausovim kompenzatorjem
(Prelog, 2003).
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5=tn.d- 2= - Is50_ 3)
A dao’
L I fazni premik, ki ga merimo s kompenzatorjem
A valovna dolzina svetlobe (nm)
An ... dvolomnost
d.... premer viakna (nm)
Issp..... fazna razlika pri valovni dolzini 550 nm
Jor = AA_}Z (4)
Soreer faktor srednje orientacije
An; ..... dvolomnost  idealno orientiranega  kristalinega

viakna (PP = 0.045)

Gostoto in stopnjo kristalinosti smo dolocali s temperaturo
lebdenja vlaken v tekoCini enake gostote in nihajnega Casa
tekocine, vode in zraka (Juilfs, 1959).

Gostote merjenih vzorcev so ustrezale naslednji meSanici
teko¢in s pripadajo¢o enacbo, ki podaja linearno odvisnost
gostote od temperature:

pv=-0,0007789454451449 - T + 0,9216578425963 )

Iz gostote smo izraCunali volumski in masni delez

kristalinosti:

X, = Py ~ Pam (6)
Py~ Pam
Pz (Py = Pam)

= kr v am (7)

Py .(pkr _pam)

Xpeoorennn volumski delez kristalinosti

X ereeanns masni delez kristalinosti

P eeeenens gostota popolno kristaline fuze (PP = 0,938 g/cm’)
P weeeees gostota popolno amorfne faze (PP = 0,8545 g/cm’)
Py oo izmerjena gostota vzorca (g/cm’)

3 REZULTATI IN DISKUSIJA

Dolzina vlaken, ki jo deklarira prozvajalec (40 mm), se
je zelo dobro ujemala z izmerjeno dolzino vlaken pri
vzorcu FiberVisions, medtem ko je pri vzorcu Trevon
priSlo do odstopanja za ve¢ kot 8 %. S srednjo
vrednostjo 36,7 mm so bila vlakna vzorca Trevon za
okoli 8 % krajsa od vlaken vzorca FiberVisions
(Preglednica 1). Dolzina vlaken mocno vpliva na
lastnosti  vlaknovine, kot so trdnost, raztezek,
neenakomernost, prepustnost, otip in videz. Krajsa kot
so vlakna, vec¢ je vlaken na maso tekstilnega izdelka.
Podoben vpliv kot dolzina ima na mehanske lasnosti
vlaknovine tudi dolzinska masa vlaken. Navedena

dolzinska masa vlaken je 2,20 dtex (dovoljeno
odstopanje = 0,65 dtex za FiberVisions in 0,21 dtex za
Trevon). Izmerjena dolzinska masa je bila pri obeh
vzorcih vi§ja od deklarirane, in sicer pri vzorcu
FiberVisions za 35 % in pri vzorcu Trevon za 8,6 %. Pri
obeh vzorcih je bila tako dolzinska masa na zgornji Se
dovoljeni deklarirani meji o0z. ob upoStevanju
odstopanja ze izven nje. Vlakna vzorca Trevon (2,38
dtex) so imela za okoli 20 % nizZjo vrednost izmerjene
dolzinske mase v primerjavi z vzorci FiberVisions.

Preglednica 1. Deklarirana dolZina ('), izmerjena dolzZina (1), deklarirana dolZinska masa (T’) in izmerjena

dolzinska masa (T,) vlaken

Table 1: Declarated length (I’), measured lenghth (1), declarated linear density (T’) and measured linear
density (T,) of fibers
l’ T’t Tt
Vzorec (mm) (mm) (dtex (dtex)
FiberVisions 40,00 £3,00 39,80+047 2,20 £ 0,65 2,97+0,16
Trevon 40,00 £3,00 36,67+0,22 2,20+0,21 2,38 £ 0,06

Oba vzorca sta imela podobno kodravost (Preglednica
2), in sicer vzorec FiberVisions 10,4 kodrov/cm in
vzorec Trevon 9,7 kodrov/em (pri obeh je bilo
odstopanje od srednje vrednosti 2 kodra/cm). Tudi videz
kodrov je bil pri obeh vzorcih podoben, kodri so bili

neenakomerni, ob vec¢jih so se pojavljali tudi bolj
stisnejni, majhni kodri. Stopnja kodravosti, podana z
razmerjem med dolzino razkodranega vlakna in dolzino
zravnanega, Se kodrastega vlakna, je bila nizka.
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Preglednica 2: Stevilo kodrov (K), stopnja kodravosti (Ky,) in standardno odstopanje (s)

Table 2: Number of curls (K), curling degree (K,,) and standard deviation (s)
Vzorec K s Ky s
(kodri/cm) (kodri/cm) () 0]
FiberVisions 10,40 £ 0,55 2 1,16 £ 0,03 0,08
Trevon 9,70 + 0,55 2 1,17 +0,05 0,14

Od nateznih lastnosti vlaken je odvisen odziv vlaken na
zunanje sile in deformacije. Natezne lastnosti so najlaze
dolocljive lastnosti, ki vplivajo na obnasanje vlaken pri
predelavi in uporabi. Pretrzni raztezek je bil pri obeh
vzorcih velik, saj je znaSal pri vzorcu FiberVisions
399,16 %, pri vzorcu Trevon pa 273,37 % (Preglednica
3). Izmerjene vrednosti so bile pri vzorcu FiberVisions

za ve€ kot 1 % visje in pri vzorcu Trevon za ve¢ kot 23
% nizje od deklarirane vrednosti. Izmerjena specifi¢na
pretrzna napetost je bila pri vzorcu Trevon v primerjavi
z vzorcem FiberVisions za okoli 30 % vecja. V
primerjavi z deklariranimi pa so bile izmerjene
vrednosti pri obeh vzorcih zelo podobne.

Preglednica 3: Deklarirani pretrzni raztezek (. gp,), izmerjeni pretrini raztezek (&), deklarirana specificna pretrina
napetost (o, ) in izmerjena specificna pretrina napetost ()

Table 3:

Declarated breaking strain (8,,,), measured breaking strain (&), deklarated specific breaking stress

(0,) and measured specific breaking stress ()

Eor €por Gor Gy
Vzoree %) %) (N/dtex) (cN/dtex)
FiberVisions 395+80  399,16+19,93  1,70+£020  1,72+0,20
Trevon 356+60  273,37+28,33  1,90+£0,14  2,08+0,10

Medtem ko je specificna pretrzna napetost podana z
razmerjem pretrzne sile in dolzinske mase, je korigirana
specifi¢na pretrzna napetost podana kot razmerje med
pretrzno silo in dolzinsko maso v trenutku pretrga. Ker
se dolzinska masa med obremenjevanjem z natezno silo
zmanj$a, to povzro¢i povecanje napetosti v vlaknih in s
tem vi$jo dejansko specifi¢no pretrzno napetost. 1z
Preglednice 4 je razvidno, da je bila korigirana
specificna pretrzna napetost nekajkrat visja od
specifiCne pretrzne napetosti pri obeh vzorcih in da je
bila pri vzorcu Trevon vi$ja kot pri vzorcu FiberVisions.

Visokoelasticne lastnosti (Preglednica 4 in Slika 1)
sodijo med pomembnejSe lastnosti, ki opredeljujejo
uporabno kakovost vlaken, ker vplivajo na potek
proizvodnega procesa in kon¢ne lastnosti tekstilnega
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izdelka. Podobno kot trdnost je bil tudi modul
elasti¢nosti obeh vzorcev nizek. Vzorec Trevon je imel
ve¢ kot dvakrat vi§jo vrednost modula elasti¢nosti, kar
pomeni, da bo zacetni upor na delovanje sile pri tem
vzorcu vecji kot pri vzorcu FiberVisions. Polzis¢e na
krivulji specifi¢ne napetosti proti raztezku je tocka, kjer
se konca elastiéno obmodje in zacne viskoelasticno
obnasanje vlaken, ki je povezano z delnimi trajnimi
deformacijami. Podajamo ga s specificno napetostjo in
pripadajocim raztezkom v tej tocki. Polzisce je nastopilo
pri vzorcu Trevon prej in pri nizji napetosti kot pri
vzorcu FiberVisions, pri obeh vzorcih pa je potem
sledilo viskoelasticno obmocje, kjer je bil upor na
delovanje sile majhen in Ze majhne obremenitve so
povzrocile veliko raztezanje vlaken.
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Preglednica 4: Korigirana specificna pretrzna napetost (0y,,), specificna pretrina napetost v polziscu (o), pretrzni

Table 4:

raztezek v polzi§cu (&), modul elasticnosti (Eg)

Corrected specific breaking stress (o), specific breaking stress at yield point (0,,), breaking
strain at yield point (&,,), elasticity modulus (Ey)

Gkpr Gpol €pol EO Asp fA
Vzorec (cN/dtex) (cN/dtex) (%) (GPa)  (kJ/kg) )
FiberVisions 10,12 0,79 40,52 0,10 742,2 0,87
Trevon 13,41 0,58 23,58 0,23 845,7 0,87
6 . -
- = = .FiberVisions Trevon
5 - -
= 47 =
) -
s3] 2
D 2] ¥
1 -
o T T T T 1
0 100 200 300 400 500

Raztezek (%)

Slika 1: Sila v odvisnosti od raztezka vzorcev FiberVisions in Trevon

Figure 1: Force as a function of strain of samples FiberVisions and Trevon

Z dovajanjem toplote nastopi pri dovolj veliki toplotni
energiji fazni prehod 1. reda — taljenje kristalinih
predelov strukture. Pri vlaknih je dokaj tezko natan¢no
doloéiti vrednost kritiéne temperature prvega reda, to je
talis¢e, ker je tezko razloCiti zmehcCanje (mehansko
tekoCe stanje polimera) od zacetnega trenutka taljenja,
kar je tudi razvidno iz rezultatov meritev, podanih v
Preglednici 5. Talis¢e je odvisno od kemicne sestave,
popolnosti in velikosti kristalitov ter od orientacije

vev v

molekul. Temperatura zmehcisc¢a vzorca FiberVisions je
bila vi§ja za 1,5 °C od temperature zmeh¢isc¢a pri vzorcu
Trevon. Zacetek taljenja za vzorec FiberVisions je bil
pri 158,8 °C, za vzorec Trevon pa pri 161,7 °C. Interval
taljenja, povezan z velikostjo in popolnostjo kristaline
strukture, je bil pri vzorcu FiberVisions $irSi, kar ob
nizji temperaturi zacetka taljenja pomeni, da so pri teh
vlaknih prisotni manjSi in manj popolni kristaliti ter
nizja stopnja orientacije.

Preglednica 5: Zmehcisce viaken (T,), talisce viaken (Ty,) in interval taljenja (T))

Table5: Softening point (T,), melting point (T,,) and melting interval (T))
Tz Tlal Ti
Vzorec °C) ©C) ©C)
zacetek t. 158,83 + 0,46
FiberVisions 155,08 1,53 10,72
konect. 169,55+ 1,42
zacetek t. 161,71 £0,29
Trevon 155,08 £ 1,53 8,87
konect. 170,58 +0,81
Opticna dvolomnost je odvisna od orientacije  in v povezavi s tem je pri tem vzorcu vi$ji tudi faktor

polimernih molekul in stopnje kristalinosti vlaken.
Vecja dvolomnost je bila izmerjena pri vzorcu Trevon

orientacije, izracunan iz dvolomnosti (Preglednica 6).
Razlika med vzorcema je bila velika, saj je znaSala 20
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Trevon posledica vi§je orientacije polimernih molekul
in vi§jih strukturnih gradnikov teh vlaken.

%. Rezultati meritev dvolomnosti so pokazali, da sta
vi§ja trdnost in modul elasticnosti vlaken v vzorcu
Preglednica 6: Dvolomnost vlaken (An), faktor orientacije vlaken (f,,) in standardno odstopanje (s)

Table 6: Birefringence of fibers (An), orientation factor (f,;) and standard deviation (s)

Vzorec An s for s
) () (@) ()
FiberVisions 0,0276 +0,0024  0,0040 0,613 £ 0,055 0,088
Trevon 0,0350+0,0016  0,0048 0,778 +£ 0,036 0,036
Stopnja  kristalinosti je ob stopnji orientacije  bile velike in v povezavi s tem so bile razlike v stopnji

najpomembne;jsi faktor, ki dolo¢a mehanske lastnosti
vlaken. Z vecanjem kristalinosti se povecujeta trdnost in
modul elasticnosti  vlaken. Rezultati izmerjenih
vrednosti gostote in iz nje izraCunani utezna in
volumska stopnja kristalinosti so podani v Preglednici 7.
Razlike v gostoti vzorcev FiberVisions in Trevon niso

kristalinosti majhne. Nekoliko vi§jo kristalinost, in sicer
za 3 %, je imel vzorec FiberVisions. Razlika v stopnji
kristalinosti med vzorcema je bila premajhna, da bi
obcutno vplivala na razlike v mehanskih lastnostih
vlaken.

Preglednica 7: Gostota viaken (p,), utezna stopnja kristalinosti viaken (x,) in volumska stopnja kristalinosti viaken

(x,)
Table7: Density of fibers (p,), weight degree of crystalinity (x,,) in volume degree of crystalinity (x,)
pV XW X\/
Vzorec (g/em’) (%) (%)
FiberVisions 0,89946 + 0,00034 59,8 +£0,4 57,5+£04
Trevon 0,89796 + 0,00024 58,1£0,3 55,8+0,3

4 SKLEPI

Poznavanje lastnosti vlaken, iz katerih je izdelana
vrtnarska vlaknovina, je zelo pomembno tako za
proizvajalca kot za uporabnika vlaknovine. Namen
raziskave je bil primerjati dva tipa PP vlaken,
namenjenih za izdelavo vlaknovin, med seboj in hkrati
primerjati dobljene vrednosti z deklariranimi.

Primerjava lastnosti vlaken, ki jih navaja proizvajalec, z
lastnostmi, ki jih je pokazala naSa raziskava, kaze, da
prihaja med izmerjenimi in deklariranimi vrednostmi do
dolocenih razlik. Raziskava je pokazala tudi na razlike v
tekstilno-mehanskih in strukturnih lastnostih med
obema tipoma PP vlaken. Vlakna vzorca Trevon so za
okoli 8 % krajsa in imajo 20 % niZjo dolzinsko maso v
primerjavi z vlakni FiberVisions.

Vzorec Trevon ima obcutno nizji raztezek, visjo
specifi¢no pretrzno napetost in visji modul elasti¢nosti v
primerjavi z vzorcem FiberVisions. Polzis¢e je
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nastopilo pri vzorcu Trevon prej in pri nizZji napetosti
kot pri vzorcu FiberVisions.

Vecja dvolomnost je bila izmerjena pri vzorcu Trevon
in v zvezi s tem je pri tem vzorcu vi§ji tudi faktor
orientacije, izraCunan iz dvolomnosti. Rezultati meritev
dvolomnosti so pokazali, da sta vi§ja trdnost in modul
elasticnosti vlaken v vzorcu Trevon posledica visje
orientacije polimernih molekul in vi§jih strukturnih
gradnikov teh vlaken.

Temperatura zmehcis¢a vzorca FiberVisions je bila
vi§ja od temperature zmehcis¢a vzorca Trevon. Interval
taljenja, povezan z velikostjo in popolnostjo kristaline
strukture, je bil pri vzorcu FiberVisions §irsi, to pa ob
nizji temperaturi zacetka taljenja pomeni, da so pri teh
vlaknih prisotni manj$i in manj popolni kristaliti ter
nizja stopnja orientacije.
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IZVLECEK

Cilj raziskave je bil primerjati ekonomsko uspesnost gojenja
solate v konvencionalnem in ekoloskem nacinu pridelave v
celinskem in sredozemskem delu Republike Hrvaske. V letih
2002 in 2003 je bil poskus postavljen na druzinskih kmetijah v
okolici Pulja (sredozemsko obmocje) in v okolici kraja Otocac
(celinsko obmocje). Dobljeni rezultati kazejo na to, da ima
gojenje solate v ekoloski pridelavi za posledico man;jsi
pridelek, kar je Se bolj izrazito v celinskem podnebju. Da bi
bila pridelava solate iz takega nacina gojenja ekonomsko
opravicljiva, je treba zanjo dose¢i viSjo prodajno ceno Vv
primerjavi s solato iz konvencionalne pridelave. Iz istega
razloga bi morala biti tudi prodajna cena ekolosko pridelane
solate na celinskem obmocju vi§ja kot cena solate, pridelane
ob morju.

Kljuéne besede: konvencionaln pridelava, ekoloska pridelava,
solata, Lactuca sativa, Hrvaska

ABSTRACT

THE IMPACT OF AGROECOLOGICAL CONDITIONS
ON ECOLOGICALLY SOUND AND ECONOMICALLY
VIABLE PRODUCTION OF LETTUCE (Lactuca sativa
L)

The aim of research was to compare the economic
performance of growing lettuce in the conventional and
ecological crop management of production in the mainland
and the Mediterranian part of Croatia. In the years 2002 and
2003 the experiment was carried out on family farms in the
vicinity of Pula (the Mediterranian area) and in the vicinity of
Otocac (the mainland area). The obtained results show that the
cultivation of lettuce in the ecological crop management in
lower yields, which is even more apparent in continental
climate. In order to justify the ecological crop management of
lettuce economically, it is essential to achieve a higher sales
price in comparison with the lettuce cultivated according to
the conventional system. For that reason, the sales price of
ecolgical grown lettuce in the mainland should be higher than
in the Mediterranean.

Key words: conventional crop management, integrated crop
management, lettuce, Lactuca sativa, Croatia.

1UVOD

V vrtnarski pridelavi je konvencionalno gojenje vrtnin
Se vedno najbolj razSirjeno. Za ta nacin pridelave so
znacilni velika poraba kemicnih sredstev, visoki pridelki
in nizki stroski na enoto povrSine (Abdul-Baki, 1998;
Shennan, 1992). Po drugi strani pa tak nacin pridelave

lahko vodi do povecCane onesnazenosti okolja in
preobremenitve hrane s pesticidi (Basi¢, 1996). V
zadnjih dvajsetih letih postaja glavna tema politic¢nih,
socialnih in ekonomskih gibanj naravi prijazna
pridelava, ki ima za cilj ohranjanje narave ob
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upoStevanju socialnih in kulturnih danosti (Zagata,
2007). Tako se je npr. v zadnjih nekaj letih kot
posledica povecanega povprasevanja obseg trgovanja z
ekoloskimi zivili v ve€ini ¢lanic EU izjemno povecal, in
sicer po stopnjah med 5 in 30 odstotkov (Raterman,
1997). Rast trzis¢a z ekoloskimi pridelki je pogojena s
poveCanim povprasevanjem po zdravi hrani, z
zahtevami po varstvu narave in s spodbujanjem biotske
raznovrstnosti (Thompson, 1998). Taksne teZnje so
najmocnejSe predvsem v razvitih drzavah (drzave EU,
ZDA), kjer vse bolj narasc¢a povprasevanje po ekolosko
pridelanih svezih in predelanih vrtninah (Oplani¢ in
sod., 2009).

Raziskave, ki so jih opravili Ban (2001), Bullock in sod.
(2002) ter Elliot in Mumford (2002) kaZejo na moznost
gojenja vrtnin z alternativnimi nacini, ki so okolju
prijaznejsi, hkrati pa taka pridelava Se vedno daje
zadovoljive ekonomske rezultate.

Zaradi specifi¢nih naravnih in gospodarskih razmer ima
Hrvaska ugodne prostorske in klimatske moznosti za
ekolosko pridelavo vrtnin, Se posebno na obmocjih, in
teh je na pretek, kjer doslej niso bila uporabljena
kemicna sredstva. Cilj nase raziskave je bil primerjati
ekonomsko uspesnost gojenja solate v konvencionalnem
in ekoloskem nacinu pridelave v celinskem in
sredozemskem delu Republike Hrvaske.

2 MATERIAL IN METODE

V letih 2002 in 2003 je bila raziskava z gojenjem solate
(Lactuca sativa L.) opravljena na druzinskih kmetijah v
okolici Pulja (sredozemsko obmocje) in v okolici kraja
Otocac (celinsko obmocje). Poskusne parcelice so bile v
treh ponovitvah razporejene po metodi nakljuénih
blokov. Proucevana sta bila dva dejavnika in sicer
konvencionalno in ekolosko gojenje solate. Na
parcelicah namenjenih  ekoloski  pridelavi smo
predhodno zaorali hlevski gnoj (30 t/ha) in posejali
krmni grah (Pisum sativum L.), ki je pokosen sluzil kot
zastirka.  Parcelice namenjene konvencionalnemu
gojenju so bile pognojene z mineralnim gnojilom NPK
15-15-15 (300 kg/ha) in poskropljene s herbicidom
Kerb 50-W (3 kg/ha). Na ,,konvencionalne* parcelice je
bil poleg PE ¢rne folije polozen tudi sistem cevi za
kapljicno namakanje in fertiirigacijo. Plevel je bil na
,ekoloskih® parcelicah odstranjen z dvakratnim pletjem,
medtem ko smo na ,konvencionalnih® parcelicah
uporabili herbicid Boom efekt (3 I/ha) za zatiranje
plevela med folijami. Za varstvo rastlin pred boleznimi
in Skodljivci smo na ,.ekoloskih“ parcelicah uporabili
dovoljene pripravke na osnovi metaldehida, ekstrakta
dalmatinskega bolhaca (Chrysanthemum cinerariifolium
[Trevir.] Vis.)) in  bakrene  pripravke. Na
,konvencionalnih“ parcelicah pa smo za varstvo
uporabili sinteticna kemicna sredstva, ki so dovoljena v
konvencionalni pridelavi.

Ekonomska analiza konvencionalnega in ekoloskega
gojenja solate je bila narejena s tehniko kalkulacije, ki

predstavlja sestavni del ,,cost/benefit analize (Key in
Edwards, 1999). Pri ugotavljanju skupnih stroskov
pridelave so bile uporabljene kalkulacije pri katerih so
stroski specificirani znotraj S$tirih osnovnih skupin in
sicer so to stroski uporabe delovnih strojev (vkljucena je
tudi amortizacija), stroski neposrednega dela, materialni
stroski in drugi stroski (stroski nabave in prodaje, najem
zemljisca, stroski certificiranja v ekoloski pridelavi ...).
Skupni prihodki pa predstavljajo zmnozek skupne
koli¢ine trznega pridelka in povprecne trZzne cene solate
v posameznem letu. Trzno ceno konvencionalno

pridelane solate je bila pridobljena iz porocila
strokovnih ~ sluzb  Ministrstva za  kmetijstvo
(http://www .tisup.mps.hr/). Zaradi nerazvitosti

hrvaskega trga z ekoloskimi kmetijskimi pridelki smo
trzno ceno ekolosko pridelane solate dolocili s pomocjo
cenovne premije za katero je bila povecana trzna cena
konvencionalno pridelane solate. Cenovna premija za
ekoloske pridelke se namrec¢ oblikuje na podlagi dejstva,
da so kupci za njih pripravljeni placati ve¢ kot za
pridelke iz konvencionalne pridelave. Ekoloski pridelki
naj bi bili po navedbah Smitha in sod. (2004)
zdravstveno neoporecni, ker naj ne bi vsebovali
ostankov pesticidov in mineralnih gnojil ter naj ne bi
bili genetsko spremenjeni. ViSino cenovne premije v
nasi raziskavi smo dolocili glede na priporocila
Richmana (1999) ter Brumfielda in sod. (2000) in je
znasSala 30 %.

3 REZULTATI IN DISKUSIJA

Dobljeni trzni pridelki v konvencionalnem nacinu
gojenja so bili zelo izenaceni na obeh lokacijah in so
znasali okrog 34,5 t/ha (Slika 1). Pridelki so bili v
okviru pri¢akovanj, saj se po podatkih iz literature
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pridelki solate gojene na prostem gibljejo med 25 in 40
t/ha (Lesi¢, 2002) oz. med 20 in 60 t/ha (Aybak, 2002),
kar pa je predvsem pogojeno s sorto, gostoto sajenja,
vremenskimi pogoji in tehnologijo pridelovanja.
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Slika 1: Trzni pridelek solate gojene na konvencionalni in ekoloski nacin na dveh lokacijah

Figure 1. Marketable yield of lettuce under conventional and organic production systems in two locations

Trzni pridelki solate iz ekoloske pridelave so bili nizji
za 34 % in so v povprecju znaSali 22,7 t/ha. Pri tem
nacinu pridelave so bile opazne tudi pomembne razlike
v pridelku med lokacijama, tako je znaSal pridelek v
Pulju 26,4 t/ha, kar je za 38 % ve¢ kot v Otoccu (19,2
t/ha). V sredozemskem obmocju so bili pridelki, v
primerjavi s celinskim obmocjem, vi§ji zaradi
ugodnejSih agroklimatskih pogojev, ki so pogojevali
tudi manjsi napad solatne plesni (Bremia lactucea L.).

Skupni stroski gojenja solate so se gibali med 18.650
EUR/ha pri ekoloski pridelavi v Otoccu do 20.796
EUR/ha pri konvencionalni pridelavi v Pulju (Slika 2).

Medtem, ko je znaSala razlika v stroskih med obema
nacinoma gojenja v Pulju 5 %, so bili stroski v Otoccu
pri konvencionalnem nacinu gojenja za 17 % visji kot
pri ekoloskem gojenju. Vecéja razlika v stroskih
pridelave je povezana z dejstvom, da so rastline v
konvencionalni pridelavi dosegale za 82 % vecje
pridelke kot v ekoloski pridelavi.

Lastna cena za solato iz konvencionalne pridelave je
bila za obe lokaciji podobna in se je gibala okrog 0,60
EUR/kg. Lastna cena ekolosko pridelane solate v
Otoccu pa je znasala 0,98 EUR/kg in je bila za 25 %
vi§ja kot enako gojena solata v Pulju.
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20000 +-- B Stroski
= repromateriala
g 15000 5-- Strozek dela
E_," 10000 1-- O Strogek strojnih ur
o
=
5000 +
0
Pulj ‘ Otocac Pul) ‘ Otocac
Konvencionalna pridelava Eloloska pridelava

Slika 2: Stroski strojnih ur, stroski dela, stroski repromateriala in ostali stroski gojenja solate na konvencionalni in

ekoloski nacin na dveh lokacijah

Figure 2: Mechanization, labor, repromaterial and other cost in lettuce production under conventional and organic

production systems in two locations

Povprecna veleprodajna cena solate iz ekoloske
pridelave v Pulju je znasala 1,01 EUR/kg, medtem ko je
bila v Otoc¢cu za 33 % niZja in je dosegala 0,68 EUR/kg.
Visja cena solate kot tudi ostalih kmetijskih pridelkov v
sredozemskem obmocju je bila pricakovana zaradi
veéjega povpraSevanja, Se posebej med turisticno
sezono in zaradi ve¢je kupne moci lokalnih prebivalcev.
Kot je bilo Ze omenjeno smo do prodajne cene ekolosko
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pridelane solate pri§li z upostevanjem 30 % cenovne
premije. Tako je ekolosko pridelana solata v Pulju
dosegla 1,32 EUR/kg, v Otoccu pa 0,88 EUR/kg. Na
osnovi teh prodajnih cen so bili ugotovljeni skupni
prihodki in finan¢ni rezultat pridelave solate pri obeh
nacinih gojenja in na obeh lokacijah (Slika 3).



Vpliv agroekoloskih razmer na ekonomsko upravi¢enost ekoloskega pridelovanja solate (Lactuca sativa L.)
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Slika 3: Bruto in neto prihodek od gojenja solate na konvencionalni in ekoloski nacin na dveh lokacijah

Figure 3: Gross and net income of lettuce under conventional and organic production systems in two locations

Bruto prihodek od pridelave solate je bil v Pulju
izenaCen pri obeh nainih gojenja in je znaSal okrog
34.500 EUR/ha. Iz tega je razvidno, da se okrog 30 %
nizji pridelki ekolosko vzgojene solate nadomestijo z
vi§jo prodajno ceno. V Otoccu je solata iz
konvencionalne pridelave dala za 32 % nizji bruto
prihodek, kar je bilo izkljuno posledica nizje prodajne
cene. Ekolosko pridelana solata v Otocu je Vv
primerjavi z enako pridelano solata v Pulju dala za 51 %

nizji bruto prihodek, kar je bilo pogojeno z nizjimi
pridelki in niZjo prodajno ceno.

Pri pridelavi solate v Pulju smo dosegli priblizno enak
neto prihodek pri obeh nacinih gojenja in je znasal
okrog 14.000 EUR/ha. V Otofcu je solata v
konvencionalni pridelavi dosegla 2.803 EUR/ha neto
prihodka, medtem, ko je ekoloska pridelava prinasala
izgubo v visini 1.829 EUR/ha.

4 SKLEPI

Na podlagi naSe raziskave lahko sklenemo, da na
ekonomsko uspesnost pridelave solate v vecji meri
vpliva lokacija kot pa naCin gojenja. BoljSi financni
rezultati so bili dosezeni v sredozemskem obmocju
(Pulj), kjer smo s pridelavo solate ustvarili za 10.893

EUR/ha (konvencionalna pridelava) oz. za 16.003
EUR/ha (ekoloska pridelava) vecji prihodek. Nizji
prihodki oz. izgube v celinskem obmocju (Otocac) so
bile predvsem posledica nizjih prodajnih cen.
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IZVLECEK

Namen raziskave je bil preuciti in s prehranskega vidika
ovrednotiti mascobnokislinsko sestavo 12 kultivarjev zelja
(Brassica oleraceae L.). Vzorce smo homogenizirali in jim z
liofilizacijo odstranili vodo. Mas€obnokislinsko sestavo smo
dolocili z izolacijo metilnih estrov in z analizo na plinskem
kromatografu. Iz rezultatov je razvidno, da zelje vsebuje malo
nasi¢enih mascobnih kislin. Analiza nenasicenih mascobnih
kislin kaZe na to, da zelje v povpreju vsebuje 18,8 mg/100 g
SS a-linolenske, 17,1 mg/100 g SS linolne in 14,8 mg/100 g
SS oleinske kisline. Zeljne glave vsebujejo v najvecji meri
ravno obe najpomembnejsi esencialni mascobni kislini (n-6 in
n-3), kar zelju daje visoko prehransko vrednost. Vsebnost
posameznih nenasi¢enih mascobnih kislin se med kultivarji
zelja znacilno razlikuje. Najvecji delez a-linolenske kisline
ima cv. 'Maestro' (29,9 mg/100 g SS), linolna kislina je najbolj
zastopana v cv. 'Holandsko pozno zelje' (30,6 mg/100 g SS) in
oleinska v cv. 'Galaxy' (29,9 mg/100 g SS) in cv. "Vestri' (26,1
mg/100 g SS).

ABSTRACT

CONTENT OF ESSENTIAL FATTY ACIDS IN
CABBAGE (Brassica oleraceaL.)

The main objectiv of research was to study and evaluate the
composition of essential fatty acids of 12 cultivars of cabbage
(Brassica oleraceae L.). All samples were homogenised and
liophilised. The fatty acids content was determined by the
extraction of fatty acid methyl esters and analyses by means of
gas chromatography. The obtained results show that cabbage
is not a good source of saturated fatty acids. The unsaturated
fatty acids in cabbage are composed of a-linolenic acid (18.8
mg/100 g DW), linoleic acid (17.1 mg/100 g DW) and oleic
acid (14.8 mg/100 g DW). The high content of both essential
fatty acids (n-6 and n-3) in cabbage heads contribute to their
nutritional value. There are significant differences between
cabbage cultivars in the unsaturated fatty acid pattern. Cv.
'Maestro' contains the highest part of a-linolenic acid (29.9
mg/100 g DW). The highest concentration of linoleic acid

Kljucne besede: Zel{ef Bms.sz_ca oleragveae, nasicene contains cv. 'Holandsko pozno zelje' (30.6 mg/100 g DW) and
mascobne kisline, nenasi¢ene mascobne . . : . . \ \
Kisline the highest concentration of oleic acid contain cv. 'Galaxy'
(29.9 mg/100 g DW) and cv. *Vestri’ (26.1 mg/100 g DW).
Key words: cabagge, Brassica oleraceae, saturated fatty
acids, unsaturated fatty acids
1UVOD

Ceprav so ma$¢obe za Zivljenje in zdravje pomembna in
nepogresljiva  sestavina, jim javno mnenje ni
naklonjeno, saj sodi Cezmerno uzivanje nasi¢enih
zivalskih mascob in neuravnotezeno uzivanje rastlinskih
mascob med glavne dejavnike tveganja za nastanek in
razvoj bolezni srca in ozilja ter rakastih obolenj

! Biotehnika fakulteta, Univerza v Ljubljani,

dragan.znidarcic@bf.uni-lj.si

Oddelek za agronomijo,

(Bruckner, 1992; Connor, 2000). V prehrani bi mascobe
namre¢ morale tvoriti od 15 do 20 % kaloricne
vrednosti, dejansko pa se te vrednosti gibljejo med 40 in
50 % (WHO, 2003).
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Mascobe so sestavljene iz triacilglicerolov oz.
trigliceridov (sestavljajo jih pretezno mascobne kisline
in nekaj glicerola), v manjsih koli¢inah (2-5 %) pa
vsebujejo tudi negliceridne komponente (neumiljive
snovi). Mascobne kisline se med seboj razlikujejo po
Stevilu ogljikovih atomov v molekuli in Stevilu dvojnih
vezi v verigi. Alkilna veriga kisline je lahko popolnoma
nasiCena, tj. vsebuje samo enojno vez (nasiene
mascobne kisline), ali pa je nenasiCena in vsebuje eno
ali ve¢ dvojnih vezi (enkrat oz. veckrat nenasiCene
mascobne kisline) (Nawar, 1996). Na splosno so
nenasiCene mascobne kisline dvakrat pogosteje
zastopane kot nasiene in to tako v zivalskih kot v
rastlinskih lipidih (Klofutar, 1992). V rastlinskih masteh
prevladujejo nasi¢ene (C12:0, C14:0 in C16:0), v oljih
pa nenasi¢ene mascobne kisline (C18:0, CI18:2 in
C18:3) (Jamnik, 1992).

Mascobe so v prehrani nujne kot dolocena koli¢ina
esencialnih mascobnih kislin in pri zelo velikih potrebah
po energiji za poveéanje energijske gostote hrane. Poleg
tega se iz prehrane, ki vsebuje premalo mascob, ne
morejo iz Crevesja v kri in limfo absorbirati v masc¢obah
topni vitamini (Rogelj, 2007). Esencialne mascobne
kisline ali njihovi derivati so maScobne kisline, ki so
potrebne za splosno delovanje organizma, slednji pa jih
ne more sintetizirati v zadostnem obsegu, zato jih
moramo Vv telo vnesti s prehrano. Pravi esencialni
mascobni kislini sta linolna (C18:2, n-6) in a-linolenska
(C18:3, n-3), pogojno esencialne mascobne kisline pa so
derivati esencialnih mascobnih kislin — arahidonska

(C20:4, n-6), dokozaheksaenojska (C22:2, n-3) in
eikozapentanojska (C20:5, n-3) masScobna kislina
(Unsaturated fatty acids, 1992).

Ze nekaj desetletij se znanstveniki zelo intenzivno
ukvarjajo s preucevanjem, kako vplivajo n-6 in n-3
mascobne kisline na potek fizioloSkih procesov v
&loveskem organizmu in s tem na ¢lovekovo zdravje. Se
posebno veliko pozornost posvecajo ustreznemu
razmerju med masCobnimi kislinami, saj se je Vv
sodobnem casu povecal zlasti delez nasicenih in n-6,
zmanjsal pa delez n-3 mascobnih kislin. Ta sprememba
je tudi spodbudila povecanje civilizacijskih bolezni
(Pokorn, 2005). Razmerje med n-6 in n-3 mascobnimi
kislinami naj bi bilo med 5 : 1 in 10 : 1 (Referencne
vrednosti, 2004). Po mnenju Salobirja (2001) bi bilo
ljudi, ki uzivajo hrano s $ir§im razmerjem, kot je 10 : 1
treba spodbuditi k uzivanju obrokov, bogatih z n-3
mas¢obnimi kislinami, kot so morski sadezi, stroCnice
in vrtnine.

Poleg ze znanih virov esencialnih mas¢obnih kislin so
predhodne raziskave pokazale, da tudi v zelenolistni
zelenjavi lahko najdemo nezanemarljivo koli¢ino
esencialnih mascobnih kislin (Hitchock in Nickhols,
1971; Ghafoorunissa in Pangreaker, 1993; Sertel, 2000;
Pereira in sod., 2001; Brumen, 2005). Namen nase
raziskave je bil ovrednotiti mas¢obnokislinsko sestavo
lipidov v pri nas najbolj razsirjeni vrtnini — zelju
(Znidaréi¢ in sod., 2007), ki sicer sodi med vrtnine z
nizjo energijsko vrednostjo (Cerne, 1998).

2 MATERIAL IN METODE

Dvanajst kultivarjev zelja ('Atria’, Semenarna; 'Delus',
Semenarna; 'Galaxy', Semenarna; 'Hinova', Beyo;
'Holandsko pozno rdece', Semenarna; 'Lennox/,
Agracasol; 'Vestri', Semenarna; 'Destiny', Agracasol;
'"Tucana', Semenarna; 'Hermes', Semenarna; 'Maestro',
Agrocasol in 'Delphi’, Semenarna) smo leta 2007
pridelali na Laboratorijskem polju Biotehniske fakultete
Oddelka za agronomijo v Ljubljani.

2.1 Dolo¢anje mascobnih Kislin kot metilnih estrov v
zelju

Za dolocitev vsebnosti masc¢obnih kislin v vzorcu smo
uporabili metodo, pri kateri najprej poteka predhodna
ekstrakcija mascob, sledita pa ji transesterifikacija
mascob in dolo¢anje mascobnih kislin kot metilnih
estrov. V vialo smo odtehtali priblizno 200 mg
liofiliziranega oz. homogeniziranega zmletega vzorca in
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100 pl internega standarda, ki smo mu dodali meSanico
metanola in heptana. Kot interni standard smo uporabili
heptadekanojsko kislino (C17:0). Masa internega
standarda v vsaki viali je znasala cca 3 mg, natancno
koli¢ino pa smo izracunali iz skupne koli¢ine internega
standarda in mase raztopine (100 pl), ki smo jo
odpipetirali za vsako vialo.

Po dodatku internega standarda smo v vsako vialo
dodali Se 3,2 ml mesanice reagentov (metanol, benzen,
2,2 dimetoksi propan in H,SO,4 v volumskem razmerju
37:20:5:2)in 1,8 ml heptana. Viale smo nepredusno
zaprli in jih 120 minut segrevali v vodni kopeli pri 80
°C. Zmes v vialah smo ohladili, zgornjo heptansko fazo
pa analizirali s plinsko kromatografijo.

Izracun mase posamezne mascobne kisline:
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C (mg/lOO g) = (Al X FAi Xmy7 X 100)/(A17 X FAil7 X mvz,)

C= koncentracija posamezne VMK (mg/100 g);

Ai.=  povrsina posamezne VMK;

Fai= koeficient posamezne VMK (molska masa VMK/molsko maso metilnega estra VMK);

mj;=  masa internega standarda (C17:0);

A= povrsina internega standarda;

Faiiz=  koeficient internega standarda (molska masa C17:0/molsko maso metilnega estra heptadekanojske kisline C17) = 0,9508;
m,, =  masa vzorca.

2.2 Plinska kromatografija

Mascobnokislinsko sestavo metilnih estrov mascobnih
kislin smo dolo¢ili s pomoc¢jo plinske kromatografije po
metodi Garces in Mancha (1993), ki se uporablja za
analize lahko hlapnih vzorcev, ki jih locujemo in
detektiramo v plinski fazi. Pri tej kromatografiji pomeni
mobilno fazo inertni nosilni plin (dusik ali helij),
stacionarna faza pa je nehlapna organska tekocina, ki je
porazdeljena na inertnem nosilcu, ki je v dolgi tanki
koloni. Osnova separacije je porazdelitev med obe fazi,
pri Cemer se posamezne analizirane komponente
razli¢no porazdelijo in potujejo z razliénim Casom ter
hitrostjo, zaznamo pa jih z detektorjem. Detektor je
obi¢ajno plamensko ionizacijski in zaznava Ze zelo
majhne koli¢ine preiskovane snovi, ki zapuscajo kolono.

Locevanje in detekcija sta potekala pri naslednjih
pogojih:

Plinski aparat: Agilend Technologies 6890 N;
kolona: SUPLESCO — SPB PUFA 30 m x 0,25 mm x 0,2 um;
detektor: FID;

temperatura kolone: 210 °C;

temperatura detektorja: 260 °C;

temperatura injektorja: 250 °C (split 1:100);

Tlak na injektorju: 31,6 psi;

nosilni plin: He, pretok: 1 ml/min;

pretok N: 45 ml/min;

pretok Hy: 40 ml/min;

pretok zraka: 450 ml/min;

volumen injiciranja: 0,1 pl

program za obdelavo podatkov: GC Chem Station

Rezultate, zbrane v raziskavi smo uredili v programu
EXCEL XP in jih statisticno obdelali s programskim
paketom SAS/STAT (SAS Software. Version 8.01,
1999). Pri obdelavi podatkov s statisti¢cnim modelom
smo uporabili proceduro GLM (General Linear
Models). Ocenjene srednje vrednosti za poskusne
skupine so bile izracunane z uporabo Duncanovega testa
ob 5-odstotnem tveganju.

3 REZULTATI IN DISKUSIJA

V Preglednici 1 so podane vsebnosti treh nasi¢enih
mascobnih kislin v razli¢nih kultivarjih zelja (v mg/100
g susine vzorca). Delez nasi¢enih mascobnih kislin je
bil v lipidih zelja zelo nizek oz. je bil prisoten le v
sledovih, zato smo podali le vsebnosti palmitinske
(C16:0), stearinske (C18:0) in arahidinske (C20:0)
mascobne kisline. Najve¢ nasicenih kislin je vseboval
cv. 'Galaxy' (39,18 mg/100 g SS), medtem ko cv.
'Delphi' in cv. 'Vestri' nista dosegla meje 30 mg
nasicenih kislin/100 g SS.

Palmitinska kislina je bila koli¢insko najbolj zastopana
nasicena mascobna kislina. Tudi Komaitis in Mellisari-
Panagiotu (1990) sta v zeljnih glavah dolocila najvec
palmitinske kisline. Med naSimi kultivarji zelja je
najvec te kisline vseboval cv. 'Galaxy' (31,3 mg/100 g

SS), najmanj pa cv. 'Delphi' (20,7 mg/100 g SS).
Stearinske kisline so zeljne glave v povprecju vsebovale
4,8 mg/100 g SS zelja, od tega je je znacilno najvec
imel cv. 'Lennox' (8,3 mg/100 g SS), najskromnejsi s to
kislino pa je bil cv. 'Hinova' (2,8 mg/100 g SS). V
analizah, ki so jih opravili Souci in sod. (2000), je bila
povprecna prisotnost stearinske kisline v zelju vecja
(26,6 mg/100 g SS). Vzroke za razlike lahko is¢emo v
genetskih  lastnostih  kultivarjev,  pedoklimatskih
razlikah, naCinu shranjevanja pridelka in drugih
dejavnikih. Se bolj skromni pa so bili vzorci zelja z
arahidinsko kislino, ki so je v povpre¢ju vsebovali le 2,5
mg/100 g SS. Se najvet je arahidinske kisline vseboval
cv. 'Atria’ (4,3 mg/100 g SS), najmanj pa cv. 'Holandsko
pozno rdece zelje' (1,5 mg/100 g SS)
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Preglednica 1: Vsebnost nasic¢enih mascobnih kislin v zelju (mg/100 g SS)

Table 1: The content of saturated fatty acids in cabbage (mg/100 g DW)
MASCOBNA KISLINA (mg/100 g SS)
KULTIVAR |- e et EEEEE R EEEEEEEEEEREE
C16:0 C18:0 C20:0 Skupaj
Atria 24,1 +0,7 4,1 +0,1 43+1,8 32,6 +0,8
Delus 23,3+1,1 6,9+0,4 3,1+0,5 33,4+0,7
Destiny 28,0 +4,1 5,7+0,2 2,8+1,1 36,5+ 1,8
Hermes 29,2+34 4,8+0,1 3,1+3,6 37,1+£2,4
Hinova 28,1+3.9 2,8+0,1 2,5+0,3 335+ 1,5
Holandsko pozno 30,2+2,2 3,8+0,9 1,5+0,8 355+1,3
Maestro 24,8+2,8 43+0,1 25+1,8 31,8+ 1,5
Galaxy 31,3+ 1,7 5,1+04 2,8+0,7 39,1+1,0
Delphi 20,7+ 4,0 4,5+0,3 3,3+0,7 28,7+1,7
Lennox 254+0,9 83+0,7 3,7+ 0,9 37,5+ 0,8
Tucana 27,1£1,9 58+0,1 3,1+0,3 359+0,8
Vestri 22,3+2,1 4,8+0,3 2,5+0,8 29,7+ 1,0
Povprecje 243+24 51+03 29+1,1 324+13

Tudi pri delezu nenasiCenih mascobnih kislin smo
ugotovili znacilne razlike med vzorci zelja. Rezultati o
vsebnosti enkrat in veckrat nenasi¢enih mascobnih
kislinah so podani v Preglednici 2. Najmanjsi delez
nenasicenih kislin je dosegal cv. 'Delus' (61,6 mg/100 g
SS, najvi§je izmerjene vrednosti nenasiene kislin pa
smo ugotovili pri cv. 'Holandsko pozno zelje' (74,2
mg/100 g SS). Koli¢insko najbolj zastopani sta bili obe
najpomembnejS$i esencialni  kislini: o-linolenska —
C18:3, n-3 (18,8 mg/100 g SS) in linolna kislina —
C18:2, n-6 (17,1 mg/100 g SS), le nekoliko manjsi delez
pa je dosegla oleinska kislina — C18:1 (14,8 mg/100 g
SS). Tudi Hitchock in Nickhols (1971) ter Kim in Kim
(2001), menijo da so to najbolj pogosto zastopane
nenasi¢ene mascobne kisline v zelenih delih rastlin.
Poleg nastetih pa so nase analize zaznale Se y-linolensko
(C18:3, n-6), gadoleinsko (C20:1), eikozadienojsko
(C20:2, n-9), dihomo-y-linolensko (C20:3, n-6) in
eikozatrienojsko kislino (C20:3, n-9).

Po vsebnosti oleinske kisline sta se od drugih
razlikovala cv. '"Vestri' (26,1 mg/100 g SS) in cv.
'Galaxy' (26,1 mg/100 g SS). Po mnenju Brumnove
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(2005) se vrtnine, ki vsebujejo vsaj 30 mg oleinske
kisline/100 g SS uvrs¢ajo med vrtnine z velikim
delezem te kisline. Omenjena kultivarja sta se zelo
priblizali temu kriteriju. Najmanj oleinske kisline pa
smo ugotovili pri rdeCem zelje cv. 'Holandsko pozno
zelje' (7,5 mg/100 g SS). Nasprotno pa je cv.
'Holandsko pozno zelje' med vsemi analiziranimi vzorci
vseboval najve¢ linolne kisline (30,6 mg/100 g SS),
medtem ko smo najmanj te kisline dolo¢ili v cv. 'Vestri'
(9,5 mg/100 g SS). Pri analizi a-linolenske kisline smo
najvecji delez te kisline izmerili v srednje zgodnjem
rdeCem zelju za svezo upurabo cv. 'Maestro' (26,9
mg/100 g SS), najmanj pa v poznem zelju za kisanje cv.
'Lennox' (14,7 mg/100 g SS).

Delez preostalih nenasi¢enih mascobnih kislin je bil
komaj opazen in se je v povprecju gibal med 1,6
mg/100 g SS (y-linolenska kislina) in 4,1 mg/100 g SS
(dihomo-y-linolenska kislina).
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Preglednica 2: Vsebnost nenasicenih mascobnih kislin v zelju (mg/100 g SS)

Table 2: The content of unsaturated fatty acids in cabbage (mg/100 g DW)

MASCOBNA KISLINA (mg/100 g SS)
KULTIVAR |-----===nmmmrmmmoooomme N SGDEEEEEEEE R GREEE RS R RREEEEEEEE OO L EPPEEEEEEEE R OGEEEEETSSEEEEEEEPEE

C18:1 C18:2,n-6 Cl18:3,n-6 C18:3,n-3 C20:3, n-9 C20:2, n-9 C20:3, n-6 C20:3,n-3 Skupaj
Atria 11,1+0,1 | 12,504 | 24+0,1 172405 | 53+04 53423 8,2+0,3 43+02 | 66402
Delus 10,8+03 | 17,904 12+0,1 203+£03 | 3207 2,3+0,1 4,0+09 1,702 | 61,602
Destiny 15414 | 14316 1,4+04 164+1,6 | 32+19 3,9+22 4,6+27 40+1,1 63,4+1,1
Hermes 11,7£05 | 148+13 1,903 | 203+21 | 43+09 3,0+0,8 44+3,1 20+1,5 | 628+1,5
Hinova 15114 | 18,6+2,1 1,6+ 04 189+13 | 2,7+07 52+43 3,1+23 09+1,1 | 663=1,1
Hol. pozno 75+0,1 | 30,627 1,0£0,5 | 22,7427 1,6+0,2 56+22 3,119 1,808 | 742+08
Maestro 94+03 | 23,115 1,404 | 269+1,5 1,7+1,1 1,3£03 2,1£22 20+0,5 | 68,1£05
Galaxy 26,1+1,8 | 12,607 1,5+04 150£1,1 | 44+02 3,5+0,5 44425 34+03 | 71,8+03
Delphi 194+2,1 | 11,6+13 1,9+ 0,6 151+2,1 52+ 1,4 52+18 8,138 37+64 | 70,6+64
Lennox 11,829 | 22,7+6,2 1,6+0,7 14713 | 3,409 22412 2,4+08 37+1,9 | 624=19
Tucana 14,1£03 | 16304 1,5£0,5 18,105 | 3,7+07 42+0,7 29+23 2,9+0,1 64,1£0,1
Vestri 26,1+1,9 9,5+0,7 1,6+0,2 19,5+ 1,1 32408 3,6+ 0,4 24+24 38+1,3 | 70,1+1,3
Povpregje 148+1,1 | 17,1+1,6 1,6+ 04 188+13 | 35+08 3,8+ 1,4 41+2,1 28+13 | 66,7+13
4 SKLEPI

Splosno znano je, da ima zelje nizko energijsko
vrednost, hkrati pa je vir enostavnih in kompleksnih
ogljikovih hidratov, vlaknin, mineralov, vitaminov in
sekundarnih metabolitov. V nasi raziskavi pa smo zeleli
ugotoviti, ali je zelje tudi vir esencialnih mascobnih
kislin (a-linolenske in linolne kisline), ki jih clovekov
organizem ne more sam proizvesti in jih lahko pridobi
le s primerno prehrano. Rezultati so pokazali, da vecino

mascob v zelju sestavljajo nenasi¢ene mascobne kisline,
med katerimi je najve¢ prav o-linolenske in linolne
kisline. Zaradi velike prehranske vrednosti zelja bi bilo
v nadaljnjih raziskavah smiselno ugotoviti, kako to
kapusnico uporabiti v povezavi z drugimi rastlinskimi
olji, kot dopolnilo oz. funkcionalno Zzivilo v vsakdanji
prehrani.
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IZVLECEK

Model WOFOST je bil odgovor Alterre in centra Plant
Research International (oboje Wageningen, Nizozemska) na
potrebe po agrometeoroloskem simulacijskem modelu za 10-
dnevno kvantitativno napovedovanje pridelka na drzavni ali
regionalni ravni in kvalitativni monitoring pogojev za rast
razlicnih poljs¢in za celotno EU. Celo druzino modelov, v
katero spada tudi WOFOST, so razvijali v Wageningnu v Soli
C. T. de Wita. Prvi¢ je bil dokumentiran leta 1986 (Wolf in
sod.), njegov prvotni namen je bil preucevanje potencialnega
pridelka razliénih polj$€in v tropskih drzavah, s ¢imer so se
ukvarjali van Keulen, Wolf in van Diepen. UspesSne verzije
WOFOST-a se ze ve¢ kot 10 let uporabljajo v razlicnih
raziskavah. Razli¢ne aplikacije so bile prilagojene za analizo
tveganja pri pridelku, variabilnosti pridelka skozi leto,
variabilnosti zaradi razli¢nih tipov tal ali zaradi raznovrstnih
agrohidroloskih pogojev in razlik med kultivarji, relativne
pomembnosti faktorjev, ki dolo€ajo rast, setvenih strategij,
vplivov podnebnih sprememb, kriticnih period za uporabo
agrikulturne mehanizacije in drugega. Trenutno je dostopna
verzija WOFOST 7.1.2.

WOFOST je fizikalni model, ki razlaga rast pridelka na osnovi
procesov, ki se dogajajo v rastlini in upoSteva, kako na te
procese vplivajo okoljske razmere. Osnova za izraune
produkcije suhe snovi je stopnja asimilacije CO, v rastlinski
odeji, ki je odvisna od absorbirane energije sevanja in je
funkcija vpadajoCega sevanja in listne povrSine poljs¢ine.
Izbiramo lahko med potencialno in dejansko (omejena
koli¢ina vode) simulacijo. Meteoroloske podatke moramo
pripraviti v pravilnem formatu.

WOFOST uporablja vodno bilanco, ki v danem ¢asovnem
obdobju primerja koli¢ino vode, ki pride v koreninsko cono, s
tisto, ki gre iz nje, ter dolo¢i razliko med njima za spremembo
vsebnosti vode v tleh. Uposteva infiltracijo, evaporacijo,
transpiracijo, perkolacijo in kapilarni dvig. Pri tem se moramo
zavedati, da model ni namenjen natancni fizi¢ni obdelavi
gibanja vode v tleh, temve¢ le oceni dostopnosti vode za
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rastlino. Vpiv hranil (dusik, fosfat in kalij) na pridelek se
ra¢una na letnem nivoju na osnovi dela Janssena in sod. iz leta
1990. WOFOST izracuna fenolosko fazo iz dnevne
temperature in korekcijskega faktorja. Temperaturne vsote,
potrebne za doseganje dolocene faze, so dolo¢ene v datotekah,
ki opisujejo posamezne poljs¢ine. V posebnih prilogah k opisu
modela si lahko natanéno preberemo vse o enacbah, ki jih
model uporablja, o izracunih energije globalnega obsevanja,
Gaussovi integraciji, linearni interpolaciji z AFGEN funkcijo,
dolo¢anju datuma setve, CGMS (Crop Growth Monitoring
System) bazi podatkov, uporabi meteoroloskih podatkov ter
podatkov o poljs¢inah in tleh v CGMS-u.

Kljuéne besede: WOFOST, razvoj modela, vhodni podatki,
vodna bilanca, pridelek, koruza

ABSTRACT

WOFOST: CROP GROWTH SIMULATION MODEL —
15T PART

The WOFOST crop growth simulation model was selected,
when the JRC (i.e. European Commission) requested Alterra
(formerly SC-DLO) and Plant Research International
(formerly AB-DLO) in Wageningen, The Netherlands, to
develop, adapt and calibrate new or existing agro-
meteorological simulation models for 10-day routine
quantitative forecasting of national and regional yields and
qualitative monitoring of the growth conditions for the whole
EU for different kinds of crops. WOFOST is a member of the
family of crop growth models developed in Wageningen by
the school of C.T. de Wit. The first WOFOST model has been
documented by Wolf et al. (1986) and it was originally
developed to assess yield potential of various annual crops in
tropical countries (van Keulen & Wolf, 1986; van Diepen et
al., 1988; van Keulen & van Diepen, 1990). Over the last ten
years, the successive WOFOST versions have been used in
many studies. WOFOST has been applied as a tool for the
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analysis of yield risk and inter-annual yield variability, of
yield variability over soil types, or over a range of agro
hydrological conditions, of differences between cultivars, of
relative importance of growth determining factors, of sowing
strategies, effects of climate change, critical periods for use of
agricultural machinery and others. Recently, the version
WOFOST 7.1.2. is in use.

WOFOST is a mechanistic model that explains crop growth on
the basis of the underlying processes, such as photosynthesis,
respiration and how these processes are influenced by
environmental conditions. Crop growth depends on the daily
net assimilation, which on its turn depends on the intercepted
light. The intercepted light is determined by the level of
incoming radiation and the leaf area of the crop. We can
choose between potential and water-limited simulation. We
have to prepare meteorological data in the requested format.

WOFOST uses a water balance, which compares for a given
period of time, incoming water in the rooted zone with

outgoing water and quantifies the difference between the two
as a change in the stored soil moisture amount. Several
processes are included: infiltration, evaporation, transpiration,
percolation and capillary rise. We have to keep in mind that
the model is not meant to calculate the water balance in first
place. The procedure which calculates the nutrient
requirements is based on the work of Janssen et al. (1990).
Phenological phase is calculated from daily temperature and
correction factor. Temperature sums needed for each phase are
determined in crop files. Appendices to the model description
include equations, description of the global radiation
calculation, Gauss integration, linear interpolation with
AFGEN function, sowing date determination, CGMS (Crop
Growth Monitoring System) data base, use of meteorological,
crop and soil data in CGMS.

Key words: WOFOST, model development, input data, water
balance, crop yield, maize

1 UVOD

Slovensko kmetijstvo se bo v prihajajoc¢ih letih
spopadalo s Stevilnimi izzivi, kot so mednarodna
konkurenca, nadaljnja liberalizacija trgovinske politike
in upadanje prebivalstva. Zaradi podnebnih sprememb
bo stiska Se vecja, izzivi pa tezji in drazji. Predvidene
podnebne spremembe bodo prizadele pridelek,
zivinorejo in lokacijo proizvodnje, kar bo zelo ogrozilo
kmetijski prihodek in morda povzrocilo opustitev
zemljis¢ v nekaterih predelih. Proizvodnja hrane je
lahko ogrozena zaradi vroCinskih valov, suSe in

Skodljivcev, vse pogostejsi pa bodo tudi izpadi pridelka.

Kljub opazenim spremembam se ne izvajajo meritve in

opazovanja vodne bilance, od katere je v veliki meri

odvisna koli¢ina in kakovost kmetijskega pridelka. Na
nacionalnem nivoju je trenutno v uporabi vodnobilanéni
model IRRFIB (ARSO), zal pa nimamo razvitih ali
umerjenih modelov za simulacijo in napovedovanje
kmetijskega pridelka. V tujini za napoved pridelka ze

uporabljajo modele, ki temeljijo na vodnih razmerah v

tleh, pri simulaciji pa upostevajo tudi fenoloski razvoj

rastlin, saj je modeliranje sodoben nacin kvantificiranja
odnosov med bioloskimi procesi in dejavniki okolja

(Scharrer in Schmidt, 1998). Eno izmed nacel pri

agrometeoroloskih modelih je parsimoni¢nost ali

preprostost modelov (Landau in sod., 2000). Hodges

(1991) navaja, da je za ucinkovit prenos znanja

(modela) do uporabnika, ki bo lahko to znanje uporabil

za reSitev prakticnega problema ali nacrtovanje

kmetijske proizvodnje, potrebno izpolniti nekatere
minimalne zahteve:

- program mora biti uporaben za ljudi, katerim je
namenjen, to je tistim, ki bi od njega naj imeli
koristi. Ce je potrebno za ucinkovito uporabo
modela veliko izkusenj s podro¢ja racunalnistva ali
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znanja  najnovejSih  znanstvenih  dosezkov
agronomske znanosti, potem bo relativno malo
Stevilo potencialnih uporabnikov lahko izkoristilo
Se tako dober program,

- program mora potrebovati samo tiste vhodne
podatke, do katerih bodo uporabniki lahko prisli z
relativno malo napora in stroskov glede na koristi,
ki jih bodo imeli ob uporabi modela,

- program naj zagotovi natanne in pravocasne
uporabne informacije za reSitev problema, za
katerega smo iskali modelsko resitev.

Tekom  zadnjih  desetletij je  agrometerolosko
modeliranje dozivelo razcvet in v literaturi najdemo
tako zelo kompleksne kot tudi preprostejse matemati¢ne
modele za napovedovanje rasti in razvoja kmetijskih
rastlin (Whisler in sod., 1986; Boote in sod., 1996).
Teoreticne osnove modeliranja sta zelo nazorno povzela
Thornley in Johnson (1990). Med najbolj razsirjenimi
starejSimi modeli so CERES (Ritchie and Otter, 1984),
ARCWHEAT (Weir et al., 1984) EPIC: (Williams et al.,
1989) in SUCROS (van Keulen and Seligman, 1987), ki
so bili verificirani, kaliblirani in uporabljeni za razli¢ne
regije sveta, tudi Evropo. Model CERES za koruzo smo
preizkusali tudi v Sloveniji (Kajfez-Bogataj, 1996).
Obstaja tudi kar nekaj generi¢énih modelov, ki lahko
simulirajo rast in razvoj ve¢ kmetijskih rastlin hkrati,
kar jim omogocajo razliéni podmodeli in sicer
WOFOST, INTERCOM (van Ittersum et al., 2003),
STICS (Brisson et al., 2003) in CropSyst ( Stockle et al.,
2003).

V c¢lanku podrobneje predstavljamo model WOFOST
(WOrld FOod STudy), ki je bil razvit na Nizozemskem,



kjer je trenutno v Siroki uporabi. Mnoge izmed
evropskih drzav so model prilagodile na svoje razmere.
Med drugim je bil na primer uporabljen tudi v Studiji
vpliva klimatskih sprememb na potencialni pridelek
pSenice in koruze na obmocju Evropske unije (Wolf in
van Diepen, 2007). V prvem delu predstavljamo

WOFOST: model za napovedovanje pridelka — 1. del

predvsem razvoj in osnove izraCunov modela
WOFOST, kar v vecini povzemamo po internetni
predstavitvi modela, ki sta jo pripravila Supit in van der
Goot (2008). V drugem delu (Pogacar in Kajfez
Bogataj, 2009) pa bomo predstavili kratka navodila za
uporabo in konkreten primer izracunov.

2 ZGODOVINA IN RAZVOJ MODELA WOFOST

Vladne sluzbe, podjetja in proizvajalci Zzelijo ¢im
prejsnje informacije o pri¢akovanem pridelku, kar jim
omogoca planiranje transporta, marketinga, uvoza ...
Globalno gledano so cene pridelkov odvisne od zalog in
porabe dobrin. Glavno je zanimanje za pSenico, jeCmen,
koruzo za zrnje, riz, krompir, oves, sladkorno peso,
stro¢nice, sojo, oljéno repico, soncénice, tobak in
bombaz. Urad za statistiko pri Evropski Komisiji
(EUROSTAT) zbira informacije o rabi tal, spremembah
le-te in pridelku, ki pa so dostopne Sele po enem ali
dveh letih, kar je za uporabnike seveda prepozno.

Tako je Alterra (raziskovalni institut Univerze
Wageningen na Nizozemskem) v sodelovanju z
raziskovalnim centrom Plant Research International
(PRI, prav tako Wageningen) za raziskovalni center
Evropske Komisije JRC (Ispra) dobila navodilo, da
razvije, prilagodi in umeri nov ali obstojec
agrometeoroloski simulacijski model za 10-dnevno
kvantitativno napovedovanje pridelka na drzavni ali
regionalni ravni in kvalitativni monitoring pogojev za
rast pSenice, ovsa, koruze, riza, krompirja, sladkorne
pese, strocnic, soje, olj¢ne repice, soncnic, tobaka in
bombaza za celotno EU.

Izbrali so WOFOST — model za simulacijo rasti
poljs¢in, ki v kombinaciji z GIS-om in rutino za
napoved pridelka tvori CGMS (Crop Growth
Monitoring System). Kombiniran je z mapo tal,
parametri kultur in prostorsko informacijo o rastiscih ter
uporablja dnevne meteoroloSke podatke za oceno
statusa rastlin. Prvo verzijo sta razvila Centre for World
Food Studies (CWFS) in Research Institute for

Agrobiology and Soil Fertility (AB-DLO) — sedanjim
PRI (van Diepen et al., 1989). Implementacijo v CGMS
in strukturo je opisal Supit s sod. (1994). Tehni¢ne opise
in navodila za uporabo so pripravili van Raaij in van der
Wal (1994), van der Wal (1994) ter Hooijer in sod.
(1993). Po ukinitvi CWFS leta 1988 so z razvojem
nadaljevali pri DLO-Winand Staring Centre (danasnja
Alterra) v sodelovanju s PRI in WAU-TPE (Department
of Theoretical Production Ecology of the Wageningen
Agricultural University).

Celo druzino modelov, v katero spada tudi WOFOST,
so razvijali v Wageningnu v $oli C. T. de Wita. Sorodni
so SUCROS modeli (Simpel and Universal Crop
Simulator), Arid Crop, Spring wheat, MACROS in
ORYZAL. Prvi¢ je bil WOFOST dokumentiran leta
1986 (Wolf in sod.). Vsi ti modeli sledijo hierarhi¢ni
razliki med potencialno in omejeno produkcijo in si
delijo podobne podmodele za rast polj$¢in z intercepcijo
svetlobe in asimilacijo CO, kot gonilnima procesoma
ter fenoloskim razvojem kot procesom, ki kontrolira
rast. Precej pa se razlikujejo podmodeli, ki opisujejo
vodno bilanco tal in privzem hranil iz tal — tako v
pristopu, kot tudi v stopnji natan¢nosti.

Prvotni namen WOFOST-a je bil preucevanje
potencialnega pridelka razliénih poljs¢in v tropskih
drzavah, s ¢imer so se ukvarjali van Keulen, Wolf in
van Diepen. Poskusali so ohranjati ¢im bolj enostavno
obliko vhodnih podatkov — uporabljali so povpreéja, a
so kmalu ugotovili, da je potrebno kljub vsemu
upostevati variabilnost okoljskih parametrov v prostoru
in Casu, povprecuje pa se lahko kve¢jemu rezultate.
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3 APLIKACIJE

Uspesne verzije WOFOST-a se ze ve¢ kot 10 let
uporabljajo v razliénih raziskavah. Prilagojen je bil za
analizo tveganja pri pridelku, variabilnosti pridelka
skozi leto, variabilnosti zaradi razlicnih tipov tal ali
zaradi raznovrstnih agrohidroloskih pogojev in razlik
med kultivarji, relativne pomembnosti faktorjev, ki
dolo¢ajo rast, setvenih strategij, vplivov podnebnih
sprememb in kriticnih period za uporabo agrikulturne
mehanizacije. Model so uporabljali tudi za
napovedovanje v smislu vrednotenja potencialnega
pridelka  regionalnih  kmetijskih  povrSin, ocen
ucinkovitosti namakanja in uporabe umetnih gnojil.
Nekateri uporabniki so ga prilagodili za uporabo pri
gozdnih in travnatih povrSinah ter zamenjali modul za
izratune vode v tleh z bolj raz¢lenjenim. Celotnega
pregleda vseh aplikacij na Zalost ni, saj ni nikoli bilo
uradne mreze za izmenjavo izkuSenj, podatkov in
aplikacij. V nadaljevanju na kratko predstavljamo nekaj
vecjih raziskav.

Z verzijo WOFOST 3.1 so na CWFS na zeljo FAO
preucevali povecanje potencialne produkcije hrane
zaradi uporabe umetnih gnojil v treh afriskih drzavah.
Raziskava je pokazala, da bi se pridelek v Burkini Faso,
Gani in Keniji lahko povecal z uporabo umetnih gnojil
brez zahtev po dodatnem namakanju (CWEFES, 1985).

V okviru projekta AGRISK je Mellaart (1989)
raziskoval tveganja v Burkini Faso — analiziral je
strategije za spopadanje s suSo glede na tip tal, polj$¢ino
in kultivar, datum setve, povrsSinski odtok in lokacijo
polj. Bakker (1992) pa je v okviru ICRISAT-ove $tudije
preuceval razmere glede padavin v Indiji.

Pri projektu MARS (Monitoring Agro-ecological
resources with Remote sensing and Simulation) za JRC
je bil WOFOST 4.1 predlagan za ocenjevanje pridelka
in kot sistem za zgodnje opozarjanje o prehranski
varnosti v Zambiji, pri ¢emer bi uporabljali model v
kombinaciji z GIS-om, vhodne podatke pa bi ¢rpali iz
meteoroloskih satelitov. Zato so WOFOST 4.1
kalibrirali in testirali za koruzo. Isto verzijo so
prilagodili za vrednotenje vodnih strategij (namakanje,
ohranjanje) kot podpore ruralnega razvoja v majhnih
razvodjih v Perujskih Andih.

WOFOST 4.3 je postal referenéni model za analizo
pridelka pri NASREC programu, pri katerem sodeluje
11 drzav. Leta 1991 so pripravili nov, prijazen
uporabni$ki vmesnik.
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Z verzijo WOFOST 4.4 je pripravil Roetter 1.1993
kalibracijsko-validacijsko raziskavo za koruzo v Keniji.
Z uporabo podatkov z eksperimentalnih polj je model
pridelek napovedal s 15% napako (RMSE), kar je bilo
glede na kakovost vhodnih podatkov precej dobro.

Nova verzija, WOFOST 5.3, je bila uporabljena za
ocene potencialne regionalne produkcije poljs¢in na
velikih poljih v EU v odvisnoti od tal in klimatskih
razmer (De Koning in van Diepen, 1992; van Lanen in
sod., 1992). Razvili so jo za pSenico, koruzo, oljcno
repico, krompir in sladkorno peso ter dodali loCeno
verzijo za travo. Eden od zakljuckov je bil ta, da bi v
Evropi lahko vsaj 30 % kmetijske zemlje odvzeli, ne da
bi ogrozili prehransko varnost ali tvegali vecji vpliv na
politiko.

Van Diepen in sod. (1987), Wolf in van Diepen (1991)
in Wolf (1993) so ocenjevali vpliv podnebnih
sprememb na rast poljs¢in. Model je posebej primeren
za dolocanje kombiniranega vpliva sprememb CO,,
temperature, padavin in soncnega obsevanja na razvoj in
rast poljscin ter porabo vode, saj vse pomembne procese
simulira loceno, a wupoSteva njihovo medsebojno
interakcijo.

Verzijo WOFOST 6.0 so pripravili za novo $tudijo v
okviru projekta MARS: “Modeli za napovedovanje
pridelka”, katere namen je bil generiranje indikatorjev
rasti poljséin za oceno kvalitete trenutne kmetijske
sezone po celi EU v primerjavi s kvaliteto preteklih
sezon. V tem casu je bil WOFOST registriran pri Crop
Growth Monitoring (Hooijer and van der Wal, 1994;
van Diepen, 1992), samostojna verzija se je obdrzala za
poucevanje, demonstracije, teste in validacije ter kot
izhodis¢e za nove aplikacije in druge raziskave.

Poleg glavne smeri razvoja razliénih verzij pa se je
veliko aplikacij razvilo na osnovi verzije WOFOST 4.1.
Na primer SWACROP2, pri katerem so WOFOST
povezali z modelom SWATRE in transpiracijskim
modelom (Huygen, 1992). Groot je leta 1987 vkljucil
dinamiko hranil pri rastlinah in tleh. Poels in Bijker
(1993) sta ustvarila model TROPFOR za simulacijo
rasti in porabe vode v tropskem dezevnem gozdu, De
Ruijter in sod. (1993) pa so model pripredili za
simulacijo rasti tulipanov. Trenutno je dostopna verzija
WOFOST 7.1.2.
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4 OSNOVE IZRACUNOV, KI JIH UPORABLJA WOFOST

4. 1 Splosni pregled

WOFOST je fizikalni model, ki razlaga rast pridelka na
osnovi procesov, ki se dogajajo v rastlini (fotosinteza,
dihanje ...), in upoSteva, kako na te procese vplivajo
okoljske razmere. Napovedi takih modelov ne ustrezajo
vedno nasim pricakovanjem, saj imajo ocene vseh
parametrov in formulacije procesov svoje napake, ki se
akumulirajo pri konéni napovedi pridelka.

Osnova za izracune produkcije suhe snovi je stopnja
asimilacije CO, v rastlinski odeji, ki je odvisna od
absorbirane energije sevanja in je funkcija vpadajocega
sevanja in listne povrSine poljs¢ine. Del nastalih
ogljikovih hidratov se porabi za zagotavljanje energije
za vzdrzevanje ze obstojeCe zive biomase (bazalni
metabolizem), ostali pa se pretvorijo v gradbeni
material.

Nastala suha snov se porazdeli med korenine, liste,
stebla in zalozne organe, pri ¢emer model uporabi
porazdelitvene faktorje, ki so funkcija fenoloske faze
(Spitters in sod., 1989). Del, ki se porazdeli k listom,
doloca razvoj listne povrSine in s tem dinamiko
intercepcije svetlobe. Suho tezo rastlinskih organov
dobimo z integracijo njihove stopnje rasti po ¢asu.

Listna masa je razdeljena v starostne razrede. Tekom
razvoja del biomase odmre zaradi starosti. Na nekatere
rastne procese (maksimalna fotosinteza, bazalni
metabolizem)  vpliva  temperatura, na  druge
(porazdelitev asimilatov ...) pa fenoloska faza, ki je
funkcija okoljske temperature in dolzine dneva.
Akumulacija in distribucija suhe snovi po rastlini je
simulirana od setve do dozoretja na bazi fizioloskih
procesov, kot jih dolo¢ajo odzivi poljs¢in na dnevne
vremenske situacije, stanje vode v tleh (odraza ga
Ta/Tp) in setvena praksa (gostota setve ipd.).

Vodna zaloga v koreninski coni, infiltracija, povrsinski
odtok, perkolacija in prerazporejanje vode Vv
enodimenzionalnem profilu so dolo¢eni iz hidravli¢nih
znacéilnosti in kapacitete tal za vodo.

Izbiramo lahko med potencialno in dejansko (omejena
koli¢ina vode) simulacijo. Potencialna je definirana s
temperaturo, dolzino dneva, sonnim obsevanjem in
karakteristikami polj$¢in (dinamika listne povrSine,
karakteristika asimilacije, porazdeljevanje suhe snovi
...). Dejansko pa doloca Se dostopnost vode, racunana iz
znacilnosti korenin, fizikalnih lastnosti tal, koliCine
padavin in evapotranspiracije. V obeh primerih
predvidevamo optimalno zalogo hranil in racunamo

celotno koli¢ino nadzemne suhe snovi in suhe snovi v
semenih na hektar.

V simulacijo niso vkljuéene morebitne morfoloske ali
fizioloske prilagoditve rastlin na spremenjene okoljske
razmere. Prav tako ni erozije, zmrzali, Skodljivcev,
bolezni, izgub pri shranjevanju ipd. Zavedati se
moramo, da bi moral biti model testiran na Sirokem
naboru razli¢nih okoljskih razmer, vendar pa je meritev
Se vedno precej malo. Poleg tega pa od neke tocke
naprej s povecevanjem kompleksnosti modela
povecujemo tudi napako. Zato je verjetno bolje, da
nepreverljivih, nezanesljivih ali tezko dolocljivih
faktorjev ne vkljuc¢imo.

4. 2 Meteoroloski vhodni podatki

WOFOST izmed meteoroloskih parametrov uporablja
maksimalno in minimalno temperaturo [°C], globalno
obsevanje (ni nujno) [J/m’d], povpre¢no dnevno hitrost
vetra na vi$ini 2 m [m/s] — prera¢unano z logaritemsko
transformacijo z visine 10 m, kjer so meritve, povpre¢ni
dnevni pritisk vodne pare [hPa] in koli¢ino padavin
[mm]. Ker se vecina podatkov pridobiva na dnevni bazi,
je tudi ¢asovni korak v modelu 1 dan.

Evapotranspiracijo racuna po Penmanovi metodi. JRC
verzija ponuja Se druge moznosti za izraun
evapotranspiracije, obe pa za oceno obsevanja (ko
nimamo meritev) ponujata po Prescottu prirejeno
Angstromovo  formulo, pri  kateri potrebujemo
informacijo o trajanju sonénega obsevanja. Ce tudi tega
nimamo, lahko pri JRC verziji globalno obsevanje
ocenimo po Supitovi (1994) ali malo manj natanéni
Hargreavesovi formuli (1985). Empiri¢ne koeficiente za
Angstromovo formulo mora v splo$ni verziji zagotoviti
uporabnik, v JRC verziji pa so ocenjeni na podlagi
meteoroloskih postaj z znanimi vrednostmi (Supit,
1994; Supit in van Kappel, 1997) z uporabo
interpolacijske metode, ki jo je 1. 1997 razvil van der
Goot. Za rastlinsko odejo racunamo maksimalno
evaporacijo iz zasenenega povr§ja tal, maksimalno
evporacijo iz zasen¢enega vodnega povrsja, maksimalno
in dejansko transpiracijo polj$¢in. Uporabljamo
Penmanovo metodo, prilagojeno po Choisnelu in sod.
(1992). Racuna nam referencne vrednosti, zato
uporabljamo Se korekcijski faktor za poljscine
(koeficient rastline), upostevati moramo odvisnost od
listne povrsine.

Spremenljivke imamo dolo¢ene na meteoroloskih
postajah, zato jih interpoliramo v mrezo 50 x 50 km za
EU. Za uporabo na nivoju posameznih drzav je mogoce
dodati gostejSo mrezo. Pri tem je pomembno, da
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kar podatke z najbolj primerne postaje. Izracuni po
celicah predstavljajo povprecne pogoje in ne odrazajo
vrednosti, ki bi bile na primer izmerjene v sredini celice.

izberemo ustrezne meteoroloske postaje, ki so
reprezentativne za posamezne celice. Dejanska
interpolacija je enostavno povprecje, popravljeno zaradi
razlik v nadmorski visini. Le pri padavinah vzamemo

listna

intercepcija svetlobe Al
povrsing

v

potencialna
fotosinteza

dejanska
fotosinteza

bazalni
metabolizem

rast pridelka
(suha snov) rastni

metabolizem

korenine

jndmrtje {Zive) o ——delitev
o organi za listi | —
(zrva) shranjevanje (Zivi) -
odmirtje (Zivi) odrmrtje

Slika 1:
Figurel:
transpiration).

4. 3 Vodna bilanca

Za simulacijo rasti mora model slediti koli¢ini vode v
tleh, da lahko dolo¢i kdaj in kako zelo je poljscina
izpostavljena vodnemu stresu. WOFOST uporablja
vodno bilanco, ki v danem ¢asovnem obdobju primerja
koli¢ino vode, ki pride v koreninsko cono, s tisto, ki gre
iz nje, ter dolo¢i razliko med njima za spremembo
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Proces rasti poljscin, kot jo simulira WOFOST. Ta in Tp sta dejanska in potencialna transpiracija.
Simplified general structure of a dynamic, explanatory growth model (Ta - actual and Tp - potential

vsebnosti vode v tleh. Lo¢i tri situacije. Prva se pojavi,
ko je voda v tleh dosegla poljsko kapaciteto in pri tem
rast dosega svoj potencialni nivo. V drugem primeru
pride v postev vpliv evapo(transpi)racije in perkolacije
na vsebnost vode v tleh. Produkcija je zaradi manjSe
dostopnosti vode zmanjSana. Pri zadnji moZznosti pa
poleg evapo(transpi)racije in prekolacije uposteva Se
vpliv podtalnice (te moznosti pri JRC verziji ni).
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WOFOST: model za napovedovanje pridelka — 1. del

Slika 2: Shematski prikaz razlicnih komponent vodne bilance tal.
Figure 2: Schematic representation of the different components of a soil water balance.

Dejansko koli¢ino vode v tleh izrauna model po
(Driessen, 1986):

fNup + (fj'uriow - Tﬂ)ﬂf

JTNHP = P + iTg - E,s + SS;I’M— SR

podtalnica

in
& RD INiw = CR - Perc

kjer sta: ’

Tabela 1: Spremenljivke, ki nastopajo v izracunu vode v tleh.

Table 1: Variables in the soil moisture equation.

kjerso 0, . dejanska koli¢ina vode v koreninski coni ob ¢asu t [cm’® cm™]

INy, : neto pritok skozi zgornjo mejo koreninske cone [emd]
INw : neto pritok skozi spodnjo mejo koreninske cone [emd']
T, . dejanska transpiracija poljsc¢ine [emd™]
RD : dejanska globina koreninske cone [cm]
P . koli¢ina padavin [cmd']
I, . efektivno dnevno namakanje [emd’]
E; : evaporacija iz tal [cmd™]
SS; : voda na povrSini [cm]
SR : povrsinski odtok [emd’]
CR : Kkapilarni dvig [cmd™]
Perc : perkolacija [emd']
At : Casovni korak [d]
Z, : globina podtalnice [cm]

Procesi, ki direktno vplivajo na koli¢ino vode v
koreninski coni, so definirani kot:

Infiltracija: transport vode s povr§ja Vv
koreninsko cono.
Evaporacija: izguba vode v atmosfero.
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e Transpiracija rastlin: izguba vode iz notranje
koreninske cone.
e Perkolacija: transport vode iz koreninske cone
v plast pod njo.
e Kapilarni dvig: transport vode navzgor v
koreninsko cono.
Zaradi vodnega stresa se transpiracija zmanjsa,
izra¢unati moramo dejansko evapotranspiracijo. Tezko
je oceniti, do katere koli¢ine vode v tleh uspejo rastline
Se vzdrzevati potencialno transpiracijo. Po tej kriticni
tocki pa potencialno transpiracijo mnozimo s faktorjem,
manjSim od ena, odvisnim od koli¢ine vode v tleh.
WOFOST uporablja empiri¢cno dolo¢eno formulo za
izra¢un lahko dostopnega dela vode v tleh, pri tem pa
moramo vedeti, v katero skupino rastlin se uvr$¢a nasa
poljsc¢ina.

Privzeto je, da je na zacetku od zadnjega dezja minilo 0
dni, v primeru, da je koli¢ina vode v tleh enaka polovici
poljske kapacitete, pa 5 dni. Upostevamo Se, da ne
dosezejo vse padavine tal (nekaj prestrezejo listi, stebla

...), poleg tega pa nekaj vode tudi odtece po povrsini
(ve¢inoma do 20 %).

WOFOST za doloCen dan izraCuna, kolikSen del
padavin se bo infiltriral. Graf (Slika 3) predstavlja
faktor redukcije v odvisnosti od koli¢ine padavin.
Model ponuja dve mozni infiltracijski situaciji: delez
padavin, ki se infiltrirajo v tla, je lahko konstanten ali pa
je odvisen od intenzitete padavin. Delez padavin, ki se
ne infiltrira v tla, ostane na povr$ju, izpostavljen
kasnejSemu izhlapevanju, odtoku ali infiltraciji. V
primeru odvisnosti infiltracije od koli¢ine padavin se
predpostavlja, da ob mocnejSih padavinah delez
infiltrirane vode upada. Najvecji delez padavin, ki se ne
infiltrira (NOTINF), je tu pomnozen z delezem
NINFTB (ta se giblje med 0 in 1), ki je odvisen od
koli¢ine padavin. Ce je koli¢ina padavin manj$a od 5
mm/dan, potem se vsa voda infiltrira (delez NINFTB je
enak 0), ¢e je koli¢ina padavin med 5 in 15 mm/dan,
delez NINFTB linearno nara$¢a, ob koli¢ini padavin nad
15 mm/dan pa je enak 1.
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Slika 3: Redukcijski faktor za del padavin, ki se ne infiltrira, v odvisnosti od koli¢ine padavin.
Figure 3: Reduction factor of the non infiltrating fraction as a function of rainfall.

Ce je vode ve¢ kot je poljska kapaciteta tal, pride do
perkolacije. Na infiltracijo in perkolacijo vpliva tudi
hidravli¢na prevodnost mokrih tal, ki je odvisna od vrste
tal. Maksimalna infiltracija je dolocena iz izgub vode in
dostopnega prostora med porami. Ko je presezena meja
za zadrzevanje vode na povrsju, se zacne povrsinski
odtok. Pri izraCunih upoStevamo tudi rast korenin, s
¢imer se veca dostopnost vode v tleh.

Imamo moznost, da upoStevamo tudi stres zaradi
pomanjkanja kisika v koreninski coni ob preobilici
vode.
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Pri vsem tem se moramo zavedati, da model ni
namenjen natanéni fizi¢ni obdelavi gibanja vode v tleh,
temvec le oceni dostopnosti vode za rastlino.

Pri WOFOST-u lahko izbiramo med tremi podrutinami:
e Potencialna produkcija
e Omejena produkcija brez vpliva podtalnice
¢ Omejena produkcija z vplivom podtalnice

Pri raCunanju potencialne produkcije ne uposStevamo
padavin, namakanja, kapilarnega dviga in drenaze, saj je
koli¢ina vode v tleh ves ¢as na poljski kapaciteti in ne



simuliramo vodne bilance tal. Tako prideta v postev le
evaporacija iz povrsja in transpiracija poljscine.

Ko ne upostevamo podtalnice, racunamo infiltracijo,
zadrzevanje vode na povr§ju, perkolacijo in izgube vode
pod koreninsko cono. Talni profil je sestavljen iz treh
plasti: dejanska koreninska cona, spodnja koreninska
cona (od dejanske do maksimalne globine korenin) in
tla pod koreninsko cono. V tem primeru ne upostevamo
kapilarnega dviga.

Kadar uposStevamo tudi podtalnico, delimo tla na
dejansko koreninsko cono, cono med kon¢no globino
korenin in podtalnico ter na tla pod podtalnico do
globine 10 m. Natan¢nih izra¢unov ne bomo opisovali,
saj dobrih podatkov o podtalnicah nimamo in teh
izratunov ne uporabljamo.

4. 4 Hranila

Vpiv hranil (dusik, fosfat in kalij) na pridelek se racuna
na letnem nivoju na osnovi dela Janssena in sod. iz leta
1990. Rutino sestavljajo S§tirje  koraki. Najprej
izraunamo potencialne zaloge hranil iz razmerja med
kemijskimi lastnostmi zgornje plasti tal (0-20 cm) in
maksimalno koli¢ino tistih hranil, ki jih poljs¢ina lahko
absorbira. Predvideva se, da pridelek ni omejen s hranili
in rastnimi faktorji. V drugem koraku izracunamo
dejansko asimilacijo vsakega hranila kot funkcijo
potencialne zaloge tega hranila, upostevajo¢ potencialno
zalogo ostalih dveh. V tretjem koraku dobimo tri
obmocja moznega pridelka, kot so odvisna od dejanske
asimilacije dusika, fosforja in kalija (obravnavano
neodvisno). V Cetrtem koraku pa ta tri obmocja pridelka
zdruzimo po parih in za konéno oceno pridelka
povpre¢imo ocene le-teh. Splosna verzija WOFOST-a
ponuja Se statistiko in izracun dejanske produkcije pri
omejeni koli¢ini hranil.

4. 5 Rast in razvoj rastlin

Pri fenoloskem razvoju je najpomembnejsi prehod iz
vegetativnega v reproduktivno stanje rastline, pri Cemer
se suha snov v vecini preusmeri v druge organe. Za
enoletne poljscine je faze razvoja je najlazje predstaviti
brezdimenzijsko kot 0 za vznik, 1 za cvetenje in 2 za
zrelost (van Heemst in sod., 1986).

Kot zacetek rastne sezone lahko izberemo datum setve
ali vznika, vendar v primeru, da izberemo setev,
WOFOST sam dolo¢i datum vznika in s tem zacetek
simulacije rasti poljs¢ine. Cas vznika je lahko dologen
kot funkcija efektivne dnevne temperaturne vsote od
setve dalje. Ko le-ta preseze dolocen prag, ki mora biti
definiran za vsako poljs¢ino posebej, se zacne
simulacija.

WOFOST: model za napovedovanje pridelka — 1. del

WOFOST izraCuna stopnjo razvoja iz dnevne
temperature in korekcijskega faktorja. Z integracijo
stopnje razvoja po ¢asu pa dolo¢i razvojno fazo, pri
¢emer mora pri dolocenih kulturah upoStevati tudi
dolzino dneva. Pri tem naj omenimo, da so novejse sorte
precej manj obcutljive na spremembe svetlobe kot
tradicionalne, zato ve€inoma podatkov o dolzini dneva
ne potrebujemo. Simulacija se zakljuci, ko poljs¢ina
doseze razvojno fazo, v kateri bo pozeta.

Temperaturne vsote, potrebne za doseganje dolocene
faze, so doloCene v datotekah, ki opisujejo posamezne
poljs¢ine. Tako je na primer za koruzo med setvijo in
vznikom potrebna temperaturna vsota 70 °C (za pSenico
0 °C), med vznikom in cvetenjem 750 °C (za pSenico
1000 °C) ter med cvetenjem in zrelostjo 859 °C (za
pSenico 950 °C).

Rast je odvisna od neto dnevne asimilacije, ta pa je
odvisna od prestrezene svetlobe. Svetlobo doloc¢imo iz
sevanja, ki ga rastlina prejema, in listne povrSine
poljs¢ine. Dnevne vrednosti potencialne fotosinteze
izraCunamo iz absorbiranega sevanja in fotosintetskih
karakteristik posameznih listov.

Rastline prilagajajo odprtost listnih rez. Asimilacijski
proces je lahko omejen zaradi neoptimalnih
temperaturnih pogojev in/ali zmanjSane dostopnosti
CO, zaradi zaprtosti rez pri teznji po zmanjSanju
transpiracije. Na grafu lahko vidimo, kako je
maksimalna stopnja asimilacije CO, za liste odvisna od
razvojne faze.

Maksimalna asimilacija pa mora biti popravljena s
korekcijskim  faktorjem za neoptimalne dnevne
temperature, ki ga dobimo iz dnevnih temperatur in
znalilnosti posameznih poljséin. Poleg tega na
asimilacijo vplivajo tudi nizke nocne temperature.
Ponoci se asimilati, ki so nastali ¢ez dan, transformirajo
v biomaso za izgradnjo, vendar pa nizke temperature ta
proces ovirajo. Tudi to upoSteva WOFOST z dodatnim
korekcijskim faktorjem. Pri vodnem stresu model
upoSteva zmanjSano asimilacijo v odvisnosti od
dejanske transpiracije.

Pri bazalnem metabolizmu se porablja energija iz
nastalih ogljikovih hidratov (15 — 30 % vseh) za
vzdrzevanje obstojeCih biostruktur (resinteza razgra-
jenih proteinov, vzdrzevanje protonskih gradientov ...).
Vecja kot je metabolna aktivnost, visji so stroski. Zaradi
precejs$njega deleza ogljikovih hidratov, ki se tu porabi,
mora biti proces v modelu dobro opisan. Odvisen je od
koli¢ine suhe snovi in hranil, razvojne faze, dnevnih
temperatur (za 10 °C vi§ja temperatura pomeni 2-kratno
povecanje respiracije — faktor Q10). To vnasa v model
kar nekaj nezanesljivosti.

Acta agriculturae Slovenica, 93 - 2, julij 2009

239



Tjasa POGACAR, Lucka KAJFEZ-BOGATAJ

Ostali ogljikovi hidrati se porabijo kot gradbeni
material, upoStevati pa je potrebno tudi stroske
transporta. Rastni metabolizem tako dolo¢imo iz dnevne
asimilacijske stopnje, kateri odStejemo bazalni
metabolizem.  Ucinkovitost  pretvorbe  ogljikovih
hidratov v gradbeni material za rastlino izraCunamo kot
utezeno povprecje ucinkovitosti za posamezne organe.
Rast suhe snovi dolo¢imo nato iz faktorja ucinkovitosti
in stopnje rastnega metabolizma.

Model uposteva Se stopnjo odmiranja posameznih
rastlinskih organov, ki je funkcija razvojne faze in je
vrstno ter po organih specificna. Pri tem WOFOST
predvideva, da zalozni organi ne odmirajo. Stopnja
odmiranja je definirana kot dnevna koli¢ina zive
biomase, ki ne sodeluje ve¢ v rastlinskih procesih. Pri
steblih in koreninah jo dolo¢imo kot funkcijo razvojne
faze.

maks. asimilacija CO2 za liste

[kg/ha2]

a0

ar

10 ¢

1 2
razvojna faza

Slika 4: Odvisnost maksimalne asimilacije CO; za liste od razvojne faze (0=vznik, 1=cvetenje, 2=zrelost).
Figure 4: Maximum leaf CO, assimilation rate as a function of development stage.
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Slika 5: Odvisnost relativne stopnje odmiranja od razvojne faze (0=vznik, 1=cvetenje, 2=zrelost).
Figure5: Root and stem death rate as a function of development stage.
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Pri listih je nekoliko bolj zapleteno, predvsem zaradi
sencenja, vodnega stresa in preseganja zivljenjske dobe.
Listno povrs$ino in s tem indeks listne povrSine racuna

specifitna listna
povrEina [hafkg]

model na precej zapleten nacin, v katerega se tu ne
bomo spuscali, lahko pa vidimo potek razvoja na grafu.

0.030

0020

o010

razvojna faza

Slika 6: Odvisnost specificne listne povrsine od razvojne faze (0=vznik, 1=cvetenje, 2=zrelost).
Figure 6. Specific leaf area as a function of development stage.

Poleg tega doloca WOFOST $e indeks zelene listne
povrsine stebel in zaloznih organov, ki prav tako
absorbirajo dolocen del sevanja, zaradi ¢esar ga moramo
dodati indeksu listne povrsine.

V posebnih prilogah k opisu modela si lahko natan¢no
preberemo vse o enacbah, ki jih model uporablja, o

izratunih energije globalnega obsevanja, Gaussovi
integraciji, linearni interpolaciji z AFGEN funkcijo,
dolocanju datuma setve, CGMS bazi podatkov, uporabi
meteoroloskih podatkov ter podatkov o poljs¢inah in
tleh v CGMS-u.

5 ZAKLJUCEK

Model WOFOST nam omogoca zelo razli¢ne izracune,
pri katerih imamo tudi precej proste roke, katere vhodne
podatke vstavimo. Izracuni so kompleksni, razli¢ne
komponente se med seboj prepletajo. V model so zajeta
tla, vreme in rastline, kar od nas zahteva velik nabor
meritev, hkrati pa nam tudi ponuja najrazli¢nejSe
izhodne rezultate.

V drugem delu bomo predstavili uporabo modela in
pripravili nekaj izracunov. Z vidika podnebnih

! univ. dipl. meteor., ARSO, Ljubljana, tjasa.pogacar@gov.si

2

sprememb bi model kasneje (ko bi ga Ze na umerili ali
pa vsaj ocenili napako) lahko uporabili za Studijo
primernosti razli¢nih polj$¢in pri pricakovanih novih
vremenskih razmerah na slovenskih tleh. Glede na
trenutno stanje, ko so izgube v kmetijstvu zaradi sus,
toCe, neurij ... velike, je tak$no raziskovalno delo zelo
perspektivno, predvsem pa bi moralo biti tudi podprto in
kasneje uporabljeno s strani poljedelcev. Za uresnicitev
take vizije pa bi potrebovali tudi intenzivno in
kvalitetno obvesc¢anje in motiviranje uporabnikov.

prof., dr., Biotehniska fakulteta, p.p. 2995, 1001 Ljubljana, lucka.kajfez.bogataj@bf.uni-lj.si
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IZVLECEK

Model WOFOST (WOrld FOod STudy) je precej
enostaven za prvo uporabo. Za nastavitve imamo na
voljo pet zavihkov: splosno, polj§¢ina, vreme, tla,
ponovitve. Izbiramo med potencialno simulacijo,
dejansko simulacijo pri omejeni koli¢ini vode in
dejansko simulacijo pri omejeni koli¢ini hranil. Za
obravnavo izbrane poljs¢ine moramo dobro poznati
njene karakteristike ali pa si izberemo poljs¢ine, ki so ze
definirane v modelu. Dolocamo tudi datum setve in
zetve ali pa prepustimo modelu, da izbere
najprimernejSa. Meteoroloske podatke moramo za
obravnavan kraj pripraviti v zahtevanem formatu. Tudi
podatki o razli¢nih tipih tal so Ze pripravljeni, lahko pa
dodamo svoje. WOFOST nam med drugim izracuna
fenoloske faze, suho tezo Kkorenin, listov, stebel in
zaloznih organov, celotno nadzemsko produkcijo,
zetveni indeks, evapo(transpi)racijo, asimilacijo, bazalni
metabolizem, globino dejanske koreninske cone,
vsebnost vode v tleh ter susne in mokre dni.

Nasi izracuni za primer koruze kazejo stanje susnosti,
kot je po izbranih letth od 2003 do 2006 tudi
pricakovano — izrazito susno leto 2003, suSnejse 2006,
zmerno 2005 in precej mokro leto 2004. Razlike v
vsebnosti vode v tleh se kazejo po koncu maja.
Najhitreje je koruza dozorela v najbolj susnem letu 2003
in najpocasneje v najbolj namocenem 2004. Vidimo
lahko Se, da na zaCetku rasti evaporacija iz tal
prevladuje nad transpiracijo, med glavno rastno sezono
prevladuje transpiracija, na koncu pa zopet evaporacija
iz tal. Dale¢ najmanjSa je produkcija leta 2003 zaradi
precej$nih tezav s suSo, sledi leto 2006 in prakti¢no

! univ. dipl. meteor., ARSO, Ljubljana, tjasa.pogacar@gov.si

2

enaka pridelka v letih 2004 in 2005, ko vecjega
pomanjkanja dezja ni bilo.

Pokazali smo Se, da je Stevilo susnih dni precej razlicno
pri razlicnih tipih tal. Na tleh s slabo zadrzevalno
sposobnostjo je ve¢ susnih let, kot na boljsih tleh, v
splosnem pa so bila najbolj susna leta 2001, 1992, 1971,
1988, 2003 in 1993 (izracuni do leta 2005).

Kljuéne besede: WOFOST, napovedovanje pridelka,
vhodni  podatki, suSa, rastlinska
produkcija

ABSTRACT

WOFOST: CROP GROWTH SIMULATION
MODEL - 2"° PART

WOFOST (WOrld FOod STudy) model is with its user
friendly preface very simple to use. It has five tabs:
general, crop, weather, soil and reruns, where we
determine the calculation parameters. The simulation
can base on potential, water-limited or nutrition-limited
conditions. Crop parameters have to be quite well
known or we can choose pre-determined crop from the
model, similar it is with the soil data. There is also
possible to set the date of sowing and harvesting
(maturity), but we can let the model to choose the more
appropriate ones, which are based on meteorological
conditions. The format for meteorological data is
determined, so we have to prepare them correctly.
WOFOST model calculates among others phenological
stages, dry weight of roots, leaves, stems and storage
organs, total above ground production, harvesting index,

prof., dr., Biotehniska fakulteta, p.p. 2995, 1001 Ljubljana, lucka.kajfez.bogataj@bf.uni-lj.si
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evapo(transpi)ration, assimilation, maintenance
respiration, actual root zone depth, soil moisture and
dry/wet days.

Our calculations for maize (pre-defined) give us the
estimation of the effect of drought on crop yield for the
period 2003-2006. Year 2003 was extremely dry, dry
was also 2006, 2005 was moderate and 2004 was wet.
Major differences in soil moisture between years came
out at the end of May. Maize reached maturity the
earliest in 2003 and the latest in 2004. At the beginning
of the growth season there is higher soil evaporation
than transpiration, in the middle is higher transpiration

and at the end again soil evaporation. Crop production is
also depending on water conditions, so it is much
smaller in 2003, a bit bigger in 2006, in 2004 and 2005
it was quite the same — there were no problems with the
water shortage. We have also shown that the number of
dry days strongly depends on the soil type; there are
much more dry days on the soil with low water holding
capacity. In general, the driest years were 2001, 1992,
1971, 1988, 2003 in 1993 (until 2005).

Key words: WOFOST, yield prediction, input data,
drought, crop production

1 UVOD

V prvem delu (Pogacar in Kajfez-Bogataj, 2009) smo
podrobneje predstavili nizozemski model WOFOST
(Bouman et al., 1996; Diepen et al., 1989; Hooijer and
van der Wal, 1994), tokrat pa prikazujemo konkretno
uporabo modela. Gre za konkretne napotke in
komentarje za uporabo modela ter primere izracunov.

Z implementacijo in prilagoditvijo modela WOFOST na
slovenske razmere bi izracune vodne bilance tal lahko
nadgradili z oceno kmetijskega pridelka in tako
omogocili boljSe prilagajanje kmetijske pridelave v
Sloveniji novemu podnebju (Reidsma e tal., 2009;
Kajfez in Susnik, 2007. Hkrati bi lahko preucili

kompleksne interakcije med klimatskim sistemom in
fenoloskim razvojem (sprememba datuma nastopa ter
trajanja posameznih fenoloskih faz) ter koli¢ino
pridelka, kar s poljskimi poskusi ni mozno (Wolf in van
Diepen, 1994; Wegehenkel, 2000). Poleg tega bi lahko z
modelom preucevali tudi vodno bilanco kmetijskih tal
in rezultate primerjali z vodnobilanénima modeloma
IRRFIB (Susnik, 2006; Ceglar in sod., 2008) ter
SIMPEL (Hoérmann, 1997; Ipavec in Kajfez Bogataj,
2008). Vodno bilanco kmetijskih tal so z modelom
WOFOST preuceval ze Eitzinger s sodelavci (2004) ter
Todorovi¢ s sodelavcei (2009).

2 PRIKAZ UPORABE MODELA

Model WOFOST ima prijazen uporabniski vmesnik,
zato je precej enostaven za uporabo (Supit et al., 2008).
Za nastavitve imamo na voljo pet zavihkov: splosno,
poljs¢ina, vreme, tla, ponovitve.

Pri splosnem (Slika 1) si izberemo, kaksno simulacijo
zelimo: potencialno, dejansko pri omejeni koli¢ini vode
ali dejansko pri omejeni koli¢ini hranil. Dolo¢imo,
kateri dan v letu (julijanski dan) naj se zacne simulacije
vodne bilance tal in ali bomo upostevali le vpliv suse ali
tudi primanjkljaja kisika (preve¢ vode). Za izpis
rezultatov dolocimo, za kateri del tal Zzelimo povzetek
vodne bilance: za cel sistem, za koreninsko cono, za
oboje ali pa ne Zelimo povzetka. Izberemo Se ¢asovni
interval (v dnevih) za izpis.

Nato pri zavihku 'poljs¢ina' (Slika 2) izberemo, katero
poljs¢ino bomo obravnavali. Veliko jih Ze imamo na
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izbiro, lahko pa tudi dodamo svojo, vendar moramo zelo
dobro poznati njene karakteristike. Navodila za
dodajanje so prilozena modelu. Definirati moramo tudi
zacetni in konéni dan simulacije rasti.

Pri zacetnem dnevu se lahko odlo¢imo za tocen datum
setve ali vznika, ki ga kot julijanski dan vpiSemo v
polje, ali pa izberemo spremenljiv datum setve, pri
¢emer moramo vpisati spodnjo in zgornjo mejo za ta
datum, model pa bo poiskal najprimernejsi ¢as glede na
simulirane razmere.

Pri konénem dnevu lahko prav tako vpiSemo tocen
datum, lahko pustimo poljs¢ino rasti do zrelosti, a pri
tem vpiSemo maksimalno trajanje, ali pa pustimo
modelu, da izbere zgodnejsega izmed obeh datumov.



WOFOST Control Center - Session: WCC

WOFOST: model za napovedovanje pridelka — 2. del

File Resdlt Help

Mumber of succeszive production levels

™ Simulation of potential crop growth
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Slika 1: Zavihek 'splosno’ pri nastavitvah modela WOFOST 7.1.2.

Figure 1. WOFOST model — tab 'General'.

WOFOST Control Center - Session: WCC

File Result Help
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Slika 2: Zavihek 'poljsc¢ina’ pri nastavitvah modela WOFOST 7.1.2.

Figure 2: WOFOST model — tab 'Crop’.
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Zavihek ‘vreme’ (Slika 3) nam omogoca, da izberemo
format, v katerem imamo meteoroloske podatke,
dodatne moznosti imamo Se za podatke o koliCini
padavin (¢e so v drugacnem formatu). Na voljo so
podatki s treh nizozemskih postaj in ene na Filipinih,
lahko pa dodamo svojo — kot ze lahko vidimo mozZnost
izbire Ljubljane. Pri tem uporabimo CABO format z
dnevnimi vrednostmi spremenljivk, ki je opisan v
navodilih.

Vpisati moramo Se zacetno leto obravnave in Stevilo
zaporednih let, za katera Zelimo izraCune.

Pri zavihku ‘tla’ (Slika 4) imamo na razpolago na tri
razli¢ne nacine definirana tla s 4, 5 oz. 6 tipi tal. Tudi tu
lahko na precej zapleten nadin (potrebujemo veliko
podatkov o tleh) dodamo nov tip tal.

WOFOST Control Center - Session: WCC

Vpisati moramo zacetno koli¢ino vode, ki se zadrzuje
na povrsju, najve¢jo mozno koli¢ino vode na povrsju,
zacetno dostopno koli¢ino vode v tleh in maksimalno
koli¢ino vode v zaGetni koreninski coni. Ce izberemo
upostevanje vpliva podtalnice, ne potrebujemo zadnjih
dveh podatkov, temve¢ zaCetne podatke o podtalnici,
poleg tega pa lahko izberemo Se drenazo in v tem
primeru vpiSemo globino drenaze.

Definirati moramo tudi maksimalno globino koreninske
cone in maksimalni delez padavin, ki se ne infiltrira.
Izberemo lahko Se ali se infiltrira dolocena koli¢ina
padavin ali pa so vrednosti infiltracije dolocene glede na
velikost nevihte (koli¢ino padavin).

File Result Help

‘Wwheather format

i {1 @ z 73 = ?
E st Reset Rur... Result detailed... Rezult summary... Help
General ] Crop weather ] Soil ] Bemns ]

WIOFOST farmat weather, monthly climate averages

CABO format westher

Auailable stations

Slovenija, LJ1

M etherlands, W ageningen
Metherlands, 5wifterbant
Wetherlands, De Kooy
Philippinzs, IRRI wet station site

WOFQST format weather, different pears with monthly averages

Available pears:
Start year:

1361

Conzecutive vears:

s

Slika 3: Zavihek 'vreme' pri nastavitvah modela WOFOST 7.1.2.

Figure 3: WOFOST model — tab 'Weather'.

Zadnji zavihek nam omogoca, da si nastavimo
ponovitve simulacij s spremenjenimi parametri, ki si jih
sami izberemo.

Ko nastavimo vse vhodne parametre, zazenemo model
('Run..."). Rezultati se nam izpisejo v obliki tabele, ki
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nam jo model lahko tudi prenese v Excel.

Izbiramo lahko med razélenjenim izpisom po dnevih
('Result detailed...') in povzetkom rezultatov ('Result
summary...").
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WOFOST: model za napovedovanje pridelka — 2. del
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Slika 4: Zavihek 'tla’ pri nastavitvah modela WOFOST 7.1.2.

Figure4: WOFOST model — tab 'Soil'.
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start date waterbalance: 91

sowing date; 100
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Slika 5: Prikaz rezultatov v modelu WOFOST 7.1.2.
Figure5: WOFOST model: detailed output — tab 'Water-limited'.
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Detailed output - WCC E|
RUNNAM: |wCC ~| veam: 1381 =] man: | Open.. ‘ B Graph.. ‘ JL Close ‘
Eotential | waterlimited Water balance |
WATER BALAMCE WHOLE SYSTEM (1 DIMEMS. COLUMM ; cm)
init max root zane 350 final max root zone 323|  change: -21
init surf shorage: oo final surf storage: oo change: na
irmigation: oo evap water suface: 0o
rainfall ans evap soil suface: 106
tranzpiration: are to atmos: 47.8
surface runoff: 03
lost to deep sall 45
TOTAL INIT + IN: TOTAL FINAL +0LIT: 1158 checksum:
WATER BALAMCE ROOT Z0ME
init water stock: 18 final water stock: 329
infiltration: anz2 evap soil suface: 106
added by roat growth: Nk tranzpiration: vz
percolation: 326
TOTAL INIT + IN: FINAL + OUT: 133 checksum:

Slika 6: Zavihek, ki prikazuje vodno bilanco.
Figure 6: WOFOST model: detailed output — tab 'Water balance'.

Pri raz¢lenjenem izpisu (Slika 5) izberemo leto, za
katerega Zzelimo izpis. Na voljo imamo zavihke z
rezultati za potencialno simulacijo ('Potential'),
simulacijo pri omejeni koli¢ini vode (‘Water-limited') in
z vodno bilanco ("Water balance'). Pri vodni bilanci so
predstavljene glavne komponente le-te za celotni sistem
in za koreninsko cono (Slika 6).

V tabeli predstavljamo spremenljivke, ki se kot rezultat
izpiSejo pri potencialni simulaciji.

Pri rezultatih simulacije pri omejeni koli¢ini vode
imamo prav tako spremenljivke, ki so v tabeli 1

Pri povzetku rezultatov prav tako lahko izbiramo med
zavihkoma z rezultati za potencialno simulacijo
('Potential') in simulacijo pri omejeni koli¢ini vode
('Water-limited'). Rezultati se nam izpiSejo po
posameznih letih, poleg tega pa dobimo tudi izra¢un
povprecij, standardnih odklonov in variacijskih
koeficientov za simulirano obdobje (dolzina obdobja je
navedena pod spremenljivko DUR) za spremenljivke, ki
so v tabeli 3 odebeljene.

V tabeli 3 so zbrane in opisane vse spremenljivke, ki so
izraCunane pri potencialni simulaciji (veCinoma so
enake kot pri raz¢lenjenem izpisu).

odebeljene, poleg njih pa Se dodatne, ki so predstavljene
v tabeli 2.
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Tabela 1: Spremenljivke pri razélenjenem izpisu rezultatov potencialne simulacije.
Table 1: Variables in detailed output of the potential simulation.

ime spremenljivke enote pomen
DAY julijanski dan v letu
IDSEM d $t. dni od vznika
DVS razvojna faza poljs¢ine
TSUM °C termalni Cas
WLV kg/ha suha teza zivih listov
WST kg/ha suha teza zivih stebel
WSO kg/ha suha teza zZivih zaloznih organov
TAGP kg/ha celotna nadzemska produkcija
LAI m’/m’ indeks listne povrsine
TRA mm/d stopnja transpiracije
GASS kg(CH,O)/ha/d stopnja asimilacije
MRES kg(CH,O)/ha/d stopnja bazalnega metabolizma
DMI kg/ha/d stopnja rasti suhe snovi
v povzetku Se:
HALT dan zetve
ANTH d $t. dni do cvetenja
TWRT kg/ha celotna suha teZa korenin
TWLV kg/ha celotna suha teza listov
TWST kg/ha celotna suha teZa stebel
TWSO kg/ha celotna suha teza zaloznih organov
HINDEX zetveni indeks: teza zaloznih org./teza nadzemnega dela poljscine
TRANSP cm celotna transpiracija
TRC transpiracijski koeficient: kg(H,0)/kg(suha snov)
GASST kg(CH,0)/ha celotna asimilacija
MREST kg(CH,0)/ha celotni bazalni metabolizem

Tabela 2: Preostale spremenljivke pri razcélenjenem izpisu rezultatov simulacije pri omejeni kolicini vode.
Table 2: The rest of variables in detailed output of the water-limited simulation.

ime spremenljivke | enote pomen
RD cm globina dejanske koreninske cone
SM cm’/cm’ vsebnost vode v tleh
RESRV cm koli¢ina dostopne vode v potencialni koreninski coni
AVAIL cm koli¢ina dostopne vode v dejanski koreninski coni
RAIN mm celotna koli¢ina padavin v simulacijskem obdobju
EVA mm/d stopnja evaporacije iz tal ali iz vode na povr§ju
wet kg/ha §t. dni z zmanj$ano rastjo polj$€in zaradi pomanjkanja kisika
dry kg/ha §t. dni z zmanj$ano rastjo polj§¢in zaradi pomanjkanja vode

Pri dejanski simulaciji z omejeno koli¢ino vode se poleg
ze znanih pojavijo Se spremenljivke, ki so zbrane v
tabeli 4.

Pri raz¢lenjenih rezultatih nam model sam izriSe tudi
grafe posameznih spremenljivk, hkrati za vsa simulirana
leta (kar je nekoliko nepregledno, Ce si izberemo daljse
obdobje). Zal pa grafov ne moremo izvoziti.
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Tabela 3: Spremenljivke pri povzetku rezultatov potencialne simulacije.
Table 3: Variables in summary output of the potential simulation.

ime spremenljivke enote pomen
YR leto
RUNNAM oznaka simulacijskega zagona
SOW dan setve
2> d $t. dni med setvijo in vznikom
EM dan vznika
ANT d §t. dni do cvetenja
FLWR dan, ko polj$€ina zacveti
HALT dan zetve
TWRT kg/ha celotna suha teza korenin
TWLV kg/ha celotna suha teza listov
TWST kg/ha celotna suha teza stebel
TWSO kg/ha celotna suha teza zaloznih organov
TAGP kg/ha celotna nadzemska produkcija
LAIM ha/ha maksimalni indeks listne povrSine
HINDEX zetveni indeks: teza zaloznih org./teza nadzemnega dela poljscine
TRC transpiracijski koeficient: kg(H,O)/kg(suha snov)
GASST kg(CH,0)/ha celotna asimilacija
MREST kg(CH,0)/ha celotni bazalni metabolizem
TRANSP cm celotna transpiracija
EVSOL cm celotna evaporacija iz povr$ja tal

4 PRIMER IZRACUNOV

V nadaljevanju si poglejmo nekaj rezultatov vodno-
bilan¢nih izra¢unov z modelom WOFOST za koruzo v
letih od 2003 do 2006.

Slika 7 kaze stanje susnosti kot je po izbranih letih tudi
pri¢akovano — izrazito susno leto 2003, susnejse 2000,
zmerno 2005 in precej mokro leto 2004. Razlike v
vsebnosti vode v tleh se kazejo po 150. dnevu, torej
nekje po koncu maja. Kot vidimo na vseh grafih, se
simulacijsko obdobje vsako leto drugace konca, saj smo
nastavili naj model racuna do zrelosti poljs¢ine (ali
najdlje do 270. dneva). Najhitreje je koruza dozorela v
najbolj susnem letu 2003 in najpoCasneje v najbolj
namocenem 2004.
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Slika 8 je precej podobna prejs$nji, saj kaze koli¢ino
dostopne vode v dejanski koreninski coni. Tu so
rezultati prikazani v centimetrih, medtem ko so na sliki
13 v volumskih odstotkih.

Na slikah 9 in 10 sta grafa transpiracije in evaporacije iz
tal, ki se med seboj nekako dopolnjujeta. Jasno lahko
vidimo, da je na zacetku rasti glavni proces evaporacija
iz tal, kasneje med rastno sezono prevladuje
transpiracija, na koncu pa zopet evaporacija iz tal.
Rezultati so prikazani v milimetrih, transpiracija doseze
tudi Se enkrat vi§je vrednosti kot evaporacija.
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Vsebnost vode v dejanski koreninski coni v modelsko dolocenem vegetacijskem obdobju za leta od 2003

do 2006.
Figure7: Soil moisture content in actual root zone during the simulated period in years 2003-2006.
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Kolicina dostopne vode v dejanski koreninski coni v modelsko dolocenem vegetacijskem obdobju za leta

od 2003 do 2006.
Figure8: Amount of water available in actual root zone during the simulated period in years 2003-2006.

Slika 8:
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Slika 9: Stopnja transpiracije v modelsko dolocenem vegetacijskem obdobju za leta od 2003 do 2006.
Figure9: Transpiration rate during the simulated period in years 2003-2006.
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Slika 10: Stopnja evaporacije iz tal v modelsko dolocenem vegetacijskem obdobju za leta od 2003 do 2006.
Figure 10: Soil evaporation rate during the simulated period in years 2003-2006.

Prikazemo lahko tudi S$tevilo su$nih ali mokrih dni.
Tako imamo na grafu na sliki 11 oznacene dneve z
zmanj$ano rastjo poljs¢in zaradi pomanjkanja vode
(dnevov z zmanjsano rastjo zaradi pomanjkanja kisika v
teh letih ni bilo).

Na sliki 12 je rastlinska produkcija v kilogramih na
hektar, ki je odvisna od vseh prej prikazanih dejavnikov
ter ostalih spremenljivk, ki smo jih predstavili pred tem.
Dale¢ najmanjSa je produkcija leta 2003 zaradi
precej$nih tezav s suSo, sledi leto 2006 in prakti¢no
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enaka pridelka v letih 2004 in 2005, ko veljega
pomanjkanja dezja ni bilo.

Graf na zadnji sliki (Slika 13) pa je sam po sebi
zgovoren o primernosti razli¢nih tal za izbrano kulturo
(v na$em primeru je to koruza). Stevilo susnih dni je
namre¢ precej razli€no pri razlinih tipih tal. Na tleh s
slabo zadrzevalno sposobnostjo (le 130 mm rezervoarja
za vodo) je precej ve¢ suSnih let, kot na boljsih tleh, v
sploSnem pa so bila najbolj susna leta 2001, 1992, 1971,
1988, 2003 in 1993 (nismo racunali za leta po 1. 2005).
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Figure 11: Days characterizied by reduced crop growth due to water shortage during the simulated period in years
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DAY (1)
Slika 12: Celotna nadzemska produkcija v modelsko dolocenem vegetacijskem obdobju za leta od 2003 do 2006.

Figure 12: Total above ground production during the simulated period in years 2003
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Slika13:  Stevilo dni z zmanjSano rastjo poljscin zaradi pomanjkanja vode v modelsko dolocenem vegetacijskem
obdobju za leta od 1961 do 2005 pri petih razlicnih tipih tal (razlicne barve predstavijajo razlicno
sposobnost zadrzevanja vode v tleh).
Figure13: Number of days characterizied by reduced crop growth due to water shortage on different soil typs
during the simulated period in years 1961-2005.
4 ZAKLJUCEK
Prikazali smo osnovno upravljanje z modelom  definirano vrsto koruze (ki ni nujno povsem primerna)

WOFOST. Potrebujemo precej vhodnih podatkov, a
kadar vseh parametrov ne poznamo, lahko testiramo in
poskuSamo smiselno uporabiti parametre, ki jih ima
model Ze definirane. Zavedati se moramo, da se ob tako
velikem Stevilu podatkov akumulirajo tudi napake le-
teh, kar nam lahko precej pokvari nase kon¢ne izracune.

IzraCuni, ki smo jih prikazali, delujejo na prvi pogled
zelo dobro, saj nakazujejo stvari kot smo jih pricakovali.
Vendar se moramo zavedati, da smo uporabili zZe

in Ze definirana tla, ki se gotovo nekoliko razlikujejo od
slovenskih.

Za Slovenijo bi bilo potrebno model dobro preizkusiti in
kalibrirati. Tu se kot ponavadi zatakne pri pomanjkanju
meritev. Ceprav zato ne moremo umerjati posameznih
komponent, pa lahko kljub vsemu preverjamo koncne
rezultate. Potem bomo rezultate lahko dejansko
uporabili, morda bolje pripravili svoje baze podatkov in
se lotili napovedovanja pridelka.
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NAVODILA AVTORJEM
Prispevki

Sprejemamo izvirne znanstvene clanke, predhodne objave in raziskovalne notice s podro¢ja agronomije,
hortikulture, rastlinske biotehnologije, raziskave zivil rastlinskega izvora, agrarne ekonomike in informatike ter s
sorodnih podrocij v slovenskem, angleskem in nemSkem jeziku, znanstveno pregledne ¢lanke samo po poprejSnjem
dogovoru. Objavljamo prispevke, podane na simpozijih, ki niso bili v celoti objavljeni v zborniku simpozija. Ce je
prispevek del diplomske naloge, magistrskega ali doktorskega dela, navedemo to in tudi mentorja na dnu prve strani.
Navedbe morajo biti v slovenskem in angleskem jeziku.

Pri prispevkih v slovenskem jeziku morajo biti preglednice, grafikoni, slike in priloge dvojezi¢ni, povsod je
slovens¢ina na prvem mestu. Naslovi grafikonov in slik so pod njimi. Slike in grafikoni so v besedilu. Prilozeni
morajo biti tudi jasno oznaceni izvirniki slik. Na avtorjevo Zeljo jih vracamo, s tem da je Zelja pisno sporocena ob
oddaji gradiva in ponovno v teku 30 dni po izidu. Latinske izraze piSemo lezee. V slovens¢ini uporabljamo
decimalno vejico, v angles¢ini decimalno piko. Prispevki v angles¢ini morajo imeti povzetek v slovens¢ini in
obratno. Prispevki v nems¢ini morajo imeti tudi povzetka v slovens¢ini in anglescini.

Prispevki naj bodo strnjeni, kratki, praviloma najve¢ 12 strani. Uporabljamo Microsoft Word 97 (Windows);
pisava Times New Roman, velikost strani 16,2 x 23,5 cm, velikost ¢rk besedila 10, v obseznih preglednicah je lahko
8; izvlecki in metode dela Arial velikost 8, levi in desni rob 2,1 cm, zgornji rob 1,3 cm, spodnji rob 1,6 cm,

Prva stran

Na prvi strani prispevka na desni strani ozna¢imo vrsto prispevka v slovenséini in angle$¢ini, sledi naslov
prispevka, pod njim avtorji. Ime avtorjev navedemo v polni obliki (ime in priimek). Vsak avtor naj bo oznacen z
indeksom, ki ga navedemo takoj pod avtorji, in vsebuje polni naslov ustanove ter znanstveni in akademski naslov;
vse v jeziku prispevka. Navedemo sedeZ ustanove, kjer avtor dela. Ce je raziskava opravljena drugje, avtor navede
tudi sedez te institucije. Na Zeljo avtorjev bomo navedli naslov elektronske poste.

Pod naslovi avtorjev je datum prispetja in datum sprejetja prispevka, ki ostaneta odprta. Sledi razumljiv in
poveden izvlecek z do 250 besedami. Vsebuje namen in metode dela, rezultate, razpravo in sklepe. Sledijo kljucne
besede.

Izvlecku v jeziku objave sledi naslov in izvlecek s kljuénimi besedami v drugem jeziku.
Viri

V besedilu navajamo v oklepaju avtorja in leto objave: (priimek, leto). Ce sta avtorja dva, pisemo: (priimek in
priimek, leto), e je avtorjev vec, piSemo: (priimek in sod., leto). Sekundarni vir oznacimo z “navedeno v” ali “cv.”.
Seznam virov je na koncu prispevka, neostevilen in v abecednem redu. Vire istega avtorja, objavljene v istem letu,
razvrstimo kronolosko z a, b, c. Primer: 1997a. Navajanje literature naj bo popolno: pri revijah letnik, leto, Stevilka,

strani; pri knjigah kraj, zalozba, leto, strani. Za naslove revij je dovoljena uradna okrajSava, za okrajSanimi besedami
naj bodo vedno pike. Navedbo zakljuc¢imo s piko. Za primere upostevajte objave v Zborniku BFUL.

Oddaja

Avtorji prispevke oddajo v dveh izvodih, enega z dvojnim razmakom med vrsticami in najve¢ 35 vrst na strani, in
na disketi. Prilozijo tudi izjavo s podpisi vseh avtorjev, da avtorske pravice v celoti odstopajo reviji.

Prispevke recenziramo in lektoriramo. Praviloma posljemo mnenje prvemu avtorju, po Zelji lahko tudi drugace.
Ce uredniki ali recenzenti predlagajo spremembe oz. izboljsave, vrne avtor popravljeno besedilo v 10 dneh v dveh
izvodih, enega z dvojnim razmakom. Ko prvi avtor vnese $e uredni§ke pripombe, odda popravljeno besedilo v enem
izvodu in na disketi ter vrne izvod z uredniskimi popravki.

Prispevke sprejemamo vse leto.
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