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FLOWER VISITORS ON SPRING OILSEED RAPE IN DIFFERENT CROPPING SYSTEMS

Reet Karise, Marika Miand, Eneli Viik, Ants-Johannes Martin, Peeter Lai
Estonian Agricultural University, Kreutzwaldi 64, Tartu, 51014,
e-mail: reetkarise @hot.ee

Abstract

Spring oilseed rape (Brassica napus var. oleifera subvar. annua) is predominantly autogamous and visits of
insect pollinators are not essential for the final seed yield. However, the pollinators can have positive effects, such as a
reduction of the flowering period, a reduction of raceme production, acceleration of ripening and an increase of seed
weight, This study considers (i) the effect of different fertilising systems on the number of flowers and the food
resource in flowers of summer oilseed rape; (ii) the effect of flower number and food resources on the abundance of
flower visitors.

Field experiments were carried out in July 2003 to compare the density of pollinators foraging on the different
cropping systems of the summer oilseed rape. The number of pollinating insects was counted twice a week on sunny
days between 11:00 and 15:00 when the temperature was above 16 °C. Flowers were counted at the same time on an
area of 1 m’ on each plot. The amount of nectar present in the flowers was measured by inserting a 1 pl capillary into
the flower corolla tube. The number of pollen grains was counted from the samples after dissolving the flower tissues.

The results showed that the most important pollinators were honey bees (Apis mellifera), collecting both pollen
and nectar. The rape fields were less visited by wild bees, different flies, including syrphus flies (Syrphidae), and
butterflies. The food resource available for flower visitors did not depend on the fertilising system. The density of bees
depended only on the flower density of the field.

Key words: oilseed rape, Brassica napus, pollinators, fertilising systems, nectar, pollen, marginal value theorem.
E CIT i Sl e LT e T Skt F L e N s . : RS -

Introd‘uction .

Oilseed rape (Brassica napus var. oleifera subvar. annua) is an oil crop with an increasing worldwide
cultivation. The crop is commonly considered as a self-pollinating species, but according to many authors (Treu,
Emberlin, 2000), 5—41% cross-pollination has been reported under field conditions. The amount of cross-pollination
differs in relation to the prevailing environmental conditions (Becker et al., 1992), the varicties cultivated (Delaplane,
Mayer, 2000), and the availability of insect pollinators (Australian Government 2002).

Oilseed rape has entomophilous flowers capable of both self- and cross-pollination. There are six stamens in the
rape flower, four projecting above the stigma, and two shorter than the style (McGregor, 1976). The anthers begin to
dehisce before the corolla is fully expanded and continue to do so until the end of anthesis. Anthers of the two short
stamens dehisce inwards, while anthers of the long stamens dehisce outward but, at the end of anthesis, they curve
toward the flower centre so that the pollen covering the tops and side of the anthers becomes directed towards the
stigma (Free, 1993). Anthers of oilseed rape release pollen when the flowers are shaken, whether by wind or insects
(Delaplane, Mayer, 2000; Free, 1993). Insects' visits are necessary to transfer pollen from the short stamens and to
facilitate transfer from the long stamens to stigmas. Wind can aid pollination of oilseed rape crops, either by shaking the
flowers so that pollen is transferred from their own anthers to their own stigmas or by transferring pollen from one plant
to another (Free, 1993).

In the case of cross-pollination, more pollen can reach the stigmas, specially the pollen from short stamens (Free,
1993). Cross-pollination with pollen from short stamens is significantly superior to that from long stamens, and gives a
14% greater weight of seed per pod (Free, 1993; Steffan-Dewenter, 2003). As in the field, pollen from both long and
short stamens is used in pollination, the benefit from cross-pollination is not as effective as the existence of pollen only
from short stamens.

On oilseed rape supplemental pollination may increase the set of early flowers (Delaplane, Mayer, 2000),
therefore the plant would produce fewer flowers (Free, 1993), the flowering period and vegetative growth would
shorten (McGregor, 1976; Free, 1993). It increases the number of seeds per pod, the number of seeds per plant (Steffan-
Dewenter, 2003), the evenness of ripening, declining thus the seed loss by harvesting (McGregor, 1976; Free, 1993).
Altogether the seed yield of oilseed rape could be higher by up to 25% (Delaplane, Mayer, 2000).

Honey bees (Apis mellifera) are the most effective pollinators of oilseed rape, but according to many authors
bumble bees (Bombus sp.), solitary bees and also some non-hymenopterans (flies, butterflies, true bugs) may have a
positive effect in pollinating the rape (McGregor, 1976; Free, 1993; Delaplane, Mayer, 2000; Pierre et al., 2003). Honey
bees, to a smaller extent also one bumble bee species (Bombus terrestrisy and some solitary bee species (Megachile
rotundata, Osmia rufa), can be brought to the fields on the purpose of supplemental pollination. For efficient pollination
of rape, the recommended number of honey bee hives is 2.5—5 per hectare (McGregor, 1976). The number of hives
needed is quite alternating and depends on the number of other pollinators present in the area as well as the density of
oilseed rape plants and flowers in the field.

In order to attract bees on the flowers, plants provide food (nectar and pollen) for them. Nectar consists of water
(30—94%, depending on plant species) and sugars, the other components like amino acids, lipids, minerals etc. are in
minority (Faegri, van der Pijl, 1979). Bees use nectar mainly as an energy source (Rasheed, Harder, 1997; Pernal,
Currie, 2001). Pollen provides them with their only natural source of protein, which is needed for larval development,
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and fulfils other dietary requirements for lipids, sterols, vitamins, and minerals (Herbert, 1992; Cook et al., 2003).
Pollen is essential not only for the larvae but also for the worker bees to build up their body tissues within the first days
after emergence (Hrassnigg, Crailsheim, 1998). Pollens from different plant species differ in amino acid composition,
concentration or both, and pollens with high proportions of essential amino acids are assumed to be of greater
nutritional value (Cook et al., 2003).

There are several reasons for oilseed rape being highly attractive to bees. (1) Rape flowers produce nectar in
abundance and bees visit the fields from a distance of 3.5—4 km from their hives and neglect fruit trees in favour of
rape (Free, 1993). The sugar concentration of the nectar is quite high and can show great variety. According to J.B. Free
(1993), the amount of nectar produced per 24 h and the sugar concentration are related. Different authors have found
that rape flowers secrete a total average of 3.6 mg of nectar with 29% sugar concentration, 0.6 mg with 33%
concentration, and 2.4 mg with 38% concentration. Pierre and co-workers (1999) have reported that for the cultivar
‘Samourai’ the sugar concentrations in the nectar are the highest at the beginning of the flowering period and decrease
towards the end. (2) There are high rates of amino acids most essential for bees (Isoleucine, Leucine, and Valine) in the
pollen of oilseed rape (Cook et al., 2003). (3) As rape flowers are cruciferous, the food resource is easily available, and
(4) their flowering lasts 22—45 days (McGregor, 1976). (5) The flowering period of rape begins at the time when there
are few other cultivated food plants available for bees. Honey bees and bumble bees do not switch easily between
different food plants, because it takes too much energy to learn new handling skills for other flower types (Free, 1970;
Heinrich 1976; Teris, 1985; Terids, Pohtio, 1995).

Worker bees and many other insects (flies, butterflies, etc.) are able to discriminate between closely related
cultivars or plant phenological stages (Laloi et al., 2000; Gardener, Gillman, 2002) due to the different concentrations
and amino acid composition of nectar (Laloi et al., 1999; Gardener, Gillman, 2001a, b). Differently fertilised rape plants
should be in different conditions and it should affect food resource in flowers as well as nectar or pollen odours or taste
(Gardener, Gillman, 2002). Bees are not the only flower visitors, flies, syrphus flies, butterflies and some bugs also visit
rape flowers. The number of flower visitors probably depends on the amount of food available in the field. According to
the hypothesis we tested (1) whether different fertilising systems affect the number of flowers on summer oilseed rape,
the food resource in flowers, and (2) the effect of the number of flowers and food resource on the number of flower
visitors.

Materials and Methods

Field experiments were carried out in July 2003 to compare the density of pollinators on differently fertilised
experimental plots with the summer oilseed rape cultivar ‘Mascot’. The observation period lasted over three weeks. The
Eerika experimental field in Eerika consisted of 1x10-m plots, where 10 different trial variants had four replications. In
one control variant (0) no fertilisers and no insecticides and in the other control variant (0+) no fertilisers but the
insecticide Fastac (June 29) were used. The eight variants in the trial were sprayed with the insecticide Fastac (June 29)
and fertilised with the granular combined fertiliser OptiCropNPK 21-08-12+S+Mg+B+Ca. Each of the trial variants
was additionally fertilised with a different microfertiliser: (New Rape (New), HydroPlus™ Micro Manganese (Mn),
HydroPlus™ Micro Rape (Micro), Sulphur F3000 (S), HydroPlus™ Micro Copper (Cu), HydroPlus™ Micro Boron
(B), Hydromag 300 (Mg) (Hyd), HydroPlus™ Micro Molybdenum (Mo)).

The number of pollinating insects was counted on sunny days between 11:00 and 15:00 when the temperature
was above 16 °C. Flowers were counted at the same time from an of area 1 m? on each plot. For determining nectar
standing crop in flowers, 50 flowers were gathered from each trial variant on the observation days (altogether 500
flowers). The amount of nectar present in the flowers (nectar standing crop) was measured by inserting a 1-pl capillary
(DRUMMOND MICROCAPS) into the flower corolla tube. The nectar volume was thereafter calculated from the
nectar column length in the tube (the microcapillary tube’s length is 32 mm). For determining the number of pollen
grains, 12 flowers were gathered randomly twice a week from each plot during the flowering period. The flower tissues
were dissolved with CH3COOH (60%) and thereafter washed with distilled water. The number of pollen grains was
counted under a light microscope from samples (Fuchs-Rosenthal chamber). From these samples the number of pollen
grains per flower was calculated. ANOVA, Kruskal-Wallis test and linear regression were used for analysing the data.

Results and Discussion

The average number of flowers of the fertilised plots differed significantly from the average number of flowers
on the unfertilised control plots (F (1; 198) = 19.6, p < 0.001). On most of the fertilised plots the rape plants had
significantly more flowers than on the unfertilised plots (Fig. 1). On the unfertilised plots the rape plants were stunted
and with few branches. In comparison with different microfertilisers, the flower number was significantly different
between some variants: in the case of copper and sulphur it was lower than on plots fertilised with Hydromag that
contains magnesium. Magnesium seemed to be a limiting factor for flowering in the field.
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In total 1,558 insects were counted, 846 (54%) of which were bees (Apoidea), 707 (45%) dipterans (Diptera),
3 butterflies (Lepidoptera), and 2 bugs (Hemiptera) (Fig. 2). Of Apoidea, 76% were honey becs and 24% wild bees. The
abundance of honey bees was significantly higher in the middle of the flowering period than at the beginning and end of
the period (H (4; 200) = 91.4, p = 0.00). The importance of dipterans was statistically different during the observation
period (H (4; 200) = 112, p = 0.00), however, only one observation day differed significantly from others. The
abundance of wild bees was stable and did not differ significantly over the period (H (4; 200) = 5.57, p = 0.23). The
number of Apoidea differed significantly between control and fertilised plots (Fig. 3), but no difference was found when
comparing different microfertilisers (H (7; N = 160) = 2.4, p = 0.9). The number of Diptera did not differ significantly
between control plots and fertilised plots, but no difference was found when comparing different microfertilisers
(H(7; N=160)=54,p=0.6).

18 6
16
14 5

8
g 12 2
£ @ 4
o g
a <]
2 ]
£ 33
2 €
< 2
c
g g 2 : . . . .
1 “l'
Apoidea: H(1;200)=45, p<0,001
X Apoidea Diptera: H(1;200)=1,5, p=0,2 BB Apoidea
13 15 17 19 20 23 g Ditera o 507 Diptera
July Control Fertilised
Fig. 2. The mean number of bees and dipterans during Fig. 3. Effect of different microfertilisers on the
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and std error (bars) error (box), and std error*1.96 (bars)

The nectar standing crop in flowers did not differ significantly neither between fertilised and unfertilised plots
nor in the case of different microfertilisers (Fig. 4). Also the number of pollen grains in flowers did not ditfer
significantly between different experimental plots (Fig. 5). The flowers from plots fertilised with sulphur contained
more pollen than the flowers collected from most of the other trial plots, although statistically significant difference was
not found.
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We analysed the effect of flower number on bees and dipterans and found positive correlation between the
numbers of flowers and bees (r = 0.61, p < 0.001), no correlation was found between the numbers of flowers and
dipterans (r = -0.08, p = 0.2) (Fig. 6). The data show that the foraging behaviour of bees is dependent on the food patch

density, whereas the foraging behaviour of dipterans does not depend on that. Dense food patches attract more bees than
sparse patches.

o
. o Honey bees: r=0,6 p=0,0
23 o Dipterous: r=-0,08gp=0,2

Number of insects
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-100 O 100 200 300 400 500 600 700 Diptera
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Fig. 6. Number of bees and flies in correlation with flower numbers

Oilseed rape is a crop that produces much nectar. The nectar glands are situated at the bottom of the flower.
Bees, the most abundant pollinators of rape, can reach the nectar easily but dipterans cannot. Probably the high number
of dipterans on one observation day could have been caused by the preceding three rainy days, when flowers were
fulfilled with low concentrated nectar and flies with a short proboscis could reach it easily. The foraging behaviour of
dipterans is not as well studied as the behaviour of bees. Syrphus flies do not visit flowers according to their abundance
in the habitat and their flower choice is not connected with the previous choices. Their flower visits may be related to
the differing nutritional value of pollens (Cowgill et al., 1993).

Oilseed rape is highly attractive to bees. According to Delaplane and Mayer (2000), 64% of bee visitors are
honey bees and 36% different wild bees. Of wild bees, both bumble bees and solitary bees successfully transfer rape
pollen from anthers to stigmas. Although we saw many species of bumble bees and solitary bees in the field, their
number was still quite low.

Butterflies usually visit perennial plants, not annuals (Corbet, 2000). According to S.A. Corbet’s observations,
the only annual plant species butterflies visited was radish (Raphanus sativus). Presumably, few annuals contain enough
nectar to make a visit profitable and, at the same time, they are useful for butterflies with their combination of a long
tongue with a moderate wing loading. Pierids (Pieris sp.), combining a relatively long tongue with a moderately low

wing loading, can include in their diet deep solitary flowers such as even brassicaceous (Brassica sp.) arable weeds
(Corbet, 2000).



Pollen is mostly the part of bees’ food that is considered as the source of amino acids. The oilseed rape pollen is
rich in three most essential amino acids (Cook et al., 2003). Although the principal ingredients of nectar are sugars,
there are also nitrogenous substances found in floral nectar. Amino acids occur in the nectar at millimolar concentration
(Gardener, Gillman, 2002). Day-to-day environmental variations are factors influencing the metabolic processes of
nectar production and may lead to changes in overall concentration of the nectar components. Physiological processes
such as water relations may influence nectar concentration at the production age, and evaporation may influence
concentration afterwards. Longer-term environmental variables operate within a growing season, for example soil
nutrients are most likely to alter the nectar composition by a variety of mechanisms (Gardener, Gillman, 2001a).
According to Gardener and Gillman (2001b), most of the amino acids do not respond significantly to the soil treatment
with fertilisers. The responses may be both positive and negative. The amino acids that did respond to fertiliser
treatment were glutamine, proline, and GABA. The higher content of amino acids in nectar may derive certain benefits
to pollinators (heavier eggs for example). There has still few research been made on the effect of fertilisers on the pollen
and nectar amino acid composition and concentration. The differences in pollen or nectar amino acid composition may
alter the taste of the particular food that both bees and flies are able to detect (Gardener, Gillman, 2002).

The fact that the food resource on our study plots with different flower density was quite equal indicates that
bees collect nectar according to the marginal value theory (Charnov, 1976). If the food resource is found in clumps or
patches, the individual has to make decisions when to leave and how far to travel next. The marginal value theorem
shows that a forager making optimum use of patches should leave each patch when the instantaneous intake rate falls to
the average rate expected for the habitat. The main predictions from this theorem are that (1) patch residence time
(PRT) and the total harvest per patch should increase with increasing patch quality; (2) PRT should be shorter in areas
where average patch quality is higher; and (3) as average habitat quality increases more poor patches should be ignored
by the forager. This model assumes that foragers have complete environmental information and can recognize patch
quality instantaneously (Alonso et al., 1995). Neither the amount of food in flowers nor the number of flowers available
is the most important cue for foraging bees. They judge the environment constantly and change their choice as the
conditions alter.

Different fertilising affects the number of oilseed rape flowers but does not affect the amount of food resource
left in flowers on average. Bees are the most important pollinators, foraging on flowers according to the marginal value
theorem: they leave, when the instantaneous food (energy) intake rate per patch has fallen to the average intake rate for
the habitat. Since nectar and pollen production rate in the case of ditferent fertilisation was not studied, it should be the
next step in understanding these effects.
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Abstract

The cultivation area of oil crops has expanded throughout the world. In Estonia, the main oil crop is oilseed rape
(Brassica napus L.). Its sowing area has rapidly increased during the last few years. In 2003, rape was grown already on
44,300 hectares according to the data of the Statistical Office of Estonia. Spring oilsecd rape is dominating on winter
oilseed rape because the winter survival of the crop is always questionable. Big cultivation areas are providing good
preconditions for the population growth of potential pests that is of the phytophagous insects specialised in cruciferous
crops. In Burope, the most common pests of oilseed rape are pollen beetles (Meligethes aeneus Eabr., M. viridescens
Fabr.), cabbage seed weevil (Ceutorhyncus assimilis Payk.), cabbage stem weevil (C. pallidactylus Panz), rape stem
weevil (C. napi), brassica pod midge (Dasineura brassicae Winn.), cabbage stem flea beetle (Psylliodes
chrysocephala), and flea beetles (Phyllotreta nemorum, P. undulata, P. diademata) (Free, Williams, 1978, 1979;
Ekbom, Borg, 1993; Williams et al., 2002; Hansen, 2003). Pests populations are regulated by their natural enemies:
hymenopterous parasitoids and predators, the influence is depending on the cropping system (Biichs, 2003).

In Estonian conditions the more careful study of the target rape entomofauna started two years ago with the EU-
funded project MASTER: MAnagement STrategies for European Rape pests (Williams et al., 2002), which is aimed at
developing economically viable and environmentally acceptable crop management strategies for winter oilseed rape
which maximise the biocontrol of key pests (Williams et al., 2002). This requires much greater knowledge of pest,
parasitoid and predator taxonomy and biology throughout Europe.

Key words: Brassica napus, pests, natural enemies.

Materials and Methods

In Southern Estonia in 2002 in an organic winter oilseed rape field and in 2003 in conventionally cultivated
spring oilseed rape field, the studies were carried out for the establishment of rape pests, their hymenopterous
parasitoids and carabids as predators. Pests and parasitoids were caught with yellow black water traps and carabids with
pitfall traps from the beginning of the crop development in spring to the harvest time. Rape plants and pods were
dissected for the establishment of weevils and pod midges damages.

Results and Discussion

Pests

Winter oilseed rape

The eleven species of crucifer-specialist insects were caught in the yellow water traps: Meligethes aeneus,
M. viridescens, Ceutoryncus assimilis, C. floralis, C. rapae, C. pleurostigma, Phyllotreta undulata, P. vittata, P. atra,
P. armoraciae, P. nemorum. Psylliodes chrysocephala, Ceutorhyncus pallidactylus, and C. napi were not found (Fig.1).
There was no evidence of the plant damage by these stem borers. In the second week of May, Ceutoryncus floralis was
abundant. The number of Meligethes viridescens increased in the first week of June but numbers still remained small.
This species prefers to reproduce in wild cruciferous plants (Billqvist, Ekbom, 2001a, 2001b). From the second week of
June until harvest, Meligethes spp. and Ceutoryncus assimilis were present but in low numbers. Their population peaks
were at the beginning of June when 10—20% of rape pods had reached the final size. Neither Meligethes spp. larvae
nor Ceutoryncus assimilis larvae or their damage in pods was detected. The absence of larvae indicates that these
beetles used the plants for maturation feeding and not for reproduction.

Of the potential pests, Meligethes aencus and Ceutorhynchus assimilis were the most numerous but did not cause
any significant damage to the winter oilseed rape.
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Fig. 1. The species’ composition and the total number of crucifer specialist caught in the organic cropping system field
of winter oilseed rape on the Puki Farm, the Tartu County in 2002
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Fig. 2. The species’ composition and the total number of crucifer specialist caught in the standard cropping system
fields of spring oilseed rape on the Pilsu Farm, the Tartu County in 2003

Spring oilseed rape

Insects from seven different taxa were found: Meligethes aeneus, M. viridescens, Ceutorhynchus assinilis,
C. rapae, C. pallidactylus, C. floralis, C. pleurostigma, and Phyllotreta sp. (Fig. 2).

Three of them are belonging to the key pests in Europe: Meligethes aeneus, Ceutorhyncus assimilis, and
C. pallidactylus. Pollen beetles abundance and damage (per plant) were high. C. assimilis was not numerous — only
67 specimens were found (and their damage rate per plant was only 1%). C. pallidactylus — only single specimen was
collected (Fig. 2). The pollen beetle population had two peaks. The first peak was when the first rape flowers opened
and the second — in the stage of ripening of rape seed pods. The second peak was caused by emerged young beetles of
new generation.

In 2003, only pollen beetles were real pests of spring oilseed rape in Estonian conditions. In general also flea
beetles can cause damage but their number was very low, probably the very severe winter of 2002/2003 reduced their
populations.

Parasitoids

In the yellow water traps in winter oilseed rape parasitic wasps, pollen\beetle larval parasitoids: Phradis
morionellus, Mesopolobus morys, Stenomalina gracilis and Trichomalus perfectus, larval parasitoids of Ceutorhynchus
assimilis were caught. T. perfectus and P. morionellus were also present in spring oilseed rape. Three new pollen beetle
parasitoids Diospilus capito, P. interstitialis and Tersilochus heterocerus were established in spring oilseed rape. But
numbers of parasitoids were very low. The occurrence and abundance of different species depend on the factors such as
the local climate, the crops grown during previous years and the cultivation techniques used (Nilsson, 2003). The spring
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oilseed rape field was situated on the farm which has grown oilsced rape for 10 years already, this may be the reason
why there were more pollen beetle parasitoids in spring oilseed rape field.

The presence of P. morinellus is very important because this species is considered to be an effective population
regulator of Meligethes spp. (Hokkanen, 1989; Billqvist and Ekbom, 2001). P. morinellus was a most numerous pollen
beetles’ parasitoid species in the spring oilseed rape field and might have influenced the number of the new generation
of pollen beetles.

Predators

In winter rape 41 and in spring rape 32 taxa of carabids were caught. The wintcr rape is offering good
hibernation for carabids and therefore richer fauna. Dominant genera carabids were Pterostichus, Amara, A gonum, and
Harpalus and Carabus.

In winter rape Prerostichus dominated, with P. cupreus and P. melanarius being the most numerous species.

In spring rape the most numerous species was Harpalus pubescens followed by P. cupreus and P. melanarius. In
the rape field they were most abundant in the period when the larvae of pollen beetles finished feeding on flowers and
dropped down into soil for pupation. At that time they were prey objects for carabids.

In the Estonian conditions, winter oilseed rape has still no serious pest problem. The phytophagous insects
specialised in cruciferous crops Meligethes acneus, M. viridescens, Ceutoryncus assimilis, C. floralis, C. rapae,
C. pleurostigma, Phyllotreta spp. were found, but their abundance was low. Of the potential pests, Meligethes acneus
and Ceutorhynchus assimilis were the most numerous but did not cause any significant damage to winter oilseed rape.

In the spring oilseed rape, only pollen beetles were pests. In certain conditions flea beetles may cause serious
damage or even destroy all the crop. In future, if the seed weevils’ population is increasing, they might be serious pests
in Estonia.

The occurrence of pests’ natural enemies was established. From predators, carabids Pterostichus cupreus and
P. melanarius were the dominating species. Their higher abundance in the period when the larvae of pollen beetles
finished feeding on flowers is indicating on their role in the pollen beetle population regulation. Pollen beetle larval
parasitoids: Phradis morionellus, P. interstitialis, Diospilus capito, Tersilochus heterocerus, Mesopolobus morys,
Stenomalina gracilis and Trichomalus perfectus, larval ectoparasitoids of Ceutorhynchus assimilis were found. Their
abundance was low, but could increase with the using of integrated cultivation techniques.
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Abstract

The aim of the present study was to elucidate plants preferred by cabbage moth, Mamestra brassicae larvae and
the dynamics of their numbers on these plants. The experiment included white cabbage (Brassica oleracea var. capitata
f. alba), rutabaga (swede) (B. napus var. napobrassica), collard (ornamental kale) (B. oleracea var. acephala), red
cabbage (B. oleracea var. capitata f. rubra), and nasturtium (Tropaeolum majus). Our experiments revealed that
cabbage moth larvae had feeding preferences within the same Brassica family. The M. brassicae preferred white
cabbage; 51.2% of larvae counted during the observation period were gathered from this plant. The next choices were
collard, by 32.1%, and red cabbage, by 16.5%. On rutabaga only few larvae of M. brassicae were found. No
M. brassicae were discovered on nasturtium. White cabbage had the biggest number of larvae at the end of July;
thereafter their numbers decreased, and in mid-August only single larvae were found there. Red cabbage had larvae
only during the first two analyses; later samples did not show any larvae. Collard had a relatively small number of
larvae during the first two observations, after that their number started to increase, reaching its peak in the fourth week
of the observations. Thereafter the numbers decreased until by mid-August none remained.

Key words: Mamestra brassicae, foodplant preference, white cabbage, rutabaga, collard, red cabbage,
nasturtium. '

Introduction

The cabbage moth (CM), Mamestra brassicae (L) is a highly polyphagous species, particularly associated with
cruciferous crops (Bretherton et al. 1979), but also feeding on a wide range of other plant species (Turnock & Carl,
1995). The occurrence of CM as a pest in Estonia is variable. During the last years, the population levels in general
have been low, but with sporadic, local outbreaks. In different climatic zones, CM can produce a number of generations
during a summer; in Estonia it is mainly an univoltine species, hibernating as diapausing pupae in the soil. The adults
emerge at the end of June or at the beginning of July. Since the butterflies lay their eggs during a longer period of time,
the larvae may be found in nature during a few months. Females oviposit at night and lay their eggs in a single-layered
cluster mainly on the underside of host-plants leaves. Egg clustering may protect eggs from desiccation (Clark and
Faeth, 1998) as well as from other detrimental environmental factors (Ulmer et al., 2003). In general there is a
viewpoint that young larvae of CM remain clustered during the first instar, however, Johansen (1997) found that the
larvae started to spread all over the host plant within a few hours after hatching, and continued to disperse radically
from the original infested plant throughout the larval stage. In younger instars, the larvae feed mainly on the external
leaves. From the fifth instar, they display a negative phototaxis (Omono et al., 1973) and they move into the central part
of the plant in between young leaves where they complete their larval development.

It is generally known that various plant characteristics influence host plant selection in herbivorous insects, but
plant chemistry can be especially important. For example, secondary plant metabolites are used by several insects for
recognition of their host plants (Chew, 1988; Stidler, 1992). The typical pattern of host location among adult
Lepidoptera is the use of plant odours for longer-range detection and evaluation of potential host plants, followed by
contact chemoreception for selection of oviposition sites (Schoonhoven et al., 1998). In the case of CM, it has been
found that it mainly selects an oviposition site by odour cue, whereas the search process is, to some extent, influenced
by visual cues (Rojas et al., 2000). The choice of egg-laying sites is also influenced by several other factors. The
hypothesis that adult females prefer to oviposit on the plant species which had served as their larval food plant is known
as the Hopkins host selection principle (Szentesi & Jermy, 1990). However, Rojas and Wyatt (1999 discovered by
their experiments that, there is no evidence that the adults of CM base their search of egg-laying sites on the needs of
the larvae.

Several aspects of the M. brassicae biology have been studied in detail (Johansen, 1997; Rojas and Wyatt,
1999"; Rojas et al., 2000, 2001, etc.), but most experiments with the CM selection of host plant has been conducted with
adults in wind tunnels in laboratories. Although larvae of CM can feed on many different host plant species, there is
currently little knowledge on its feeding preferences and there are almost no data on relevant field observations. It is
known that also larvae of highly polyphagous species are selective in their food choice and show preferences for some
plants over others (Schoonhoven & Van Loon, 2002). The aim of this experiment was to establish whether CM larvae
have feeding preferences for some more important garden culture in Estonia and whether there are any preferences
within one plant genus. The criterion for choosing plants was that they all contained glucosinolates.

Materials and Methods

The experiments were carried out in the experimental garden of the Estonian Agricultural University in the
summer of 2003. The experiment included white cabbage (Brassica oleracea (L) var. capitata f. alba), rutabaga
(swede) (B. napus L. var. napobrassica DC. L. Reichenb.), collard (ornamental kale) (B. oleracea (L) var. acephala),
red cabbage (B. oleracea (L) var. capitata f. rubra), and nasturtium (Tropaeolum majus L.). All plants were grown from
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seed, kept in a glasshouse until they reached the 3 true leal stage. In mid-May the plants were replanted in the
experimental field. Each variant consisted of 9 plants per plot (three rows of three plants spaced at 70-cm intervals). All
variants had three replications. To prevent larvae from leaving the experimental plots, a 20 cm wide strip of dill
(Anethum graveolens L), which is not a food plant of CM larvae, was sown around each plot. Larvae of CM on all the
experimental plots were sampled at 7-day intervals from 18 July to 05 September. Larvac were removed by hand
picking them from plants to avoid repeated counting. Such repeated experiments enabled discovering, during the
experimental period, also those larvae not found in earlier counts.

Data have been presented as mean + standard deviation. Statistical comparisons were performed with paird
Student's t-test or repeated-measures ANOVA by Tukey test. All means were considered significantly different at the
P < 0.05 level.

Results and Discussion

The proportion of larvae of CM on different cultures

Analysing of material gathered during the experimental period showed that 52% of larvae counted during the
observation period were gathered from white cabbage. The next choices were collard (ornamental kale), by 32%, and
red cabbage, by 14%. On swede (rutabaga) only few larvae of CM were found (2%) (Fig.1). No CM were discovered on
nasturtium.

B Collard (ornamental
kale)

Bwhite cabbage

ORed cabbage

M swede(rutabaga)

Fig. 1. The proportion of larvae of Mamestra brassicae on four different plant species

The dynamics of the number of CM larvae

During the first observation (18.07), there were few CM larvae and a nearly the same number of them were
found both on white cabbage (M = 2.0) and red cabbage (M = 2.33). There was no statistically significant difference in
the mean number of these variants (df =4, F = 1.16, P = 0.38). There were no larvae on plants of the other variants.
During the second observation (25.07), larvae were found again on white cabbage (M = 7.0) and, to a lesser extent, on
red cabbage (M = 1.33), whereas only larvae of older instars were found on red cabbage. During this observation, larvae
were first found on collard (ornamental kale), too (M = 1.66). On comparing the mean numbers in different variants,
there was no statistically significant difference (df = 4, F = 1.8, P = 0.20), however, there were somewhat more larvac
on white cabbage than in other variants. The third observation (01.08) revealed again larvae on white cabbage (M =
3.66) and ornamental kale (M = 1.33) but red cabbage had only few larvae of the last instar (M = 0.33). Larvae of the
second and third instar were found on rutabaga (swede) (M = 0.33). A comparison of the variants showed that white
cabbage had statistically reliably (df = 4, F = 3.27, P = 0.05) more larvae than the other variants. At the fourth
observation (08.08) there were larvae of mainly the fourth instar on white cabbage. Their number was low (M = 1.0).
This observation revealed a bigger number of larvae on ornamental kale (M = 6.0). As by the time of the observation
larvae of the variant had mainly reached last instars, it may be concluded that young larvae had not earlier been found
between the thick and wrinkled foliage. Later when larvae reached older instars and moved onto young leaves of
ornamental kale, they were easily noticeable. However, the difference in the numbers of larvae on white cabbage and
ornamental kale was not statistically reliable (df = 4, f = 2.68, P = 0.09). During the fifth observation (15.08), few larvae
were found on rutabaga (M = 0.33). Other variants revealed no larvae. At the sixth (22.08) and seventh observation
(29.08) only a few grown-up larvae were detected on white cabbage (M = ().33). In September (05.09) no larvae were
found on any plant, and the experiment was finished.

In brief, it can be concluded that white cabbage had the biggest number of larvae at the end of July; thereafter
their numbers decreased, and in mid-August only single larvae were found there (Fig. 2). The occurrence of larvae on
red cabbage showed nearly the same tendency. The red cabbage was more infested with larvae during the first three
analyses; in later samples their number decreased constantly. On the basis of the results obtained with white and red
cabbage, it can be concluded that there was repeated egg-laying of CM females on white cabbage as larvae of different
instars were found within a long period of time. On red cabbage eggs were laid only during one period since each
observation revealed larvae of older instars. Collard had a relatively small number of larvae during the first two
observations, after that the number started to increase, reaching its peak in the fourth week of the observations. After
that the numbers of larvae decreased until by mid-August none remained. Obviously, eggs were laid also on that plant
only at the beginning of our observations as later counts revealed no younger instars. It must be added that the number
of CM was low in all variants over the entire experimental period.
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Fig. 2. Dynamics of larvae of Mamestra brassicae on different cultures

Thus, in this experiment, CM larvae fed only on crucifers. According to Rojas and Wyatt (1999%), CM may have
evolved the ability to recognise characteristic chemicals of this family group. Cruciferas contain a group of sulfur
containing secondary metabolites known as the glucosinolates. Glucosinolates are found in all parts of the plant, and
concentrations differ according to tissue type, physiological age, plant health, nutrition, etc. It is known that younger
plants and plant parts have a higher glucosinolate content than the older ones. CM females always lay their eggs on
outer, older cabbage leaves and younger larvae prefer those leaves as well. In an experiment by Boer (1999), young CM
larvae chose to feed also on older leaves of the crucifer ragwort (Senecio jacobaea L) by constantly moving, when
reaching older instars, onto younger parts of the plant. Our observations showed that larvae stayed on older cabbage
leaves during their three first instars. Larvae already in the fourth instar started to move onto younger leaves of the plant
and, at the end of the fourth and at the beginning of the fifth instar they penetrated inside cabbage head. As collard and
rutabaga form no heads, we found older instars between leaves of the core. One reason for such relocation is considered
be the fact that the larvae switch from carbohydrate (in older leaves) to protein content (in younger leaves) in their diet
when they reach the last instar (Reavey, 1993). The products of hydrolysis may have important roles in the plant
defence system against polyphagous insects, however, the defensive secondary metabolites of plants can be utilised by
insects adapted to them. It is probably also the case with CM larvae who, by eating older leaves, adapt themselves to the
chemistry of the food plant and the lesser amounts of defensive substances there. This enables them later to eat also
younger plant parts.

Over the entire experimental period, no larvae were discovered on T. majus, despite the glucosinolate content of
the plant. However, this species of the family Tropaeolaceae produces only a single glucosinolate — glucotropaeolin.
This glucosinolate has long been known for its antimicrobial activity, in addition to which it also contains, for example,
chlorogenic acid and isoquercitrin, known to be antifeedant for certain insect species (Duke, 1992; Huang and Renwick,
1995).

Our experiments also revealed that CM larvae had feeding preferences within the same Brassica family. Plant
species have numerous chemical and physical differences (colour, plant surface waxes, trichome density, secondary
chemicals, etc) that may influence preferences. As the largest number of larvae was found on white cabbage, there is a
reason to believe that these were the chemical composition and physical properties of white cabbage that suited CM
best in the experiment. It must be noted that certain colours are more or less attractive to different insect species.
Radcliff and Chapman (1966) detected that a colour-related factor appeared to be important in determining host
preferences for Pieris brassicae and P. rapae, and red cabbage varieties were less susceptible to oviposition than green
varieties. Red colour of the plants is mainly caused by anthocyanins. These are members of a class of nearly universal,
water-soluble, terrestrial plant pigments that can be classified chemically as both flavonoid and phenolic. There are
15 different anthocyanins in red cabbage (Saupe, 2002). Anthocyanins may inhibit larval growth in insects but also act
as insect repellents (Thain et al., 2002). In our experiment red cabbage were less infested (14%) with CM larvae than
white cabbage (52%). According to Hommes (1983), red cabbage was less infested with larvae of P. rapae than white
cabbage. Probably a determinative factor here is the choice by adults who, on some reasons, lay less eggs on red-
coloured plants. Our earlier feeding experiments in laboratory have shown that both larvae of P. rapae and P. brassicae
grew and developed equally both on white and red cabbage. Besides, larvae of P. brassicae developed on red collard
even more successfully than on white head cabbage (Metspalu et al., 2003).

However, to the lesser preference of red cabbage by larvae there were obviously some other reasons than the
colour as on red collard there were noticeably more (32%) larvae than on red cabbage (14%). As well known, plant
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surface may play an important role in the selection of both oviposition sites of adults and food plants of larvae. The
plant cuticle acts as a first chemical and mechanical barrier against herbivorous insects. Characteristic cuticular
compounds might act as deterrents against generalistic herbivores, while specialised insects could use them as clues for
host-plant recognition. The plants contain a coating of wax on the surface of the cuticule. The wax restricts water 1oss to
the atmosphere but its physiological role is not less important. Obviously both the chemistry of such leaf waxes and
their physical attributes act together with some plant characteristics. So far it is not exactly known whether the active
factors are the wax coating itself or secondary compounds of the plant, associated with the waxes (Eigenbrode, 1996). It
has been found that on leaves with a thicker wax coating larvae waste more time in search of suitable feeding sites than
with a thinner wax coating, due to which their feeding time shortens and the amount of food acquired decreases. The
consequence here is their decelerated development (Eigenbrode, 1996). In addition, leaf surface may mechanically
influence movement of the insect. For example, microscopic structures on the plant surface can reduce the adhesion of
insect feet, thereby creating slippery grounds for the animals. In our experiment the wax coating of red cabbage was
very thick compared with the wax coating of white cabbage or collard. Wax coating makes it difficult for females of
CM to obtain information on the chemical composition of leaves since it prevents the discharge of specific odours from
aleaf. The wax coating on rutabaga was noticeably thinner than that of red and white cabbage. There were fewer larvae
found on rutabaga (2%). One reason here may have been that rutabaga contains an exceptionally high amount of
glucosinolates, even more than other cabbage varieties. Fifteen glucosinolates have been found, whereas gluconasturtin,
together with gluconapin, glucobrassicanapin and progoitrin have been reported to be the main glucosinolates from this
plant (Kjaer, 1976). It may be that such an amount and composition of glucosinolates and their breakfown products are
repellent already to adults of CM, on which reason lesser eggs are laid to rutabaga. Another possibility is that rutabaga
leaves probably contain feeding deterrents for the larvae, due to which there were especially few larvae of younger
instars on rutabaga leaves. According to our unpublished data, observations carried out in a field of rutabaga in Hiiumaa
showed that, when eggs were laid on rutabaga, larvae hatched from egg clutches died in their second and third instar
and only a few larvae reached older instars. Hairs, trichomes and thorns on the leaf surface also influence both the
choices of oviposition sites of adults and feeding of larvae. Distribution and density of leaf trichomes and chemicals
contained in the trichomes may be among the factors influencing the host plant and food plant selection by CM in
rutabaga. Usually the youngest leaves have the highest density of trichomes, which certainly was one of the reasons
why larvae appeared mainly on older, less hairy leaves of rutabaga. During the year of the experiment, the number of
CM was low, and there was almost no competition for adult oviposition site. There could be no competition among
larvae for feeding sites as during each observation larvae counted were removed from plants.

It can be concluded that glucosinolates are not the determinative factors in the choice of oviposition and feeding
plants by CM, but other secondary compounds, exist in plants, might be responsible for variation in the acceptability of
different plant species to cabbage moth. The balance between stimulatory compounds and deterrent ones determined the
reaction of CM larvae to different food plants.
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Abstract

The aim of the present work was to investigate the abundance and seasonal dynamics of spiders in summer
oilseed rape, wheat and two-year-old clover fields. The experiments were carried out in the experimental field of the
Estonian Agricultural University in the summer of 2003.

During the study period, 892 individuals of spiders were collected with pitfall traps. In all variants Lycosidae,
Linyphiidae and Opiliones were dominating, but the total number of Opiliones was lower than the abundance of other
dominating spider groups.

Compared with clover, the number of spiders was reliably lower on rape and wheat during the whole period of
the experiments. Spiders preferred clover variant, where plant cover was greater, older and no fertilisers, herbicides or
pesticides were used. Cutting had an immediate effect on the number of spiders in the clover variant. The prey
conditions for spiders changed in this plot, and spiders left the clover variant for two weeks. The increase of ground
cover density in plant communities could enhance the abundance of spider assemblages. On wheat variant the number
of spiders was low during the whole period of the experiments. The number of spiders was the lowest on the intensive
rape plot as in this variant fertilisers and herbicides were used, and it was treated with the pesticide Fastac twice.

The seasonal dynamic of spiders significantly depended on the intensity of field management practices,
including pesticides spraying times and the periodically interrupted life cycles of spiders. After treatment with Fastac
the number of spiders was lower but later it recovered again.

Keywords: spiders, oilseed rape, pest control, Araneae, Lycosidae, Linyphiidae, Opiliones.

Introduction

Spiders are well-known predators but, compared with insects such as ground beetles, they have reccived
relatively little attention as natural enemies of crop pests. Spider abundance is correlated with the specific vegetation
characteristics, suggesting that the availability of habitats is important for spider colonisation and establishment
(Rypstra, Carter, 1995).

Of several factors influencing the development of the spider communities, more important could be the effect of
pesticide treatments and weed cover. Increased weed coverage can result in higher numbers of spiders in the field
(Frank, Nentwig, 1995), and can also lead to higher densities of foliage inhabiting spiders assemblages. This suggests
that there are interactions between the communities in canopy and ground cover (Altieri, Scmidt, 1986; Wyss, 1995;
Wyss et al., 1995). An additional factor could be the boundary effect, and in arable ecosystems these pesticide-free
areas can conserve spider populations and thus represent an important source of immigration (Alderweireldt, 1989;
Kromp, Steinberger, 1992; Toth et al., 1996). Ficld margins play an important agricultural role in providing a refuge for
beneficial invertebrate predators facilitating movements of spiders (Duelli et al., 1990; Thomas et al., 1990) into the
crop.

Spiders are often the first predators to enter a crop field after ploughing, establishing themselves within the field
before most pests have an opportunity to colonise (Sunderland et al., 1999). Food is often limited in this initial period
but spiders have adapted to withstand the starvation periods (Sunderland et al., 1999). When food becomes available,
spiders are able to gorge themselves (Sunderland et al., 1999) and may even kill surplus prey.

Two families constitute the majority of individuals in agricultural fields in northern Europe: Lycosidae,
particulary Paradosa species, and Linyphidae, notably Oedothorax, Erigone, Bathyphantes, Meioneta, and
Lepthyphantes species (Nyffeler, Benz, 1988; Alderweireldt, 1994; Thomas, Jepson, 1997; Downie et al., 2000).

A wide range of species can occur in arable fields, of which money spiders (Linyphiidae) and wolf spiders
(Lycosidae) are most abundant (Alford, 2003). Harenberg (1997) recorded the following as the most numerous species
in oilseed rape fields in Germany: Linyphiidae (12 species), Tetragnathidae (1), Theridiidae (1), Lycosidae (1) and
Salticidae (1).

The aim of the present work was to investigate the abundance and seasonal dynamics of spiders in summer
oilseed rape, wheat, and clover fields.

Materials and Methods

The experiments were carried out in the experimental field of the Estonian Agricultural University in the
summer of 2003. The experiment included four variants: intensive rape (fertiliser + Fastac), control rape (no chemicals),
wheat (fertiliser + herbicide), and clover. In spring the plots of rape and wheat were mechanically cultivated two or
three times and treated with the herbicide Trifluralin and fertilised with Opti Crop 21-8-12+S+Mg+B before secdling.
For pest control, Fastac was used twice (28 May and 26 June) in the intensive rape variant, and the wheat variant plants
were treated with an herbicide once (10 June). Clover had been growing in the same place also previous year. During
the observation period, hay was made once (at the beginning of July) on the clover variant. Spiders were caught with
pitfall traps. The size of cach plot of rape and wheat was 1x10 m and each variant had three replications. In the clover
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variant, the pitfall traps were situated 20 m from field margins, and there were three replications. Spiders in the traps
were counted once every week during the observation period in all test variants.

Data are presented as mean + standard error. The statistical comparison was performed by means of ANOVA
and Student’s t-test. All means were considered significantly different at the p = 0.05 level.

Results and Discussion

During the study period, 892 individuals were collected. In all experimental plots three spiders families
dominated — Lycosidae, Linyphiidae, and Opiliones, but the total number of Opiliones was lower than the abundance
of other dominating spider groups.

The results indicated that, compared with clover, the number of spiders was reliably lower on intensive rape
(t=6.19, df = 16 p = 0.02) and wheat (t = 4.75 df = 16 p = 0.04) (Fig. 1) during the whole period of the experiments. It
appeared that spiders preferred habitats where plant cover was greater and older. Spiders can overwinter at field edge
(Maelfait, Keer, 1990) and there is some potential for improving these habitats for spiders by vegetational
diversification to include grass tussocks (Bayram, Luff, 1993). Our experimental conditions for the habitation and
overwintering of spiders were probably better in the clover than in intensively cultivated variants. Clover had been
growing in the same place also previous year and spiders had good opportunities for overwintering there. Intensive rape,
control rape and wheat plots in our experiment were located inside of a big cereal field, which may have had an
influence on the abundance of spiders. In addition, the field part where rape and wheat were sown this year had been
before used for growing other intensively managed cultures (potato was in this place in previous year).
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Fig. 1. Average number of spiders in different experimental plots in 2003. Means followed by same letter are not
significantly different (p < 0.05) (means + SD)

In the majority of such studies (including soybean, cereals and orchards), increases in spider densities at the
edges were not translated into increases in the fields themselves, and especially in the centres of large fields (Altieri,
Schmidt, 1986; Alderweireldt, 1989; Kemp, Barlett, 1989; Dennis, Fry, 1992; Kromp, Steinberger, 1992; Altieri, 1994;
Vangsgaard, 1996; Toth, Kiss, 1997). This agrees with our work: plots of control rape, intensive rape and wheat were
placed inside of a large wheat field. Spiders immigration to the field decreased from field margins to the centre, which
is probably the reason why they did not prefer those experimental plots.

A comparison of intensive rape with control rape (Fig.1) revealed no reliable differences in the number of
spiders, although there existed a slight tendency in favour of control rape. Both on intensive rape and wheat the number
of spiders was lower during the whole period of the experiments, and a comparison of these variants showed no
statistical reliability. In the clover and control rape variants, where no pesticide applications were used, significantly
more spiders were found, probably because spiders like those areas. This agrees with laboratory studies of the effect of
pesticide residues on the wolf spider Paradosa agrestis (Mansour et al., 1992). Most studies in different cultures
compared spider densities in unsprayed and conventional field blocks. Specth and Dondale (1960) compared modified
spray with unsprayed orchards. Spider densities were initially higher in the unsprayed programme, but the difference
decreased through the season.

Studies have also shown that community composition changes with insecticide use. Chant (1956) identified only
half as many species in sprayed than in unsprayed orchards. Specht and Dondale (1960) noted a lower proportion of
hunting spiders in sprayed compared to unsprayed blocks (49% vs. 68%) and speculated that hunting forms might be
more susceptible to insecticides. Probably the same fact had an effect on the intensive rape variant of our experiment,
because spiders did not come from control rape and clover plots to the variant mentioned before, regardless that the
plots were side by side. Another possible explanation for the highest number of spiders on clover is that there were
many phytophagous pests and spiders who found there good prey and habitat conditions. The spider density can
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actually be augmented by increasing the density of their fungifore and detritivore prey; this phenomen was studied in a
forest floor system (Chen, Wise, 1999), and may also apply to crop systems. The sparse plant cover in the intensive rape
and wheat variants caused there to be less phythophagous pests.

Intensively cultivated arable fields are not self-contained systems for invertebrate predators, because their life
cycles are interrupted periodically by severe agricultural practices such as ploughing, sowing, spraying, etc. Intensively
managed fields, where synthetic, broad-spectrum insecticide use is high year after year, have spider faunas of low
density and diversity (Miliczky et al., 2000). This agrees with our work: in the intensive rape and wheat variants the life
cycles of spiders were periodically interrupted with pest control spraying times. Spiders immigration to intensively
cultivated areas may be limited, because most of the surrounding land is also insecticide-treated. The number of spiders
was the lowest on the intensive rape plot as in this variant Fastac was used for pest control twice. Chemicals used and
cultivation may be the reasons for the lower number of spiders in the intensive rape and wheat variants. Topping and
Sunderland (1998) showed similar effects of ploughing and harvesting on numbers of spiders in cereal fields.

Weed density is a general phenomen connected with spiders and mentioned in many studies (Frank, Nentwig,
1995). However, some species entirely prefer microhabitats with low weed covers (Alderweireldt, 1989). In our work
the abundance of spider assemblages could be enhanced by increasing the ground cover density in different plant
communities. Greater numbers of spiders were observed within the clover, where the plant density was higher than on
other experimental plots. The number of spiders was the lowest on the rape and wheat plots, probably because the plant
cover was sparse in those variants. The number of spiders was to extent higher in control rape, because of the high weed
density in this variant.

Field margins are one of the reasons that increase the number of source spider populations and thus the numbers
of migrants entering the crop (Bishop, Riechert, 1990; Topping, Sunderland, 1994). Movement of spiders from field
margins to the crop remains difficult to demonstrate in an experimental situation. Meadows are known to provide a
more diverse immigration source than arable land (Tischler, 1965; Curry, 1994) and may account for significantly more
species occurring in the control rape variant of our work. Between wheat and various grassy areas, the penetration of
spiders into neighbouring habitats was also limited (Duelli et al., 1990; Kajak, Lukasiewicz, 1994). Studies conducted
in the USA about weed strips of alfalfa fields sown at the edge had high density of spiders, however the spiders did not
walk out into the crop. The authors suspected that the weed borders were so hospitable to spiders that they had no
stimulus to disperse (Bugg et al., 1987). Probably the same fact had an effect on the intensive rape and wheat plots of
our experiment, because spiders did not come from clover to the variants mentioned before, regardless that the variants
were side by side.

The seasonal occurrence of spiders shows that spiders were very sensitive to different chemicals, used on our
experimental plots in addition to other agricultural practices. The activity of spiders was low in the intensive rape
(Fig. 2) and wheat (Fig. 3) variants in spring, on the basis of which it seems that the activity of spiders significantly
depended on the pest spraying times in the experimental field and the intensive management of those plots. The activity
of spiders was low in the control rape (Fig. 2) as well, probably because of the used different agricultural practices. In
intensive rape and wheat the number of spiders started to increase, when the insecticide effect was ended, however,
these were only small population peaks and decreased very quickly.
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Fig. 2. Seasonal dynamics of spiders caught by pitfall traps in control rape and intensive rape variants during the
observation period in 2003 (Means * SE)
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Fig. 3. Seasonal dynamics of spiders caught by pitfall traps in the clover and wheat variants during the observation
period in 2003 (Means + SE)

A probable reason for the small population peak in both variants was the appearance of a new generation —
because a high number of juveniles were found in pitfall traps at this time of observation.

The seasonal occurrence of spiders in the clover variant (Fig. 3) was different in comparison with intensive rape,
control rape, and wheat. In May, the number of spiders was low in the clover variant but started to increase quickly at
the beginning of June as the plants had fully grown by this time. The plant cover affected favourably the dynamics of
the spider population, particulary from late spring until summer. After the population peak, the number of spiders
decreased again, because hay was made in the clover variant at the beginning of July. The cutting probably influenced
the abundance of spiders on this plot negatively. Cutting had an immediate effect on the number of spiders in the clover
variant. The prey conditions for spiders changed in our experimental plots, and they left this variant for two weeks. The
same results showed a study conducted in UK grasslands, where cutting had an immediate effect on spiders numbers
(Bell et al., 2002). Many authors agree that a summer cut reduces the number of spiders (Baines et al., 1998).

The activity of spiders significantly depended on the pesticides spraying times and plant cover (including weed
cover) density in the experimental fields. Cutting had an immediate effect on the number of spiders in the clover
variant. The increase of ground cover density in plant communities could enhance the abundance of spider assemblages.
Field margins play an important role in spiders activity too. Spiders preferred clover variant, but they like areas, where
fertiliser or chemical pest control were not used (control rape variant in our experimental field). In all variants there
were dominating Lycosidae, Linyphiidae and Opiliones, but the total number of Opiliones was lower than the
abundance of other dominating spider groups.
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MORTALITY FACTORS OF COTESIA GLOMERATA (L.) ( HYMENOPTERA: BRACONIDAE)
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Abstract

The parasitic wasp Cotesia glomerata (L.) (Hymenoptera: Braconidae) parasitises early instars of larvae of the
family Pieridae. Our studies have shown that after successful completion of their endoparasitic development and egress
from the host nearly 20% of wasp individuals perished. Most of them, 90%, had reached adult stage but died in the
process of emerging. It is not often possible to determine reasons for each perishing. The effectiveness of a parasitoid
may be influenced by superparasitism. In a clutch of first generation wasps, there were 29.8 + 10.4 and in the second
34.7 + 13.3 individuals on average, and with artificial manipulation 88.2 + 12.2 individuals. 21,6% of C. glomerata
clutches contained hyperparasitoids (Hymenoptera: Chalcididae and Eulophidae), but the number of hyperparasitised
individuals per total cocoon masses was very low — only 1.2%. In the natural population of the parasitoid wasp, a
disease caused by Nosema (Vairimorpha) mesnili (Protozoa) was widely spread, 73.5% of individuals perished in
cocoon contained N. mesnili spores. Despite the high infectivity per clutch, many individuals within these clutches were
uninfected. The most severe reason for the perishing was diapause failures in prepupae of the second generation,
preparing for hibernation. In mid-September, diapause had been developed only by 43% of individuals of the second
generation.

Key words: Cotesia glomerata, mortality, superparasitism, hyperparasitism, microsoridiosis, diapause
disruption.

Introduction

Gotesia glomerata (Hymenoptera: Braconidae) is a gregarious endoparasitoid of Pieridae that deposits its eggs
in first to third instar caterpillars, where its larvae develop (Laing & Levin, 1982). They regulate and control the
population density of their herbivore hosts. Female adult wasps can find their hosts on Crucifera, Rosaceae,
Tropaeolaceae or Berberidaceae plants (Feltwell, 1982). C. glomerata cannot be considered an ideal biocontrol agent
as a parasitised caterpillar continues feeding until its last instar, by which time damage to the plant has already been
caused (Wilkinson, 1966; Hamilton, 1979). Sometimes parasitisation of caterpillars entails increased loss as the energy
consumption of the host increases. When wasps develop inside Pieris rapae, the feeding activity of caterpillars even
increases (Rahman, 1970; Parker & Pinelli, 1973; Slansky, 1978). In the case of P. brassicae, there are contrary data,
their feeding activity decreases when they are parasitised (Fuhrer & Keja, 1976). On the whole, wasps are important
from the position of pest population abundance, as each parasitised host will be later eliminated. There is a large
complex of factors in nature, having an impact on the effectiveness of C. glomerata.

The aim of this work was to determine the factors influencing the efficiency of C. glometara: the survival of
individuals in clutch, the impact of hyperparasitoids, microsporidian disease, and the formation of diapause in second-
generation larvae.

Materials and Methods

Clutches of C. glomerata were taken from three sources: 1. Last instar caterpillars of Pieris brassicae were
collected in cabbage fields and reared on cabbage leaves until the egress of parasitic wasp larvae. 2. Wasp clutches of
first and second generation, which had completed endoparasitic development, was collected directly in agricultural
fields. 3. Wasp clutches were taken from P. brassicae caterpillars parasitised in laboratory at 20...+22 °C. For the
purpose, second instar P. brassicae larvae were exposed to 2-day-old adult parasitoid C. glomerata in cage for 24 hours,
with calculation 5 female parasitoid adults per one host cluster, ca 30—35 caterpillar of P. brassicae. Then parasitoids
were removed and caterpillars were reared on cabbage leaves until the egress of parasitoid larvaes.

After completion of their development, wasp clutches were analysed: clutch sizes were determined, individuals
perished in a clutch were counted, and their development stage was determined. It was tried to establish reasons for the
perishing of the parasitoid. Part of the clutches was autopsied and phase contrast light microscopy was used to identify
possible infections. Second-generation wasp clutches were kept, after their emergence from the host caterpillar, at outer
temperature for 3 more weeks, to elucidate the formation of diapause. Thereafter cocoons were dissected and active
specimens that completed their preimaginal development and diapausing ones were counted.

Results and Discussion

Mortality

An analysis of C. glomerata clutches revealed that after successful completion of endoparasitic development and
egress from the host, part of wasp individuals perished, there were cocoons from which nothing emerged. There were
no differences in mortality between parasitic wasps developed in nature or in laboratory conditions (Fig. 1). Most of
dead individuals inside the cocoons had completed their development but adults did not emerge. The perished adults
were externally perfect and the top part of their cocoons was open. Many adults had died in the process of emerging. It
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seems that mortality among parasitic wasps is a common phenomenon, because among 43 of the clutches analysed there
was only one from which all adults emerged successfully.
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15,1% ﬂ 16,8% q [ Perished as larvaes
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Fig. 1. Mortality of wasp Cotesia glomerata individuals after egression from host caterpillar by developing in field
and laboratory conditions
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Fig. 2. Clutch sizes of first and second generation Cotesia glomerata in field conditions and artificially manipulated
ones. Different letters above vertical bars indicate significant differences among columns

Sometimes it is difficult to identify real reasons of parasitic wasp mortality after the emergence from host
caterpillar. In field conditions they may fail because of mechanical injures caused by predators or unfavourable weather
conditions, diseases, hyperparasitoids, and because of disability to emerge from cocoons, or for unknown reasons.

Size of C. glomerata clutches. Superparasitism

Brood sizes of the gregarious wasp parasitoid C. glomerata may vary greatly. In nature it is influenced by many
factors like the abundance of the host and the parasitoid, the synchronicity of development cycles and mutual contact
possibilities, host species etc. According to our analysis, the clutch size of first generation wasps developed in natural
conditions ranged from 17 to 36 individuals, with a mean of 29.8 + 10.4, in the first generation, and from 14 to 58, with
a mean of 34.7 + 13.3, in the second generation (Fig. 2). No differences between brood sizes existed (p = 0.22),
however, in the second generation there were broods with more individuals. In laboratory conditions where caterpillars
of P. brassicae were manipulated artificially, remarkably larger brood sizes of C. glomerata were obtained, the number
of individuals per clutch ranged from 69 to 110, with a mean of 88.2+12.2, statistically reliable difference between the
both field generations exist, p = 0.0001 (Fig. 2).

Little is known about the dispersal of parasitoid wasps in nature (Nouhuys & Via, 1999). First generation female
adults of C. glomerata had fewer chances to find a suitable host in field conditions because wasps hibernated far from
fields. Search is time-consuming, but adults can survive with no additional food only for three days (Vos & Hemerik,
2002). For that reason, the egg reserve of first generation wasps may remain relatively small and its realisation may be
difficult. It is easier for the second generation as their larvae pupate on plant leaves in a field and waste not much time
in the search of a host.

In natural conditions, 3...158 parasitic wasp larvae have been found in one P. brassicae caterpillar (Gu et al.,
2003). When a female parasitoid deposits in a host already parasitised by itself or conspecific females superparsitism
results. Superparasitism may be suspected in case over 60 parasitoids develop within one host (Harvey, 2000). By
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single piercing, a parasitic wasp inserts 10—20, maximum 40 eggs, inside a caterpillar (Johansson, 1951). Although
C. glomerata is able to distinguish between already parasitised caterpillars and unparasitisised ones, its females deposit
eggs in both (Tagawa, 1992), which was confirmed by our laboratory manipulation as well. In nature there rarely occur
enormous parasitoid broods in P. brassicae since host caterpillars are together until their fourth instar, and when found
by the parasitoid, the latter can choose between hosts and divide its egg reserve between different caterpillars
(Le Masurier, 1994). In the case of P. rapae, superparasitism occurs more often as caterpillars lead solitary lives, and
one single parasitoid may repeatedly infect a caterpillar, wasting no time on search of a new host. If there are
sufficiently hosts, parasitoid broods have optimum sizes, which is 28 eggs for P. rapae (Le Masurier, 1991), there is no
competition for food between larvae and they weigh more.

Superparasitism has both negative and positive sides for the parasitoid. If a first instar caterpillar is attacked
repeatedly, it may perish even if no egg laying follows each piercing (Gu et al., 2003). In case there are more than
60 parasitoid larvae, 10% of these perish during the endoparasitic development already before emerging from the host
(Johanssoni, 1951). Very small broods, under 10 individuals, may incapsulate in the host organism and they perish
(Ikawa & Okabe, 1985). Successful incapsulation has, however, been noticed only with P. rapae as the host, with
P. brassicae it has not been found (Brodeur & Vet, 1995). A small proportion of parasitised P. brassicae larvae have
pupated in laboratory conditions (Gu et al.,, 2003). It is possible due to the peculiarities of the development of
C. glomerata whose larvae feed only on the haemolymph of the host, without injuring its internal organs.

We.assume superparasitism in the case of larger clutches. However, it cannot be eliminated with small broods. A
third instar caterpillar attacked by a wasp defends itself actively, interrupting the egg laying prematurely, however, later
the same host caterpillar will be attacked by the same or another female. Superparasitism has an adaptive value in
habitats where resources available are scarce.

Impact of hyperparasitoids on C. glomerata

Many parasitoids have one or more hyperparasitoids. There exist scarce literature data on the spread and species
of C. glomerata’s hyperparasitoids (Nealis, 1983; Gaines & Kok, 1999), Blunck (1954) counts 9 species. According to
earlier investigations, the parasitisation by C. glomerata in Estonia is low (Merivee & Hiiesaar, 1970). The activity of
hyperparasitoids has a negative impact on plant life as it eliminates parasitoids from the lives of plant pests.

Our aim was to determine the proportion of hyperparasitoids in the population of C. glomerata in field
conditions. Although we did not succeed in identifying hyperparasitoids up to their species, we cannot ignore the impact
of hyperparasitoids.in investigating mortality factors of C. glomerata. Dissections and analyses of cocoons of second
generation C. glomerata collected on cabbage leaves indicated that a relatively large proportion — 21.6% of the
C. glomerata clutches — contained hyperparasitoids (Hymenoptera: Chalcididae and Eulophidae). But the number of
hyperparasitised cocoons per total cocoon masses investigated was very low, only 1.2% (Fig. 3). Hyperparasitoids had a
little effect on C. glomerata field population because of their low abundance at that time. This, however, does not serve
as a ground for underestimating their role as the situation may change quickly. For instance, according to Gains and
Kok (1999), in Southwestern Virginia only 9.7% of C. glomerata clutch were hyperparasitised in 1989, but in 1990
hyperparasitisation was sustained at levels ranging from 89 to 100%:
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Fig. 3. Hyperparasitisation of the parasitic wasp C. glomerata per clutch and per total cocoon number
(Number of clutches = 23; number of cocoons = 886)

Microsporidiosis

Microsporodiosis (Protozoa: Microsporidia) is widely spread in natural populations of P. brassicae (Blunck,
1956; Weiser, 1962; Issi, 1968; Hiiesaar, 1974) and hymenopterous parasitoids are also susceptible to disease that
attack their host. During a microscopic analysis of C. glomerata cocoons, their infection with microsporodiosis, caused
by Nosema (Vairimorpha) mesnili Paillot, was identified. The extensive spread of the disease in nature is confirmed by
our analyses showing that 73.5% of perished individuals and 32.1% of living individuals contained N. mesnili spores
(Fig. 4).
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32.1% 73.5%

Fig. 4. A microscopic analysis of Cotesia glomerata cocoons indicating their infection with Nosema mesnili

It is difficult to determine the direct impact of microsporidiosis on the mortality of parasitoid wasps. In the case
of a severe infection, the disease develops acute nature, after which the host and the parasitoid perish already at their
larval stage prior to the egress of parasitoid wasps. In the case of a weak infection, the disease cannot either be
considered harmless to the parasitoid. The disease destroys silk glands of wasps, their cocoons are sparse, covering the
larva only partly. Our earlier studies showed that the weight of cocoons of uninfected wasps was ca 0.5 mg, with a
medium infection the weight was 0.3 mg, and with a severe infection only 0.17 (Hiiesaar, 1979). Such cocoons do not
protect larvae from the impact of the unfavourable environment conditions.

Parasitic wasps may become infected through the host, by feeding on haemolymph containing spores of
microsporidia (Hostounsky, 1970). Spores are transferred to haemolymph from damaged organs after breaking the cell
walls (Lipa & Steinhaus, 1962; Weiser, 1969). In our investigation not all individuals within one clutch were affected
by the disease because simultaneously healthy and infected individuals occurred in the same C. glomerata clutch. In the
case of weak infection of the host, the disease may be localised, few pathogens pass to haemolymph, and therefore there
is no or partial infection of parasitoids. The another reason why part of the larvae were disease carriers and a part not

may be superparasitism, where the offspring of different parasitoid adults form one clutch, whereas only some of them
were infected.

Disruption of diapause

C. glomerata have facultative diapause, induced by phototermoperiod (Maslennikova, 1958; Zeleny, 1961).
There are two full generations of C. glomerata in Estonia, and in the warm autumn of some year they have a third partly
generation that is not able to develop fully in time. Prepupae of the second generation hibernate in the state of diapause.
In our climatic conditions, prepupae of C. glomerata, emerged from mid-August to mid-September, must have
developed diapause, only then they are able to hibernate successfully.
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Fig. 5. Formation of diapause in 2™ generation of Cotesia glomerata who completed the endoparasitic development in
field conditions and in laboratory at temperature 20 % 2 °C (mean = SD)

We analysed second generation clutches of C. glomerata: 1. emerged from P. brassicae collected in a field in
mid-September 2. reared in a laboratory in natural light conditions at a temperature of 20 + 2 °C. Diapausing individuals
of C. glomerata cocoons collected from nature was 43%, while cocoons reared in the laboratory these were only 25%
(Fig. 5). It means, that only such part of prepupae have chance to survive.

Although the diapause of parasitic wasps forms in the course of endoparasitic development, they are susceptible
to the impact of the environment for some time after egress from the host (Lees, 1955). When day-lengths fall below the
critical 15—16 hours, C. glomerata and P. brassiae the diapause was formed, however, the diapause of the parasitic
wasp is largely corrected by temperature. If outer temperature is +25 °C during the endoparasitic development, they
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have no diapause with whatever day-lengths (Maslennikova, 1958). Thus a dry and warm autumn may become fatal for
parasitoids in nature. On the basis of our analyses, diapause disruptions may be considered the most important factor of
second-generation parasitic wasp death in nature.
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Abstract

The pollen beetle (Meligethes aenus F.) is an important pest of spring oilseed rape (Brassiaca napus var.
oleifera) crop. Both Meligethes adults and larvae feed on pollen of oilseed rape. The beetles use olfactory and pollen
odour cues to locate food resource. Here we report on pollen beetle responses to the pollen of oilseed rape fertilised
with different microelements.

The study was carried out in an experimental field near Tartu in July 2003. The field consisted of 36 plots
(a 10 mz), which were treated with eight different microfertilisers (Micro Mo, NewRaps, Micro Mn, MicroRaps,
HydroMag 300, Sulphur F3000, Micro B, Micro Cu). Each treatment was conducted in four replications. To quantify
pollen availability, twelve flowers were collected randomly from each plot in the peak flowering of oilseed rape in mid-
July. Pollen beetles were gathered by the shaking method.

The mean number of pollen grains per flower depended significantly on the fertilising system and the pollen
available in the flowers. The plots fertilised with sulphur, magnesium, copper and boron distinguished from all other
variants by a higher number of pollen grains per flower. At the same time, the number of pollen beetles was the lowest
on the plots fertilised with sulphur, magnesium, copper and boron, and the highest on the untreated plots and on the
plots fertilised with molybdenum. Our investigations suggest that adult pollen beetles seemed to be able to discriminate
flowers fertilised with different nutrients.

Key words: Brassica napus, spring oilseed rape, microfertilisers, pollen, pollen beetle.

Introduction

The oilseed rape (Brassiaca napus L var. oleifera) crop is one of the most important sources of vegetable oil in
the world. Winter oilseed rape (Brassiaca napus var. oleifera subvar. biennis) is the dominating rape crop grown in the
world, compared with the spring form (Brassiaca napus var. oleifera subvar. annua). However, spring oilseed rape is
the most adapted to the North European climatic conditions. In Estonia, the growing area of spring rape has increased
from one thousand hectares to forty thousand hectares during the last ten years. However, the level of yields is low and
fluctuating due to agrotechnologies, fertilising, and plant protection activities (data of the Statistical Office of Estonia
from 2002). Spring oilseed rape is infested by numerous pests, which cause more losses in yields or higher cost of
chemical control, compared with the winter rape form (Ekbom, 1995).

The most important key pest of spring oilseed rape crop all over Europe is the pollen beetle (Meligethes aenus
F.) (Lamb, 1989; Winfield, 1992; Ekbom, 1995). The hibernating adults appear in spring, when the temperature reaches
10°C. After a short period of feeding, the adults migrate to oilseed rape crops where the females begin laying eggs.
They bite a small hole at the base of the flower bud and deposit eggs on the stamens or pistil. Females prefer buds with
sizes between 2—3 mm and usually lay one to six eggs per bud (Ekbom and Borg, 1996). One female can lay up to
150 eggs in Swedish conditions (Nilsson, 1998). The eggs hatch within 4 to 9 days, and the larvae remain in the flower
bud. The larvae have two instars over a period of 30 days. The second instars migrate to other buds, then drop to the
ground to pupate in a shallow earthen cell. Pollen beetles are of particular importance in northern countries, such as
Finland and Sweden, where spring rape dominates (Hokkanen, 1993).

Both adults and larvae feed on the pollen of oilseed rape (Kirk-Springs, 1996), which provides a variety of
essential nutrients, including protein, starch, steroids, lipids, vitamins, and minerals (Roulson and Cane, 2000). The
oviposition and feeding damage by both adults and larvae may cause bud abscission and loss of seed yield, particularly
in spring oilseed rape (Williams and Free, 1978; Lamb, 1989). These crops are particularly susceptible at the early bud
stages and become less and less sensitive as the plants develop (Nilsson, 1988). Winter rape is often past the susceptible
bud stages before the main invasion of beetles to the crop occurs.

Phytophagous insects like pollen beetles orient to plants for both feeding and oviposition under the influence of
visual and odour stimuli (Blight and Smart, 1999). It is well known that the yellow colour of oilseed rape flowers
attracts pollen beetles (Laska and Kocourek, 1991; Giamoustaris and Mithen, 1996; Blight and Smart, 1999; Cook et
al., 2002). Both male and female beetles are attracted to the odours of a whole oilseed rape plant (Evans and Allen-
Williams, 1994; Ruther and Thiemann, 1997). Some components are released only from the flowers (Jakobsen et al.,
1994) and at least part of the attractive odour of oilseed rape emanates from pollen which is quantitatively and/or
qualitatively different from the odour of the rest of the flower (Cook et al., 2002). Recent investigation shows that, for
the pollen beetle, pollen availability influences adult incidence and oviposition site selection during the flowering (Cook
et al., 2004). Laboratory experiments confirmed that a diet with pollen led to increased weight of larvae and adult
herbivorous insects (Carisey and Bause, 1997; Cook et al., 2004). Adult body weight in autumn was found to be the
most important factor in the survival of overwintering pollen beetles; heavier beetles survive better than lighter ones
(Hokkanen, 1993). However, pollen is not obligatory for larval survival and development of pollen beetles. The larvae
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reared on male-sterile flowers (without pollen) successfully developed to adulthood (Cook et al., 2004). So, factors
other than pollen enabled larval development in oilseed flowers.

Once pollen beetles have located pollen, olfactory, tactile and gustatory phagostimulats induce their feeding. The
availability of dehisced pollen has the effect of retaining beetles on a plant more than its absence (Cook et al, 2002).
Since beetles remain on a plant for some time to feed, this has the effect causing aggregations of beetles on flowers.
This effect could be due to aggregation feromones, released in the presence of a host plant suitable for reproduction.
The criteria used by pollen beetles in host-quality assessment have been little studied. Many studies focus on the effects
of nutrients on the oilseed rape growth, seed set, and oil content in seeds (Zhao et al., 1995; Haneklaus et al., 1999;
Fismes et al., 2000). Still, no studies have considered the effects of different fertilisers on the host-plant selection by
adult pollen beetles. The aim of this study was to investigate pollen beetle responses to the pollen of oilseed rape
fertilised with different microfertilisers.

Materials and Methods

The study was carried out in an experimental field of the Estonian Agricultural University near Tartu, in Estonia,
in July 2003. The spring oilseed rape variety Mascot, bred and produced by the Swedish company Weibull was used.
Technical data of the variety: raw fat content 40—43%, mass of grains 3.5—4.5 g, glucosinolates 20 umol/g, lodging
resistance 6-—8 points, height of plant 98—108 cm, growth period 90—108 days (Velicka, 2003).

Spring oilseed rape seeds were sown on 15 May by calculating 200 germinating seeds per m?, sowing depth 2—
3 (4) cm, pre-crop being potato. The field consisted of 36 plots (a 10 m?) that were treated with eight different
microfertilisers. Each treatment was conducted in four replications. The trial variants were:
0 (no pesticides or mineral fertilisers were used);
HydroPlus™ Micro Molybdenum (Mo) (active substance agent 0.25 | ha™");
HydroPlus™ New Rape (New) (active substance agent 2 kg ha');
HydroPlusTM Micro Manganese (Mn) (active substance agent | | ha'y;
HydroPlusTM Micro Rape (Micro) (active substance agent 2 kg ha'');
Hydromag 300 (Mg) (active substance agent 7 1 ha');
Sulphur F3000 (S) (active substance agent 7 1 ha™');
HydroPlusTM Boron (B) (active substance agent 2 | ha');
HydroPlus™ Micro Copper (Cu) (active substance agent 0.5 [ ha™).

XN AW =

Prior to the sowing, the field was sprayed with the intra soil herbicide EK Trifluralin (0.15 1 ha') and the mineral
complex granular combined fertiliser OptiCropNPK 21-08-12+S+Mg+B+Ca, calculating 120 kg of the active substance
agent of nitrogen per hectare (exclusion variant 0). Liquid microfertilisers (water amount 400 1 ha') were sprayed on
oilseed rape leaves on 26 June, when the plants had reached the growth stage 27—31, according to the BBCH scale
(Lancashire et al., 1991).

For pest control, Fastac (alphacypermethrin) was used, calculating 0.15 1 ha! (active substance agent). The plants
were sprayed two times: the first time on 28 May and the second time on 3 July (exclusion variant 0).

Adult pollen beetles were gathered in the peak flowering of oilseed rape on 17 July, when 80% of buds on the
raceme were flowering (crop growth stage 4.8). Beetles were collected randomly from three plants on each plot using
the shaking method.

To estimate the amount of forage resource available, the number of flowers in random | m’* quadrants on each
plot were counted. To quantify pollen availability, twelve flowers were collected randomly from the plant main raceme
from each plot in the morning and stored separately in microcentrifuge tubes. The flowers with pollen were later aceto-
lysed (Faegri and Iverson, 1989) to digest both floral tissue and pollen contents, leaving pollen exines intact. Separated
pollen was dispersed in distilled water (I ml). Number of pollen grains was counted with light microscope using the
Fuchs-Rosenthal chamber (3.2 mm?*). These data were used to calculate the number of pollen grains per flower.

Statistical analyses were performed using the Statistica 6 version. The number of pollen beetles was normalised
by transformation [log;y (no. beetles)} for all surveys and analysed by mixed ANOVA. Differences between mean
number of oilseed rape pollen and pollen beetles were inspected using Fisher's protected significant difference post hoc
analysis.

Results and Discussion
The mean number of pollen beetles per oilseed rape plant depended significantly both on the fertilising system
and pollen available in the flowers (Table 1).
Table |
Mixed ANOVA table of F-values on the effect of different microfertilisers and pollen available in the flowers on the
number of pollen beetles per plant

Effect df SS F P
Microfertiliser (M) 1 47.0 165.5 <0.001
Pollen grains per flower (P) 1 24.8 87.4 <0.001
M * P 1 15.8 55.5 <0.001
Residual 57 16.2
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The folian application of microfertilisers had a positive effect on the number of flowers (F 138=12.3; P =0.001)
and on the amount of pollen per flower (F, 53 = 7.4; P = 0.009). The average number of flowers per Im? on treated plot
was significantly higher (mean 362.7 £ S.E. 26.0) compared with control (accordingly 176.0 + 1.5). The mean number
of pollen grains available averaged 26700 + 1000 (S.E.) per flower. The plots fertilised with sulphur, magnesium,
copper and boron distinguished from all other variants by the higher number of pollen grains per flower (Fig. 1). At the
same time, the number of pollen beetles was the lowest on the plots fertilised with sulphur, magnesium, copper and

boron, and the highest on the untreated plots and on the plots fertilised with molybdenum (Fig. 2).
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Fig. 1. The mean number of pollen grains per oilseed rape flower on differently fertilised plots during the peak of the
flowering period. See Material and Methods for abbreviations of microfertilisers. Treatments with different letters are

significantly different with o = 0.05 (Fisher's test)

Although interest in interactions between pollen beetles and oilseed rape plants has increased in recent times,
no studies have considered the effects of microfertilisers with folian fertilisation on the flower selection of adult pollen
beetles. The results of this paper show that adult pollen beetles seemed to be able to discriminate the flowers fertilised
with different nutrients. Pollen beetles were more abundant on the plots fertilised with molybdenum but avoided plants
fertilised with sulphur, magnesium, and boron. The pollen content of flowers was the highest on the latest plots. This
result may be due to attraction of the beetles to olfactory cues from exposed flowers.
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Fig. 2. The effect of different microfertilisers on the number of pollen beetles (Meligethes aenus) during the peak of
oilseed rape flowering period. See Material and Methods for abbreviations of microfertilisers. Treatments with different
letters are significantly different with a = 0.05 (Fisher's test)

Several components of plant quality may influence the host plant selection of pollen beetles on oilseed rape. The
crop has a high demand for sulphur, requiring approximately 16 kg S to produce 1 t of seeds (Grant and Bailey, 1990).
This has been attributed to the biosynthesis and accumulation of glucosinolates, which can account for up to 50% of the
total S in seeds. The foliar fertilisation of oilseed rape with ionic sulphur and soil fertilisation with elemental sulphur
increased not only the content of oil in seeds but also the content of glycosinolates proportionally to the dose applied
(Szulc et al., 2003). Glucosinolates constitute a potent defensive system in Crucifers, active against a variety of pests
and pathogens. Pollen beetles, like many brassica-feeding insects, are attracted to isothiocyanates, which are volatile
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catabolites of glucosinolates (Pivnick et al., 1992). These compounds are produced constitutively, and are present in all
tissues.

In our experiment, pollen beetles preferred unfertilised flowers compared with flowers treated with sulphur and
other microfertilisers. The number of pollen beetles on the treated plots (insecticide + microfertilisers) was continuously
lower compared with control. In addition, pollen beetles were quite settled in one place and moved mostly within the
range of the raceme. Colonisation of the treated plots by pollen beetles from the untreated plots did not occur. This
suggests that the quality of a host plant influenced the host plant selection of pollen beetles. The actual role of
glucosinolates and micronutrients in pest resistance is still uncertain and more detailed observations about the effect of
microfertilisers on the host plant selection behaviour are planned for the future.
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A considerable role in limiting the aphid population was also played by young and adult network and no-network
spiders. Totally, their number ranged from 0.8 specimens/shrub (J. communis) to 5.2 specimens/shrub (P. mugo) on all
decorative shrubs and trees during the three years of studies.

The larvae of Cecidomyiidae occurred in fairly big numbers but only on some plants. They were found to be the
most numerous on C. x media (8.8 specimens/shrub) but only in 2000. Those larvae occurred on the shrubs of Rosa sp.
but only in 2000 and in much smaller numbers (1.2 specimens/shrub). On the other hand, the presence of
Cecidomyiidae larvac on C. alba was observed in each year of the studies, their number ranging from 0.4 to
4.0 specimens/shrub. They were not found on the shrubs of C. divaricatus, S. japonica, P. mugo, and J. communis.

Larvac and adult Dermaptera were observed on a few shrubs and trees (C. x media, Rosa sp., S. japonica,
J. communis, P. mugo). Their numbers were very small and did not usually exceed 1 specimen/shrub. Larvae and adult
Anthocoridae were observed only on J. communis in 2000, and their number was 0.4 specimens/shrub. Because of the
low numbers of larvae and adult specimens of Dermaptera and Anthocoridae, they did not have any significant
influence on the reduction of the aphid population.

No larvae of Chamaemyiidae were observed on any of the examined decorative shrubs and trees.

In site B, the eggs of Chrysopidae as well as the eggs and larvae of Syrphidae were most numerous near aphid
colonies (Table 2). The greatest number of Chrysopidae eggs were found on the trees of C. x media and on the shrubs
of Rosa sp., while the eggs and larvae of Syrphidae were most numerous on C. alba.

A significant role in limiting the population of aphids was played by the larvae and adults of Coccinellidae. The
larvae were observed only in certain years of studies on J. communis, C. x media and C. divaricatus, and their total
number ranged from 0.8 to 8.4 specimens/shrub, depending on the studied plant. The greatest number of adult
specimens was observed on the shrubs of P. mugo (7.6 specimens/shrub), while the smallest on C. alba and Rosa sp.,
where their number did not exceed | specimen/shrub.

A big influence on the reduction of the aphid population, especially on C. alba, was exerted by the larvae
Cecidomyiidae, whose total number on that plant was 12.8 specimens/shrub. The occurrence of those larvae was also
found out on the shrubs of C. divaricatus (2.4 specimens/shrub), but only in the year 2000. Cecidomyiidae larvae did
not occur on the other ornamental shrubs.

Young and adult specimens of Araneida were observed on all the studied plants, however, not in all the studied
years. Their total numbers ranged from 0.8 to 4.4 specimens/shrub, depending on the plant species.

Larvae and adult specimens of Dermaptera and Anthocoridae as well as the larvae of Chamaemyiidae were
observed only scarcely and only on certain shrubs. Larvae and adult specimens of Dermaptera were observed on
C. alba, C. divaricatus and S. japonica, their numbers on each shrub ranging from 0.4 to 0.8 specimen/shrub in the
course of three years of studies. Larvae and adult specimens of Anthocoridae were found only on C. divaricatus in
2000 (0.8 specimen/shrub). On the other hand, the larvae of Chamaeniyiidae were observed on C. alba shrubs only in
the year 2000 (1.2 specimens/shrub). Their scarce presence did not have any significant effect on the population of
aphids colonizing the examined shrubs.

A remarkably higher number of predators was stated in site A as compared to site B. In site A, the greatest
number of predatory arthropods from various systematic groups was found on the trees of C. x media, while in site B —
on the shrubs of C. alba. This was probably due to the big number of aphids preying on those plants.

The studies conducted on ornamental shrubs and trees near the colonies of aphids observed the presence of
predatory arthropods: young and adult specimens of Araneida, eggs, larvae and adults Coccinellidae; larvae and adults
Dermaptera; larvae Cecidomyiidae; eggs and larvae Syrphidae; larvae Chamaemyiidae; eggs, larvae and adults
Chrysopidae and larvae and adults Anthocoridae.

Totally in the three years of studies the eggs and larvae of Syrphidae were the most numerous in site A, while in
site B — the eggs of Chrysopidae as well as the eggs and larvae of Syrphidae. Syrphidae larvae are most often
polyphagous, feeding above all on aphids, while the adults feed on the plant pollen and nectar (Barczak, 1994).
Remarkable voracity of larvae in orchards is pointed out by Olszak (1991) and Wnuk (1972), while in agricultural
cultivations — by Malinowska (1979) and Ciepielewska (1993). Differences in the communities of Syrphidae in
various environments are connected with the development of aphids and the life cycle of those predators and the species
variability of plants (Grabarkiewicz, Jaskiewicz, 2001). According to the model of Lotka-Volter, the maximum
occurrence of the predator is always preceded by the maximum number of victims (Hurej, Ignatowicz, 1981). In the
authors’ own studies, the period of the most numerous occurrences of Syrphidae larvae was correlated in time with the
highest number of aphids on the examined plants, which is consistent with the results obtained by Ziarkiewicz and
Koztowska (1973). The amount and the quality of the food taken by the larvae of Syrphidae is related to the density of
the aphid population, the size of predators and their victims, the species of the predator and the aphid as well as their
development stage (Ciepielewska, Zuranska, 1985).

Larvae and adults of Chrysopidae are polyphagous. They require a variety of feeds for their development but
they prefer the aphids (Barczak, 1994), The presence of particular species and their effect is related to the site (Werstak,
1994). They are more numerous in aphid colonies in field cultivations rather than in trees (Cichocka, 1980). They show
greater resistance to pesticides than other predators (Kowalska, 1978).

A lot of authors point out that the most important role in limiting the population of aphids is played by ladybirds,
especially those from the family Coccinellinae (Cichocka, 1980; Olszak, 1982; Wiackowski, Wiackowska, 1968;
Wéjtowska, 1990). These are usually polyphagous species, the larvae and adults of which are predators (Barczak,
1994). Ladybirds can be found in all environments where aphids occur. The number of particular ladybird species on

37



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy ), No. 7, LLU, 2004 Geographic distribution and epidemiology of diseases and pests

decorative shrubs is probably related to the site where those shrubs grow (Barczak et al., 1996). Pruszynski and Lipa

(1970) state that Adalia bipunctata (L.) most readily eats the aphids colonizing shrubs and trees. In the authors’ own

studies, the greatest number of ladybird larvae was observed on C. x media and J. communis, while adult specimens

most frequently appeared on coniferous shrubs — J. communis and P. mugo.

The larvae of Cecidomyiidae, which were most numerous in aphid colonies inhabiting the shrubs of C. alba,
played a slight role in limiting the aphid population. They are not able to reduce the population of those insects in a
considerable way because of their small size (2—3 mm).

Among the predatory Diptera, the family Chamaemyiidae is the least studied. Their larvae, due to considerable
similarity to Syrphidae larvae, are probably mistaken for them (Wnuk, 1978). The authors’ own studies found their
presence on the shrubs on C. alba only in one year of the studies.

The other predatory insects (Anthocoridae and Dermaptera) occurred scarcely and no significant effect on the
aphid population was found out.

A big role in limiting the aphid number was played by network and no-network spiders, the presence of which
was observed on all species of ornamental plants colonized by predators. This is consistent with the results of studies
conducted on maples by Cichocka et al. (1998).

A considerable higher number of predators in the street site (A) was connected with bigger number of aphids in
this site. Similar dates are given by Cichocka et al. (1998).

1. The occurrence of predators: young and adult specimens of Araneida, eggs, larvae and adults Coccinellidae; larvac
and adults Dermaptera; larvae Cecidomyiidae; eggs and larvae Syrphidae; larvae Chamaemyiidae; eggs, larvae and
adults Chrysopidae and larvae and adults Anthocoridae, was observed near the aphid colonies inhabiting decorative
shrubs and trees.

2. The most important role in limiting the aphid population was played by Syrphidae, Chrysopidae, and
Coccinaellidae.

3. A considerably greater number of predatory arthropods were observed in site A as compared to site B. The increase
in the aphid number caused increase in the number of predators.

4. The greatest number of predators from various systematic groups in site A was found on the trees of Crataegus x
media Bechst., while in site B — on shrubs Cornus alba L.
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Abstract

The aim of presented investigations was to determine the composition of scale insects species and intensity of
their occurrence on some tropical plants of greenhouses. The investigations were carried out in the greenhouses of the
Maria Curie Sktodowska Botanical Garden in Lublin during the years 2002—2004. Ten species belonging to seven
genera of (ropical fruit plants were observed: Ficus, Musa, Eugenia, Ananas, Feijoa, Citrus, and Eriobotrya. The
quantitative analysis of the studied material was performed making use of the following ecological indicators: number,
frequency, and density. Identification of scale insect species was performed on the basis of microscope sliders.

Four species of scale insects belonging to two families were observed on tropical fruit plants: Pseudococcidae
(Pseudococcus maritinus, Planococcus citri) and Coccidae (Coccus hesperidum, Saissetia coffeae). The scale insects
were noted on nine species of tropical plants, they were not observed on Ananas comosus. The observed scale insects
are typical polyphagous and all of them are considered as harmful pests in greenhouses. However, two species —
P. citri and S. coffeae — seem to be of major importance as pests of tropical fruit plants in observed greenhouses.

Key words: scale insects, tropical fruit plants, greenhouses, botanical garden, number, frequency, density.

Introduction

The scale insects are a group of insects, which occur in all climatic zones; however, in tropical and subtropical
zones they are the most serious pests. Scale insects occupy citrus, pineapple, coffee and tea plantations (Kosztarab,
1996; Ben-Dov, Hodgson, 1997).

Some of them have been noted for years in Polish greenhouses. Currently, over 40 species of scale insects have
been observed on various plant species cultivated in greenhouses in Poland (Koteja, 1996). These are cosmopolitic and
polyphagous species, spread through trade and exchange of plant material. Polyphagous species occupying new areas
often become a dangerous pest, mainly due to the lack of natural enemies, great reproductive potential
(parthenogenesis) and specific morphological structure (protective shields, waxy powder and threads, sclerotized dorsal
side) making chemical control difficult (Dziedzicka, 1988b; Lagowska, 1995a; Ben-Dov, Hodgson, 1997).

The main injury caused by scale insects is the ingestion of plant sap, resulting in the loss of plant vigour, poor
growth, leaf drop, dieback of twigs, or sometimes the death of the plant. Moreover, while piercing plant tissue, the
saliva secreted by the insect may be toxic for the plant and produce chlorotic yellowing of leaves, discoloration of
leaves and fruits, and deformation of plants. Some species of scale insects can transmit plant virus diseases, and by
injuring the plant surface enable the entry of other pathogens (Dziedzicka, 1988b; Kosztarab, 1996). Through excreting
honeydew coating plant surfaces, assimilation and photosynthesis are inhibited which results in poor growth, poor
development of plants, leaf drop, less sugar in fruits, and also spoil the appearance of ornamental plants. In/addition,
dust and other contaminants settle on honeydew, but primarily sooty moulds grow which coat the plant surface with a
black layer. Honeydew also attracts other insects (ants), the presence of which decreases the aesthetic value of plants.

Materials and Methods

The studies were conducted in the greenhouses of the Maria Sktodowska University Botanical Garden in Lublin
during during the years 2002—2004. During this period, chemical, biological and mechanical plant protection was
carried out. The plants observed were cultivated in greenhouses of the total area of 270 m® The studies covered
10 tropical plant species of edible fruits, belonging to 7 genera: Ananas, Citrus, Eriobotrya, Eugeniu, Feijoa, Ficus, and
Musa. In the study, 30 centimetre long fragments on each plant were selected at random. Observations of the selected
fragments (twigs, leaves) were made every 14 days. In order to identify species, several individual scale insects were
collected from each examined plant, and fixed microscopic specimens were prepared by Williams and Kosztarab
method (1972).

Quantitative analysis of the collected material was conducted with the use of ecological indicators: numbers,
frequency (percentage of samples in which an individual species occurred — Szujecki, 1980), density (number of
species present in an individual environment on a defined surface unit — Gérny, Griim, 1981). The density of scale
insects on examined plant fragments was carried out based on a 5-degree scale: 0 — lack of scale insects; I — single
scale insects; II — up to 25% of surface affected by scale insects; Il — up to 50% of surface affected by scales;
IV — up to 100% of surface affected by scales (mass density).

Results and Discussion

Based on the results of studies conducted on 10 tropical plant species, 4 scale insect species, belonging to
2 families, were observed: Pseudococcidae — Pseudococcus maritimus (Ehrh.) (grape mealybug), Planococcus citri
(Risso) (citrus mealybug), Coccidae — Coccus hesperidum L. (brown soft scale), and Saissetia coffeae (Walker)
(hemispherical scale).
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The presence of scale insects was noted on 9 plant species belonging to the families: Moraceae, Musaceae,
Myrtaceae, Rosaceae, Rutaceae. Scales insect did not occupy Ananas cosmosus. P. citri, which was observed on 6 plant
species, was characterised by the largest number of host plants. P. maritimus and S. coffeae were noted on 3 species of
hosts (Table 1). C. hesperidum was observed on the smallest number of host species (2); however, its total number on
these plants was the highest (1036 individuals), compared to the remaining 3 species of scale insects. P. maritinus was
characterised by the smallest total number of individuals (692) (Fig. I).

Table 1
Occurrence of scale insects on 10 species of tropical fruit plants, their number and density

Species of scale insects Species of tropical plants Number of 1.nd1v1duals Density
of scale insects
Musa sp. L. 359 111
P “’”d""‘zgh”i ’;7‘”"" imus | Eugenia uniflora L. 290 1
rh.
Eribotrya japonica (Thunb) 43 I
Ficus carica L. 147 I
Feijoa sellowiana O. Berg 99 I
Planococcus citri (Risso) Citrus grandis ‘Pompela’ (1.) 276 11
Citrus limon (L.) Burm. F. 329 1T
Citrus reticulata Blanco 12 I
Cttrfts paradis ‘Grapefruit 90 I
(Swingle)
Citrus reticulata Blanco 387 11T
Coccus hesperidum L. Citrus paradis ‘Grapefruit’
. 649 I
(Swingle)
Eugenia uniflora L. 2 1
Saissetia coffeae (Walker) | Feijoa sellowiana O. Berg 875 I
Citrus grandis ‘Pompela’ (L.) 100 1I
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Fig. 1. The total number of scale insects on tropical fruit trees in the greenhouse of the Botanical Garden Lublin

Among scale insects observed on this group of plants, the following species of Coccidae family appcared in
abundance on individual hosts: S. coffeae — the greatest number occurred on Feijoa sellowiana (875 individual scales)
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Abstract

The sucking insects are most frequent and dangerous pests in greenhouses. They belong to Hemiptera
(Coccoidea, Aphidoidea, Aleurodidae) and Thysanoptera. Studies were carried out in a greenhouse of the Maria Curie-
Skiodowska University (UMCS) Botanical Garden in Lublin during the years 2002—2004. The purpose of the studies
was to determine the influence of the applied methods, especially chemical control, on the number of pests and the
intensity of plant infestation. The main method was chemical control applied throughout the growing season. The most
frequently applied insecticide was Actellic 50 EC. The biological method was started in 1999 and continued till 2002.
Two kinds of natural enemies were used against the pests in the greenhouse: parasitoids and predators. The aim of the
mechanical method was to eliminate the most invaded parts of plants and to remove the pests using a mixture of water
and methylated spirit in the proportion 1:1 once a month. Conventional methods of pest control turned out to be
ineffective and did not produce the expected results. The biological method was found to be more effective and safe. It
reduced the number of pests considerably. The mechanical method was very short-lasting and less effective. However,
the best effect in controlling the pests of greenhouse cultivations is achieved combining a few methods (biological,
chemical and mechanical ones).

Key words: botanical garden, greenhouse, pests, predators, parasitoids, biological control, chemical control.

Introduction

The most frequent and troublesome pests that are of importance in the cultivations under cover include sucking-
plant insects belonging to Hemiptera (Coccoidea, Aphidoidea, Aleurodidae) and Thysanoptera. Convenient conditions
in greenhouses (raised temperature and humidity), vegetative reproduction of plants, polyphagism and frequent
parthenogenesis of the pests are conducive to fast reproduction and spread.

Considering the biological and morphological features of greenhouse pests, the choice of proper control is very
important. The chemical method is one of the most common ones. The effectiveness of chemical control depends not
only on the kind of the applied preparation but to a large extent, also to the date of the treatment. Small dimensions of
those insects often hiding in the leaf corner and the cracks of bark, which makes them hardly visible, are an obstacle in
fixing of the proper date and method of control. The all-year development of insects in greenhouses determines the
necessity of frequent application of insecticides. As early as in the 1980s, the range of the application of parasitic and
predatory species in glasshouses increased. Until 1990, in Poland the areas subjected to the biological method included
totally about 500 ha (Pruszynski et al., 1991).

Materials and Methods

The studies were conducted in the greenhouses of the Botanical Garden of UMCS in Lublin during the years
2002—2004. 29 exotic plants growing on the area of 270 m? were chosen for observation. Three methods of controlling
the pests were applied in the examined greenhouses: chemical, biological and mechanical ones. Chemical €ontrol was
the leading method applied throughout all the season with the use of Actelic SOEC (0.1%) and Confidor 200 SL
(0.15%). The chemical treatments were applied in three cycles (I cycle: 29.11.2002—28.02.2003, II cycle:
09.09.2003—28.11.2003, and 11 cycle: 27.02.2004—20.04.2004), while spraying was performed once a week. In 2002
the biological control was continued which began in 1999 with the use of parasites (Encarsia formsa, Aphidius ervi,
Aphidius colemani) and predators (Amblyseius cucumeris, Orius laevigatus, Orius insidiosus, Cryptolaemus
montrouzieri). The mechanical method consisted of removing the most infected fragments of plants and washing off the
pests using water and methylated spirit in the proportion 1:1 once a month.

Three shoot fragments 30 cm in length were chosen at random on each of the studied plants. The monitoring of
the marked fragments (shoots and leaves) was performed every 14 days. The quantitative analysis of the examined
material was made on the basis of the number of specimens.

The purpose of the studies was to determine the effect of the applied methods of control, especially chemical
ones, on the population of pests.

Results and Discussion

The occurrence of pests belonging to a few families of Hemiptera and Thysanoptera was found out during the
years 2002—2004 in the greenhouses of the Botanical Garden of the UMCS. The studies observed the appearance of
Myzus persicae Sulz. on Citrus grandis “Pompela” and on four plant species from the genus Piper: (P.nigrum,
P.celtidifolium, P.longum, P. microphyllum), while Trialeurodes vaporariorum Westw. was found on Abutilion
striatum cv. ‘Thomsoni’.
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Fig. 1. Differences in number of scale insects specimens during three cycles of applied control methods

The most numerous and most frequent were pests representing three scale insect families: Pseudococcidea
(mealybugs), Coccidae (soft scales), and Diaspididae (armoured scales). In the greatest number of host plants occurred
mealybugs (22 plant species) and soft scales (18 plant species) (Tables 1, 2). Scale insects from the family Diaspididae
inhabited the smallest number of hosts, namely 4 plant species (Table 3).

Totally, 8243 specimens of scale insects were found on the studied plants. The soft scales and mealybugs
(2805 specimens) were most numerous (4594 specimens), while the least numerous included armoured scale insects
(844 specimens) (Tables 1, 2, 3, Fig. 1).

Eugenia uniflora was the species of the host plant that was inhabited by scale insects in the greatest numbers.
There were 655 soft scales and 284 specimens of mealybugs on it (Tables 1, 2). Out of 29 examined plants, the only
species that was not inhabited by pests was Vanilla planifolia (Tables 1, 2, 3).

The greatest — 10-fold — decrease of the population of pests was observed in the case of mealybugs. In the
second cycle of applied methods of control, the reduction of the number of specimens was the greatest and it was from
2362 to 96 specimens (Table 1, Fig. 1). The number of scale insects from the family Coccidae and Diaspididae after the
treatments decreased by 2.4 and 1.8 times, respectively (Tables 2, 3, Fig. 1).

Despite the fact that during the studies no useful organisms were introduced to the greenhouses, the occurrence
of the larvae of a predatory ladybird Cryptolaemus montrouzieri was observed in the colonies of mealybugs. That
predator occurred in the greatest population in the spring of 2003 on the plants from the genera Citrus, Coffe,
Dizygoteca, Eriobotrya, Feijoa, Ficus, Musa, and Ruscus.
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The number of specimens of Pseudococcidae in three cycles of applied control methods

Table 1

o before treatments 1 cycle of treatments before treatments 1L cycle of treatments betore treatments I cycle of treatments Total
Species of host plant 10.09.02—29.11.02 29.11.02—28.02.03 01.03.03—08.09.03 09.09.03—28.11.03 29.11.03—26.02.04 27.02.04—20.04.04 before treatments Treatments

Ficus carica 18 10 126 0 2 0 146 10
Musa sp. 24 23 271 24 20 17 315 64
\Fugenia uniflora 12 6 264 | 8 7 284 14
\Feijoa sellowiana 0 0 95 3 | 0 96 3
ICitrus grandis 'Pompela’ 36 4 230 0 1 1 267 5
\[Eriobotrya japonica 14 7 29 0 0 0 43 7
Citrus limon 8 7 284 17 2 2 294 26
ICitrus reticulata 4 0 8 0 0 0 12 0
(Citrus paradis 'Grapefruit' 5 0 78 7 0 0 83 7
\Punica granatum 24 4 9 0 0 0 33 4
\Rozmarinus officinalis
Myrtus communis
Laurus nobilis -~
Vanilla planifolia
\Piper microphyllum 0 0 3 0 3 0 6 0
\Piper celtidifolium 0 0 20 0 0 0 20 0
\Piper longum 0 0 80 0 2 0 82 0
\Piper nigrum
Coffe arabica 20 11 134 3 14 9 168 23
Citrus medica var.'Buddhas Hand' 0 0 27 18 25 7 52 25
\butilion striatum cv. 'Thomsoni' 14 2 25 0 0 0 39 2
\Dezygotheca elegantissima 13 3 3 1 17 1 33 5
Hypoestes hyllostachya 2 0 5 0 0 0 7 0
Hedera helix 0 0 1 0 0 0 1 0
Ruscus aculeatus 95 31 370 19 20 9 485 59
Nerium oleander 0 0 3 0 0 0 3 0
\Passiflora guadrangularia 36 7 297 3 3 0 336 10
Cyvrtomium falcatum

Total number of scale insects 325 115 2362 96 118 53 2805 264




The number of specimens of Coccidae in three cycles of applied control methods

Table 2

Coccidae
Species of host plant before treatments I cycle of treatments betore treatments I cycle of treatments before treatments HI cycle of treatments Total
10.09.02—29.11.02 29.11.02—28.02.03 01.03.03—08.09.03 09.09.03—28.11.03 29.11.03—26.02.04 27.02.04-20.04.04 before treatments treatments

Ficus carica
Musa sp.
\Eugenia uniflora 0 0 1 1 0 0 1 1
\Feijoa sellowiana 278 97 275 77 102 46 655 220
Citrus grandis 'Pompela’ 5 0 21 0 76 3 102 3
\[Eriobotrya japonica
Citrus limon
Citrus reticulata 119 63 106 47 49 10 274 120
(Citrus paradis 'Grapefruit' 128 65 290 88 76 73 494 226
\Punica granatum 5 0 87 53 0 0 92 53
\Rozmarinus officinalis 28 1 0 0 0 0 28 1
WMyrtus communis 21 21 62 55 35 0 118 76
Vanilla planifolia 0
\Laurus nobilis 3 0 0 0 0 0 3 0
Piper microphyllum )
\Piper celtidifolium
Piper longum
\Piper nigrum 106 18 28 0 0 0 134 18
ICoffe arabica 61 56 121 73 93 62 275 191
Tea sinesis 18 7 25 15 6 2 49 24
Citrus medica var.'Buddhas Hand' 82 60 35 3 5 0 122 92
butilion striatum cv. 'Thomsoni' 123 1 181 161 0 0 304 162
Dezygotheca elegantissima 133 159 452 224 263 96 848 479
\Hvpoestes hyllostachya 109 87 153 73 16 0 278 160
Hedera helix .
Ruscus aculeatus
Nerium oleander 72 12 44 7 0 0 116 19
\Passiflora guadrangularia
Cyrtomium falcatum 307 71 394 0 0 0 701 71

Total number of scale insects 1598 718 2275 906 721 292 4594 1916
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Pests occurring in greenhouses belong to insects that are very hard to control, which is due to their characteristic
biology and morphology (polyphagism, considerable reproductiveness, parthogenesis and specific covers of the body).

The all year development of insects in greenhouses determines the necessity to apply chemical treatment
repeatedly. However, when they are used, it is important to monitor the development of pests in order to establish the
date of the treatment in time (Ronse, 1990). The moment when the larvae leave the eggs and disperse over the plants is
the optimum date of controlling scale insects. At this time insects do not have well developed covers, already possessed
by the specimens of older larval stages, protecting them from the effect of chemical preparations. Females with
chitinized body covers also protect the eggs from the effect of insecticides (Lagowska, 1995a).

While analyzing the effect of the applied forms of control, it turned out that the highest reduction of individuals
was observed in the case of mealybugs. The population of those insects on the observed plants underwent a 10-fold
decrease. The greatest effect was found in the second cycle of treatments. The population of scale insects from this
family in the discussed period was reduced by 4%, as compared to the number of individuals before the cycle of
spraying. Most probably this reduction of individuals was influenced by chemical treatments and the predatory ladybird
C.montrouzieri. The greatest number of its predatory larvae was observed in the discussed period. The temperature
conducive to the activity of this species is above 16 °C, which additionally accounts for the appearance of the ladybird
in that period. The species C.montrouzieri is used to control all developmental stages of mealybugs. It has a tendency to
migration and it does not reproduce in the greenhouse, that is why the number of individuals of the predator in
greenhouses is decreasing fast (Ronse, 1990; Lagowska, 1995a).

Dziedzicka (1988b) states that mechanical control gives good effects in controlling scale insects. It consists of
washing off the pests (by means of a brush or a cloth) or a few hours’ bath of the whole plant in water. Monthly
washing off and cutting of the most infected shoots, which was performed in UMCS greenhouse, additionally affected
the reduction of the population of scale insects.

Among Pseudococcidae, Coccidae as well as Diaspididae, it was just mealybugs that seem the best noticeable
on plants because of the characteristic white waxy covers of the body. It results from the observations that the plant
shoots where mealybugs fed were most frequently removed by the workers of the greenhouse.

Scale insects occur in greenhouses despite the intensive chemical control performed there. Conventional control
of pests turns out to be of little effectiveness; it is short lasting and does not bring the anticipated results. The applied
insecticides considerably reduce the population of scale insects but they do not eliminate them completely (Lagowska,
1995b). According to literature (Dziedzicka, 1988b; Lagowska, 1995b), the presence of one female on the plant makes
it impossible to reconstruct the population consisting of 500—2000 specimens within two months. This is confirmed by
the authors’ own studies. After a cycle of spraying was used in greenhouses, the population of pests got reduced for a
short time, after which it was quickly reconstructed.

As stated by a number of authors (Summy et al., 1986; Tingle, Copland, 1988; Ronse, 1990), biological control
brings better results in reducing the population of pests as compared to the conventional method. However, the best
effect in controlling the pests of greenhouse cultivations is achieved combining a few methods (biological, chemical and
mechanical ones).
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10 min. For the first strand cDNA synthesis the RNA pellet solutions to the mixture containing reaction buffer, RNAse
inhibitor, dNTP mix and M-MLYV reverse transcriptase (MBI Fermentas, Vilnius, Lithuania) were added. The first
strand cDNA synthesis was carried out at 37 °C for 60 min and 70 °C for 10 min. DNA amplification was performed in
reaction mixtures containing dNTP mix, both primers, PCR buffer with MgCl, and recombinant Tag polymerase (MBI
Fermentas) using Eppendorf Mastercycler Personal. PCRs were carried out for 40 cycles using the following
parameters: | min at 94 °C (4 min for the first cycle), 2 min at 55 °C and primers extension for 2 min (10 min in the
final cycle) at 72 °C. PCRs products were analysed by electrophoresis in 5% polyacrylamide gel, stained with ethidium
bromide, and DNA bands were visualized using a UV transilluminator. DNA fragment size (bp) standard was Phix174
RFI DNA (Hae 11} digest (MBI Fermentas) (from top to bottom: 1353, 1078, 872, 603, 310, 281, 271, 234, 194, 118,
72).

Electron microscopy

Morphological properties of the isolated virus particles were observed in negatively stained with 2% uranyl
acetate preparations for electronmicroscopic examination using JEOL JEM-100S transmission electron microscope. For
immunosorbent electron microscopy the grids were sensibilized with antibodies to TNV-2 diluted 1:50.

Results and Discussion

During survey of virus diseases of horticultural plants in 2001, strawberry plants with slight mottling and
rugosity symptoms were detected in strawberry plantation from Panevezys region. Virus-like symptoms exhibiting plant
Fragaria ananassa contained polyhedral virus particles and therefore attempts were undertaken to isolate the virus.
After few unsuccessful trials to transmit infection to herbaceous plants, infection succeeded using buffer containing
antioxidants, 2% nicotine including. First symptoms appeared on inoculated leaves of Nicotiana megalosiphon, as a few
local lesions. From this plant infection was transmitted to Atriplex hortensis (LL) (Fig. 1), Tetragonia expansa (LL),
Zinnia elegans (LL), Chenopodium amaranticolor (LL) (Fig. 2), Phaseolus vulgaris ‘Bataaf® (LL) (Fig. 3), Nicotiana
rustica (LL), Chenopodium foetidum (LL). In all of inoculated and locally infected plants polyhedral virus particles
were detected. However, experimentally infected Fragaria plants in greenhouse conditions revealed definit virus-like
symptoms of slight rugosity and stunting (Fig. 4). Experimental host range and symptoms caused by this isolate (TNV-
S) are presented in Table 1 and are characteristic of Tobacco necrosis necrovirus described by many previous
investigations.

Fig. 1. Local lesions on Atriplex hortensis Fig. 2. Local lesions on Chenopodium
inoculated with TNV isolate from strawberry amaranticolor inoculated with TNV isolate
from strawberry

Another successful isolation of polyhedral virus was from garden strawberry with leaf rugosity symptoms from
Vilnius region (Ozkiniai). In this case, infection at first was transmitted to Atriplex hortensis (LL), later on to
Chenopodium quinoa, N. rustica and other species causing local lesions only. According to preliminary data, this isolate
revealed no differences from TNV-S and was not yet further investigated.
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Reaction of test plants to infection by virus isolate from strawberry

Plant species Symptoms Back inoculation
Amaranthus caudatus LL/0 +
Atriplex hortensis LL/0 (Fig. 1) +
Capsicum annuum LL/O -
Celosia cristata LL/0 +
Chenopodium amaranticolor LL/0 (Fig. 2) +
Chenopodium foetidum LL/0 -
Ch. murale LL/0 -
Chenopodium guinoa LL/0 +
Ch. urbicum LL/O -
Cucumis sativus, cv. ‘Kauniai’ LL/O +
Datura stramonium 0/0 (LL/0) -
Nicotiana clevelandii LL/0 -
Nicotiana debneyi LL/O -
Nicotiana megalosiphon LL/O +
N. occidentalis LL/O +
N. rustica LL/0 +
N. tabacum, cv. ‘Xanthi NC’ LL/O +
N. tabacum, cv. ‘Samsun’ LL/O -
Phaseolus vulgaris, cv. ‘Bataaf® LL/0 (Fig. 3) +
Tetragonia expansa LL/0 +
Zinnia elegans LL/0 +

Table 1

Note: LL local lesions, 0 — no infection, — not inoculated, + back inoculation.

Fig. 3. Local lesions on leaf of Phaseolus
vulgaris cv. ‘Bataaf* inoculated by TNV isolate
from strawberry

Fig. 4. Symtoms on Fragaria vesca plants
experimentally infected by TNV isolate from
strawberry

For identification of TNV isolate from strawberry (TNV-S) in DAS-ELISA procedure 1 with AP as conjugate
enzyme, the micro-plate (NUNC) wells were coated with antibodies to TNV (strain D) diluted to 1:1000. After washing
antigen consisting of 1:20 diluted clarified by centrifugation at 10000g sap of TNV-S infected N. rustica with LL fresh
or held refrigerated at —20 °C for several months was added. A fter appropriate washing, AP enzyme conjugate diluted to
1:1000 was used according to the manufacturer’s instructions. A sample was scored positive if the A,os was twice that
of the healthy control. It was found that in TNV-S infected plant extracts TNV was detectable up to dilution of 1:5000.

In DAS-ELISA procedure 2 using HRP as conjugation enzyme and TMB as substrate, the micro-plate wells
were coated with [gG to TNV from plum (TNV-2) diluted to 1:500. HRP conjugate was used of dilution 1:400. Reading
of absorption results at 450 nm indicated that it was possible to detect antigen to 5 ng/ml concentration and prepared
HRP conjugate is suitable for diagnosis of TNV in infected plants.

Specific sequences of TNV RNA present in total RNA were detected following amplification by PCR. In RT-
PCR using primer pair F (5° — ACA ATA GTC TCC AAC TCG GAG — 3°)and R (5 = ATC ATA ACC TGC GTA
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DETECTION OF INJURIOUS VIRUSES IN TOMATOES
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Abstract

Samples of tomatoes exhibiting symptoms characteristic of viral diseases were collected in various growing
places and at a supermarket. The investigation of virus diseases of tomato crops in Lithuania revealed that some agents
of tomato virus diseases have been brought to this country with seed material and commercial production. Tomato
ringspot nepovirus (ToRSV) and Pepino mosaic potexvirus (PepMV) as harmful for tomatoes viruses were isolated and
identified. PepMV was inscribed in EPPO Alert List as a phytosanitary risk for Europ,%' and as an economically
important for tomato and other solanaceous crops. ToORSV was detected in tomato cultivars ‘Olan’, ‘Dombello’,
‘Raissa’ and ‘Sonata’, which showed specific ringspotting symptoms on leaves. This virus infected a wide range of
experimental host-plants and induced on them typical severe symptoms. Lithuanian State Plant Protection Service has
carried out a survey for the presence of PepMV since 2001. In 2002, PepMV was detected on tomato fruits imported
from Spain and the Netherlands at a supermarket in Vilnius.

The identification of ToRSV and PepMV was based on the data of symptoms on host- and test plants,
morphology of virus particles by transmission electron microscopy, positive DAS-ELISA tests and by using of specific
nucleotide primers in RT-PCR. Antigens have been purified, the specific inmunoantisera were prepared in rabbits and
the immunodiagnostical assays were carried out.

Key words: tomato, Tomato ringspot virus, Pepino mosaic virus.

Introduction

Among others, widespread virus disease agents are Tomato ringspot nepovirus (ToORSV) and Pepino mosaic
potexvirus (PepMV) reported as economically important pathogens for tomato (Lycopersicon esculentum Milk) crops.
ToRSV is a member of the Nepovirus group of plant viruses and causes economically important diseases in a range of
crops. ToRSV is found in many perennial crops in North America, in Europe, Asia, Australia and South America (Brunt
et al., 1996). It affects 285 plant species in 159 genus of 55 botanical families (Edwardson, Christie, 1997). ToRSV is
readily transmissible by sap inoculation. It is transmitted by nematode. Seed transmission of ToRSV has been reported
in several crops. The virus is also transmitted by vegetative propagation and pollen. The virions are icosahedral, about
28 nm in diameter, sedimenting as three components. The most characteristic type of foliar symptom induced by
ToRSV is ring spotting.of leaves. This virus was isolated from many ornamental (Navalinskiené et al., 1997) and
cucurbitaceous species (Zitikaité, 1999) in Lithuania.

PepMV is an important new pathogen infecting tomato and has become a serious problem for tomato production
in Europe (Van der Vlugt et al., 2002). Originally PepMV was isolated from infected pepino (Solanum muricatum Ait.)
plants in the regions of Peru (Jones et al., 1980). Its experimental host range is narrow, infecting 30 of 32 solanaceous
species including potato and tomato. PepMV occurrence has been confirmed in many countries of EC (Sweden,
Finland, Germany, Austria, Belgium, France, Italy, Portugal, and UK). The virus is highly contagious and rapidly
spreads by mechanical means. It is unlikely that PepMV has true seed transmission. This virus was naturally present in
wild Lycopersicon sp. as well as in cultured tomato (Soler et al., 2002). PepMYV is not yet considered as a quarantine
pathogen in Europe but is inscribed in EPPO Alert List (Anonymous, 2000).

The aim of this study was to present data on occurence and identification of ToORSV and PepMV isolates in
Lithuania based on the results of host range and morphology of virus particles, immunological properties of antigens,
and to adapt a sensitive and accurate molecular method for specific detection of ToRSV and PepMV in tomato plants
and test plants by RT-PCR technique.

Materials and Methods

The material for investigation was collected in different private gardens of vegetable crops, in vegetable
collections and experimental fields. The samples were collected from tomato plants expressing visual virus-like
symptoms on leaves and fruits. Viruses have been identified by test-plant reaction and of virus particle morphology,
double antibody sandwich-enzyme linked immunosorbent assay (DAS-ELISA). DAS-ELISA was carried out according
to standard protocol (Clark, Adams, 1977). The inoculum for mechanical inoculation was prepared by homogenizing
infected plant material with 0.1 M phosphate buffer, pH 7.0, containing stabilizing agents 0.02% 2-mercapthoethanol or
0.01 M Na DIECA. Virus particles were visualized in negatively stained dip preparations using JEOL JEM-100S
transmission electron microscope (EM) (Dijkstra, de Jager, 1998). The following ToRSV isolates were used: isolates
from tomato detected in Kédainiai (9801) and Vilnius (0011) regions. For antigen preparation, ToORSV isolate was
purified by a modified method (Stace-Smith, 1984). Frozen leaves of Nicotiana rustica L. showing systemic symptoms
of ToRSV infection were grinded in 0.2 M phosphate buffer (pH 7.2) containing 0.1% 2-mercaptoethanol. The extract
was clarified by 10% (volume) chloroform. Virus particles were precipitated with w/v 10% polyethylene glycol (PEG)
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(M 6000) and 0.2 M Na chloride. Final purification was accomplished by two cycles of differential centrifugation
(10 min at 8000 g in K-24 centrifuge, and 3 h at 27000 g in VAC-601) by sedimentation through 20% sucrose cushion.

The PepMV isolate was maintained in test plants and purified according to Jones et al. (1980) with slight
modification by homogenising of frozen systemically-affected L. esculentum leaves in buffer solution containing
0.05 M disodium tetraborate, 0.5 M boric acid, 0.2% ascorbic acid, and 0.2% sodium sulphite, at pH 7.8. The
homogenate was centrifuged for 20 min at 6000 g. 4% chlorophorm was added to the supernatant fluid. The mixture
was stirred for 3 h at room temperature. This solution was centrifuged for 20 min at 6000 g. Then 4% PEG was added
to the supernatant fluid and stored at 4 °C overnight. After centrifugation the precipitate was collected and resuspended
in a solution containing 0.05 M disodium tetraborate, 0.5 M boric acid, 0.5 M urea and 0.1 % 2-mercaptoethanol at pH
7.8. After three cycles of differential centrifugation the final pellet was resuspended in 0.01 M Tris-HC! buffer, pH 7.8.
The concentration and purity of TORSV and PepMV preparations were estimated by EM and spectrophotometrically.

For preparation of specific antisera against ToRSV and PepMV rabbits were immunized using schemes
(Vaitukaitis et al., 1971; Jones et al., 1980; Gnutova, 1985).

For detection of ToRSV isolate by RT-PCR, the infected N. rustica plant was used. Nucleic acid from test-plants
infected by ToRSV was extracted using the small-scale procedure as proposed for extraction of nucleic acids from
woody plants (Zhang et al., 1998) with slight modifications. Tissue samples of infected test-plants were ground in liquid
nitrogen and transferred to microtubes. 600 ul 1xSTE buffer (0.1 M Na CI, 0.001 M Tris, 0.001 EDTA, pH 6.9), 80 pl
of 10% SDS and and 800 pl of 2xSTE-saturated phenol was added to the powdered tissues. The mixture was
centrifuged 5 min at 16000 g. Aqueous phase was removed and transferred to a clean microfuge tube. Ethanol to the
final concentration of 30% was added, then ~10 mg cellulose (whatman CF-11). Cellulose CF-11 was washed by
vortexing 3 times with 1 mi of 1xSTE/30% ethanol, collecting cellulose by centrifugation between washes and
discarding supernatants. RNA from cellulose CF-11 was eluted by adding 200 ul of 1XSTE buffer, and centrifugation
for 5 min. Supernatant was transferred to a clean tube. For precipitation of RNA, 40 pl of 3 M sodium acetate and 1 ml
of ethanol were added. The tube was incubated at —20 °C for 2 h., centrifuged for 10 min. at 16000 g, and the pellet was
incubated with 80% of ethanol at —20 °C, and air-dried. Pellets of RNA were resuspended in the mixture containing 1%
of RNAse inhibitor, 0.4 uM of primer D1 and PCR water. Primers used in RT-PCR were designed from ToRSV viral
sequence information (Griesbach, 1995). Primers included U1, (5’ to 3°) GACGAAGTTATCAATGGCAGC nt 1.078
to 1.098) and D1, TCCGTCCAATCACGCGAAT (nt 1.506 to 1.527) of the putative viral polymerase gene.

For detection of PepMV by RT-PCR from imported tomato fruits, frozen tissues of infected tomato fruits and
experimentally inoculated D. stramonium L. and N. debneyi Domin. plants were used. RNA extraction was carried out
according to the instruction of “QuickPrep total RNA extraction kit for the direct isolation of total RNA from most
eukaryotic tissues or cells”. Frozen tissue samples were grounded in liquid nitrogen and transferred to microfuge tubes.
150 pnl volume of the extraction buffer was poured in the tube and 3 pl of 14.3 M 2-mercaptoethano! was added. 350 pl
of lithium chloride (LiCI) and 500 pl of caesium trifluoracetate (CsTFA) solutions were added to the homogenized
samples and mixed well. The tubes were spun for 15 min. The RNA formed a pellet at the bottom of the microtubes.
The proteins form a coat at the top of the tubes and DNA remains in the liquid phase. The protein coat and the liquid
phase were carefully removed, and proceeded to wash the total RNA pellets with three “kit” components. The samples
were spun in a microcentrifuge at full speed. The supernatants were discarded without disturbing the pellets. 1 ml of
70% ethanol was added to the samples. DEPC-treated (Diethyl Pyrocarbonate) water containing 1 pl of RNAse
inhibitor was added to the RNA pellets. Primers used in RT-PCR were designed for PepMV isolate from the UK
according to sequence information (Mumford, Metcalfe, 2001). They included TGB F (Forward) (5’ to 3‘)
CACACCAGAAGTGCTTAAAGCA and UTR R (5’ to 3°) CTCTGATTAAAGTTTCGAGTG.

The dissolved RNAs were used in experiments for detection of TORSV and PepMV by RT-PCR. Pellets of RNA
were resuspended in the solution containing RNAse inhibitor, primer R (reverse) and PCR water and incubated at 70 °C
for 10 min. For the first strand cDNA synthesis, the RNA pellet solutions to the mixture containing reaction buffer,
RNAse inhibitor, dNTP mix and M-MLYV reverse transcriptase (MBI Fermentas, Vilnius, Lithuania) were added. The
first strand cDNA synthesis was carried out at 37 °C for 60 min and 70 °C for 10 min. DNA amplifications were
performed in reaction mixtures containing dNTP mix, both primers, PCR buffer with MgCl, and recombinant 7aq
polymerase (MBI Fermentas) using Eppendorf Mastercycler Personal. PCRs were carried out for 40 cycles using the
following parameters: 1 min at 94 °C (4 min for the first cycle), 2 min at 55 °C and primers extension for 2 min (10 min
in the final cycle) at 72 °C. PCRs products were analysed by electrophoresis in 5% polyacrylamide gel, stained with
ethidium bromide, and DNA bands were visualized using a UV transilluminator. DNA fragment size (bp) standard was
Phix174 RFI DNA (Hae 111) digest (MBI Fermentas) (from top to bottom: 1353, 1078, 872, 603, 310, 281, 271, 234,
194, 118, 72). .

Results and Discussion

ToRSV was isolated and identified from two naturally infected tomato plants expressing specific for this virus
symptoms. Naturally infected tomato plants showed mottling, chlorotic or necrotic spots on leaves. This virus induced
typical severe symptoms on the main diagnostic plant species: Chenopodium ambrosioides L., and Celosia argentea f.
cristata (L.) Kuntze (necrotic local lesions and systemic apical deformation); Gomphrena globosa L. (local white ring
spots); N. rustica (local ring flecks and systemic mottling). Our assays determined that ToRSV infected a wide
experimental host range from Aizoaceae Rudolphi, Amaranthaceae Juss., Cucurbitaceae Juss., Chenopodiaceae Vent.,
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Fabaceae Lind\., Solanaceae Juss. and other families. EM investigation revealed isometric virus particles about 28 nm
in diameter in preparations made from naturally infected tomato plants, and from various infected test-plants.

ToRSV tomato isolate (N 9801) was purified. For purification, ToORSV isolate was propagated in N. rustica. The
purified virus preparations had A max at 260 nm and A min at 240 nm, A 260/280 ratio being 1.07. The yield of
purified virus, taking into account that TORSV specific absorbance A 0,1% / 260 nm being 10.0 (Stace-Smith, 1984),
was calculated to be 26.7 mg from 1 kg of infected plant tissue. Partially purified virus preparation contained isometric
particles about 28 nm in diameter (Fig. 1).

Fig. 1. Purified ToRSV particles from infected Nicotiana rustica plants. Bar represents 100 nm

In commercial lots of tomato fruits imported to Lithuania from Spain, some tomato fruits have been found
showing irregular discoloration pattern and surface roughness: small spots, yellow blotches and areas, bright mottling,
striation and yellow ring-like pattern. Analysis of samples from the tomato fruits by test plant and EM revealed
presence of a new agent of virus disease of tomato recently detected in tomato crops of many European countries —
PepMV. The virus isolates from tomato fruits systemically infected plants of all investigated tomato cultivars. The
reaction of inoculated test plants to the virus was characteristic to PepMV recently described by other workers (Jorda et
al., 2001; Soler et al., 2002). According them, symptoms consist of distorted leaf and discolored fruit development.
Other plants show a dark green mosaic and bubbling of the leaf surface. EM revealed filamentous virus particles with
normal length of about 500 nm in preparations made from test-plants: L. esculentum, D. stramonium L., N. debneyi
Domin. The virus had filamentous particles typical of the Potexvirus group (Jones et al., 1980; Purcifull, Edwardson,
1981).

PepMYV isolate propagated in L. esculentum plants was chosen for the purification of antigen, because of higher
virus concentration. The purified virus preparations had A max at 260 nm and A min at 240 nm, A 260/280 ratio being
1.04-1.08. The yield of purified virus, taking into account PepMV specific absorbance A 0.1% / 260 nm for
Potexviruses being 3 (Purcifull, Edwardson, 1981), was calculated to be 46.2—75.6 mg from 1 kg of infected
L. esculentum plant tissue. Morphology of detected virus particles (filamentous about 500 nm in length) was
characteristic of PepMV (Fig. 2) and in accordance with data of other workers (Jones et al., 1980; Brunt et al., 1996).

Fig. 2. Purified PepMYV particles from infected tomato plants. Bar represents 100 nm
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Identification of TORSV and PepMYV isolated from tomato plants was confirmed by a positive reaction in DAS-
ELISA tests. The positive results in these tests for detection of TORSV were obtained also with inoculated test-plants V.
rustica (isolate N 9801) and G. globosa (isolate N 0011). Analysis of samples from the tomato fruits and inoculated test
plants D. stramonium (isolate N 0236) and N. debneyi (isolate N 0232) by DAS-ELISA confirmed the presence PepMV
in Lithuanian isolates from tomato.

The purified ToORSV and PepMV preparations were used as antigens for diagnostic antisera preparations in
rabbits. The antiserum to ToRSV had a very low titre of 1:16, as determined by gel diffusion test and gave a
precipitation line with the homologous antigen, but did not react visibly with healthy plant extracts. The titre of the
PepMV specific IgG (immunoglobulin) in serological reactions of the microprecipitation test was found to be 1:1024.
Our prepared antiserum against PepMV was applied successfully for diagnostic of PepMV in commercial tomato fruits.

For molecular confirmation of detection of ToORSV and PepMV in tomato by RT-PCR, Lithuanian isolates of
ToRSV and PepMV were used. The primer pairs designed on basis of published sequences successfully amplified
ToRSV and PepMV cDNA templates in RT-PCR using ToRSV and PepMV isolates from tomato crops. The specific
PCR product was obtained in all investigated isolates but not with negative control. Specific bands were observed in gel
electrophoretic analysis at the position corresponding to the expected size of the amplification products of 499 bp for
ToRSV (Fig. 3) and of about 840 bp for PepMV (Fig. 4). RT-PCR products of TORSV and PepMV isolates from tomato
crops showed identity with different isolates of ToRSV from perennial ornamental and cucurbitaceous species in
Lithuania (Samuitiené et al., 2003) and with European PepMYV isolates (Mumford, Metcalfe, 2001).

Fig. 3. Gel electrophoresis of PCR product (499 bp) of an amplified TORSV tomato sample. Lane 1 and Lane
6 — DNA ladder; Lane 2 — ToRSV isolated from cucumber; Lane 3 — ToRSV isolated from tomato and infected
N. rustica tissue; Lane 4 — ToRSV isolated from iris; Lane 5 — control

Fig. 4. DNA products (840 bp) amplified in PCR from plant samples infected by PepMV. Lane 1 and Lane 7 — DNA
ladder; Lane 2 — PepMV from naturally infected tomato fruits; Lane 3 — PepMV infected D. stramonium tissue; Lane
4 — PepMV infected N. debneyi tissue; Lane 5 and Lane 6 — controls
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The investigation of virus diseases of tomato crops in Lithuania revealed that some agents of tomato virus

diseases have been brought to this country with seed material and commercial production. ToRSV and PepMV affected
tomato crops are important and risk pathogens. The RT-PCR data confirmed results of ToRSV and PepMV
identification obtained by investigating host range, virus morphological properties and results of DAS-ELISA assays.
One of the important tasks of plant quarantine service is to prevent the introduction of harmful viruses into the country.
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IDENTIFICATION AND SOME PROPERTIES OF BARLEY YELLOW DWARF LUTEOVIRUS IN
LITHUANIA
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Abstract

Oat (Avena sativa L.), barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) plants bearing symptoms
characteristic to barley yellow dwarf disease, expressed by reddening or yellowing of leaves and general plant stunting
were collected in Vilnius State Plant Varieties Testing Station and cereal crop fields of Vilnius region in 1998. The
virus infection was also observed in the season next year in this place and in other regions of this country. Plants were
tested for Barley yellow dwarf luteovirus (BYDV) infection and gave positive reaction in double antibody sandwich-
enzyme linked immunosorbent assay (DAS-ELISA). The agent of investigated disease was experimentally transmitted
by Rhopalosiphum padi L. aphids to oat, barley and wheat plants. The virus was not transmitted by mechanical
inoculation to test plants. The BYDV was purified from naturally infected oat plants and the antigen was prepared. The
electron microscopy investigation revealed the presence of particles measuring 24 nm in diameter (negatively stained).
The virus identity was confirmed in oat plants by RT-PCR using the BYDV specific primers. This is the first report on
the identification and occurrence of BYDV in Lithuania.

Key words: BYDV, cereal crops, DAS-ELISA, RT-PCR.

Introduction

Cereal crops are very important in Lithuania. Every year a great area of arable land is sown with these crops.
During vegetation period the yield of cereals, especially winter crops and perennial forage grass, is under influence not
only by ecological factors but also by diseases. One of them is barley yellow dwarf (BYD). BYD is one of the most
economically damaging virus diseases of grass and cereal crops worldwide (Irwin, Thresh, 1990). BYD was detected in
cereal crops in Sweden, Latvia (Bisnieks et al., 2004), Russia (Mozhaeva, Kastalyeva, 2002), Hungary (Pocsali et al.,
1995), Germany (Huth, 1998) and other countries. Barley yellow dwarf virus (BYDV) has a wide host range including
all of the major cereal crops, many annual and perennial weeds, pasture and range grasses (Bencharki et al., 2000).
More than 100 species of wild grasses in the family Poaceae (Gramineae) (R. Br.) are susceptible to this virus
(Rochow, Duffus, 1981). The symptoms of infection were expressed by stunting, inhibition of root growth, delayed
heading and concomitant reduction in yield (Burgess et al., 1999). Color changes are often present, with an intensive
bright yellow discoloration in barley and a yellow or reddish color in wheat and oat (Burgess et al., 1999). The spread
of BYDV from plant to plant and from field to field depends entirely on aphid movement. The virus is transmitted by
more than 20 aphid species in a persistent circulative manner and is mainly limited to the phloem tissue of an infected
plant (Gray, 1996). BYDV exists as several different strains, which are differentiated by their ability to be transmitted
by various aphid species and their virulence on a selected variety of oats. Some strains of BYDV are transmitted equally
well by several aphids, whereas other strains can be transmitted by only one or two aphid species. The BYDV were
originally differentiated as five biotypes on the basis of aphid-transmission specificity (Rochow, 1970). The strains
RMV, RPV, MAV and SGV are readily transmitted by Rhopalosiphum padi (L.), R. maidis (Fitch), Sitobion avenae
(Fabricus), Schizaphis graminum (Rondani), respectively, while PAV is transmitted by both R. padi and S. avenae
(Rochow, 1970; Rochow, Muller, 1971). In Europe, three strains have been reported as wide-spread: RPV is most
efficiently transmitted by the aphid species R. padi, PAV by R. padi, S. avenae and Metopolophium dirhodum (Walker),
and MAV by S. avenae and M. dirhodum (Sadeghi et al., 1997). Every year, BYDV cause substantial yield losses in
cereals wherever these crops are grown. Average yield losses of 15% in barley, 17% in wheat, and 25% in oats are
common (Koev et al., 1998).

BYDV particles are isometric with a diameter of 20 to 30 nm, depending on the isolate and mode of preparation
(Rochow, 1970; Sutic et al., 1999) and contain a single-stranded, positive-sense RNA genome (McGrath et al., 1996).

The aim of this investigation was to identify the agent of barley yellow dwarf disease, to determine the means of
virus transmission, symptoms, morphology of virions, and to evaluate virus occurrence in graminaceous plants.

Materials and Methods '

Barley, wheat and oat plants showing specific symptoms of virus disease were collected in Vilnius State Plant
Varieties Testing Station, and in fields of the Vilnius and Kaunas regions of Lithuania. Investigating BYD disease of
gramineous plants 10 virus samples were collected from 2 barley, 5 oat and 2 wheat fields. The experimental work was
carried out in the greenhouse and Laboratory of Plant Viruses of the Institute of Botany. The possibility of transmission
of disease agent by mechanical inoculation was investigated inoculating the following test-plants: Agrostis stolonifera

L. — ‘Guoda’, Avena sativa L. — ‘Edit’, ‘Jak’, ‘Jaugila’, Dactylis glomerata L. — ‘Asta’, Festuca pratensis L. —
‘Dotnuva’, Hordeum distichon L. — ‘Anni’, ‘Rataj’, Lolium perenne L. — ‘Sodre’, Triticum aestivum L. (variety
unknown), Zea mays L. — ‘Pionier’ (about 20 plants of each species). Presence of virus particles was observed in the
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dip preparations, using a JEM-100S electron microscope (EM) after negative staining with 2% uranyl acetate solution
(Dijkstra, de Jager, 1998). Virus was identified by double antibody sandwich-enzyme linked immunosorbent assay
(DAS-ELISA) according to standard procedure (Clark, Adams, 1977). The test kit for detection of BYDV (IgG,
conjugate, positive control) and protocol were recommended by Diagnostic group of the Institute for Resistance
Research and Pathogen Diagnostics (Aschersleben, Germany). Virus was purified from symptomatic tissue (4vena
sativa L. ‘Jaugila’) according to a modified method (Perry et al., 1998). Frozen leaves were ground in 0.5 M phosphate
extraction buffer, pH 6.1. The extract was clarified by extraction with 0.2 vol of chloroform. Virus particles were
precipitated with 10% w/v polyethylene glycol Mw 6000 and 0.25 M NaCl. Pellets were resuspended in 0.1 M
phosphate resuspension buffer, pH 7.0. Virus was purified by two cycles of differential centrifugation. Further
purification was accomplished by sedimentation through a 30% sucrose cushion. Virus particles were collected by
centrifugation at 28000" g for 3 h at 4 °C. The concentration and purity of the virus preparations were estimated by EM
and spectrophotometrically.

Transmission by aphids was tested with R. padi. The aphids were collected in the cereal field and identified by J.
Tur€inaviciené (Vilnius University). Aphids (approximately 150) were distributed on infected oat leaves in plastic petri
dishes with tight-fitting lids and kept at room conditions (18 to 20 °C) for the acquisition period. After 3-days of
acquisition feeding period, the aphids were transferred to healthy barley, wheat and oat plants, where they fed 3 days
prior to being eliminated with insecticide (Decis). The plants were checked for symptoms 15 days after inoculation and
for the presence of virus 25 days after inoculation, using DAS-ELISA. ‘

Reverse transcriptase-polymerase chain reaction (RT-PCR) of field isolates (frozen tissues of A. sativa plants)
was accomplished. Primarily total RNA was extracted using “QuickPrep total RNA extraction kit” (Amersham
Pharmacia Biotech) according to manufacture’s instructions.

Synthesis of cDNA was performed under the following conditions. Pellets of RNA were resuspended in a
solution containing RNAse inhibitor, primer Lu 4 (Robertson et al., 1991) and PCR water. Samples were incubated for
10 min at 70 °C. For synthesis of the first cDNA strand, the RNA pellet solutions were added to the mixture containing
reaction buffer, RNAse inhibitor, dINTP mix and M-MLV reverse transcriptase (MBI Fermentas, Vilnius, Lithuania).
The first strand cDNA synthesis was carried out for 60 min at 37 °C and terminated by incubation for 10 min at 70 °C.

DNA amplification was carried out in a reaction mixture containing dNTP mix, Lu 1 and Lu 4 primers
(Robertson et al., 1991), PCR buffer with magnesium chloride and 7 aq DNA polymerase (MBI Fermentas). Samples
were placed in a Eppendorf Mastercycler Personal programmed to give one cycle at 95 °C (1 min), 41 °C (2 min) and
72 °C (20 min), followed by 40 cycles. at 94 °C (1 min), 41 °C (1 min) and 72 °C (2 min), with a final cycle of 72 °C
(10 min). PCRs products were analysed by electrophoresis through 5% polyacrylamide gel, stained with ethidium
bromide and DNA bands visualized using a UV transilluminator. DNA fragment size standard was a Hae 111 digest of
® x 174 RFI DNA (MBI Fermentas).

Results and Discussion

BYDV isolates used in this study were collected from naturally infected oat, barley and wheat plants. The
symptoms of BYDV infection in oats were very conspicuous. The symptoms of early infection were expressed by
yellowish-green spots or chlorosis. Later, most varieties developed reddening (crimson-pink) of the leaves from the tips
down (Fig. 1). However, some varieties developed only a yellow-orange coloration. The most characteristic symptoms
of infection in barley were dwarfing and yellow coloring of the leaves. In wheat, pale yellowing of older leaves was a
more typical symptom. Reddening of leaf tips was sometimes visible. These symptoms were similar to those described
for BYDV (Brunt et al., 1996; Sutic et al., 1999).

Fig. 1. Yellowish-green spots and reddening (crimson-pink) on oat leaves. Healthy leaf on the left
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EM investigation revealed isometric virus particles about 24 nm in diameter in preparations made from naturally
infected 10 plant samples (4dvena sativa ‘Jaugila’, ‘Hetman’, CHD 1698°, ‘1313-100°, ‘Baga¢’, Hordeum vulgare
‘Anni’, ‘Aura’, ‘LZI612°, Triticum aestivum ‘Sirvinta’ and one variety unknown) as have been reported in literature for
BYDV (Rochow, 1970; Sutic et al., 1999) and these investigated plant samples reacted positively in DAS-ELISA
performed with BYDV antibodies.

Test-plant species of the families Poaceae (indicated in materials and methods) were experimentally inoculated
with disease agent. However, monocotyledonous test-plants did not react to inoculation. The virus was not transmissible
by mechanical inoculation to test-plants, as have been described in literatura (Brunt et al., 1996; Sutic et al., 1999).

The agent of the investigated disease was experimentally transmitted by aphids (R. padi) to oat, barley and wheat
plants. The incubation period of the virus in the plants growing in the glasshouse varied from 16 to 30 days. BYDV was
detected in oat 20 days after inoculation, and in susceptible barley and wheat 25 days after inoculation. Symptoms were
expressed by stunting and yellowing with reddening or purpling of leaf tips. The main symptoms of BYDYV in oats were
the typical red leaves. The plants showing symptoms reacted positively in DAS-ELISA performed with BYDV
antibodies. The aphids used for the test were directly taken from the field and we have no guarantee that they were free
of virus infection. However, we can confirm that aphides R. padi really transmitted this virus because of typical for
BYDV symptomotology on test-plants and also due to positive reaction of infected test-plants in DAS-ELISA test.

Results of R. padi transmission of barley yellow dwarf agent and literature data (Rochow, 1970; Brunt et al.,
1996; Gildow, 1999) suggest that the causal agent is Barley yellow dwarf virus.

Purification of BYDV was carried out from frozen A. sativa leaves. The purified virus preparations had Ay at
260 nm, A, at 240 nm, the A,¢0/A,g ratio being 1.0. The yield of purified virus was 16.4 mg from 1 kg of plant tissue.
EM of the purified virus revealed isometric particles about 24 nm in diameter, as have been reported in literature
(Rochow, 1970; Sutic et al., 1999).

RT-PCR was used for detection of BYDYV isolates in oat infected leaf material. A major PCR product of the
expected size (530 nucleotides) was obtained from two tested oat samples, but was not observed in the negative controls
with healthy tissue or water (Fig. 2). The results from the RT-PCR test show that the oat plants were infected with a
luteovirus (could be BYDV-PAV) or a polerovirus (could be Cereal yellow dwarf virus-RPV).

1 2 3 4 5 6

<«—— 530bp

Fig. 2. RT-PCR products amplified from total nucleic acid extracts from oat leaves using luteovirus primers. Lanes I,
6 — Phix 174 RFI DNA Hae 111 digest size markers; lane 2 — water blank;
lane 3 — healthy tissue; lanes 4, 5 — BYDV. DNA fragment size (bp) standard was Phix 174 RFI DNA (Hae
11T) digest (MBI Fermentas), from top to bottom — 1353, 1078, 872, 603, 310, 281, 271, 234, 194, 118, 72

On the basis of symptomology of infected cereal plants, length of the incubation period, morphology of virus
particles, ability to be transmitted by R. padi, positive reaction in serological test, and RT-PCR data, it can be concluded
that the virus isolated from barley, oat and wheat is identical to BYDV described in literature (Robertson et al., 1991;
Brunt et al., 1996; Sutic et al., 1999).

This is a first report of identification of BYDV in cereal crops of barley, oat and wheat in Lithuania.
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Fig. 1. Pycnidial conidiomata of P. vaccinii on diseased stem of highbush blueberry (V. corymbosum cv.
‘Heerma’)

Two types of conidia were produced: alpha (o) conidia — hyaline, unicellular, ellipsoid, biguttulate
7—8 x 2.5 pum (according to Ramsdell (1995) 6—11 x 2.5 um; Farr et all. (2002) 5.5—8.7 x 1.7—2.8), and
beta (B) conidia — unicellular, filiform, uncinate, hyaline 18—25 x 1.0 pm, (according to Ramsdell 12—
18 x 0.75 um). P. vaccinii grows well on Potato Dextrose Agar (PDA), prepared from fresh potato (PDA
natural), Malt Extract Agar (MEA), and MIX (Czapek 16,5 g, PDA 14 g, Orange serum agar 12 g,
Chloramphenicol 0,5 g/l).

Morphological identification in vitro

Colonies on PDA (natural) grow up to 12.5 mm/day, on MEA (Oxoid) 11.2 mm/day, on MIX and
PDA (Oxoid) 11 mm/day. On PDA (Oxoid) fruiting bodies form only slowly and not abundantly. Pycnidia
appear first in the centre of colonies on MEA and PDA but later on MIX. They form concentric circles on
PDA, but are scattered on MEA. P. vaccinii colonies are white, circular and grow up to 35 mm in diameter
over three days. Aerial mycelium is not compact, mellow, colony regular in outline with a thinner margin

(Fig. 2).

Fig 2. Three days old colonies of P. vaccinii: | — on MEA (Oxoid); 2 — on PDA (natural)

After 7 days colonies reach 62 mm diameter, become slightly floccose with indistinct concentric rings.
At senescence after 3—4 weeks the colors of the mycelium is the same — greyish white, but becoming
thinner, more heterogeneous and noticeably floccose. The fungus grows well between 20—28 °C (optimum
25 °C) in the light as well as in the dark. For fructification cultures should be cultivated under a 12/12 hours
light/dark regime. Pycnidia start to form after 7—10 days, maturing within 20—28 days. Conidiomata
pycnidial are black, spherical, and large, with broader base, with two thirds protruding above the surface of
the medium. The pycnidia are 1—3 mm in the diameter, with sclerotic walls. They form one at a time or
sometimes close together in time and place. Cream colored spore masses erupt from the broad irregular pore
in the top of the mature pycnidia (Fig. 3).
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Ergot

Geographic distribution and epidemiology of diseases and pests

In 2002, ergot sclerotia started to germinate and form stromas on May 15 and continued until June 20. This
process was promoted by the warm weather. In 2003, ergot started to germinate 9 days later, i.e. on May 24, and the
germination continued until the end of June (Fig. 1). In 2003, ergot germinated not only later but also a smaller per cent
of sclerotia germinated and formed a smaller amount of stromas compared with 2002 (Fig. 2).
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Fig. 1. Germination dynamics of ergot sclerotia 2002—2003
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Fig. 2. Dynamics of the formation of ergot sclerotia stromas, 2002—2003

In 2002, triticale flowering started at the beginning of June, when more than half of ergot sclerotia had
germinated. Most varieties reached the stage of mass flowering on June 8, only the peak of flowering for the variety
‘Tewo’ was 3 days later (Fig. 3). The largest part of plants finished flowering on June 14, and the flowering period
lasted for about 15 days. In 2003, the plants started flowering as late as on June 13—14 and continued until the end of
June (Fig. 4). The flowering period in 2003 was more prolonged than in 2002.
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BIOLOGICAL EFFICACY OF DIFFERENT FUNGICIDE DOSAGES TO CONTROL TAN SPOT
(DRECHSLERA TRITICI-REPENTIS (DIED.) SHOEMAKER) IN LATVIA

Ilze Priekulel, Biruta Bankina®
'Latvian State Centre of Plant Protection, Lielvardes 36/38, Riga LV 1006, Latvia,
e-mail: Ilze Priekule@vide.lv;
*Latvia University of Agriculture, Liela 2, Jelgava LV 3000, Latvia

Abstract

Three different strategies were used to control disease development in winter wheat: application of a full dose in
GS 51-55, split doses in GS 37-39 and GS 51-55, and treatment according to the recommendation of PC program PC-P
Diseases (worked out at the Danish Institute of Agricultural Sciences and developed in collaboration with the Latvia
University of Agriculture, Latvian State Centre of Plant Protection, State Plant Protection Service, and Latvian
Agricultural Advisory Centre). Evaluation of tan spot development was done assessing disease incidence and severity
on the whole plant until GS 31, at GS 32-69 — on 3 upper leaves, at later stages — on 2 upper leaves. 50 leaves from
main shoots were randomly taken from each plot. Disease scores made through the season — from detection of first
symptoms to GS 85 — were taken and used to evaluate the tan spot development dynamics and rate of infection, to
calculate the area under the disease progress curve (AUDPC), characterizing mean infection level and biological
efficacy of different control strategies.

In trials, development of tan spot was observed late in the season — GS 61-69. The disease development varied
between the years depending on climatic conditions. In most cases, the rate of infection increased sharply after
flowering. Volume of AUDPC only slightly correlated with the efficacy of fungicide treatment (correlation coefficient
0.19). Results of calculation of biological efficacy do not suggest any relevant differences between the efficacy of split
applications (S2; PC-P) and one application later in the season (GS 51-69).

Key words: winter wheat, tan spot, fungicides, timing and dosages, efficacy.

Introduction

In last years, tan spot caused by fungus Pyrenophora tritici repentis (Died.) Drechs., anamorph Drechslera
tritici-repentis (Died.) Shoemaker, has been distinguished as a very serious wheat disease in Latvia (Bankina, 2002;
Resnais, Guste, 2000). The increase of tan spot spreading is linked with the change in the growing technology —
increase of wheat growing without crop rotation, which allows to build up inoculum source, i.e. infected wheat plant
debris.

Management of tan spot is based on estimated disease severity effects on the yield. Fungicide application is an
important tool for disease control in the vegetation period. Important question is the right application timing. The data
in literature suggest that it is not necessary to use fungicides as preventive measure in early growth stages to anthesis,
but effective can be one-time application in later stages (De Wolf, Effertz et al., 1998; Duveiler, Dubin et al., 1998).

In last years, new technologies of IPM have been developing throughout the world — Decision Support Systems
based on PC programs. The Danish model for disease control in cereals was tested in Latvia (Turka, Priekule, 2003).
Calculation of advice, i.e. timing of treatment, choice of fungicide and appropriate dosage (in many cases, reduced), is
based on epidemical situation in a field and meteorological conditions (Hossy et al., 2000; Henriksen et al., 2000).

The present investigation was undertaken: 1) to evaluate the tan spot development dynamics and rate of infection
depending on fungicide treatments (different timing); 2) to compare the AUDPC (area under the disease progress
curve); 3) to evaluate the biological efficacy of fungicide treatments.

Materials and Methods
Trials were carried out in the south region of Latvia, an intensive wheat growing area — in the Teaching and
Research Farm “Péterlauki” (Jelgava, Latvia University of Agriculture (LLU)), in the Teaching and Research Farm
“Vecauce” (Vecauce, LLU), and in the west — in the State Stende Plant Breeding Station (LSCPP). 14 field trials in
winter wheat were carried out in 1999—2002 to test and compare efficacy of fungicide doses according to the Official
Register (registered doses in Latvia) and dose(-s) recommended by PC-P to control mildew, septoria blotch and,
simultaneously in the complex, tan spot.
The product used in all trials was Tango Super (epoxiconazole 84 g I'', fenpropimorf 250 g I"', BASF). The
following doses of fungicide were used in the trials;
1. A full dose (S1) — 1.5 I ha™ (GS 51-55), (1.25 L ha™ in 2 trials — 2000, 2001);
2. split doses (S2) — 0.75 1 ha™ (GS 37-39), 0.75 I ha' (GS 51-55), (0.65 1 ha™' x 2 in 2 trials — 2000,
2001);
3. treatment(-s) according to the PC-P Diseases recommendation (PC-P).
Different winter wheat cultivars were included in the trials (Table 1). Plots in size 25—28 m? were arranged
following a randomized completed block design in four replicates. All agronomic requirements were observed. Seed
dressing, herbicides and high dosages of nitrogen were used.
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Table 1
Localities and winter wheat cultivars used in the trials
Locality Cultivar 1999 2000 2001 2002
Jelgava ‘Donskaya Polukarlikovaya’' x X x x
‘Stava’’ X x X
Vecauce ‘Donskaya Polukarlikovaya’ X x
‘Kontrast™ x x
Stende ‘Krista’* x X X

' — susceptible, very early cultivar, split treatment is not necessary;
e quite resistant, late cultivar;

3 — moderately resistant, middle late cultivar;

* — moderately susceptible, middle early cultivar.

Assessments of disease incidence (number of infected plants or leaves/total plants or leaves) and severity
(percentage of leaf area covered by tan spot lesions) were carried out on the whole plant until GS 31, at GS 32-69 — on
3 upper leaves, at later stages — on 2 upper leaves. 50 leaves from main shoots were randomly taken from each plot.
Causal agents of diseases were determined in the laboratory by investigating pycnidias and morphology of
conidiophores and conidia. Moist chambers were used for development of conidia.

Rate of infection was calculated according to Hughes (Hughes, 2003):

X2 X1
r= *| log —log ;
12-11 1-X2 1-X1

where

r — apparent infection rate;

t] — time of previous disease assessment;

t2 — time of disease assessment;

X1 — disease severity at the time of first disease assessment;
X2 — disease severity at the time of second disease assessment.

Disease scores made through the season — from detection of first symptoms to GS 85 — were taken and used to
calculate the area under the disease progress curve (AUDPC), characterizing the mean infection level (Campbell,
Madden, 1990).

Meteorological conditions were rather different during the experimental period. The season was extremely dry in
1999 restricting the development of the disease. A similar situation was in 2002. The vegetation seasons of 2000 and
especially of 2001 were favourable for disease development, with wet and rainy summer developing high pressure of
leaf spot diseases.

Results and Discussion

The rate of disease progression depends upon host and environmental components of the pathosystem. For tan
spot development very important is a favourable temperature regime (not higher than 28 °C) and moisture (free
moisture for conidia germination).

100+ %
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] i
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g _
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Jelgava 'Donskaya polukarlikovaya' Jelgava 'Stava’

Bl Vecauce 'Donskaya polukarlikovaya' H Vecauce 'Kontrast'

@ Stende 'Krista'

Fig. 1. Severity of tan spot at the time of milk ripening in an untreated area
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Results of disease assessments on untreated plots showed very different epidemiological situation of tan spot in
the research period. Severity of tan spot fluctuated between the years and localities within the range 0.7—100%

(Fig. 1).
Table 2
Application time according to PC-P calculation, 2001
‘Donskaya . R ‘Donskaya ) s e s
Polukarlikovaya’' Stava Polukarlikovaya’ Kontrast Krista
Dose, Dose, Dose, Dose, Dose,
GS I ha GS Lha' s Lha" Gs Iha'! GS L ha'
35 0.45 55 0.56 32 0.51 31 0.38 31 0.36
69 0.55 59 0.70 38 043 47 0.60 33 0.38
69 0.51 69 0.54 47 0.53
- Jelgava;

2 Vecauce.

Because of more favourable conditions for tan spot development, data from 2001 were used for analysing
efficacy of different disease control strategies. In 2001, 5 trials were carried out (Table 1). Calculations for the PC-P
recommendation were done taking into account the infection incidence of Blumeria graminis, the number of days with
precipitation >1 mm after GS 32, and algorithm for other spot disease Septoria tritici. According to these advices,
different times and doses were used for disease control (Table 2). Results of field assessments (severity) showed that
doses and time of treatment did not influence the tan spot development (Fig. 2).
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Fig. 2. Development of tan spot depending on the treatment, 2001: 1 — Jelgava ‘Donskaya Polukarlikovaya’,
2 — ‘Stava’, 3 — ‘Kontrast’, 4 — Krista
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The rate of infection describes peculiarities of disease development depending on the treatment (Fig. 3). In most
cases, the infection rate sharply increased after flowering (the exception was in Vecauce, ‘Kontrast’, where early
infection was observed — GS 37-47), but later severity decreased in all treatments.

Tendencies of rate infection changes were similar in all treatments and all sites. A radical decrease in the rate
was noted after fungicide application; rapid extension of disease development was observed in the following weeks in
respect of the times and dosages of fungicide application.

In all cultivars the increase in tan spot severity was observed quite late in the season — after flowering (GS 69)
in untreated plots. According to this, most effective control was reached when fungicide application was carried out
later in the season — in trials with ‘Donskaya Polukarlikovaya’ and ‘Kontrast’. Sprayings were done in GS 69
according to calculations of PC-P. A similar effect was observed when a full dose of fungicide was used in GS 53-55,
which gave a long-lasting efficacy compared to the ' dose applied at the same time.
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The results of trials confirm the data on disease development from the Department of Warning and Prognoses of
Diseases and Pests (State Plant Protection Service). Analysis of observation results shows that first symptoms were
observed in conventional farming fields in tillering-stem elongation period (GS 31-33), in the heading-flowering
(GS 51-69) spreading can reach up to 50%, severity — 2—5%. Disease development reached its maximum in the
middle-end of milk ripeness (GS 75-79) — spreading up to 100%, severity 10—50%.

To evaluate the efficacy of different treatment strategies, the mean infection level was used (AUDPC). No
relevant differences of tan spot development were observed between treatment strategies (Fig. 4).

The volume of AUDPC only slightly correlated with the efficacy of fungicide treatment (correlation coefficient
0.19). Better results were obtained where fungicide applications were done 2 times with split dosages (S2), last of which
was done before — in early flowering. This tendency was observed in sowings of ‘Kontrast’ and ‘Krista’, medium and
medium-late ripening cultivars. Mean infection level was higher on ‘Stava’, late ripening cultivar with a prolonged
period from flowering to full ripeness. According to research results (De Wolf, Effertz et al., 1998), there are more
spores of fungus in the air later in the season, thus explaining a higher and not affected by fungicide application
AUDPC for ‘Stava’.
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Control S1 (1/1) S2(12x2) PC-P

Jelgava 'D/polukarlikovaya’ B Vecauce 'D/polukarlikovaya'

1 Vecauce 'Kontrast' H Stende 'Krista'
Jelgava 'Stava'

Fig. 4. The AUDPC of tan spot depending on different treatment strategies, 2001

Usefulness of fungicide application characterises biological efficacy — the disease control level in % to
untreated area. In 2001, there was a variable level of biological efficacy between treatments and varieties (Fig. 5). On
average, the highest efficacy was obtained if fungicide was applied two times with spilt dosages (S2) — 76.0%.
Efficacy of one application with a full dose (S1) was 65.9%, of the treatment based on PC-P calculations — 71.7%.
Similar figures were obtained if 3-year average (2000, 2001, 2002) was calculated: S1 (application in GS 51-55) —
70.7%, S2 (GS 37, 51-55) — 82.8%, PC-P — 71.5%.

10()—/{v

Efficacy, %

Jelgava 'Donskaja polukarlikovaja' Jelgava 'Stava'

E Vecauce 'Donskaja polukarlikovaja' B Vecauce 'Kontrast'

H Stende 'Krista'

Fig. 5. Biological efficacy of different fungicide treatment strategies to control tan spot, 2001

Basing on the results it can be assumed that there is no clear difference between the efficacy of split applications
(S2; PC-P) and one application later in the season (GS 51-69).

It can be concluded that development of tan spot varies between the years depending on climatic conditions,
though the reasons for very rapid increase of development in GS 61-69 are not clear. There is speculation that
peculiarities of ascospore development or some conditions are promoting conidias spreading. It is important to make a
research on conditions which might be favourable for disease development — humidity of debries, humidity on leaves,
number of rainy days after specific growth stage of plant or sum of precipitation in the vegetation period of the crop.

The research results suggest that there is no difference between one application in GS 51-55 and split dosages in
different times. It is necessary to develop more precise control strategies, using knowledge about tan spot epidemiology
in Latvian conditions, based on meteorological information and field description data — previous crop, disease
development.
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Table 2
Quantitative and group composition of microorganisms on seeds of wheat in 2002
(number of cells in one gram of dried seeds)

: Aerobic
Variant *I\S/Igﬁld Yeasts on spius;:z’:sh mesophilic | pHin | Mois-
RBCA ] bacteria on H,O | ture, %
RBCA &Snyder
PCA
Background N,
Untreated 1.5x10" | 2.2x10° 0 1.1x10° 7.16 9.8
Bumper Super | 1.5x10* | 3.0x10* 11 1.2x10° 7.18 9.8
1.01ha
Tilt + Sportak | 0.8x10* | 3.1x10° 11 1.6x10° 7.20 9.8
0.36 +0.89 | ha™
Tilt 0.5  ha 1.5x10* | 4.5x10° 5 2.3x10° 7.20 9.4
Background N5
Untreated 2.1x10° | 8.7x10° 0 2.4x10° 7.18 9.7
Bumper Super | 1.7x10" | 3.1x10" 0 1.4x10° 721 10.1
1.0 lha'
Tilt + Sportak | 1.1x10* | 2.7x107 27 2.8x10° 723 9.9
0.36 +0.89 1 ha™!
Tilt 0.5 | ha” 1.6x10* | 3.0x10° 0 1.3x10° 7.28 9.7

* Moulds — Alternaria, Cladosporium, Penicillium, Aspergillus, Fusarium, Trichothecium, Mucor spp.

The effect of N fertilisation

Increasing of N background increased the number of moulds both in 2002 and 2003. The same tendency was
evident in the abundance of Fusarium species. Heavier N fertilisation primarily favours the vegetative growth of plants,
however, probably it also creates better development conditions for pathogenic and epiphytic microflora. Larger N
doses in the drier conditions of 2002 increased the number of moulds and bacteria, as well as yeasts in the control
variant. In the wet conditions of 2003 it was particularly evident in all groups of microorganisms, especially in the
number of Fusarium species.

The effect of fungicides

In using fungicides at stages GS 39 on 23 May 2002 and GS 47-49 on 17 June 2003, yield harvest was done after
64 days in 2002 and after 66 days in 2003. According to the sales firms, the length of the effect of the active substance
agents of the fungicides used (propiconazole, prochloraz) is 28—42 days. The spraying was performed in favourable
weather conditions in both years, which did not decrease the effect of fungicides. However, could such single use of
fungicides affect also the microbiology of yields? Compared with the untreated control, the number of yeasts and
bacteria did not change in a firm direction (sometimes it increased, sometimes decreased), however, a certain decrease
in the number of moulds on a higher N background due to the effect of fungicides could be noticed during both years.

Table 3

Quantitative and group composition of microorganisms on seeds of wheat in 2003
(number of cells in one gram of dried seeds)

Moulds Fusarium Aerobi'c. . z
Vatiant i Yeasts on spp. on Nash mesophlhc pHin | Mois-
RBCA ) bacteria on H,O | ture, %
RBCA &Snyder
PCA
Background N,
Untreated 2.5x10% | 1.8x10% 0 2.7x10° 7.12 9.6
Bumper Super 3.1x10* | 4.2x10° 0 6.4x10° 7:14 9.6
1.0l ha
Tilt +Sportak 2.2x10* | 1.3x10° 0 6.4x10° 7.13 9.7
0.36+0.89 | ha™!
Tilt 0.5 | ha™ 2.7x10* | 1.5x10° 0 5.6x10° 7.12 9.9
Background N5,
Untreated 4.0x10" | 3.8x10% 440 1.3x10° 7.18 9.6
Bumper Super 3.1x10* | 3,7x107 220 1.6x10° 7.17 9.5
1.0 1 ha
Tilt + Sportak 4.0x10* | 3.4x10° 110 1.0x10° 7.24 9.9
0.36 +0.89 | ha™!
Tilt 0.5 | ha™ 3.7x10* | 9.1x10° 55 1.1x10° 7.30 9.8
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With the generally low numbers of Fusarium species in 2002, the effect of fungicides on their occurrence cannot
be detected, however, in 2003 the use of fungicides decreased the number of Fusarium species on the N,so background.
If in the control the number of Fusariums per 1 gram of dry grains was 440, fungicides decreased the number by 2—
8 times, whereas Tilt 0.5 I/ha had the strongest effect. Of Fusarium species, F. culmorum and F. avenaceum occurred
most frequently, and F. semitectum Berk. et Rav. And F. poae (Pk.) Wr. less frequently.

The toxicity of Fusarium spp.

The toxicity of Fusarium spp. to Bacillus stearothermophilus was mainly 3—7 points on a 10-point scale. There
were also non-toxic isolates. More toxic isolates were more frequent in the untreated control variant on the Niso
background. Isolates obtained from variants treated with fungicides had generally lower but similar toxicity.

The microbiological quality of grain

On assessing the quality of the grain according to the German standards for quality feed grain (Schmldt-Lorenz
1980), all the variants meet the requ1rements with their contents of moulds, yeasts (4 x 10*-8 x 10*) and aerobic
mesophilic bacteria (up to 6x10° in both years. With their moulds content, all of the 8 variants of 2002 meet the
requirements for quality food grain (Baumgart, Firnhaber, 1993), for which the number of either moulds or yeasts must
not exceed 3x10%, whereas with their yeasts content only 6 variants meet the requirements. In the more wet year 2003,
with their moulds content only 5 of the 8 variants and with their yeasts content only 3 variants meet the standard for
quality food grain. For the total number of bacteria (standard — up to 5x10°) all variants of both years meet the
requirements.

The changes of microflora in the main groups of microorganisms (bacteria, moulds, and yeasts) depended on the
background of N and weather conditions of the year more than on application of fungicides with active ingradient
propiconazole and prochloraz. Incidence of moulds, Fusarium species and bacteria increased in more rainy growth
periods as well as with greater application of N-fertilisers. Changes in the number of yeasts are not clearly connected
with the humidity of the growth period, however, with a combination of greater humidity and a higher N background
the number of yeasts increased considerably. In the case of the larger number of Fusarium species in more humld
growth periods, fungicides decreased their number 2—8 times, whereas the most effective fungicide was Tilt 0.50 1 ha™.
F. culmorum and F. avenaceum were the main species on the seeds. The toxicity of Fusarium isolates to
B. stearothermophilus was 3—7 points in most cases, whereas more toxic isolates were more frequent in the control
variant. The changes in microflora when applying fungicides do not generally impair the quality of grain but the
increase of the number of Fusarium spp. is unadvisable in certain cases.

The results of the research conducted revealed a need to postpone the use of fungicides to a later time to control
the development of microflora more effectively.
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DISTRIBUTION OF FUNGI PRODUCING TOXINS ON PLANT-ORIGIN FOOD STOCK AND
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Abstract

The diversity of fungi species spread on food products grown and processed under various ecological conditions
were estimated during the researches carried out in 1998—2003. Fungi were isolated and identified from grain, seed,
vegetables, fruit and other plant-origin products grown in Lithuania and imported from 24 countries. Fungi distribution
in various premises of storing, selling and processing was revealed. 312 species of fungi ascribed to 102 genera were
isolated and identified out of the investigated plant-origin food products stored and processed in different premises.
Majority of the isolated fungal species belonged to genera: Penicillium (45,4%), Aspergillus (10,8%), Fusarium (3,6%),
Mucor (3,5%), and Rhizopus (3,2%). Potentially toxic fungal species prevailed on plant-origin food products:
Penicillium expansum (detection frequency 13,2%), Aspergillus niger (12,8%), P. granulatum (8,8%), P. claviforme
(6,0%), P. spinulosum (5,6%). The total number of identified fungal species correlated with the number of toxic species
(R =0,92) and with the variety of investigated products (R = 0,81). Efficiency of 7 standard fungicidal preparations to
reduce the contamination of food product storage premises with fungal propagules was evaluated.

Key words: fungi, contamination, grain, seed, vegetables, fruit, berries, toxin.

Introduction

The propagules of micromycetes get on plant-origin food products from soil and air. Ability to adapt to changing
environmental conditions enables them to contaminate various vegetative substrata. If requirements of hygiene of the
premises are neglected, micromycetes can cause ecological problems, become the agents of plant and even people
diseases.

Mycotoxins are complex secondary metabolites produced by various species of fungi. Not all fungi produce
mycotoxins. Some species only reproduce one type of mycotoxin, while other produces several. Also, a specific type
mycotoxin can be produced by different fungal species. Some of the best-known mycotoxins include aflatoxins,
ochratoxins, trichothecenes, fumonisins, zearalenone and patulin. These mycotoxins can be produced by various fungal
genera including Aspergillus, Penicillium, Claviceps, Alternaria, Trichoderma, etc. Mycotoxins are produced under
specific conditions, which in general are independent of those required for fungal growth (Boutrif, Bessy, 2000;
Lugauskas et al., 2002; Parshikov et al., 2002).

Interest in the products of micromycete secondary metabolism — mycotoxins increases, new toxic materials
produced by microscopic fungi are revealed; new diseases caused by them are diagnosed (Brera et al., 1988; Pieckova,
Jesenska, 1999; Samson et al., 2000; Dutkiewich et al., 2001). Mycotoxicoses are not always directly associated with
consumption of the contaminated food. Often with contaminated forage mycotoxins get into organism of cattle and later
can be recorded in milk, meat of cattle and even in breast milk. Hence mycotoxins get into organisms of animal or
people through nutrition chains (Frisvad et Samson, 1991; Miraglia et al., 1995; Sabino et al., 1996; Correa et al., 1997;
Keblys et al., 2000; Lugauskas, Stakénien¢, 2001, 2002).

Aiming to evaluate potential hazard to the health of people and animals caused by mycotoxins, scientists from
various countries usually investigate the contamination of forage and grain with micromycetes, determined the
synthesized mycotoxins. The data on micromycetes damaging vegetables, fruit, nuts, bread products, are seldom
associated with the produced mycotoxins (Osipjan, Batikjan, 1993; Robiglio, Lopez, 1995; Jimenecz et al., 1997,
Lugauskas, Stakeéniene, 2001; Stakéniené et al., 2001). These investigations are usually not complex, only
microbiological or chemical contamination of products are regarded, preventive measures are rarely indicated, almost
no data considering hazard of the consumption of contaminated products to the health of people are provided.

Purpose of the research — to investigate the diversity of micromycete species spread on food products grown in
Lithuania and imported from other countries and to search for preventive safety enabling to reduce spreading of toxin-
producing micromycetes.

Materials and Methods

In 1998—2003, investigations on mycological state of fruit, berries, vegetables, and other food products of plant
origin grown in Lithuania and imported from 24 countries were performed in different premises of storing, sale and
processing with differing conditions of production preservation. For mycological investigations, 650 samples of
95 product types were taken. They were analysed according to the methods described by Kudrjasheva (1986), Rabie et
al. (1997), Samson et al., (2000). The analysis of each sample was performed in three replications. The methods of
direct plating and dilution plating were applied for isolation of micromycetes. The agar medium of malt extract supplied
chloramphenicol (50 mg/l) was used. The upside-down Petri dishes were kept for 4 days in thermostat at a temperature
of 28 °C, for the next 4 days at a temperature of 20 °C, the regime of light and dark was being changed every 12 hours.
Pure micromycete cultures were isolated; they were cultivated in standard agar Czapek, malt and corn extract media at a
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storehouses were infected by Botrytis alii, B. bifurcata, Perenospora destructans, Fusarium moniliforme, F. oxysporum,
and Penicillium spinulosum.

The vegetables imported from various countries were infected by propagules of micromycetes. The diversity of
determined species of micromycetes was not large. It could be connected with treating vegetables with fungicides
during their growth or after gathering. However, this statement should be well grounded by special investigations.

The contamination of matured seeds of various plants grown in the fields by fungi propagules was not
significant: wheat contamination was from 328 to 502 cfu/g; barley — from 793 to 1020; rye — from 580 to 867,
corn — from 340 to 370; soybean — from 32 to 56 cfu/g. Fungi of Alternaria and Fusarium genera were prevailing
(47,8% and 27,3%, respectively). On the grains stored under various conditions, fungi of Penicillium and Aspergillus
genera were prevailing (32,0% and 27,3%, respectively). Fungal propagules existing in the storage air are one of the
grain contamination sources while storing. It is determined that the amount of fungi propagules in the air is related to
the works performed in those premises, especially with the grain drying when the intensive air convection is taking
place. The composition of micromycetes species in the investigated premises depended upon diversity of the analysed
products, their origin, and quality of their storing environment, preventive measures.

It is referred in literature sources that 60—70% of micromycetes spread on food are toxic to the warm-blooded
(Hussein, Brasel, 2001). Particularly hazardous are mycotoxins accumulated in fatty fraction that through nutrition
chain get into consumers food without any perceivable changes of quality (Sabino et al., 1996; Dragacci, Fremy, 1996;
Correa et al., 1997). Micromycetes settled on food are hazardous just for people eating the contaminated food, but also
to those working in the premises of its storage, sorting, as well as in flourmills and food-processing establishments
(Krysinska-Traczyk et al., 2001).

According to the detection frequency, potentially toxic micromycete species prevailed on the on plant-origin
food products: Penicillium expansum (detection frequency 13,2%), Aspergillus niger (12,8%), P. granulatum (8,8%),
P. claviforme (6,0%), P. spinulosum (5,6%), P. italicum (5,4%, Fig. 2).

Aspergillus fumigatus
Rhizoctonia solani
Penicillium implicatum
Penicillium
Acremonium charticola
Penicillium

Penicillium paxilli
Penicillium palitans
Penicillium clavigerum |
Cladosporium |
Penicillium verrucosum
Fusarium oxysporum
Aspergillus restrictus
Penicillium oxalicum
Fusarium moniliforme
Aspergillus flavus
Geotrichum candidum
Verticillium alboatrum
Penicillium funiculosum
Mucor hiemalis
Acremonium strictum
Alternaria alternata
Botrytis cinerea
Rhizopus stolonifer
Penicillium digitatum
Rhizopus oryzae
Penicillium biforme
Penicillium

Sclerotinia sclerotiorum
Penicillium italicum
Penicillium spinulosum
Penicillium claviforme
Penicillium granulatum
Aspergillus niger
Penicillium expansum

Fig. 2. Detection frequency of fungi on the investigated products of plant origin, % (black — potentially toxic species)

In the investigated premises the total number of identified fungal species strongly correlates with the number of
potentially toxic species (R = 0,92). Diversity of food items correlates with the total number (R = 0,81) and the number
of potentially toxic micromycete species (R = 0,80).

Resistance of 66 micromycete strains towards 7 fungicidal substances, used in concentrations recommended by
the manufacturers, was checked. Statistical analysis of the results revealed that Rhizopus stolonifer and R. oryzae were
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THE SPREAD OF DARK LEAF AND POD SPOT (ALTERNARIA SPP.) ON SPRING TURNIP
RAPE (BRASSICA CAMPESTRIS) LEAVES AND SILIQUES
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Abstract

Dark leaf and pod spot disease, caused by Alternaria spp. is a serious problem on spring turnip rape (Brassica
campestris) in Lithuania. The effects of weather conditions on the dynamics of dark leaf and pod spot incidence and
severity on the spring turnip rape cv. ‘Mammut’ were assessed during 2000—2003 in the central part of Lithuania.
Disease assessments were carried out once a week from BBCH 63 to BBCH 83 on leaves and from BBCH 70 to BBCH
89 on siliques. Every year the incidence and severity of the disease were significantly affected by the meteorological
conditions — precipitation, temperature and relative air humidity. The most conducive weather conditions to the
occurrence of dark leaf and pod spot disease on spring turnip rape leaves and siliques were in 2000, while the most
adverse year was 2002. Weather factors had a greater effect on Alternaria blight severity than on incidence. The disease
severity positively correlated with the mean daily air temperature, content of precipitation and relative air humidity.

Key words: spring turnip rape, Alternaria spp., incidence and severity, dark leaf and pod spot.

Introduction

Alternaria species are worldwide and attack a large number of Brassicaceae crops (Kadian & Saharan, 1983;
Tewari & Conn, 1993; Verma & Saharan, 1994). The disease is favoured by moderate temperature, high humidity and
splashing rain (Humpherson-Jones & Phelps, 1989; Verma & Saharan, 1994; Meah et al., 1999). A medium Alternaria
blight severity on siliques of winter oilseed rape corresponds to a 20%, a high severity to a 50% seed yield loss
(Daebeler et al., 1988). Analysis of the relationship between the parameters of Alternaria blight and yield of Brassica
campestris suggests that the percent of yield loss caused by 1% of the disease severity was 1.66% in 1997/1998, but
7.2% and 5.2%, respectively for sown healthy and diseased seeds in 1998/1999 (Meah et al., 2002). This disease can
sometimes be a serious problem on winter, spring oilseed rape and turnip rape in various countries (Frencel et al., 1991;
Clear & Patrick, 1995; Sadowski et al., 2002). For this reason the studies of 4/ternaria blight, which is one of the most
important diseases of rape, are of special relevance. This paper describes dynamics of A/ternaria blight spread on spring
turnip rape lower, middle or upper leaves, disease incidence and severity on leaves, siliques in relation to
meteorological parameters.

Materials and Methods

Observations on spring turnip rape crops of cv. ‘Mammut’ were made for a period of four years (2000—2003) in
the central part of Lithuania. Assessments of dark leaf and pod spot on leaves were made from the beginning of
anthesis (BBCH 61-63) until the leaves persisted on plants (BBCH 80-85). The disease assessments on siliques were
made throughout the whole silique formation, development and ripening period. The assessments were made weekly on
25 marked plants per plot on bottom, middle and upper leaves and siliques. Disease incidence and severity on siliques
was identified by assessing 5 siliques on the primary stem of each marked plant (125 siliques per plot). The sample
plots did not receive any fungicide applications. Spring turnip rape growth stages (BBCH) were identified according to
(Lancashire et al., 1991).

The disease was identified by visual and microscopic methods. Alternaria spp. severity was determined
according to Conn et al., 1990. Weather data (daily temperature, precipitation and relative air humidity) were generated
by the Hardi Metpole (weather station), located nearby the experimental field (about 25 metres).

Results and Discussion

Alternaria blight (4/ternaria spp.) was identified on spring turnip rape leaves and siliques every year during the
2000—2003 experimental period, however, due to diverse weather conditions during the period of Alternaria blight
spread on leaves and siliques, there were great differences in the disease incidence and severity between years. In 2000,
during the period from anthesis to the end of ripening (the time of dark leaf and pod spot occurrence), the amount of
precipitation totalled 214.8 mm, relative air humidity until the middle of flowering stage (BBCH 64) was close to 70%,
later it fluctuated within a 79.4—86.7% range. The mean daily temperature varied within a 12.7—17.2 °C range, the
maxim temperature during the whole period had reached 23.9 °C (Fig. 1). The weather conditions determined slow
development of turnip rape (9 weeks elapsed from the beginning of flowering to harvesting) and had a conducive effect
on Alternaria blight occurrence.
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Fig. 1. Weather conditions during the period of dark leaf and

pod spot development on spring turnip rape:

P — precipitation, mm; Ta — mean air temperature, °C; Tmax — maximum air temperature, °C;
T min — minimum air temperature, °C; RAH — relative air humidity, %
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Fig. 2. Alternaria blight incidence (%) on spring turnip rape bottom leaves (BL), middle leaves (ML), upper leaves (UL)
and siliques (S) in 2000—2003
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Fig. 3. Alternaria blight severity (%) on spring turnip rape bottom leaves (BL), middle leaves (ML), upper leaves (UL)

and siliques (S) in 2000—2003
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In 2001, unlike in 2002, only six weeks elapsed from the beginning of spring turnip rape flowering to full
ripeness, turnip rape developed much more rapidly due to the shortage of moisture and higher mean daily temperature
(15.7—22.4 °C), and maximum air temperature reached 24.0—28.3 °C almost every week. The amount of precipitation,
that fell from the beginning of flowering to harvesting, was as low as 127.9 mm, its distribution during the period was
uneven; in the periods with no precipitation relative air humidity dropped below 66% but in the middle of the period,
from BBCH 63 to BBCH 79, precipitation occurred every week, and relative air humidity ranged within 73.3—80.5%.
The conditions for the spread of dark leaf and pod spot were rather conducive.

The year 2002 was the most unfavourable of all experimental years for spring turnip rape development and dark
leaf and pod spot occurrence, especially in terms of precipitation. Since BBCH 62, when the first spots of dark leaf and
pod spot were identified on lower and middle leaves, till the end of ripening stage, six weeks elapsed, and the amount of
precipitation totalled as little as 82.0 mm, i.e. 2.6 times less than in 2000 and 1.6 times less than in 2001. Relative air
humidity during the larger part of the described period was below 70% in 2002, and average daily temperature was
higher than usual, especially at ripening period, which markedly accelerated ripening of turnip rape and created
unfavourable conditions for Alternaria blight development. In 2003, the amount of precipitation that fell during the
same period was 111.4 mm and its distribution was rather even, however, relative air humidity at the beginning of the
period was below 70%, in the middle of the period it amounted to 72.1—77.7%. Since growth stage 79—80 the mean
daily temperature rose to above 22 °C, maximum temperature was 27.6—28.6 °C, which had a negative effect on the
disease occurrence on siliques.

As we can see, a great diversity of precipitation, relative air humidity and mean daily temperature was recorded
over the four experimental years. Various combinations of these factors had a positive or negative effect on the intensity
of Alternaria blight spread, as was also noted by other authors (Hong et al., 1996).

The first spots of dark leaf and pod spot on middle leaves of turnip rape were identified at stage 63 in 2000, at
stage 62 in 2001, at stage 64 in 2002, and at stage 67 in 2003. In the year 2000, within two weeks the disease had spread
on the upper leaves (BBCH 65). With senescence of spring turnip rape leaves the disease severity tended to increase
due to the greater disease susceptibility of older leaves (Conn & Tewari, 1989; Mridha & Wheeler, 1993). After another
3 weeks the first spots were spotted on siliques (BBCH 79) and within two weeks up to stage 85 dark leaf and pod spot
had spread on all siliques (Fig. 2). In 2000, the disease severity on siliques was the highest of all experimental years,
higher than on leaves, and at the end of ripening period reached 11.7% (Fig. 3).

In 2001, Alternaria blight on middle leaves appeared at growth stage 62, after a week — on upper leaves, after
another two weeks the first disease spots were identified on young siliques (71 BBCH) and within a week had spread on
all siliques, although disease severity was as low as 1.97%. After another week the disease had covered 4.0% of siliques
surface, however, turnip rape had stopped ripening at that time and the disease development stopped. That year the
disease severity on siliques was lower than on leaves, since the conditions (precipitation and relative air humidity) for
the disease development were more favourable in the middle of the period rather than at the end.

During the 4-year period the year 2002 was extremely unfavourable for the disease development on leaves and
siliques. Due to the shortage of moisture the incidence of dark leaf and pod spot on lower and middle leaves was 34—
63%, and on upper leaves — 97%, and on siliques — 66%. The disease severity was the lowest of all experimental
years and did not exceed 1% on leaves and siliques.

[n 2003, although the disease had spread on all lower, middle and upper leaves, the disease spots covered as little
as 1.2—4.0% of leaf surface area. On siliques the first disease spots were identified at growth stage 80 and until the end
of ripening, within two weeks, the disease had spread on 78% of siliques, but the disease severity on siliques amounted
to as little as 1%, like in 2002.

Summarising the experimental results, we can maintain that the period of Alternaria blight occurrence on spring
turnip rape leaves and siliques is usually characterised by large variation of the weather factors both between years and
within one season. Our observations suggest that precipitation, relative air humidity, and mean air temperature were
equally important factors and they had a greater effect on Alternaria blight severity rather than on incidence, therefore it
is important that both of these factors are identified in the tests instead of focusing on one of them, especially on the
incidence alone. Correlation analysis have shown that the disease severity in 2000-—2003 positively correlated with the
mean daily temperature (Rygpo = 0.949%, Ryp01 = 0.742, Ryepp = 0.708, Ryp03 = 0.956%), in three experimental years it
strongly positively correlated with the amount of precipitation (Ragpo = 0.544, Rygo; = 0.740, Ryg02 = 0.574). A strong
correlation between the disease severity and relative air humidity was identified only in 2001 and 2002 (R0, = 0.667,
Ry002 = 0.582). The identified correlations in most cases were not statistically significant, but we can assert that trends of
these correlations were determined.
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Abstract

Potato late blight caused by Phytophthora infestans (Mont) de Bary may occur and infect plants at any time
during the growing season.

It is well known that potato tubers are the most important first sources of inoculum. Infection of tubers happens
when sporangia or zoospores are washed from foliage through the soil to developing tubers. Secondary spread of late
blight occurs when spores are produced on infected potato leaves. Spores from infected potato in neighboured fields or
gardens can travel through the air.

Potato late blight field trials were carried out in 1999—2002 in Central, Eastern and Western parts of Latvia. The
role of potato late blight secondary infection and yield quality in untreated and treated with fungicide fields was
compared.

The first symptoms of late blight were observed approximately at the same time in the area and in the trial fields.
The year 2001 was the most favourable for development of potato late blight. The disease severity at the end of season
was 100% whereas only 1—19,6% in 1999 and 2002. Tuber infection at harvesting time varies 0—12,7% depending on
the year.

Comparison of the disease development, tuber infection and yield between the years and between untreated and
treated with fungicide fields showed significant differences.

Key words: Phytophthora infestans, a potato, late blight.

Introduction

Potato plants in all stages of growth are susceptible to late blight caused by Phytophthora infestans (Mont) de
Bary (Fry and Apple, 1986). Early infection of the crop can remarkably reduce the yield, but equally infection late in
the season can be more destructive because of the increased risk of tuber blight.

Late blight survives from one season to the next season in infected tubers that are placed in storage or left in cull
piles. Infected tubers sprout, spores are formed on the sprouts and are carried by wind or precipitation to healthy potato
leaves (Andrivon, 1995).

When weather conditions are favourable, the fungus can spread rapidly through the foliage and is able to destroy
potato plants in very short time. Late blight epidemic results from asexual reproduction of P. infestans in susceptible
host tissue (foliage, stems and tubers) (Fry and Goodwin, 1997).

The asexual reproduction of the cycle involved the production of sporangia and the release and then germination
of zoospores. Single sporangia or several sporangia often initiate potato late blight, each of which is able to produce leaf
lesion. The lesion progress and new sporangia are formed in a few days after infection. The disease cycle (penetration,
colonisation, sporulation and dispersal) can occur in less than five days (Harrison and Lowe, 1989). Development of
potato late blight primarily depends on weather conditions. During the relatively warm summer with lot of precipitation
the disease can be impossible to control. Other, more dry years, the disease can be completely absent. The optimum
temperature for both the speed for formation of sporangia and their final quantity can vary from 16 to 22,5 °C (Harrison,
1995).

Aerial dispersal of P. infestans is the main process involved in spreading of late blight. Spores from infected
potato in neighboured fields or gardens can travel through the air more than 100 kilometres (Mizubuti et al., 2000).

Sporangia produced in the foliage can be washed from leaves to infect the tubers. In the case of serious potato
late blight attack in different countries, up to 25—50% of the harvest may be lost (Fry and Mizubuti, 1998; Turka,
1998). Some of the infected tubers may be destroyed before harvest, but other become diseased in storage (Fry and
Goodwini, 1997). Soft rot of tubers can occur in storage following late blight tuber infection, in addition to the indirect
losses from late blight.

The only way to protect the tubers is to keep the potato foliage free from late blight. Applying fungicides every
year mainly does this. The fungicides used against P. infestans have a preventive effect and stop the pathogen from
infecting the crop. Subsequent sprayings have to be done all through the growing season.

Materials and Methods

Potato late blight field trials were carried out in the growing seasons 1999—2002. The Latvia University of
Agriculture Study and Training farm “Vecauce”, Stende Plant Breeding and Experimental Station, Research Centre at
Skriveri, Latvia State Plant Protection Service Units of Prognosis and Diagnostics at Priekuli, Saldus and Bauska and
State Plant Protection Centre in Carnikava were involved in the monitoring of late blight.

Moderately susceptible variety 'Sante' was used in all experimental years, except in Carnikava (1999), when
variety 'Asterix' was used. In the year 2002, Carnikava and Skriveri were not included in the experiment.
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The role of potato late blight secondary infection on the yield quality in untreated and treated with fungicides
fields were compared. Appearance of first symptoms, tuber infection and yield estimation was done during harvesting.
Disease assessments during growing seasons were made in the years 2000, 2001 and 2002. Approximately one month
after planting, every trial field was observed once a week but after row closing twice a week. ANOVA models were
used to assess the effect of potato late blight severity and tuber blight and tuber yield.

Experimental design:

1. untreated control,

2. treated with fungicides — two first treatments with systemic fungicide and subsequent treatments
with protective fungicide. First treatment was made during the row closing or according to
prognosis when late blight was recorded in the region.

The weather conditions were different in growing seasons 1999—2002 (Fig. 1). The growing season 1999 was
not favourable for disease development. The end of growing season 2000 was favourable but growing season 2001 was
most favourable for development of late blight. The sum of temperatures and amount of precipitation were in optimum
for disease development.
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Fig. 1. Temperatures sum and amount of precipitation during growing season, 1999—2002

Whereas, the growing season 2002 was very hot and amounts of precipitation were less than other years.
Development of potato late blight was decreased. August was dry and air temperature in some days exceeded 30 °C.

Results and Discussion

Secondary infection of late blight occurs when spores from infected potato leaves in neighboured fields or
gardens can travel through the air. The home gardens are a major primary source of inoculum because here potatoes are
growing in one place for a long period and certified seed material is not used. Interactions between secondary infection
of late blight and yield quality depend on appearance of first symptoms and disease development.

The time of appearance of first symptoms of late blight was not very different between different places within in
one year. Mostly, potato late bli;i’,ht spread in country within two weeks. In the years 1999 and 2001, the first symptoms
were observed very early — 25" and 29" June and it was in Bauska. In others places in the year 1999 first symptoms
appeared 7—28 days later, but in the year 2000 the first symptoms were observed approximately one month later. In
2001 and 2002, observation results of first symptoms were similar (except Bauska). Potato late blight symptoms were
appearing at the same time in untreated and treated with fungicide fields (Table 1).

Similar tendencies were observed with disease development in different trial sites. The results from Vecauce
were analysed for potato late blight development.

Disease development curves for untreated fields are shown in Fig. 2. The year 2001 was most favourable for
disease development. After observation of first symptoms the disease developed very fast and at the end of July disease
rating was 94%. In 2000, potato late blight development started at the second half of the growing season. In 2002, the
situation was similar.

Disease development curves for treated with fungicides fields are shown in Fig. 3. Usage of fungicides was not
effective for control of potato late blight in 2001, and disease rating at the end of the season was 83,5%. Whereas in
2000 and 2002, the disease ratings were 0,1 and 2,0%, respectively.
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Table |
Appearance of first symptoms and tuber infection in untreated and treated with fungicides fields, 1999—2002
Location Appearance of first Tuber infection, % at harvesting time
symptoms Untreated | Treated with fungicide
1999
Vecauce 05.07. 0 0
Stende 16.07. 0 0
Skriveri 19.07. 0 0
Priekuli 19.07. 0 0
Saldus 27.07. 0,1 0
Bauska 29.06. 0 0
Carnikava 17.07. 0 0
2000
Vecauce 31.07. 0 0,8
Stende 24.07. 3 2,6
Skriveri 24.07. 0,1 0
Priekuli 21.07. 5,7 4
Saldus 24.07. 1,1 2
Bauska 21.07. 1,1 0,1
Carnikava 19.07. 1,5 0,5
2001
Vecauce 10.07. 0,7 0,3
Stende 02.07. 5,4 2,1
Skriveri 17.07. 0 0,1
Priekuli 28.07. 3,5 0,5
Saldus 17.07. 7,3 3,7
Bauska 25.06. 4,3 2
Carnikava 10.07. 12,7 14,5
2002
Vecauce 12.07. 0 0
Stende 14.07. 0 0
Skriveri — — —
Priekuli 02.07. 0 0
Saldus 02.07. 0 0
Bauska 31.07. 0,1 0
Carnikava - — -
LSD 3,45

However, tuber infection not always depends on disease rating. In 2001, disease rating was high and tuber
infection was 0,8% in untreated variant and 0,3% in treated with fungicides variant. But in the years 2000 and 2002,
although disease rating was 50% and 71%, in untreated fields tuber infection was 0%. It could be explained by
comparatively late appearance of first symptoms and disease progress. The potato foliage is nearly destroyed and if
weather conditions are hot and dry the infection cannot occur. The disease development is decreased or stopped.

Disease rating, %
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Fig. 2. Development of potato late blight in untreated fields in Vecauce, 2000-—2002
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Fig. 3. Development of potato late blight in treated with fungicides fields in Vecauce, 2000—2002

Situation was different in the variant treated with fungicides in the year 2000. The disease rating was low but
tuber infection level was 0,8%. In this situation, disease level was constant for a long period and that affected the level
of tuber infection, because on infected potato foliage P. infestans spores were present.

Development of potato late blight in the growing season has shown remarkable influence on the tuber quality
and on tuber yteld as well.

The total yields are given in Figures 4 and 5. Average lowest yield was obtained in the year 2001 if we compare
different growing seasons. The yield was 25—65% less than in other growing seasons.

To compare untreated and treated with fungicides fields there were significant differences between locations and

years. Usage of fungicides gave a 8—28% increase of yield in unfavourable year for development of potato late blight
and 18-—23% in favourable for development of late blight year.
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Fig. 4. Tuber yield in untreated fields, 1999—2002
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Fig. 5. Tuber yield in treated with fungicides fields, 1999—2002
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Although potato late blight is observed every year, the relationships between yield and yield loss by P. infestans
and weather conditions are still unclear. The biology of P. infestans has changed during recent years and the role of
sexual reproduction cannot be excluded.

The monitoring of potato late blight may promote disease control, and monitoring information is an important
component in all potato late blight forecasting system. This information about an earlier potato late blight appearance in
neighbouring regions or countries is used to forecast its earlier appearance also in this country.
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ESTIMATION OF LILIUM RESISTANCE AGAINST GREY MOLD (BOTRYTIS MICHELI ex FR.)

* Antra Balode, Ina Belicka
*Latvian University of Agriculture, Department of Horticulture, Liela 2, Jelgava, LV 3000,
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Abstract

Grey mold, caused by fungus Botrytis Micheli ex Fr., is especially destructive to lilies (Li/ium L.) in the second
half of summer. jt attacks the leaves, flower buds and flowers; in the result lilies loose their general attractiveness. In
lily breeding the current activities are directed towards development of disease resistant cultivars to avoid the use of
chemical plant protection, to make the growing economically sound and ecologically safe. Resistance to grey mold
(Botrytis elliptica (Berk.) Cooke) in 7 species and 75 cultivars of lilies was tested visually on natural and artificial
infection backgrounds according to method of S. Sidorova and V. Popov in grades 0 to 4 (0 — healthy, 4 — very heavy
susceptible). The 10 lily plants selected from each species and cultivars were estimated for their resistance to diseases
and the average index of morbidity was calculated. The obtained results show no differences when testing lilies for grey
mold resistance under field conditions (1997—1998) and utilizing leaf segments under Jaboratory conditions. Cuitivars
of different levels of resistance to diseases were included in our trial. Estimation of parent plants and the produced
hybrids was done. The obtained hybrids were resistant to grey mold if parents crossings were resistant to this disease
agent. When crossing cultivars susceptible to grey mold with cultivars resistant to this disease agent, the obtained
hybrids were either intermediate by this trait or susceptibility to this disease was dominant. 10 perspective hybrids were
tested under field conditions by resistance to grey mold (1999—2000). No significant differences were found between
the two years results.

Key words: Botrytis, estimation, inoculation, fungi, lilies.

Introduction

In moderate climate one of most widely spread diseases of lilies is grey mold, caused by fungus Botrytis spp.
mold infects various vegetative organs — leaves, flower buds, flowers, stems and seed pods of lilies.

Various wild plants and cultivars infect about 50 species of the genus Boirytis Micheli ex Fr. that differ by
specialization of host plants. The most important are: clover flowers (B. anthophila Bond.) (Van der Plank, 1963),
leaves and bulbs of tulips (8. tulipae (Lib.) Lind.) (Koster and Meer, 1993), gladioluses (B. cinerea Pers.) (Van den
Ende, 1996). The grey mold is caused in lilies (Lilium L.) by two species of Botrytis: mainly B. elliptica (Berk.) Cooke
and B. cinerea Pers (McRae, 1987; Lawson and Hsu, 1996), seldom B. rulipae (Lib.) Lind (Doss et al., 1988; Van
Aartrijk, 1996). The conidia spores germinate and enter leaves through the epidermal stomates. The first evidence of the
disease appears as reddish-brown oval spots on the leaves. During wet weather the spots eventually coalesce and the
whole leaf collapses and decays (McRae, 1987). The conidia of the genus Botrytis germinates on the plant only if there
is sufficient moist environment with drops of water. Injury to the plants, especially frost or mechanical damage, will
always make it easier for Botrytis spores to enter the leaf. The fungus formed on died tissue small, black sclerotia and
over winter in soil (Lawson and Hsu, 1996). These sclerotia produce spores in the next vegetation season, which spread
by the wind and are splashed by rain onto the new foliage.

Even if fungus B. cinerea Pers. has a lot of food plants, it is possible to establish varieties and races that differ by
morphological and biological traits (by form and measure of conidia spores, measure of sclerotia and its formation,
virulence to individual food plants). It is observed that these parasites have biological specialization to substrates and
biotopical diversity (Pynakos, 1959).

The breeding of the fungus resistant varieties of lilies can help to solve the Bofrytis problems. Resistant cultivars
can play an important role in the control of this disease. Using resistant genotypes as parents give the highest chance of
a resistant progeny.

Chemical treatment is not always adequate and it pollutes the environment. In Latvia, lilies are mainly grown
under field conditions and in nature flowers are pollinated by useful insects: bees, bumble-bees, night-moths, ants, etc.

The goal of research was to estimate resistance to grey mold in lilies originated from different countries and
hybrids in field and laboratory trials for reccommendations to variety resistance, to make hybrid selection and evaluation
of the perspective hybrids in field trials. Up to now no research on distribution of grey mold and evaluation of resistance
of lilies has been done.

Materials and Methods

In autumn 1996, a field trial was established in Saulkrasti of the Riga region. The soil was well cultivated, pHgc
6.7, P,Os — 850 mg kg™, K,O — 324 mg kg’ (determined by Egner-Riehm), Ca —[388 mg kg, Mg — 219 mg kg
(determined by photometry method). Organic matter content — 4.6 g kg™ (by Tyurin’s method).

Between 1997 and 1998, 7 species of lilies, 75 different cultivars of lilies were evaluated for resistance to grey
mold (B. elliptica (Berk.) Cooke). Initial material was obtained in the following way: a lily bulb was vegetatively
propagated from bulb scales, and 10 bulbs of the same age (two-year old) from each species and cultivars, 2.5—3.5cmin
diameter, were included in the trial. The seedbed was prepared in early September prior to planting of bulbs. The
25 varieties of parent plants varying in resistance to grey mold were included in 14 cross combinations. The 10 bulbs of
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each parent plant and hybrid bulbs were planted in | m wide beds; the planting depth was 10 cm, the distance between
rows — 20 c¢m. Two free rows separated parent plants from hybrid populations. Bulbs were grown in the same site for
two years.

The level of grey mold resistance of plants was rated visually on natural and artificial backgrounds according to
method of S. Sidorova and V. Popov in grades 0 to 4:

0 — healthy, resistant, free from any grey mold symptoms;

I — slightly susceptible, individual spots are detected on plant leaves, injury of leaves below 25%,;

2 — moderately susceptible, injury of leaves below 50%;

3 — heavy susceptible, leaf damage below 75%;

4 — very heavy susceptible, leaf damage exceeds 75% or spots are spreading over the whole leaves.

The 10 perspective lily hybrids selected from 14 cross combinations were estimated for resistance to grey mold
under field conditions and the average index of morbidity was calculated (1999—2000). No chemicals were used in the
trial. The resistance test of lily varicties was determined using the artificial infection with application of conidia
suspension of B. elliptica. The segments of lily leaves grown in a glasshouse were used. Five leave segments from each
variety were selected at random. lsolates of B. elliptica was obtained from infected leaves of Asiatic lily variety ‘Roma’
collected from a field. The segments of lily leaves were put in Petri dishes on potato-dextrose agar with spore suspension
angd kept for 48 h, at 22 °C, with moisture present (Doss et al., 1984). After this incubation, Peiri dishes with segments of
lily leaves were transferred to a growing chamber (12 h day, light 3000 ix, 18 °C, 70% moisture), Segments of lily leaves
were examined 6 days after inoculation according to 0—4 grades: 0 — healthy; 4 — very heavy susceptible,

The obtained data were analyzed by heterogeneous complex dispersion method; the hybrids produced were
compared to parent plants using Fisher’s criterion (F); phenotypic variability of the studied traits was characterized by the
coefficient of variation (V %) according to method of J. Guzov: < 10% — low, 10.1—20.0% — medium, > 20.1% —
high,

Meteorological conditions

The April and May of 1997, 1999 and 2000 were mostly cold, with often frosts and heavy downpours. The
development of lilies was slow. Fast development of lilies was observed in the third decade of May, when air temperature
increased. The weather was warm in June with abundant rainfall, speeding up the development of lilies. July was hot,
sunny and dry, which influenced the development of bilies and did not promote Botrytis Micheli ex Fr. development, The
April of 1698 was cold and cloudy with precipitation in the first half, and warm and sunny in the second phase, favouring
fast development of lities. The first two ten-day periods in May were very warm and sunny, but the third ten-day period
in May and June was cold with abundant rainfall slowing down the development of lilies, July was hot and sunny in the
first ten-day period, but in the second half of the month it was clouvdy with much rainfall and cold nights. The parasitic
fungus Borrptis damaged the leaves and flowers of lilies.

The trial years were characterized by contrasting meteorological conditions. Due to sunny and dry July, the years
1997 and 1999 were most favourable for lily breeding. More unfavourable weather conditions occurred in 1998 and
2000 when lily plants were frost-damaged (2000) and severely attacked by grey mold (1998).

Results and Discussion

Assessment of lily Botrytis elliptica (Berk.) Cooke resistance

Resistance to grey mold (Borrytis elliprica) in 7 species and 75 cultivars of lilies included in the collection was
tested on natural infection background during 1997—1998 (Table I).

As healthy (grade 0) were assessed 23 (28%) plants of the collection, including 6 species of lities. 27 (33%)
varieties were assessed as slightly susceptible (grade 1) to grey mold. Disease ratings in grades 0 and | were given to
24% of lily cultivars from Latvia, 10% — from USA, 7% — from Canada, and to 6%, 4% and 2% of cultivars coming
from Holland, Russia and Germany, respectively. As moderately susceptible to grey mold (grade 2) were assessed
20 (24%) cultivars, including 9% of cultivars selected in Latvia, 9% — in Hollang, 5% — in Russia, 1% — in USA,
and mantagonlilies (L. martagon var. album West.). 9 (11%) varieties were assessed as heavy susceptible (grade 3),
including ‘Ca-Ca-Ca’ developed in Latvia. As very heavy susceptible (grade 4) 1o grey mold were recognized 3 (4%)
varieties of the collection. Disease ratings in grades 3 and 4 were given to 12% of lily cultivars from Holland, 1% from
both USA and Russia, respectively, and 1% from Latvia, The obtained results show no differences when testing lilies
for Botrytis elliptica resistance under field conditions and utilizing leaf segments under laboratory conditions. Disease
resistance test on leaf segment of lilies is recommended for assessment of the initial breeding maierial and hybrid
malerial to obtain precise results in a comparatively short period of time, Results of resistance testing of different lily
groups suggest that the level of infection in tested cultivars varied. The cultivars of Oriental lilies and Trumpet lilies
were healthy (grade 0) and slightly susceptible (grade 1) to grey mold but in Asiatic lilies the infection level varied
(grade 0 to 4). All species of lilies included in the iria) were healthy, except Lilium martagon var. album West., which
was moderately susceptible to grey mold (grade 2). Basing on the trial results, initial material was selected including
varieties with different infection level (grade 0 to 3).

135




AGRONOMIJAS VESTIS (Latvian Journal of Asronomy ), No. 7, LLU. 2004 Geographic distribution and epidemiology of diseases and pests

Table |
Results of testing resistance against Botrytis elliptica in lilies on natural infection background
(on average, 1997—1998)

Level of Lily species and varieties
infection by
Botrytis elliptica N;::' % Name
(grades 0—4)

0 — healthy ‘Baltais Lacis’, ‘Eksotika’, ‘Flaming Giant’, ‘Herrold’, ‘Jumprava’,

‘Leslie Woodriff', ‘My Joann’, ‘Olga’, ‘Orfejs’, ‘Red Carpet’, ‘Solstice’,
23 8 ‘Teika’, ‘Tirrol’, ‘Pargalvigd’, ‘Visenka’, ‘White Henryi', ‘Tetra Oriental’

L. henryi Bak., L. henryi var. citrinum hort.,
L. monadelphum Bieb., L. kesselringianum Miscz.,
L. szovilsianum Fisch, et Ave- Lall., L.martagon L.
‘Alisa’, ‘Banga’, ‘Apricot Supreme’, ‘Compass’, ‘Connecticut King’,

1 — slightly ‘Gardenia’, ‘Gran Paradiso’, ‘Honey Pink’, ‘Liesma’, ‘Liksna’, ‘Marsha’,

susceptible 27 33 | ‘Marco Polo’, ‘Mona’, ‘Miss Alice’, ‘Nakotne’, ‘Otello’, ‘Paija’,
‘Patricija’, ‘Peachblush’, ‘Saule’, ‘Saules Meita’, ‘Skriveri’, ‘VeltTjums’,
Venta’, ‘Tokyo’, ‘Zemgale’, ‘Yellow Blaze’
‘Arabeska’, ‘Brushstroke’, ‘Corsica’, ‘Dzintars’, ‘Evrika’, H-7-92,

2 — moderately 20 2 ‘Jolanda’, ‘Lastolka’, ‘Lolly’, ‘Nakts Tango’, ‘Nepal’, ‘Magic Eye’,

susceptible ‘Rotaja’, ‘Rosita’, ‘Sally Girl’, ‘Saulstarite’, ‘Shirley’, ‘Swing’, *Virineja’,
L.martagon var. album West.

" ‘Aristo’, ‘Chinook’, ‘Ca-Ca-Ca’, ‘No&ka’, ‘Moneymaker*, ‘Montreux’,

3 — heavy 9 [ A o ,

) Parisienne’, ‘Sirocco’, Tirreno

susceptible

4 — very heavy 3 4 | *Monte Rosa’, ‘Mont Blanc’, *‘Roma’

susceptible

Total 82 100

Assessment of hybrid resistance to grey mold (Botrvtis elliptica)

Grey mold, caused by fungus Botrytis efliprica, tends ta show up in lily plantings in the second half of summer.
It attacks the leaves, flower buds and flowers at the result of which plants loose their general attractiveness. Making
selections of disease resistant plants was one of the most significant airs of the breeding program. Cultivars with
different levels of resistance to diseases were included in the trial. Assessment of parent plants and produced hybrids
was done (Table 2).

The result of a cross between resistant cultivars chosen as parents (K-7, K-13, K-14), were hybrids resistant to
this disease agent. The produced hybrids didn't show significant differences compared to parent plants (Feu < Fops).
However, in one case (K-7) there was detected increased susceptibility to the disease (Fgy, > Fops) suggesting that in
chosen parents gene interaction was of specific character resulting in hybrids with partial immunity to grey mold.
However, resistant initial material L. henryi var. citrinum hort. has contributed to the development of more resistant
hybrids with perfectly healthy plants among them. This is in agreement with literature findings on the use of this lily
species as a resistance donor in lily breeding (Kroell, 1991). The increase in susceptibility to grey mold was observed in
reciprocal crossing between slightly susceptible cultivars (K-8). Reciprocal crossing between moderately and
moderately heavy susceptible cultivars (K-1, K-2, K4, 3™ group) produced hybrids which got infected by the fungus as
heavy susceptible parents (K-1, K-4), or by susceptibility ta the disease the produced hybrids were in medium position
between their parent plants (K-2). In these cases, proportion of the effect of combinations accounted for 2.68—18.91%.
The major factor that caused variability was the environment. Parent plants contrasting in susceptibility to disease agent
(4™, 5" groups) had greater effect on the degree of infection in hybrids. In crosses between resistant and slightly
susceptible (K-5, K-12, K-10) parents and vice versa (K-9), the proportion of the effect of combinations accounted for
20.34—40.58%. There exist significant differences (Fry > Fpos) between the average indices of variants (P, Py, F)). In
hybrids, susceptibility to grey mold was dominant (K-5) or prevalent (K-9, K-10, K-12).
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Table 2

Estimation of hybrid resistance to grey mold (Botrytis elliptica)
Level of infection in
grades, on average Level of sienificance Influence of variants
Cross Parents (0 — healthy; = r]2 %
4 — very heavy
susceptible)
Parents | Hybrids
Group |
(Healthy / healthy)
K-7 ‘Herrold’ 02 0.8* F i =4.32> Fgo5=3.25 18.94
‘Solstice’ 0.2
K-13 ‘Zemgale’ 0.5 0.5 F fakl = 093 < Foos=3.34 6.24
‘White 0.2
Henryi®
K-14 ‘Eksotika’ 0.4
L. henryi 0.0 02 Forake = 2.70 < Fp 05 =3.35 16.67
var. citrinum
hort.
Group 2
(Slightly susceptible / slightly susceptible)
K-8 ‘Compass’ 1.2 1.7 Frm=20<Fy05=23.33 12.10
‘Gran 1.2
Paradiso’
Group 3
(Moderately susceptible / heavy susceptible)
K-1 ‘Nakts 1.9 2.2 F fake = 048 < Fo 05— 3.27 2.68
Tango’
H-7-92 2.2
K-2 ‘Nakts 1.9 24* Fa =4.29>Fpo5=3.19 1543
Tango’
‘Ca-Ca-Ca’ 2.7
K-4 ‘Ca-Ca-Ca’ 2.7 2.7 F faie = 2.94 < Fgp5 = 3.24 13.11
‘Sally Girl]” 2.1
Group 4
{Healthy / slightly susceptible) and on the contrary
K-5 ‘Baltais 0.2 [.7* Fry=1878>Fy4s=3.16 40.58
Lacis’
‘Shirley’ 1.5
K-10 ‘Patricija’ 0.5 1.4* F fage = 10.52 > Fpp5=3.28 38.93
‘Magic 1.7
Eye’
K-12 ‘Olga’ 0.1 0.9* F e = 8.82> Fops=3.31 36.27
‘ Arabeska’ 14
K-9 ‘Nepal® 1.6 [.3* Fiam =4.72> Fpps=3.25 20.34
‘Alisa’ 0.7
Group 5
(Healthy / very heavy susceptible) and on the contrary
K-11 ‘Orfejs’ 0.3 0.5* F =44.10 > Fpo5=3.34 75.91
‘Aristo’ 2.5
K-3 | ‘Ca-Ca-Ca’ 2.7 1.7* | Frau=29.92> Fgos =320 57.08
‘My Joann’ 0.5
K-6 ‘Tirreno’ 2.5 2.6* Ffa =65.97 > Foos=3.20 74.56
‘Honey 0.2
Pink’

* Difference is significant at P g gs.
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The result of crossings between cultivars susceptible 10 this disease agent, such as ‘Ca-Ca-Ca’ (K-3) and
‘Tirreno’ (K-6) and resistant varieties (‘My Joann', ‘Honey Pink'), were the hybrids being an intermediate (X-3) by this
trait, or susceptibility was dominant (K-6). In one case (K-11), resistant to grey mold variety ‘Orfejs’ crossed with
susceptible variety ‘Aristo’ resulted in resistant hybrids (grade 0—1). It suggests that, genetically, variety *Orfejs’ could
be used in breeding for disease resistance. Significance of the obtained results is confirmed by the results of
mathematical analysis (Fry > Foos): the noted influence of variants (mY) is 57.08—75.91%. Within the hybrid
populations, selection of resistant forms is possible in each individual combination thus promoting the development of
immune cultivars. The hybrids produced were estimated in 1998 too (Fig.). On average, the level of infection was
somewhal increased due 1o the periods of excessive rainfall in July, thus contributing too rapid spread of infection. This
disease was greatly favoured by the density of a two-year old plantation, There exist close correlation between (wo-year
(1997, 1998) estimation results (r = 0.873, rpgs = 0.532, ooy = 0.661) and between these resulis no significant
differences have been found (F = 3.76 < Fgos = 3.86).

The research results indicate that the rejection of heavy susceptible genotypes could be realized considecing one-
year testing results

__IIVETQW—!
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Inficéttba ar peléko puvi, ballés
Infection with grey mold, in grades

Fig. The level of infection of hybrids (in grades 0—4) with grey mold (Botrytis ellipticer) in 1997—1998

Evaluation of perspective hybrids (in grades )—4) to resistance (o grey mold

10 perspective hybrids were selected from 14 crosses (Table 3). In both years high level of resistance was shown
by the following hybrids: *Resista 1’, ‘Arfa’, ‘Aurglija’, ‘Varsma’. These hybrids come frosm crosses K-7, K-11, K-13,
K- 14 in which one or both parent plants were detected as healthy to disease (‘Herrold®, ‘Solstice’, *Orfejs’, ‘Eksotika’,
‘Zemgale', ‘White Henryi', L henryi var. citrinum). From cross K-1} was selected hybrid ‘Arfa’ which showed
resistance. As father plant was used variety *Arisio’ originating from Holland and showing very heavy susceptibility (o
grey mold, which agrees with data in literature on susceptibility of this variety (Doss, 1986). From cross K-2, hybrid
‘Maksis’ was selected and assessed as moderately susceptible. The mother plant *Nakts Tango’, included in this cross,
was moderately susceptible to grey mold but father plant ‘Ca-Ca-Ca' showed heavy susceptibility 10 geey mold.

Results demonstrated that no significant differences were found between (wo-year estimations.

Table 3
The level of infection of perspective hybrids (in grades 0—4) to resistance to grey mold (Botrylis elliptica)
Level of infection
Cross Name of the hybrid 1999 2000
Grades To control Grades To control
Roma — control 3.8 — 3.9 -

K-2 Maksis 22 -1.6 2.7 —1.2
K-35 Balta Brigantina 1.5 —2.3 ).9 2.0
K-6 Menarda 2.5 -1.3 2.7 —1.2
K-7 Resista | 0.5 =33 0.7 -3.2
K-8 Kalsnava 1.2 —2.6 1.7 2.2
K-9 Sarlote i.2 -2.6 1.4 2.5
K-10 Menesnicas Sonate 1.2 —2.6 1.6 -2.3
K-11 Arfa 0.3 —~3.5 0.5 -3.4
K-13 Aurélya 0.2 -3.6 0.5 3.4
K-14 Viarsma 0.1 -3.7 02 3.7

Y aos =043 Y oos = 0.47
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The obtained hybrids were significantly resistant to grey mold and considerably surpassed control variety
‘Roma’ in both years: 1999, Fpy, = 54.11 > Fyos = 1.94; 2000, Fgy, = 47.10 > Fgo5 = 1.94. No significant differences
were found between two-year results,

Estimation of the lily collection against grey mold in natural and artificial infection backgrounds did not show
any significant differences in the obtained results. Resistance rating (grades 0—4) for grey mold was the following:
0 — healthy with no evidence of the disease, 28%; 1 — slightly susceptible, 33%; 2 — moderately susceptible, 24%;
3 — heavy susceptible, 11%,; 4 — very heavy susceptible, 4% of the tested collection material. The following local
varieties were assessed as resistant to grey mold infection: ‘Baltais Lacis’, ‘Jumprava’, ‘Orfejs’, ‘Teika’, ‘Venta’,
‘Eksotika’, ‘Pargalviga’. The following cuitivars coming from Holland were rated as very heavy susceptible to
infections: ‘Monte Rose’, ‘Roma’, and ‘Mont Blanc’. These lily varieties are not recommended for growing outdoors
under conditions of Latvia.

The resistance to grey mold characterized the obtained hybrids if parents were resistant to this disease agent.
When crossing cultivars susceptible to grey mold with cultivars resistant to this disease agent, the obtained hybrids were
intermediate by this trait or susceptibility to this disease was dominant.

10 perspective hybrids showed significant resistance to grey mold and considerably surpassed control variety
‘Roma’ in both years of the trial.
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DISEASES THREATENING PLANTS OF RUNNER BEAN (PHASEOLUS COCCINEUS L.)
CULTIVATED IN SOUTH-EAST POLAND
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Abstract

Studies of three years were conducted at the Experimental Station at Czestawice in the south-east of Poland. The
objects of research were the plants of four cultivars of runner bean: ‘Blanka’, ‘Eureka’; ‘Kontra’, and ‘Westa’.
Observations were carried out twice each year: at the seedling stage and at anthesis. At each stage the number and
health status of plants were determined and diseased plants were collected for mycological analysis. The seed yield and
its quality of each cultivar was estimated at the end of the experiment. The best emergence, health status and yield were
noticed for cv. Kontra, while cv. Blanka seemed to be the most affected by soil-borne pathogens under the conditions of
experiment.

Key words: runner bean, diseases, pathogenic fungi.

Introduction

Runner bean (Phaseolus coccineus L.) has been known in Poland since 19" century (Korohoda, 1969). The
species is cultivated for seeds as the material for sowing and consumption. The world production of runner bean in 2002
reached 1.18 Mt, including 584 Mt in Asia and 44.3 Mt in Europe. In Poland its production reaches 2.8 Mt, with the
mean seed yield of 19.9 Hg'Ha (FAO data 2002).

Because of favorable soil and climatic conditions, the cultivation of runner bean is concentrated mainly in Lublin
region (south-eastern Poland), which is the cause of growing runner bean too frequently in the same field. Too short
crop rotation is conducive to pathogens accumulation in soil. Earlier research (Pigta et al., 2001) showed that plants of
this crop were infected by Botrytis cinerea, Rhizoctonia solani, Sclerotinia sclerotiorum and Fusarium spp. These fungi
infect the runner bean plants at each growth stage causing necrosis of the underground and aboveground parts as well as
damping-off and tracheomycosis that reduces the size and quality of the yield (Miklas et al., 2003; Paul, 2002; Pigeta,
Labuda, 1993a; Snapp et al., 2003).

The purpose of the present study was to determine the communities of pathogenic fungi dangerous to runner
bean cultivated in the south-eastern Poland.

Materials and Methods

Studies were carried out in 2001—2003 at the Experimental Station at Czestawice near Lublin in the field
naturally infested with fungi after 10 years of bean monoculture. The objects of the studies were plants of four cultivars
of runner bean: ‘Blanka’, ‘Eureka’, ‘Kontra’, and ‘Westa’. The experiment was set in four repetitions (4 plots for each
cultivar), with the area of each plot of 4.5 m”. In each year, a field observation was performed on the plots of particular
cultivars at the phase of seedlings and at anthesis. At each growth stage, 5 plants with root and stem necrosis were
collected from each plot for mycological analysis (Pigta, Labuda, 1993b). Fungal colonies were identified with
available monographies. After the harvest, the size and quality of yield of each cultivar were determined. Percentage of
seeds with brown spots was estimated.

The results were statistically analyzed with Tukey’s test (Oktaba, 1987).

Results and Discussion

At both growth stages the differences in health status and number of plants were noticed between the plots
(Table 1). The lowest number of seedlings was observed on plots sown with cv. ‘Blanka’, while the highest was noticed
for cv. ‘Kontra’. The mean number of seedlings on the plot for the other two cultivars ranged from 80 to 83.7. Each
year seedlings with inhibited growth and yellowing lower leaves occurred in the experimental plots. The greatest
numbers of such seedlings were observed for cv. ‘Blanka’ (2.2%, on average), while the smallest — for cv. ‘Kontra’
(0.5%, on average) (Table 1).

The number and healthiness of plants at anthesis were similar to the results obtained in the first observation. The
highest number of plants was noticed for cv. ‘Kontra’ (92.3, on average), while the lowest — for cv. ‘Blanka’ (74.3, on
average). The highest number of stunted plants with yellowing lower leaves and root and stem rot was observed on
plots sown with cv. ‘Blanka’ and cv. ‘Kontra’ (Table 1). As the result of mycological analysis of runner bean seedlings,
623 fungi isolates belonging to 17 species were obtained (Table 2).
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Table 1
The number and healthiness of particular cultivars of runner bean

Number of seedlings
Cultivars of runner bean Number of seedlings per plot Percentage of infected seedlings
2001 2002 2003 mean 2001 2002 2003 mean
BLANKA 72" 78° 75° 75.0° 2.7° 1.5 25 2.2°
EUREKA 79" 81% 80™ 80.0" 2.0 1.7° 1.3° 1.7
KONTRA 93¢ 92° 94° 93.0° 0.5 0.7° 0.5 0.5
WESTA 81° 85 85 83.7° 1.7° 1.8 15" 1.7°
Number of plants at anthesis ’
Number of plants per plot Percentage of infected plants at anthesis
2001 2002 2003 mean 2001 2002 2003 mean
BLANKA 72° 76° 75° 74.3° 2.8° 1.7 2.5° 2.3°
EUREKA 77" 79% 78% 78.0" 2.0° 1.5° 2.5° 2.0
KONTRA 92¢ 91° 94° 92.3° 0.7 0.7 0.7 0.7
WESTA 80" 84° 82" 82.0° 1.8° 2.0° 1.7° 1.8°

* mean values in columns differ significantly (P < 0.05), if they are not marked with the same letter.



Fungi isolated from the infected seedlings of particular cultivars of runner bean (total from 2001—2003)

Table 2

Number of isolates

Fungus species Blanka Eureka Kontra Westa
r sb z r sb z r sb z r sb z Total

Alternaria alternata (Fr.) Keissler 4 6 10 3 5 8 2 4 6 4 4 8 32
Botrytis cinerea Pers. 2 7 9 2 4 6 1 3 4 3 5 8 27
Cladosporium cladosporioides (Fres) de Vries 3 4 7 3 6 9 4 S 9 2 4 6 31
Epicoccum purpurascens Ehr. ex. Schl. 3 4 7 4 2 6 1 2 3 2 1 3 20
Fusarium culmorum (W.G.Sm.) Sacc. 6 6 12 5 6 11 3 4 7 6 8 14 44
Fusarium oxysporum Schl. f. sp. phaseoli Kend. Snyd. 15 19 34 10 12 22 7 11 18 10 13 23 97
Fusarium solani (Mart.) Sacc. f. sp. phaseoli (Burk.) Snyd. Hans 10 15 25 9 10 19 S 7 12 8 12 20 76
Fusarium sporotrichioides Scherb 9 13 22 6 8 14 4 5 9 7 11 18 63
Gliocladium catenulatum Gilman Abbott 4 5 9 4 3 7 9 13 22 1 2 3 41
Mucor hiemalis Wehmer 3 3 6 3 1 4 1 3 4 4 2 6 20
Penicillium nigricans Bainier ex Thom 2 2 4 2 4 6 3 S 8 3 4 7 25
Penicillium verrucosum Dierckx var. verrucosum Samson

Stolk et Hadlok 5 3 8 2 1 3 2 1 3 2 1 3 17
Phoma exigua Desm. var. exigua - 4 4 - 3 3 - - - 1 4 5 12
Rhizoctonia solani Kithn 9 14 23 7 9 16 4 5 9 5 8 13 61
Sclerotinia sclerotiorum (Lib.) de Bary - 3 3 - 4 4 - 1 1 - S 5 13
Torula herbarum (Pers.) Link ex Fr. 3 4 7 1 1 2 2 2 4 2 3 S 18
Trichoderma koningii Oud. 1 2 3 2 3 5 7 9 16 1 1 2 26
TOTAL 79 114 193 | 63 82 | 145 55 80 | 135 | 6l 88 | 149 623

r — root, sb — stem base.



Table 3
Fungi isolated from the infected plants of particular cultivars of runner bean (total from 2001—2003)

Number of isolates
Fungus species Blanka Eureka Kontra Westa
r sb z r sb > r sb z r sb z Total

Alternaria alternata (Fr.) Keissler 4 7 11 4 6 10 2 4 6 5 5 10 37
Botrytis cinerea Pers. 3 8 11 2 6 8 1 4 5 4 7 11 35
Cladosporium cladosporioides (Fres) de Vries 4 6 10 4 8 12 5 6 11 4 5 9 42
Fusarium culmorum (W.G.Sm.) Sacc. 7 9 16 5 8 13 5 5 10 6 8 14 53
Fusarium oxysporum Schl. . sp. phaseoli Kend. Snyd. 15 20 35 12 17 29 9 10 9 11 14 25 98
Fusarium solani (Mart.) Sacc. f. sp. phaseoli (Burk.) Snyd. Hans 9 14 23 9 10 19 6 8 19 9 12 21 82
| Fusarium sporotrichioides Scherb 10 15 25 7 11 18 5 6 14 8 12 20 77
Gliocladium catenulatum Gilman Abbott 4 S 9 S 4 9 10 15 11 3 4 7 36
Humicola grisea Domsch 7 4 11 3 7 10 2 2 4 6 4 10 35
Penicillium chrysogenum Thom 5 4 9 10 2 12 7 3 10 3 - 3 34
Penicillium nigricans Bainier ex Thom 3 4 7 2 4 6 4 5 25 4 4 8 46
Penicillium verrucosum Dierckx var. cyclopium (West.) Samson

Stolk et Hadlok 6 8 14 | 4 | 4 | 8 2 6 | 8 | s | 5 |10 40
Phoma exigua Desm. var. exigua 1 5 6 - 4 4 - 1 1 2 6 8 19
Rhizoctonia solani Kithn S 7 12 4 6 10 2 3 S5 5 8 13 40
Sclerotinia sclerotiorum (Lib.) de Bary - 10 10 - 8 8 - 4 4 - 9 9 31
Torula herbarum (Pers.) Link ex Fr. 4 5 9 2 2 4 3 3 6 4 4 8 27
Trichoderma koningii Oud. 2 3 S 2 4 6 9 10 19 2 3 S 35
TOTAL 89 134 | 223 | 75 | 111 | 186 72 95 | 167 | 81 | 110 | 191 767

r — root, sb — stem base.



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy ), No. 7. LLU, 2004 Geographic distribution and epidemiology of diseases and pests

Fusarium oxysporum f. sp. phaseoli and Fusarium solani f. sp. phaseoli were most frequently isolated from
roots of bean seedlings. F. oxysporum f.sp. phaseoli constitutes the greatest danger to bean at the temperature of 26—
30 °C since such temperature is conducive to the germination of conidia, the growth of mycelium and the process of
infection (Aloj et al., 1983). On the other hand, F. solani f. sp. phaseoli can infect plants at lower temperature and
heavy rainfalls (Burke et al., 1980). These pathogens were isolated most frequently from the seedlings of ‘Blanka’,
‘Westa’ and ‘Eureka’, which suggests high degree of infection (Table 2). The seedlings of cv. ‘Kontra’ were much less
infected by these pathogens. Moreover, the seedlings of all cultivars were colonized by Alternaria alternata, Botrytis
cinerea, Fusarium culmorum, Phoma exigua var. exigua, Rhizoctonia solani, and Sclerotinia sclerotiorum. The highest
number of these fungi were isolated from the infected parts of cv. ‘Kontra’ seedlings, while the lowest — from cv.
‘Blanka’ seedlings (Table 2). Plants at anthesis were colonized mostly by F. oxysporum f. sp. phaseoli. The colonies of
this pathogen constituted more than 12% of all fungal colonies obtained at this growth phase. Like in the case of
seedlings, at anthesis this species was most frequently isolated from the infected plants of cv. ‘Blanka’, while most
rarely — from cv. ‘Kontra’ plants. Moreover, F. solani f. sp. phaseoli, Rhizoctonia solani, Sclerotinia sclerotiorum and
Phoma exigua var. exigua were often isolated from the analyzed plants (Table 3). High harmfulness of those pathogens
to runner bean plants was observed in earlier research by Pigta et al. (2003) and Shibata (2002). The seed yield from
each cultivar was proportional to the number and healthiness of plants. The highest yield (1272 g per m?) was obtained
from the plot sown with the seeds of cv. ‘Kontra’, while the lowest (877 g per m*) — from the plants of cv. ‘Blanka’.

A good yield was also obtained from plots sown with cv. ‘Eureka’ (1005 g seeds per m?) (Table 4).
Table 4

The yield and healthiness of seeds of particular cultivars of runner bean (mean from 2001—2003)

Cultivars of runner bean

Yield of seeds in g per m”

Percentage of seeds with spots

BLANKA 877" 10,5
EUREKA 1005" 7,4°
KONTRA 1272° 5,4°
WESTA 919" 8,47

* mean values in columns difter significantly (P <0,05), it they are not marked with the same letter.

The seeds with necrotic spots occurred in each cultivar and their percentage ranged from 5.4% for cv. ‘Kontra’
to 10.5% for cv. ‘Blanka’ (Table 4). The research on breeding the runner bean cultivars characterized by high yielding,
good seed quality and low susceptibility to fungal diseases is conducted in a number of research centres (Witek, Witek,
1991).
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2. Glasshouse experiment

Establishment of experiment

Spring barley variety Tolar, extremely susceptible to powdery mildew was used. For each treatment there were
4 replications with five plants per container. Barley plants were grown until they reached the two-leaf stage.

Plant treatments

In the first step, following plant extracts were tested: balsam fir Abies balsamea L. Mill., lesser stitchwort
Stellaria graminea L., hoptree Ptelea trifoliata L., garlic Allium sativum L., common walnut Juglans regia L., lavender
Lavandula officinalis Chaix et Kitt., northern white cedar Thuja occidentalis L., tasmanian blue gum Eucalyptus
globulus Labill, thyme Thymus serpyllum L., mugwort Artemisia vulgaris L., austrian pine Pinus nigra Arnold,
Szechuan lovage root Ligusticum chanxiong Hort, schisandra Schisandra chinensis (Turcz) Bail, and chinese sumac
Rhus chinensis Mill. The extracts were named based on abbreviations of the Latin name of the original plant species
(Table 1).

The extracts were tested in the following concentrations: 2.5%, 10%, 20%, mixtures of extract 20% + Greemax
(G), and extract 20% + olive oil (O). Colloidal concentrate Greemax (Stallen Company, Switzerland) was used to
improve penetration, translocation and utilization of the extracts at the recommended rate of 40 ml/ha.

The second part of the experiment was to continue the use of those extracts with high fungicidal activity against
powdery mildew discovered in part one. In addition, two new plant extracts were prepared from henna Lawsonia
innermis L. originated in North Africa and wild species of Mentha spp. collected in Zakynthos Island (Greece).

Wild garlic Alllium ursinum L., balsam fir Abies balsamea (L.) Mill., austrian pine (Pinus nigra Arnold),
Szechuan lovage root (Ligusticum chanxiong Hort) and schisandra (Schisandra chinensis (Turcz) Bail) were tested in
monocomponent extracts in concentrations 2,5%, 10%, 20%, 20% + Greemax, and 20% + olive oil, in two-component
and in four-component mixtures of extracts in final concentration 20% (10%+10%, and 5% + 5% + 5% + 5%,
respectively). 10 ml of extract solution was sprayed per treatment and replication with a hand sprayer. After treatment,
containers were left until plant surfaces were dry and then inoculated with B. graminis f. sp. hordei by shaking from
above severely infected plants with developed conidia of powdery mildew. The temperature was maintained between
15—20 °C for following 10 days. In both parts of the experiment the plants treated with water were used as controls.

Table |
List of the common and scientific names of plant species and the names of plant extracts

Common name Scientific name ~ Extract name
balsam fir Abies balsamea (L.) Mill. ABBA
stitchwort Stellaria graminea L. STEGR
hoptree Ptelea trifoliata L. PTETRIO
garlic Allium sativum L. ALSAT
common walnut Juglans regia L. JUREG
lavender Lavandula officinalis CHAIX et KITT. LAVAO
Northern white cedar Thuja ocidentalis L. TOCIDENT
tasmanian blue gum Eucalyptus globulus Labill. EUCA
thym Thymus serpyllum L. THYM
mugwort Artemisia vulgaris L. MISIA
Austrian pine Pinus nigra Arnold PINIG
Szechuan lovage root Ligusticum chanxiong Hort. LUX
schisandra Schisandra chinensis (Turcz) SANDRA
Chinese sumac Rhus chinensis Mill. RUS
wild garlic Allium ursinum L. AURS
henna Lawsonia innermis L. HENNA
mentha Mentha spp. ZAKYNTH
Assessment

A standardized scale was used to estimate the infected leaf area: 0%, 1%, 5%, 10%, 25%, and 50% (Anonymous,
1997). Each treatment was assessed in 4 replications with 5 plants per replication. Results were compared using
ANOVA.

3. Field experiment with winter wheat under strong FHB infection

Winter wheat cultivar Ebi was sown in randomized blocks of 10 m in 4 replicates of each. The treatment with
plant extracts (Allium ursinum L. — AURS, Rhus chinensis Mill — RUS, and Thuja ocidentalis L. — Tocident) and
fungicides used as standards (Horizon 250 EC, (a.i. tebuconazole, 250 g/1) (dose 1.0 I/ha) and Juwel (a.i. epoxiconazole
125 g/l + kresoxym-methyl 125 g/ha) (dose 0,8 I/ha) was made immediately before inoculation.

The whole experiment was then inoculated with 6.10° conidia/ml of F. culmorum isolate with a high level of
aggressiveness at the start of flowering (DC 61).
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FHB and leaf rust development were assessed in the field, and DON (mg/kg) content in harvested grains was
measured immunologically by ELISA. The results were compared statistically by ANOVA.

Results and Discussion

Experiment |:

There were found 12 plant species among tested plant extracts that showed a significantly high fungicidal effect
(Fig.1). The absolute suppression of mycelium growth was caused by the extract made from leaves of Allium ursinum L.

Alllium ursinum L. §100.00

Allium sativum L.

Stellaria media (L..) WILL.

fectivity (%)

Chelidonium majus L.

Thymus serpyllum L.

Lavandula officinalis CHAIX et KITT.
Matricaria recutita L.

Salix caprea L.

Securigera varia (L.) Lassen

Ajuga reptans L.

Ptelea trifoliata L.

Lythrum salicaria L.

Fig. 1. Plant extracts with the highest fungicidal effectivity (%) against M. nivale

Three plant species originated in Asia were also highly effective. The best performance was found for
R. chinensis Mill — 72.5 % (Fig. 2).

effectivity (%)

Fig. 2. Fungicidal effectivity of plant extracts, originated in Hebei (China) and Marmaris (Turkey), against M. nivale
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Within the total number of 95 extracts prepared from frozen plant materials, 12 extracts were with significant
fungicidal activity. The level of their activity was higher than 32.0%. Among them, plant species with known antiseptic
and antibiotic activities can be found, as well as others — with unknown influence on fungal pathogens.

In the first group, garlic could be mentioned (4. sativum L.). By Miiler (1936), the extract made from this plant
can be used against bacterial diseases in human medicine. Rotting processes of intestines can be braked down by
products from garlic. An important effective factor of garlic plant is sulfur essence, which is the basic element of above-
mentioned antibiotic activity.

Experiment 2:
Practically all extracts and their combinations showed statistically significant suppression of powdery mildew

development (Tables 2, 3).

Table 2
The influence of plant extracts on powdery mildew
Source of variation d.f. Mean square Significance
treatment 87 1572315 hs
replication 3 587.84 hs
plant 2 117.75 ns
residual 963 117.16
Note: hs — significant at 0.01; ns — non-significant.
Table 3
The influence of extract mixtures on powdery mildew
Source of variation d.f. Mean square Significance
treatment 24 1243.93 hs
replication 3 291.67 hs
plant 2 61.00 ns
residual 270 61.63

Note: hs — significant at 0.01; ns — non-significant.

The lowest infection rate was found in the first part of the experiment after treatments with ABBA 20%+0O
(0.67%) and STEGR 20%+0 (1.0%). Between 5 and 10% of infection level were LAVAO 20%+0, ABBA 2,5%,
PTETRIO 20%+0, ABBA 10%, ALSAT 20%+0, LUX 20%, and ABBA 20%. On the contrary, the highest infection
over 40 % was found after LAVAO 20%+G, THYM 20%, PINIG 2.5%, AURS 2.5%, PTETRIO 2.5%, EUCA 20%,
and JUREG 20%+G (50.0%). The results of most effective treatments are summarized in Figure 3.

507’
454
40+
35
30+
25+
20+
15
10+

% infected leaf area

Fig. 3. Treatments with the lowest powdery mildew infection
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Table 4
The influence of treatment with plant extracts and fungicides on leaf rust and FHB development in the field and on

mycotoxin content in harvested grains

Leaf rust (%) FHB (%) DON (mg/kg)
Sou.r ce ot d.f. Mezn Significance g Significance gy Significance
variation square square square
treatment 5 18582.70 hs 104.80 hs 104.80 hs
replication | 3 6.06 ns 0.02 ns 0.02 ns
residual 222 94.83 36.06 0.01

Note: hs — significant at 0.01; ns — non-significant.

There were 55.6% of flag leaf area infected with leaf rust on 17th day without treatment with fungicides. Both
the RUS and Tocident plant extracts reduced pathogen development to 20%. Only small infection was found after
treatment with fungicide Horizon 250 EC (0.4%), and plants treated with Juwel and AURS were free of infection.

ELISA DON analysis confirmed highly significant reduction of mycotoxin content in all treatments (Horizon
250 EC — 1.72 mg/kg, Juwel — 3.02 mg/kg, AURS — 4.23 mg/kg, Tocident — 7.75 mg/kg, and RUS — 9.28 mg/kg).
The DON level without treatment reached 15.47 mg/kg.

The use of natural compounds for treatment of plant diseases protects the environment and is safe for human
health. Every year new findings concerning successful utilization of new plant extracts are published.
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Table 1
The biotic effect of fungi on some pathogenes, examined after 10 days of dual growth

Pathogenic fungi species Botrytis cinerea | Phomopsis viticola |  Monilia coryli

Saprophitic fungi species L Bk IBE
Trichoderma koningii Oud. +7 +8 +8
Trichoderma viride Pers. ex S.F. +5 +8 +8
Trichoderma harzianum Rifai +7 +8 +8
Gliocladium catenulatum Gilman et Abbott +1 +2 +2
Gliocladium penicilloides Corda +1 +2 +2
Gliocladium fimbriatum Gilman et Abbott +1 +2 +2
Gliocladium roseum (Link.) Bainier +2 +2 +3
Alternaria alternata Keissler =7 +2 +1
Cladopsorium cladosporioides (Fres.) de Vries -8 =5 -1
Epicoccum purpurascens Ehrenberg +3 +4 +6
Penicillium funiculosum Thom. =3 +3 +2

* IBE — individual biotic effect.

Among the other species of saprophytic fungi only Epicoccum purpurascens limited the growth of three studied
pathogenic species effectively enough, and Penicillium funiculosum inhibited the growth of M. coryli and P. viticola
(Table 1). The studied genera of bacteria showed high antagonistic activity in inhibiting the pathogenic fungi
development, especially after 4 days of dual growth with B. cinerea and P. viticola, and after 8 days of dual growth with
M. coryli (Table 2). After this time, the bacteria formed a clear zone of inhibition of pathogene colonies’ growth,
ranging from 7 to 31 mm in width, depending on the isolate and pathogen. The growth of Monilia coryli was inhibited
most effectively and the development of B. cinerea was limited in the weakest degree (Table 2). The abilities of the
studied bacteria to form a wide inhibition zone probably resulted from the capacity of Bacillus spp. and Pseudomonas
Sluorescens to produce numerous antibiotics and to affect pathogens on the ground of antibiosis (Fokkema, 1993). The
antagonistic activity of the majority of the tested bacteria isolates decreased after 8 and 14 days of dual growth, because
the width of the pathogen growth inhibition zone became considerably narrower (Table 2). The decrease of antagonistic
activity of bacteria with time under in-vitro conditions was also observed by Fokkema (1993), Sobiczewski et al.
(1996), Zalewska (1999), and Krol (2004).

Table 2
Isolates of bacteria most effectively limiting the growth of pathogenic fungi species
The width of the growth inhibition zone in mm
Isolates of bacteria Botrytis cinerea Phomopsis viticola Monilia coryli
a b a b a b
Bacillus sp. W 1 10,0 2,7 24,0 757
Bacillus sp. W 35 18,7 13,1 25,0 19,2
Bacillus sp. W 54 13,3 6,2 24,0 20,7
Bacillus sp. LKO 25 <0 21,0 19,0
Bacillus sp. LMO 58 27,7 16,0
Pseudomonas fluorescens W21 a | 18,7 16,1 23,5 19,2
Pseudomonas W 4 a 18,0 8,5 22,4 20,7
Pseudomonas W 28 a 7,0 2,0 21,4 8,6
Pseudomonas LMO 10 31,0 30,0
Pseudomonas LFO 65 30,3 21,0
Pseudomonas LKK 21 29,0 28,7
Pseudomonas sp. LKK 20 28,0 23.5
Pseudomonas LKO 75 27,3 215

a— after 4 days of dual growth with B. cinerea, P. Viticola, and after 8 days with M. coryli;
b — after 8 days of dual growth with B. cinerea, P. Viticola, and after 14 days with M. coryli.

Isolates of bacteria most effectively limited the pathogen growth, represented the genera known for high
antagonistic abilities and common occurrence in the phyllosphaere of the cultivated plants (Fokkema, 1993;
Sobiczewski et al., 1996).

It seems that sparophytic fungi and epiphytic bacteria with high antagonistic activity can create unfavourable
conditions for the growth of the pathogenes on the above ground parts of grapevine and hazel.
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PATHOGENICITY OF FUSARIUM SPP. TO CHRYSANTHEMUM (DENDRANTHEMA
GRANDIFLORA TZVELEV)
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Abstract

The isolates of Fusarium oxysporum Schlecht. and Fusarium. avenaceum (Cda ex Fr.) Sacc. were tested for their
pathogenicity to chrysanthemum plants. The differences in pathogenic abilities between isolates were observed. All
isolates of F. avenaceum were pathogenic, while only one isolate of F. oxysporum showed some pathogenic ability.
However, even if disease symptoms did not occur on plants inoculated with F. oxysporum, the differences in plants
growth and development were noticed.

Key words: chrysanthemum, Fusarium spp., pathogenicity.

Introduction

Fusarium spp. are known for their pathogenicity to many ornamentals grown under covers (Booth 1971).
Chrysanthemum is one of the most important ornamental plants in Poland. The main production is aimed at the end of
October as chrysanthemums are used for decorating tombs on All Saints Day. Recently, these beautiful ornamentals
cultivated in pots are getting very popular all year round. They embellish our houses, terraces and balconies. Among
factors affecting the market value of chrysanthemums, fungal diseases are probably the most important. Soil-borne
pathogens have the most dramatic impact on economics of chrysanthemum production as they can cause the death of
plants.

Earlier investigations showed that Fusarium spp. colonized roots and stem base of chrysanthemums (Kopacki
and Wagner 2003). However, Fusarium populations are diversified in their pathogenicity to host plants (Alabouvette et
al. 1992). Also, the cultivars differ in their susceptibility to soil-borne pathogens (Kopacki and Wagner 2003). Our aim
was to test the susceptibility of cv. Snowdon, one of the most popular cultivars in Poland, to F. oxysporum and
F. avenaceum, as well as to determine the pathogenicity of individual isolates.

Materials and Methods

The cuttings of cv. Snowdon after roots sterilizing in 50% ethanol and rinsing in sterile water were planted in
11 em pots filled with the substrate with or without the fungi. As inoculum, the isolates 166, 22, 10, 250 and 471 of
F. oxysporum and 25, 221, 498, 31 and 401 of F. avenaceum were selected for the tests. The isolates were obtained
from diseased chrysanthemum plants. Compost substrate with 5% amendment of rice was sterilized in the autoclave in
1000 ml Erlenmayer flasks and inoculated with 14-days cultures of individual isolates of F. oxysporum and
F. avenaceum. The same substrate without pathogens was used as controls. Inoculated substrate was maintained at
20 °C for 3 weeks and after that period it was added (as 1:3) to sterilized standard substrate (soil + sand, 1:1) in pots.
Chrysanthemum plants were grown in a growth chamber at 22—23 °C with 12 hours photoperiod for 9 weeks. Every
week the health status of plants was evaluated according to 5-grade scale: 0 — no symptoms, 1 — yellowing of bottom
leaves, 2 — yellow or necrotic spots on all leaves, 3 — wilting, 5 — death. The disease index was determined using
McKinney formula (Lacicowa 1969). Also the height of plants was measured every week. Results were analyzed
statistically with Duncan test. At the end of experiment the mycological analysis was conducted to check if the
symptoms were caused by tested fungi.

Results and Discussion

Among tested isolates of . oxysporum only Fo22 caused disease symptoms but the disease index did not differ
significantly from the control. First symptoms of yellowing appeared after 4 weeks. No wilting or dead plants were
observed. Mean disease index was 4.8% after 28 days and amounted only to 13.4% after 63 days. Other isolates of
F. oxysporum did not cause any disease symptoms (Tab. 1).

The isolates of F. avenaceum differed in their pathogenicity to cv. Snowdon. After one week, yellow and
necrotic leaves were observed on the plant inoculated with Fa401, Fa31, Fa498 and Fa221. Disease index ranged from
9.8% to 26.6%. No symptoms were observed on the plants inoculated with Fa25. The most harmful proved to be the
isolates Fa401 and Fa31. The disease index from Fa401 ranged from 26.6% at the beginning of experiment to 98.4% at
the end. For Fa31 the disease index amounted to 26.6% and 61.8%, respectively. The plants inoculated with Fa25
showed first symptoms after 7 weeks. Even at the end of the experiment the disease index was low (26.6%) and did not
differ significantly from the control (Tab. 1).
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Table 1
Results of pathogenicity test, observation after 10 days
Isolate Number of plants Disease index
number healthy infected died

control 40 0 0 0,00 a

A67 35 5 0 3,12 a

A84 21 19 0 11,87 ab
A336 12 25 0 15,62 abc
A87 17 23 0 18,12 abcd
A323 9 31 0 20,62 abcde
A420 11 29 0 21,25 abcde
A257 9 2! 0 21,87 abcdef
A417 9 31 0 25,00 abcdefg
A286 6 32 2 28,75 abcdefgh
A192 9 28 1 29,37 abcdefghi
Al54 6 33 0 34,37 bedefghij
Al166 7 28 4 37,50  bedefghijk
A388 5 35 0 37,50 bedefghijk
Al9 6 32 2 40,62 bedefghijkl
Al152 3 34 3 41,87  bedefghijkl
All7 5 27 5 42,50 cdefghijkl
A306 0 39 1 42,50 cdefghijkl
A75 6 26 8 42,50 cdefghijkl
A406 5 34 1 43,12 cdefghijkl
Al42 4 33 3 45,00 cdefghijkl
A157 0 39 0 45,62 cdefghijkl
Al0 5 30 5 46,87 defghijkl
A3 5 28 7 47,50 defghijkl
A338 0 37 3 47,50 defghijkl
A405 6 31 2 47,50 defghijkl
A76 5 30 5 47,50 defghijkl
A308 2 36 4 48,12 defghijkl
A132 1 34 5 48,75 efghijkl
A307 5 29 6 49,37 efghijkl
A419 0 40 0 51,87 fehijklm
A403 0 40 0 52,50 ghijklm
A96 2 32 6 54,37 ghijklm
A325 0 38 2 55,00 ghijklm
A362 0 39 1 55,00 ghijklm
A366 0 37 3 56,25 hijklm
A324 0 36 4 57,50 hijklm
A337 0 38 2 59,37 ijjklm
A294 0 40 0 60,62 jklm
Al155 0 36 4 61,25 jklm
A58 0 31 9 62,50 jklm
A180 0 34 5 63,12 jklm
A23 1 31 8 63,75 jklm
Al159 0 40 0 65,00 klm
A50 0 30 10 65,00 klm
A89 0 31 9 66,25 kim
A43 0 30 11 66,87 kim
A384 0 37 3 67,50 klm
A170 0 33 7 68,75 Im
AS57 0 31 9 68,75 Im
A92 0 25 15 81,25 m

Note: values followed by the same letter do not differ significantly LSDg 5= 30,4481.
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Table 2
Results of pathogenicity test, observation after 14 days
Isolate Number of plants Didedss Hdss
number healthy infected died
control 40 0 0 0,00 a
A67 31 9 0 6,25 a
A323 10 30 0 25,62 ab
A87 10 27 3 28,75 be
A84 10 24 6 9175 bc
A420 0 40 0 37,50 bed
A286 0 37 3 41,87 bede
Al19 4 32 4 42,50 bedef
A417 0 38 2 42,50 bedef
A192 0 36 3 44,37 bedefg
All7 4 30 6 45,62 bedefgh
A3 5 25 9 46,25 bedefgh
Al154 1 30 6 47,50 bedefghi
A306 0 33 6 47,50 bedefghi
A75 0 32 8 48,12 bcedefghij
Al42 1 33 6 50,00  bcdefghij
A152 0 36 4 50,00  bcdefghij
A166 0 32 6 50,00  bcdefghij
A405 0 37 3 51,87  bcdefghijk
A257 0 34 6 53,12 cdefghijk
A336 0 33 7 53,12 cdefghijk
Al10 1 33 i 55,00  cdefghijkl
A76 0 30 8 58,12 defghijklm
A308 0 33 7 60,00  defghijkim
A419 0 37 3 60,00 defghijklm
A96 0 29 11 60,00  defghijklm
Al132 0 32 8 61,25 defghijkimn
A307 0 31 9 65,00 efghijklmno
A23 0 27 13 67,50 efghijklmnop
Al55 0 31 9 68,75 fghijklmnopr
A157 0 33 7 68,75 fghijklmnopr
A58 0 27 13 69,37 ghijklmnopr
A180 0 30 10 71,87  hijklmnopr
A406 0 25 15 73,12 ijklmnopr
A324 0 30 10 74,37 Jjklmnopr
A366 0 29 11 76,87 klmnopr
A388 0 25 15 80,00 Imnopr
AS57 0 26 14 80,62 Imnopr
A89 0 24 16 80,62 Imnopr
A43 0 22 18 81,25 Imnopr
AS0 0 28 12 82,50 mnopr
A362 0 23 17 84,37 mnopr
A325 0 16 24 87,50 nopr
A159 0 19 21 88,12 opr
A92 0 16 24 88,12 opr
A170 0 18 22 88,75 opr
A337 0 15 25 90,62 opr
A384 0 14 26 91,25 opr
A403 0 13 27 91,87 pr
A338 0 11 29 93,12 pr
A294 0 9 31 94,37 r

Note: values followed by the same letter do not differ significantly LSDy 5= 26,8001.
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Results and Discussions :

The results showed significant diversity in the pathogenicity of chosen isolates of Fusarium oxysporum to
tomato seedlings (Tables 1 and 2). Statistical analysis enables differentiation of isolates into groups, from those non-
pathogenic to those which led to the seedlings death. Some isolates caused sudden effect, and after seven days some
seedlings had light necrosis. After ten days symptoms were well noticeable.

According to Sanches et al. (1975), this survey can be a useful tool to distinguish isolates of Fusarium
oxysporum that cause wilt from those that cause crown and root rot from those that are saprophytic. FORL is supposed
to give first symptoms after 7—10 days from inoculation. Fungus caused dark brown lesions girdled the entire crown
and the portion of primary root. Sometimes, fungus caused discrete lesions on the cotyledons and hypocotyl. Later,
most of seedlings infected by FORL were killed (Malathrakis, 1985; Forsberg, 1989). However, FOL caused light tan
discoloration of the entire primary root in 10—14 days. Occasionally developed no external symptoms except a brown
speck on the tip of the main root. Saprophytic isolates did not infect the seedlings (Sanches et al., 1975; Malathrakis,
1985).

Similar observations were done during investigations. After 10 days 10 isolates (A67, A84, A336, A87, A323,
A420, A257, A417, A286, and A192) and just two (A67 and A323) after 14 days, had no significant differences in
comparison to control. Isolates A419, A403, A96, A325, ‘A362, A366, A324, A337, A294, A155, A58, A180, A23,
A159, A50, A89, A43, A384, A170, A57, and A92 were the most pathogenic ones. They might be FORL, but it is
supposed to confirm that in the further experiments. Summarizing, this method is fast and easy technique which gives
full answer about pathogenicity and is very helpful in dividing population of Fusarium oxysporum, associated with
tomato, into saprophytes and formae speciales.
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Abstract

Panicles of 12 oats genotypes were inoculated with conidial suspension of the isolates: Fusarium avenaceum
Ne 122, Fusarium culmorum Ne 45 and Fusarium graminearum Ne 181. The number of kernels per panicle (NK), the
weight of 1000 kernels (TKW) and the kernels yield (KY) were calculated for each genotype of the inoculated group
and compared to the control — non inoculated group. Reduction of KY after inoculation with F. avenaceum ranged
from 10 to 68,5%, with F. culmorum from 24 to 68%, and with F. graminearum from 0 to 52%. Reduction of TKW
after inoculation with F. avenaceum, F. culmorum and F. graminearum was from 0 to 51,6%, from 10,7 to 44%, and
from 3 to 34,6%, respectively, while NK from 0 to 61,6%, from 2 to 59,5, and from 0 to 49,9% respectively.

Key words: oat, fusarium panicles blight, inoculation.

Introduction

Fusarium panicles blight of oat is caused by several species. The most important are: F. avenaceum,
F. culmorum, F. graminearum and F. poae (Langseth et al., 1995; Moschini, Fortugno, 1996; Veisz et al., 1997;
Mielniczuk, 2001; Kiecana et al., 2002). Infection heads and panicles of plants by Fusarium spp. has a direct negative
effect both on the yield size, causing its decrease, and on worse quality of the kernels. Losses caused by Fusarium spp.
are also associated with accumulation of toxic secondary metabolites in infected kernels (Kiecana, 1994; Langseth et
al., 1995; Parry et al., 1995; Bottalico, 1998; Mielniczuk, 2001; Kiecana et al., 2002). The disease symptoms are similar
in all small grain cereal crops. Infected kernels are smaller than non-infected, shrivelled and discoloured (Chetkowski,
1989; Bai, Shaner, 1994; Kiecana, 1994). In the case of more resistant grnotypes of cereals, the fewer heads per plot and
spikelets per head are infected. In extremaly resistant genotypes only some individual spikelets are affected (McMullen
et al., 1997). Fusarium panicles blight of oat in Poland can reduce yield by 12—48% (Perkowski, Kiecana, 1997;
Kiecana, Mielniczuk, 2000, 2002; Mielniczuk et al., 2000).

The aim of this paper was to determine the damage of F. avenaceu, F culmorum and F. graminearum to 12 oats
genotypes.

Materials and Methods

Twelve oats genotypes (CHD 894, CHD 1095, CHD 1296, CHD 1607, CHD 1653, CHD 1694, STH 2293, STH
2393, STH 2494, STH 2694, Farys, and Stawko) were inoculated under field conditions of the experimental plots in
Zamosc¢ region (South-Eastern Poland), with F. avenaceum, F. culmorum and F. graminearum. These isolates used for
inoculation were obtained from the cultures collection of the Phytopathology Department at the Agricultural University
ofiublin, Poland and were isolated from oat’s kernels. The isolates F. avenaceum Ne 122, F. culmorum Ne 45 and
F. graminearum Ne 181 were selected for the method of Mishra and Behr (1976). These strains reduced Ducat cv.
kernels germination ability by up to 3, 2 and 8%, respectively.

The inoculum was prepared according to the modified method described by Mesterhazy (1978). The growing
medium (1L) was composed as follows: water extract of 0.5 kg oat leaves with selective medium — SNA, was
autoclaved (1 h, 121 °C and 1 atm). Subsequently, when cold, the cultures of F. avenaceum, F.culmorum and
F. graminearum isolates were incubated for two weeks at 18—20 °C with a 12 h period of natural light (Kiecana, 1988).
After incubation, the inoculum — stired for 10 min. — was filtred through a cheesecloth, and the conidial suspension
(5 x 10’ spores per ml) was used for the inoculation.

All oat cultivars and lines were studied in one location (Zamos¢ region) in 2001. The experiment was carried out
in a randomized complete blocks design with four replications. Eighty panicles of oat (20 panicles per replicate) were
inoculated with three examined Fusarium spp., 4 days after the anthesis of minimum 50% of plants (21.—26.06.2001).
The inoculum (2 ml per panicle), prepared as described above, was applied with a laboratory sprayer. The same
cultivars and lines were sprayed with 2 ml. Distilled water instead of a conidial suspension, was used as the control
(non—inoculated) group. After inoculation or water spraying, the panicles were protected with plastic bags for 24 h to
avoid water evaporation and the spread of the inoculum.

Mature panicles were collected on 9" August 2001 and were threshed manually. Yield (KY), kernels number
(NK) and the weight of 1000 kernels (TKW) of the experimental groups were measured and compared with controls.
The results were calculated for each genotype using statistical analyses (multiple confidence interval T-Tukey, Oktaba,
1972).

Symptoms of the disease were evaluated according to earlier publications (Kiecana, 1994; Parry et al., 1995).
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Significant differences concerning TKW were observed in lines CHD 894, CHD 1095, CHD 1296 and CHD
1653 in case of panicles infected with F. avenaceum and CHD 894, CHD 1095, CHD 1653, CHD 1694 and STH 2494
in case of infection with F. culmorum. Fusarium graminearum significantly reduced TKW in three genotypes of oat
(CHD 894, CHD 1296, CHD 1653) (table). The lowest TKW reduction was detected in lines STH 2293 and STH 2694
(0%) and the highest in CHD 894 — 51,6% in case of F. avenaceum (Fig. 2). Fusarium culmorum reduced TKW of
oat’s genotypes tested from 10,7 to 44% and F. graminearum from 3 to 34,6% (Fig. 2). Significant differences in
kernels number caused by three pathogens tested (F. avenaceum, F. culmorum and F. graminearum) were presented in
the table. The decrease of the number of kernels in a panicle for infection by F. avenaceum, F. culmorum and
F. graminearum ranged from 0 to 61,6%, from 2 to 59,5%, and from 0 to 49,9%, respectively (Fig. 3).
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Fig. 3 Reductions of number kernels per panicle compared to controls after oat inoculation with
F. avenaceum, F. culmorum and F. graminearum

On the basis of our experiment we concluded that the inoculation of panicles with F. avenaceum, F. culmorum
and F. graminearum reduced the kernels yield on average by 49, 50 and 34%, respectively. The obtained results showed
that reduction of yield in case of scab caused by Fusarium spp. was lower than in the case of winter wheat (Kiecana et
al., 1997; Golinski, 1999, 2002; Miedaner et al., 2003) and higher than in the case of oat cultivated in Poland in 1994—
1998 years (Perkowski, Kiecana, 1997; Kiecana, Mielniczuk, 2000; Mielniczuk et al., 2000; Kiecana et al., 2002).
However oat panicles inoculation with F. culmorum and F. graminearum had a similar effect on the reduction of
kernels yield of spring barley (Kiecana, 1994).
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Abstract

As herbicides are expensive and detrimental to the environment, it is necessary to restrict their use. One option is
to reduce the used herbicide concentration. To study the efficiency of reduced herbicide concentrations, field
experiments have been performed in Estonia since 2000. All the herbicides were applied at their standard, half and
quarter doses. The experiments were conducted in spring barley in three replications. During treatment with herbicides,
the weeds were in stage of 3—4 true leaves. Prior to spraying, the dominant weed species in the field were determined,
as well their density per 1 m* and growth stage. The unsprayed control variant was used for comparison. Using the
databases compiled by the Danish Institute of Agricultural Sciences, two prototypes of different weed control capacity
were created in Estonia for spring wheat and barley. The local prototype was tested in the field experiments in 2002 and
2003. The efficiency of the used herbicide depends on the species composition of the prevalent weeds in the field. If
only weeds sensitive to the herbicide used are present, adequate efficiency is attained already with a half dose or even a
quarter dose. The preliminary results from the medium- and high-efficiency weed control models used in the
experiment are positive. In the experiment with barley, it was possible to reduce the herbicide rate to 45% of the
recommended full concentration. The program-calculated herbicide doses put the weed control efficiency at 62—86%.

Key words: herbicide concentration, herbicide efficiency, growth stage.

Introduction

In today’s farming, abundant use is made of chemical plant agents, primarily herbicides. As herbicides are
expensive and detrimental to the environment, it is necessary to restrict their use. One option is to reduce herbicide
concentration.

In Denmark, Sweden, Norway, Great Britain and the Netherlands, herbicide applications at doses reduced by
10—70% have already become a norm and full doses are used sporadically and only on distinct recommendations of
agricultural advisers (Domaradzki et al., 2003).

The sensitivity of different weed species to herbicide is diverse. For some weed species, 10% of the normal dose
is enough to get good control, for some — much higher doses are needed (Auskalnis, 2003).

Most selective herbicides will control only a limited spectrum of the weeds dominating in the region. With
increasing complexity in local weed infestations, the relevance of using tank-mixtures increases simultaneously.
Economic and other interests can also motivate the use of tank-mixtures (Rydahl, 1999).

Herbicide activity is influenced by many complex interactions involving weed flora, growth stage of weeds,
environmental conditions, and competitive ability of the crop. Under favourable conditions, satisfactory weed control
can be obtained with doses much lower than the recommended dose while under unfavourable conditions not even the
highest dose recommended on the label may provide satisfactory weed control (Kudsk, 2001). Climatic conditions
before, at and after herbicide application can change the efficacy of herbicides.

Materials and Methods

Field trials testing herbicide efficacy were conducted at Tartu, Saku, Jogeva and Jéneda (different regions of
Estonia) in the period 2000—2003. The trials were a randomized bloc design with three replicates. All herbicides were
used at full, 2 and ¥4 doses. Tested herbicides are listed in Table 1. Herbicides were applied when weeds were at 2—
6 true leaf stage and cereals at growth stage BBCH 20-22. Weed assessment was made on individual weed species in
3 x 0.25 m” per plot 4 weeks after herbicide application. All weed specimens in all replicates were collected, counted
and weighted by species. The unsprayed control variant was used for comparison.

Efficacy of the herbicides by number and by mass of weeds was calculated by formula:

E = (M,-M,)/M;*100,
where M, — weeds number or mass per m? on untreated plots;

M, — weeds number or mass per m” on plots treated with herbicides.
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Table 1
The tested herbicides

Trade name Active ingredients Full dosage
Banvel 48 * Dicamba 480 g/I 220 g/ha
Sekator* Amidosulfuron 5 % + jodosulforon-metyl-natrium 1.25 % 300 g/ha
Mustang* Florasulam 6.25 g/l + 2,4 D 2EHE 452.5 g/I 0.6 I/ha
Granstar 75DF Tribenuron-methyl 75 g/kg 15 g/ha
Lintur 70 WG Triasulfuron+dicamba 4.1+659 g/kg 150 g/ha
MCPA MCPA 750 g/ 2.0 I/ha
Duplosan Super 600 SL | Dichlorprop-P+MCPA-+mechlorprop-P 310+160+130 g/I -1 2.01/ha
Primus Florasulam 50 g/I 0.1 I/ha

* included in the experiments in 2003.

This article is built on data from years 2002 and 2003. The year 2002 was extremely dry whereas 2003 was
suitable for plant growth and development. The weather data are given in Figure 1.
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Fig. 1. Climatic conditions in Estonia in 2002—2003
Results

The most widespread weeds in the trial area were Viola arvensis, Chenopodium album, Stellaria media,
Galeopsis speciosa, Fumaria officinalis, Polygonum convolvulus, Capsella bursa-pastoris, Veronica sp., Thlapsi
arvense and Galium aparine.

By skillful use of herbicides or their mixes it should be possible to control all the most widespread weeds on a
cereal field.

The shorter the weed growth stage the greater the herbicide efficacy. Other important parameters are the crop
growth stage, the expected yield, and the soil. Herbicide efficacy is substantially influenced by the weather. If following
a prolonged drought plants have run short of water, herbicide efficacy is low.

Due to the drought in the spring of 2002 and the extraordinary deficiency of soil moisture, both cereals and
weeds sprouted unevenly, the latter also relatively late. For that reason the trial variants were sprayed with herbicides
later than the optimal time for barley growth (BBCH — 23-31). Nevertheless, the density of weeds was small at the time
of spraying, with many of them still in the cotyledonal stage. Weeds sprouted in large numbers also after spraying. The
plants were in a state of stress. The low soil moisture activated defensive reactions in some weed species, as a result of
which herbicide-treated weeds were stunted but not completely destroyed. Consequently, the herbicide efficacies were
lower with regard to weed density compared to weed weight (Table 2).
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Table 3
The efficacy of herbicides used in the trial at different doses for controlling the most widespread weeds in 2003
Efficacy 2003

Weed species Dosage Granstar Lintur MCPA
W N W N W N
. : 1 100 X 84 X 51 X
gl:lfgﬁgl ece % 98 X 81 X 57 X
1/4 99 X 84 X 39 X
Viola arvensis L 39 37 81 65 82 79
VIOAR i 37 30 71 64 62 65
1/4 26 20 56 44 49 48
Galium aparine 1 52 42 77 55 26 24
GALAP 72 41 28 49 38 29 24
1/4 24 8 65 18 23 21
: 1 100 99 89 71 85 90
gﬁegszOdmm = 2 94 92 50 52 92 89
1/4 81 69 46 42 74 70
Capsella-bursa pastoris 1 60 64 91 88 98 98
CAPBP 72 60 63 89 84 84 89
1/4 58 59 54 53 45 58
Thiaspi arvense 1 88 80 90 77 93 90
THLAR i 87 88 76 65 82 85
1/4 70 73 72 53 61 68
Polygonum convovulvus ! 61 45 75 80 58 51
POLCO /2 53 48 73 75 23 9
1/4 48 32 47 45 35 26
Lamium purpureum : & 24 L 21 62 39
LAMPU i 64 54 71 38 53 41
1/4 76 46 59 21 57 22
; i 1 86 72 89 78 87 62
1%’1}\1/;181? st i 58 43 76 37 42 21
1/4 81 80 31 11 20 12

N — number of weeds, W — weight of weeds.

The lowest efficacy was evidenced by the narrow-spectrum Banvel 4S, whose efficacy in controlling most of the
weeds remained low even at full doses. Quarter doses can be used to control Chenopodium album (efficacy on weight
63%, efficacy on number 66%) and Galium sp. (weight 74%, number 60%). At full doses the efficacy proved low in
controlling Stellaria media, Viola arvensis, Polygonum convolvulus, Lamium purpureum and Galeopsis speciosa

(Fig. 3).
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Fig. 3. The efficacy on weight of herbicides Mustang and Banvel 4S at 4, ' and full doses in controlling the most
widespread weeds
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Conclusion

Regular doses of herbicides can be reduced if the species composition of the weeds growing in the field
corresponds to the spectrum of action of the herbicide to be used.

If the weeds growing in a field are vulnerable to herbicide it can be used at a ¥4 dose.

The low soil moisture and the high air temperature in 2002 activated defensive reactions in some weed species,
resulting in low efficacy of herbicide treatment.

The selection of herbicides and their doses should be based on the species composition and growth stage of the
weeds and on the weather conditions.
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Table 1
Crop rotation of observation fields and herbicide use 1994—2002
Region 1994 1995 1996 1997 1998 1999 2000 2001 2002
Previous crop WR SB P SB SB SB SB SW UN
Riga Crop SB P SB SB SB SB SwW UN UN
Herbicide No No Yes Yes Yes Yes Yes No No
Previous crop  WR  SBT SB G G SB SB P WT
Cesis Crop SBT SB G G SB SB P WT RC
Herbicide No Yes No No No Yes Yes No Yes
Previous crop WR  SBT SB WR  WR SB F WR P
Valka Crop SBT SB WR WR SB F WR P SB
Herbicide No No No No No No No No Yes
Previous crop P WWwW  SW P SW SO SO SW  TRC
Valmiera Crop wWwW  SW P SW SO SO SW  TRC TRC
Herbicide No No No No No Yes No No No
Previous crop WW P SO SB SO WW  WR SO A%
Limbazi  Crop P SO SB SO WW  WR SO WwW SO
Herbicide No Yes No No No No No No No
Crop SB — spring barley; SO — spring oats; SW — spring wheat; WW — winter wheat;
Codes: WR — winter rye; WT — winter triticale; P — potato; SBT — sugar beet; G — grass;

RC — red clover; TRC — timothy & red clover: F — fallow; UN — uncropped.

From 1994 to 2002, growing weeds were assessed in observation fields at the beginning of July, when cereal
crops were at the inflorescence stage. The occurrence of each non-crop (weed) species within a 200 cm” frame was
recorded at 50 points in each field. Plant density (plants m™) were calculated from the percentage frequencies for each
species by the method of A. Rasins and M. Tauripa (1982). Density correction factors of x1.5 for Spergula arvensis and
Stellaria media and of x3 for Elymus repens were applied as reccommended by A. Rasin and M. Taurina. Weed species
(Lejing et al., 1997) were considered in five groups (Balins et al., 1988): annual dicots, perennial dicots, non-grass
monocots, annual grasses, perennial grasses. For some of the analyses the three monocot groups were taken together
because of the small number of species within this group (Tables 4—9). The numbers of plants and species were
transformed to logl0 (number + 1) for statistical analysis. The data were analysed with the aid of Microsoft Excel and
GenStat for Windows.

Results and Discussion

Sixty-four species of weeds were recorded in this survey. Twenty species occurred in all five fields: 14 species
occurred in only one field. No species was recorded in all five fields in all nine years. The highest number of species
recorded in any field in any year was 32 (Valmrera 2000) and the lowest was 2 (Riga 1996) (Table 2). The highest
plant density recorded was 305 plants m?, of which two-thirds were Elymus repens (LimbaZi 1998); the lowest plant
density was 5 m™ (Riga 1996) (Table 3).

Thirty-six species of annual dicots were recorded: 13 occurred in all five fields; seven occurred in only one field.
The most frequent species of annual dicof (as determined by frequency of occurrence in the 45 field-year observations)
were: Tripleurospermum inodorum (36), Chenopodium album (34), Polygonum convolvulus (34), Capsella bursa-
pastoris (27) and Stellaria media (26). These five species were also the most abundant overall, but Galium aparine
(frequency 12/45) was the most abundant, with an average density of 11.2 plants m™ where it occurred, compared to
10.5 plants m™ for Ch. album and S. media. No annual dicots were found in the Cgsis field in 1997.

Twenty-three species of perennial dicots were recorded: five occurred in all five fields; five occurred in only one
field. The most frequent species of perennial dicot (as determined by frequency of occurrence in the 45 field-year
observations) were: Cirsium arvense (27), Sonchus arvensis (23), Taraxacum officinale (19), Artemisia vulgaris (18)
and Mentha arvensis (18). Linaria vulgaris was, however the most abundant perenmal dicot overall because of the high
density of plants it produced where it occurred, 20.2 m™, as compared to 8.8 m™ for S. arvensis which was the next
most abundant species in this group. No perennial dicots were found in the Riga field in 1994 and 1996.

177



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy ). No. 7. LLU. 2004 Ecological approach of modern weed control systems

Table 2
The number of species of weeds in five observation fields, annually during 1994—2002
Region Weed group 1094 1995 1996 1997 1998 1999 2000 2001 2002
Annual dicot 10 13 12 15 14 19 10
Perennial dicot 0 3 8 9
Riga Non grass 0

Annual grass
Perennial grass
Annual dicot
Perennial dicot
Cesis Non grass
Annual grass
Perennial grass
Annual dicot
Perennial dicot
Valka Non grass
Annual grass
Perennial grass
Annual dicot
Perennial dicot
Valmiera Non grass
Annual grass
Perennial grass
Annual dicot
Perennial dicot
Limbazi  Non grass
Annual grass
Perennial grass
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; Table 3
Weed density in five observation fields (plants m™), annually during 1994—2002
Region Weed group 1994 1995 1996 1997 1998 1999 2000 2001 2002
Annual dicot 94 23 5 83 47 60 61 90 34
Perennial dicot 0 3 0 4 8 3 21 38 48
Riga Non grass 0 0 0 0 0 0 0 0 0
Annual grass 0 0 0 0 7 4 2 3 3
Perennial grass 0 24 0 21 3 24 72 84 159
Annual dicot 20 41 6 0 12 13 34 58 11
Perennial dicot 3 2 3 26 1 2 7 10 18
Cesis Non grass 0 0 0 0 0 0 0 8 0
Annual grass 0 2 0 0 0 1 0 1 8
Perennial grass 9 0 3 21 18 15 42 27 36
Annual dicot 60 66 8 39 34 62 62 8 60
Perennial dicot 2 1 7 28 21 57 42 8 9
Valka Non grass 0 0 0 0 0 0 0 0 0
Annual grass 0 0 0 0 0 0 1 0 0
Perennial grass 0 0 0 0 6 33 21 6 0
Annual dicot 87 52 18 127 97 120 177 4 28
Perennial dicot 19 27 8 33 15 50 57 69 94
Valmiera  Non grass 1 0 0 0 0 0 0 0 0
Annual grass 1 0 0 0 0 1 0 0 0
Perennial grass 3 27 9 9 60 27 33 90 99
Annual dicot 54 49 20 76 62 79 100 116 102
Perennial dicot 59 5 19 47 49 31 70 70 43
Limbazi  Non grass 0 0 0 0 0 0 0 0 0
Annual grass 0 0 0 0 0 0 0 3 3
Perennial grass 132 6 0 27 99 195 30 51 9

Only five species of monocots were recorded. Two of these — Elymus repens (perennial grass) and Poa annua
(annual grass) — occurred in all five fields, with frequencies of 36/45 and 11/45, respectively. E. repens was much the
most abundant species of all the weeds recorded in the survey, producing an average of 42.5 plants m™ where it
occurred. For P. annua the average plant density was 2.4 m™. The non-grass monocot Juncus bufonius was recorded
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only twice: Césis 2001 (8 plants m™), Valmiera 1994 (1 plant m™). The annual grasses Apera spica-venti and
Echinochloa crus-gali were found only in the Riga field, in 2002 and in 1998, 1999, and 2000, respectively.

To examine the main effects of fields and years, the total numbers of species and plants within each weed group
were analysed by analysis of variance using the field x year interaction as an estimate of residual variance. There were
statistically significant differences in the mean numbers of species among fields for all three weed groups analysed and
for all species combined (Table 4). For annual dicots, the Cgsis field had significantly fewer species than the other four
fields. For perennial dicots, the Riga and Cé&sis fields were significantly lower and the Valmiera field significantly
higher than the average. The mean number of monocot species in the Valka field was significantly lower than in the
other four fields. For all species together, the significant difference was due to the higher numbers in the Valmiera and
Limbazi fields. There were significant differences among years in the mean numbers of species of all weed groups,
mainly due to the lower numbers recorded in 1996 (Table 5). The numbers of species of annual dicots in other eight
years were very similar, but low numbers of perennial dicots were recorded in 1994 and 1995 as well as in 1996. The
mean numbers of monocot species recorded in the first four years were lower than in the subsequent five years.

Table 4
The mean number of species recorded in five observation fields, 1994—2002 (data transformed to log10 (number + 1))

Weed group Riga Cesis Valka Valmiera  Limbazi  LSD 5%
Annual dicot 1.06 0.78 0.95 1.10 1.15 0.226
Eeronninl 0.52 0.52 0.74 0.93 0.79 0.140
dicot

Monocot 0.35 0.37 0.15 0.35 0.31 0.132
All species 1.18 1.04 1.16 1.35 1.31 0.144

Table 5
The mean number of species recorded in nine years in five observation fields (data transformed to log10 (number + 1))

Weed group 1994 1995 1996 1997 1998 1999 2000 2001 2002 LSD 5%

Annual dicot 111 1.02 0.65 0.92 1.13 1.18 1.15 0.98 0.94 0.304
Perennial

dicot 0.45 0.47 0.37 0.79 0.74 ~-079 0.80 0.89 1.00 0.188
Monocot 0.24 0.24 0.12 0.24 0.34 0.41 0.37 0.43 0.37 0.177
All species 1.20 1.13 0.79 1.21 1.29 1.35 1.32 1.28 . 1.30 0.193

There were statistically significant differences in the mean numbers of plants among fields for all three weed
groups and for all species combined, but the patterns were different for each weed group (Table 6). For annual dicots,
the mean numbers in the Cgsis field were significantly lower than in the other four fields. For perennial dicots, a
significant difference was the higher mean numbers in the Valmiera and Limbazi fields. The mean numbers of
monocots in the Valka field were significantly lower than in other fields. These patterns combined to give significantly
higher mean numbers for all species in the Valmiera and LimbazZi fields. The lower mean numbers of plants of all weed
groups in 1996 made large contributions to the significant differences among years (Table 7). There were no other
significant differences for annual dicots. For perennial dicots, the mean numbers of plants in the first three years were
generally lower than in subsequent six years; the mean numbers in 2000, 2001 and 2002 were particularly high. For
monocots, the mean numbers in the first three years were significantly lower than those in all of the last four years.

Table 6
The mean number of plants m™ in five observation fields, 1994—2002 (data transformed to log10 (number + 1))

Weed group Riga Cesis Valka Valmiera  Limbazi LSD 5%
Annual dicot 1.67 1.30 1.54 1.70 1.86 0.380
Perennial dicot 0.83 0.79 1.09 1.53 1.57 0.337
Monocot 1.25 1.20 0.51 1.44 1.45 0.457
All species 1.93 1.72 1.76 2.16 2.20 0.188

Table 7
The mean number of plants m™ in nine years in five observation fields (data transformed to log10 (number + 1))

Weed group 1994 1995 1996 1997 1998 1999 2000 2001 2002 LSD 5%
Annual dicot 1.80 1.67 1.04 1.50 1.67 1.83 1.97 1.52 1.53 0.509
Perennial dicot 0.83  0.72  0.75 1.36 1.10 1.21 1.50 1.46 1.52 0.452
Monocot 0.78 0.83 0.32 1.03 1.39 1.60 1.58 1.61 1.40 0.613
All species 1.98 1.82 1.25 1.99 196 214 224 208 213 0.252
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APPLICATION OF SYNTHETIC AUXINS HERBICIDES IN SPRING BARLEY AT REDUCED
DOSAGES

Janis Kopmanis, Maija Ausmane
Latvia Universily of Agriculture, Departmeni of Soil Management,
e-mail: janis.kopmanis@navigator.lv

Abstract

Field trials were carried out at the Research and Study Farm “Vecauce” of the Lalvia University of Agriculture
(LLU) during 2001—2003. Spring barley cv ‘Ansis’ was grown under different soil properties, weed infestation levels,
and weather conditions. Herbicides MCPA (MCPA 750 SL, BASF, full dosage 2 L ha") and dichlorprop-P +
mecoprop-P + MCPA (Duplosan Super 600 SL, BASF, dichlorprop-P 310 g L', mecoprop-P 130 g L™, MCPA 160 g
L', full dosage 2 L ha'') were applied at three dosages: a full recommended dosage, one half, and one quarter of a full
recommended dosage. Data show that there are no significant (P < 95%) decreases in control of common lambsquarter
(Chenopodium album L.) and field pennycress (Thlaspi arvense L.) by decreasing the dosages of applied herbicides.
Applied dosages could be reduced twice using MCPA against field violet (Viola arvensis (L.) Murr.) and dichlorprop-P
+ mecoprop-P + MCPA against speedwell (Veronica arvensis L.). Reduction of applied dosages of these synthetic
auxins made no significant (P < 95%) changes in spring barley grain yield. There were no significant differences in
grain yield between untreated plots and treatments with herbicide application in three years’ average, which shows high
impaclt of other factors on spring barley grain yield.

Key words: synthetic auxins, herbicides, spring barley, reduced dosages, weeds, grain yield,

Introduction

Organic herbicides began 10 be produced in earnest with dinitrophenol compounds in (932. A breakthrough
occuired in the (940s wilh 2,4-D (2 4-dichlorophenoxyacelic acid), a compound similar (o0 planl hormones, which is a
highly selective systemic herbicide when used in very small quantives. 2,4-O was quickly adopted to conirol broad-
leaved weeds in corn, sorghum, small grains, and grass pastures, as well as in lawns and other ornamental turf. The
phenoxyaliphatic acids and their derivatives, another major group of organic herbicides, succeeded becavse of Lheir
selectivity and ease of translocation. MCPA ((4-chloro-2-metylfenoxy) acetyl acid) first appeared on the market in 1946
under trade name ‘Agrokson” (Cobb, 1992). In the 1960s and 1970s, a combination of 2,4-D and 2,4,5-T was widely
used in Vietnam as a defoliant under the name Agent Orange. As a result of questions concerning the possible health
effects of the use of Agent Orange, heightened awareness of possible ecological and health dangers attributable to
herbicides has resulted in reevaluation of many compounds and has called indiscriminale use into question. Use of the
dioxin-containing 2,4.5-T was prohibited in the United States in 1984".

However, despite years of intense study, the details of the mechanism of aclion of these herbicides remain
elusive. It is known that they bind to auxin recepiors in plant cells, triggering a series of spontaneous effects that
quickly alter gene regulation and disrupt normal plani growih (Sterling, Hall, 1997). These herbicides change nutrient
transport in phloem and its active ingredienls accumulate in the main growing points (Cobb, 1992). There are results
from the trial with dichlorprop-P + mecoprop-P + MCPA application at dosage 2.5 L ha' in spring barley thal two
hours afler spraying, dichlorprop-P concentration in spring barley leaves was 8.0 mg kg'. 29 days after application,
dichlorprop-P was found in ears in concentration 1.75 mg kg'. 8efore harvesling (68 days after spraying), dichlorprop-
P was nol found in grains bul its concentration in soil was 2.0 mg kg''. Whereas mecoprop-P and MCPA were not found
neither lwo hours after spraying nor 29 or 68 days after it (Zikova el al , 1997).

Resistance 1o these herbicides is uncommon, considering their history of intensive use in cereal cropping
systems. First occasion of resistance was observed already in 1952 in Canada, Ontacio. Till nowadays there are
discovered 24 against synthelic auxins herbicides resistant weed biotypes’. Ironically, the availability of these tesistant
plants and other auxins-resistant mutants provides useful research tools to study both the mechanism of action of the
herbicides and the resistance mechanisms (Devine, Shukla, 2000),

Synthetic auxins herbicides MCPA and dichlorprop-P + mecoprop-P + MCPA are one of the most popular
herbicides in Latvia mainly because of its low price. Reducing applying dosages will decrease inputs and allows
farmers to produce cheaper production. The question is how such practice effecls weed control and cereals yield. Many
investigations show that applied doses of synthetic auxins herbicides could be reduced at appropriate conditions —
suitable weather conditions, susceptible weed species, weeds mainly in cotyledon stage, crop stands with sirong
compelitiveness (Bostrom. Fogelfors, 2002; Lundkvist, 1997; Salonen, 1993a).

Materials and Methods
Field trials were carried out at the Research and Study Farm “Vecauce” of the Latvia University of Agriculture
(LLU) from 2001 to 2003. Soil properties were different in all trial years: sandy loam podzolic soil, humus content

" hup://bartleby.com/65/he/herbicid.html (06. 02. 2004)
* hap//www.weedscience.org/summary/MOASummary.asp (07. 02. 2004.)
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31 g kg, pHger 7.1, content of phosphorus 253 g kg, content of potassium 198 mg kg™ (2001); loam podzolic soil,
humus 20 g kg', pHka 6.8, content of phosphorus 98 mg kg™, content of potassium 186 mg kg™ (2002); sandy loam
sod carbonate leached soil, humus content 21 g kg", pHker 6.8, content of phosphorus 85 mg kg", content of potassium
77 mg kg’ (2003). The trial was arranged in 4 replications, plot size 25 m”. Spring barley cv ‘Ansis’ was grown after
caraway (2001), maize (2002), and potatoes (2003). Soil tillage was traditional: autumn ploughing and presowing
tillage with rotortiller “Amazone KG — 452". Spring barley was sown on April 30, 2001, April 18, 2002 and April 29,
2003 with trial sowing machine “Hege 80”. Sowing rate — 400 fertile seeds per m?. Mineral fertilizers were used
before sowing for 6 t ha” high yields according to calculation using soil agrochemical properties. Herbicide application
was done at the spring barley tillering stage (GS 21-29 by Zadoks). Two synthetic auxins herbicides — MCPA (MCPA
750 SL, BASF, full dosage 2 L ha™") and dichlorprop-P + mecoprop-P + MCPA (Duplosan Super 600 SL, BASF,
dichlorprop-P 310 g L™, mecoprop-P 130 g L', MCPA 160 g L™, full dosage 2 L ha™') were applied at three dosages: a
full recommended dosage, one half, and one quarter of a full recommended dosage (hereafter 1/1, 172 and 1/4). Weed
assessments were done three times: first time — before spraying, second — on the 6" week after spraying, third —
before harvesting. Assaying was done using a 0.25 m” big circle in three places per plot identifying weed species and
counting the number of weeds per species and in the second assay measuring weeds fresh weight. First two assessments
were done in fixed places. The yield was harvested on 16 August 2001, 9 August 2002 and 7 August 2003 by trial
harvester “Hege 140" and was adjusted to 86% dry matter content and 100% purity. Data analysis for significance was
done by ANOVA. Interactions between factors were calculated using correlation-regression analyses.

Meteorological conditions were different in all trial years. Spring 2001 was late but weather conditions at
spraying time were optimal, After spraying, the beginning of June was cool and wet but from the end of June air
temperature was very high. [t was accompanied with a lot of precipitation, which called serious lodging of spring
barley. Spring of 2002 was early, which allows to sow barley quite early but suitable weather conditions caused also
massive weed germination. At the time of spraying, weather conditions were not favorable — high air humidity and
small rain 2 hours after spraying — what could effect herbicide efficacy. Spring 2003, like in year 2001, was late.
Plants suffered from water deficit, which was caused by extremely dry autumn in 2002 and lack of precipitation in
spring 2003, From the end of July very hot and dry weather started what forced barley maturation. Barley was yielded
in due time, and strong rainfalls in the middle of August did not affect the barley yield.

Results 2and Discussion

Weed infestation in spring barley in 2001 was medium to low — on average 57.5 weeds per square meter. The
most widespread species were common lambsquarter (Chenopodium album L.) (37.7% of total population), small nettle
(Urtica urens L.) (25.2%), field pennycress (Thlaspi arvense L.) (14.6%), and speedwell (Yeronica arvensis L.) (6.1%).
Almost 60% of all weeds were in 2—4 true leave stage at the time of spraying. In year 2002, weed infestation was very
big — on average 364.3 weeds per square meter. The dominant weed was field violet (Viola arvensis (L.) Murr.) — on
average 54% of total population. Widespread were also dead-nettle (Lamium purpureum L.) (11.5%), common
chickweed (Stellaria media (L.) Vill.) (10.8 %), common lambsquarter (7.3%), and field pennycress (4.4%). More than
50% from weeds were in 2 true leave stage before spraying. Weed infestation was considerable also in year 2003 —
187.3 weeds per square meter and the dominant weed again was field violet — 68.1% of total population.
Approximately 70% of weeds were in cotyledon stage before herbicide application, so spraying was done in this year in
the most suitable time.

Herbicide efficacy was estimated by the years and by herbicides and weed species separately. Calculations
included weed species with distribution of at least one plant per square meter. Only common lambsquarter (hereafter
CHEAL — codes according to Bayer (1992)), dead-nettle (LAMPU) un field pennycress (THLAR) were distributed on
average more than one plant per square meter before spraying in all trial years.

Results from first weed accounting show no significant differences (at probability level 95%) in weed number
among treatments for all the most common weed species. That allows to conclude that trials were settled in places with
homogenous weed infestation in all trial area.

Data from second weed accounting show that application of MCPA has significant (p < 0.05) effect on the
control of CHEAL, THLAR, common chickweed (STEME), and field violet (VIOAR). No differences were observed
among applied dosages of MCPA in the number and fresh weight of CHEAL and THLAR in all trial years. Significant
(p < 0.05) differences among applied dosages of MCPA we can find in the number and fresh weight of VIOAR
(Table 1). In both years, application of full recommended dosage has significant better effect on the reduction of the
number and fresh weight of VIOAR compared to 1/4 dosage (except fresh weight of VIOAR in year 2003). Whereas
[/2 dosage has no statistically provable differences from the effect of full dosage but has given significant reduction in
the number and fresh weight of VIOAR compared to untreated. We can find no significant differences in control of
STEME in year 2003, which can be explained with a very small amount of this weed compared to 2002.
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Table |
The number and fresh weight of weeds six weeks after application of herbicide MCPA

Y ear Weed Untreated | MCPA 1/1 | MCPA 1/2 | MCPA 1/4 Yoos ]

| _number per m’ o* 0 0 0 - !

2002 STEME - —eight g m? 83.0 1 224 29.9 471

| - VIOAR number per m” 286.3 62.7 184.3 207.3 109.74
weight, g m™ 116.2 13.0 44.9 66.1 43.15
X number per m” 7.3 2.0 1.7 6.7 4.53
2003 STEME weight, g m” 2.5 0.3 0.2 1.3 3.00
? VIOAR L_number per m’ 152.0 22.0 59.0 105.7 67.52
‘ | weight,gm” 313 1.4 5.5 12.0 19.20

* the number of STEME per m? was not possible to determine i year 2002.

Application of MCPA has also shown a statistically significant reduction in the number and fresh weight of
shepherd’s purse (Capsella bursa-pastoris (L.) Med.; CAPBP) in 2002 but this was the only year when this weed was
observed in a notable amount. The same effect has been shown by herbicide dichlorprop-P + mecoprop-P + MCPA,

Reduction in weeds fresh weight better characterizes efficacy of the herbicide. Data of weeds fresh weight
control are presented in Fig. I.

VIOAR

Dlone quarter dosage {1/4)
B hal( dosage (1/2)
B3 full dosage (1/1)

THLAR

STEME

LAMPU

CHEAL g

60 80 100

Fig. [. Weed control by MCPA, average in three years (except VIOAR — average in two years), %

CHEAL was the only weed the number of which per m’® differed significantly among treatments before
harvesting — in all treatments it was smaller than in untreated plots. Such coherence can be observed in all trial years

and for both tested herbicides. P

Table 2
The number and fresh weight of weeds six weeks after
application of herbicide dichlorprop-P + mecoprop-P + MCPA
Dichlorprop-P | Dichlorprop-P | Dichlorprop-P

Year Weed Untreated| + mecoprop-P | + mecoprop-P | + mecoprop-P Yo.05
+ MCPA 1/1 + MCPA 172 + MCPA 1/4 ;
number perm’> | 93 0.7 2.3 6.3 6.12 |
2001 | VERAR = bt em? | 19 0.0 0.2 0.4 22 ]
number per m® | 286.3 187.0 2623 270.7 149.84 |
2002 | VIOAR = e m? | 1162 70.6 938 108.8 78.98 |
number per m 9.3 1.0 2.0 4.0 6.01 |

2003 VERAR weight, g m™ 1.9 0.1 0.1 0.5 1.57

| VIOAR number per m* 152.0 21.7 55.0 §9.0 61.17

weight, g m° 313 1.3 | 53 1.7 19.52

A similar situation is with efficacy of herbicide dichlorprop-P + mecoprop-P + MCPA (Fig. 2). Also this
herbicide shows good control of CHEAL, THLAR and STEME, but not so good control of VIOAR. Reduction in the
number and fresh weight of VIOAR in 2002 was insignificant (p>0.05). [t had better effect on speedwell (Veronica
arvensis L.; VERAR) than MCPA (Table 2).
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Fig. 2. Weed control by dichlorprop-P + mecoprop-P + MCPA, average in three years (except STEME. VERAR and
VIOAR — average in lwo years), %

The yield of spring barley was within the predicted level — on average more than 6 t ha™. Also untreated plots
gave high yield, which shows the great role of good quality seed material, precise sowing, an adequate amount of
mineral fertilizers, and high capacity of competitiveness of spring barley.

Table 3

The yield of spring barley grain in treatments with MCPA and dichlorprop-P + mecoprop-P + MCPA, 1 ha™

| Treatment f Yedr
2000 | 2002 2003 Average

Unireated | 605 5.22 741 622
MCPA 1/ 6.09 5.74 7.84 6.56
MCPA 112 6.02 571 7.69 6.47
MCPA 1/4 5.98 5.49 7.76 6.41
Dichlorprop-P + mecoprop-P + MCPA |/] 6.08 5.74 7.50 | 6.44

 Dichlorprop-P + mecoprop-P + MCPA 1/2 6.05 5.53 757 | 638
Dichlorprop-P + mecoprop-P -+ MCPA 1/4 608 | 542 791 644

There were no significant differences in yields among treatments in years 2001 aad 2002 (p > 0.05), whereas
yield differences were significant (p < 0.036) in 2003 for herbicide MCPA — 7,505 = 0.287. This means that all
treatments except MCPA 1/2 dosage gave higher yietd than untreated plots but they have no significant differences
among them {Table 3). Such results coincide with results presented by Salonen (1993a) that spring barley grain yields
differ within 5% among ireatments wilh herbicides angd untreated plots. In this case, differences among yields are within
5.3% on average in three years. It is obvious that herbicide treatments have low influence on spring bacley grain yield.
According 1o results from olher trials in Latvia (Malecka, Lapins, 1997), usage of herbicides has just 10.2% big density
of impact on barley grain yield.

Courtney and Johason (1986) have slated that herbicide application increases yields when the average weed
infeslation reaches 150 plants per square meter. Also in trials carried out by Vanaga (2001}, statistically significamt
yield differences were observed when weed infestalion reached 142 planis of dicotyledonous weeds per square meter
and grain yield was 6 t ha™'. These irials show that this threshold could be even higher — at least 200 plants per square
meter, although in year 2002 when weed infeslation exceeded 350 planls per square meter no significant differences
were obsecved in grain yield. For sure, we have 1o take into mind the spectrum of weed species that may differ and
therefore change such a hypothetical threshold.

Salonen (1993b) has found that the 1otal biomass production of annual dicotyledonous weeds correlated only
weakly (r = 0.48) with the total weed density. On the contrary, in this trial we can find strong angd statistically
significant correlalion between the lolal weeds fresh weight and tolal weed density six weeks after spraying, except o
treatments with herbicide dichlorprop-P + mecopeop-P + MCPA in year 2002 (Table 4). The relationship in treatments
with MCPA (average for lhree years) is described by equation y = 0.88917x + 80.50321, but in reatments with
dichlorprop-P + mecoprop-P + MCPA — y = 0.90683x + 76.05141.

Table4
Linear relationships betweea Lhe total number of weeds and total weeds fresh weight six weeks after spraying
Variables | MCPA Dichiorprop-P + mecoprop-P + MCPA
2001 2002 2003 | Average | 2001 | 2002 | 2003 | Average
| s | 0.71 0.71 0.96 0.80 0.69 032 | 097 0.79
L RL% | 500 51.0 915 | 643 469 | 103 | 942 632 |
. P% | 998 998 [ 999 999 | 997 | 776 99.9 99.9 |
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Statistically significant negative relationships between spring barley grain yield and weed infestation were

observed just in some particular cases (Table 5).

Table §
Linear relationships between spring barley grain yield and weed infestation,
on average during 2001—2003, ry,

. Dichlorprop-P +
Variables MCPA mecopropr-F;’ +pMCPA
| Total number of weeds before spraying —0.26 -0.46
| Total number of weeds six weeks after spraying —0.25 —0.47
| Total weeds fresh weight six weeks after spraying —0.41 —0.57
;- Total number of weeds before harvesting —0.62 —0.64
| Number of CHEAL six weeks afier spraying 0.09 0.07
Fresh weight of CHEAL six weeks after spraying —0.2) —0.26
Number of VIOAR six weeks after spraying -0.25 -0.48
Fresh weight of VIOAR six weeks after spraying -0.38 —0.59
pos = 0.285

Such resuits about the effect of CHEAL on barley grain yield differ from those obtained by Vanaga (2001). In

her irials, statistically provable negative correlation existed only al a high level of grain yield. In this trial, on the
contrary, in all ihree years the grain yield was higher than 6  ha™', but linear relationships between the grain yield and
the number and fresh weight of CHEAL were inessential at probability level 95% for bolh applied herbicides.

Conclusions
The results allow to conclude that reduced dosages of synthetic auxins herbicides can be applied in spring barley

if sowings are infested wilh larget weeds of these herbicides. Such praclice surely in most cases would nol change the
barley grain yield significantly because herbicide application has a comparatively low effect on it.
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THE INFLUENCE OF ADJUVANTS ON THE EFFICACY OF NICOSULFURON IN MAIZE

V. Zadorozhny, V. Borona
Feed Research Institute of the Ukrainian Academy of Agricultural Sciences,
Prospekt Yunosti 16, 21100 Vinnitsa, Ukraine, e-mail: fri@mail.vinnica.ua

Abstract

The improvement of chemical method involves use of modern application techniques, synthesis of new herbi-
cides and adjuvants. Adding adjuvants to tank mixtures of pesticides is common practice in many countries of the
world. For Ukrainian agriculture, which is characterized by limited financial resources and high degree of dependence
upon imported pesticides, the search for cheap and ecologically friendly adjuvants is of great importance. Use of tank
mixtures of herbicides with a different mode of action is a possibility of optimization of chemical method of weed con-
trol. The efficacy of nicosulfuron was the highest when applied at early stages of weed plant development, when ade-
quate level of weed control was achieved by applying nicosulfuron at the dose of 37.5 g a.i. ha'. Inclusion of ammo-
nium nitrate to the spray solution of nicosulfuron allows reducing application rate by 25% without any loss of efficacy.

Key words: nicosulfuron, adjuvants, weeds, maize.

Introduction

Herbicides are an important element in modern systems of the protection agricultural crops against weeds. How-
ever, agricultural practices in the countries of EC tend to reduce the dependence of weed management upon herbicides
(Lotz et al., 2002). First of all it is achieved not by the refusal of herbicides, but by means of improved techniques ap-
plication, synthesis of new herbicides and adjuvants and accurately defined strategies of their application (Kudsk,
Streibig, 2002; Jensen, 2004), as growth of the number of crops including maize is not possible without effective weed
control (Barkaszi, 2004; 3anopo:xnnuii, 2001). In many countries application of adjuvants to tank mixtures of herbicides
including oils and nitrogen fertilizers becomes more and more wide-spread (Dogan et al., 2002; 1l1sapTay, 2002).

For Ukrainian agriculture, which is characterized by limited financial resources and high degree of dependence
upon imported pesticides, the search for cheap and ecologically friendly adjuvants is of great importance. These sub-
stances include biodegradable exopolysaccharides of microbial nature, which are capable of enhancing “sticking” abil-
ity of herbicides to weed plants (Bouenko et al., 2001).

The objective of this research was to investigate the influence of polysaccharide enposan and nitrogen fertilizers
on the efficacy of nicosulfuron for possibility of optimization of weed control in maize under conditions of forest-steppe
zone of Ukraine.

Materials and Methods

Field trials were conducted during 1998—2003 at the Feed Research Institute of UAAS. Soil was of grey
wooded type with 2.2—2.4% o.m. content and pH 5.2—5.5.

The trials were carried out on plots with a size of 25.2 m* (4.2 x 6 m) and in four random replications. In the tri-
als, nicosulfuron was used (Milagro, 40 g a.i. L', Syngenta). Herbicides were applied when the crop and grass weeds
were at 3---5 leaf-stage and broad-leaved weeds at the first true leaf-stage. Herbicides were applied with a knapsack
sprayer. The spray volume in experiments was 250 | ha™'. Efficacy of herbicides was assessed 30 days after treatment
(DAT) by counting weeds in a 0.25 m” frame in four different randomly selected spots for each plot and at crop harvest
by measuring the above-ground weed fresh weight. Data of the maize yield were subjected to the analysis of variance.
Means were compared using l.east Significant Difference test (LSD) at the 5% level. The influence of adjuvants — en-
posan and ammonium nitrate — on the efficacy of nicosulfuron in maize was studied in field trials in the conditions of
forest-steppe zone of Ukraine.

Higher air temperatures characterized weather conditions in May throughout the trial years, compared to average
long-term indices. The level of precipitation was lower than the average in this period except for May 2002 and June
2000 and 2002 (Tablel).

Table 1
Mean daily temperature and monthly rainfall from April to June in 1998—2003
Year Temperature (°C) Precipitation (mm)
May June May June
1998 13,4 18,9 42 41
1999 11,9 20,8 37 16
2000 14,8 17,2 49 92
2002 15,9 17,1 73 144
2003 18,5 17,0 30 28
Long-term mean 10.6 17.7 60 . 74
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Results and Discussion

In 1998—2000, the efficacy of different application rates and possibility of application of reduced doses of nico-
sulfuron in maize was studied. Results of the experiment show that at the time of nicosulfuron application at T,, plants
E.crus-galli and S. glauca had 1—3 leaves and height — 1,5—2,5 cm, plants C. album and P. scabrum — 2,0—5,0 cm,
T.arvense — height up to 1,5 cm. The overall weed infestation of maize, 30 DAT after application of 37.5 and 50 g a.i.
ha™' of nicosulfuron, was reduced by 78—84%. The efficiency of nicosulfuron at the first date of application (T,) was
5-—-7% higher than at the second date of application (T,). At later terms of application, sensibility to nicosulfuron of
broad-leaved species, especially C. album, reduced. Under such conditions, at T, the best herbicide effect could be ob-
tained only with the highest rate of herbicide (Table 2).

Table 2
The influence of time application on the efficacy of nicosulfuron in 19982000
R Applicati Weed control, %
Treatment oa ?t‘;’dl p;;ilr;::;tlon 30 DAT before harvest
e 1998 1999 2000 1998 1999 2000
Nicosulfuron 50 T, 87 86 79 84 84 72
Nicosulfuron 37.5 T, 82 76 67 81 71 61
Nicosulfuron 25 T, 76 57 63 78 61 58
Nicosulfuron 50 T, 73 82 78 76 82 61
Nicosulfuron 37.5 T, 73 74 39 74 69 51
Nicosulfuron 25 T, 62 51 18 63 60 25

The results of researches conducted during 2002—2003 showed that 30 DAT nicosulfuron 40 g a.i. ha™ con-
trolled 78—87% of weeds depending on the year of research. Application of 50 g a.i. ha™ increased the level of weed
control by 2—12%. Before maize harvesting, the weed mass was lower than 89—90% compared to untreated plots.

Differences in the efficacy of herbicide activity, to a great extent, can be explained by weather conditions during
the experiment. Under conditions of high soil infestation with weed seeds during some of the years, the second wave of
weeds appeared. As a result, number of weeds in of untreated plots increased from 49 to 460 plants m*. These years be-
fore harvesting, weed mass in the plots treated with herbicides reduced by 62—94%. To some extent it can be said that
the seasons showed effect on nicosulfuron application. Nicosulfuron has a favorable effect on maize yield (Table 3).

Table 3
The efficacy of nicosulfuron and the maize yield in 2002—2003

Rate, Weed control, % Maize yield,

Treatment ga.i. ha™! 30 DAT before harvest tha
2002

Untreated 0 0 3.52

Nicosulfuron 40 78 85 6,14

Nicosulfuron 50 90 94 6,52
2003

Untreated 0 0 ‘ 4,78

Nicosulfuron 40 87 62 7,55

Nicosulfuron 50 89 67 7,28

The possibility of increasing effect of nicosulfuron by using ammonium nitrate and enposan as additive has been
studied in 2002 and 2003. Observations 30 DAT showed that nicosulfuron alone controlled 46—82% of weeds. The
1.0% ammonium nitrate addition to nicosulfuron at 20—40 g a.i. ha"' increased activity by 8—22% of the herbicide
against weeds.

Thanks to enposan sticking properties, the herbicide activity of milagro against annual grass and broad leaf
weeds in maize was enhanced. At the rate of application of 30 g a.i. ha™', the mixture of nicosulfuron + enposan ensured
weed control at 74%. At harvest, the biomass of weeds in maize was 71% lower compared to control plots (Table 4).
The obtained results show that it is possible to reduce the rate of application of nicosulfuron by 25% provided it is used
with enposan without decrease in its herbicidal activity. No phytotoxic effect of this mixture on maize was observed.
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Table 4
The influence of ammonium nitrate (AN) and enposan on the efficacy of nicosulfuron in maize for grain in
2002 and 2003

Weed control, %

Treatment g ;{?tleml 30 DAT before rgduclion " Yield. t ha'!
harvest biomass
Untreated* 0 0 0 4.16
Nicosulfuron 40 82 59 74 6.71
Nicosulfuron 30 69 606 67 6.20
Nicosulfuron 20 46 44 56 316
Nicosulfuron + AN 40+ 1.0 % 90 79 91 7.19
Nicosulfuron + AN 30+ 1.0% 77 67 78 6,80
Nicosulfuron + AN 20+ 1.0 % 68 49 68 6,13
Nicosulfuron + enposan 30+ 1.0 % 73 64 71 6,36

Use of ammonium nitrate and enposan as an additive contributes to improved and enhanced phytotoxicity of
nicosulfuron by 4—14% on Setaria glauca and by 13—18% on Chenopodium album (Table 5).
Table 5
Efficacy of nicosulfuron against major species of weeds in 2002 and 2003

Treatment R?llc, ] Weed control 30 DAT, %
ga.i ha SETPF CHEAL
Untreated 0 0
Nicosulfuron 40 89 60
Nicosulfuron 30 65 55
Nicosulfuron 20 46 28
Nicosulfuron + AN 40+ 1.0 % 93 73
Nicosulfuron + AN 30+ 1.0 % 78 73
Nicosulfuron + AN 20+ 1.0 % 60 37
Nicosulfuron + enposan 30+ 1.0% 74 08

Conclusions

The efficiency of nicosulfuron was the highest when it was applied at early stages of weed plant development. In
this case, an adequate level of weed control can be achieved with the dose of nicosulfuron at 37.5 g a.i. ha™. Inclusion
of ammonium nitrate and enposan to the spray solution of nicosulfuron allows reducing application rate by 25% without
any loss of efficacy.
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Abstract

The effect of no-tillage cultivation system and soil mulching with cover crops (white mustard, spring vetch,
tansy phacelia, oats) on weed infestation, yielding of onion and carrot was studied. Species composition and number of
weeds on onion and carrot plantations were estimated. Annual weed species: Matricaria chamomilla L., Senecio
vulgaris L., Galinsoga parviflora Cav., Urtica urens L., and Chenopodium album L. dominated in primary weed
infestation on plots with onion and carrot. Application of plant mulches and conventional tillage limited weed
infestation of vegetables. A significant increase in weeds number was noticed in objects without plant mulches on onion
and carrot plantations. The total and marketable yield of onion was highest under conditions created by no-tillage
cultivation system. A higher yield of carrot roots was harvested from objects with conventional tillage.

Key words: reduced tillage, plant mulches, weed infestation, yield of vegetables.

Introduction

During wintertime, the surface of soil, not covered by plants, is particularly susceptible to destructive activity of
atmospheric factors. Inter-crop plants left on the field for the winter period can play main role in soil protection
(Dzienia, 1990). Cover crop mulches retard erosion process, hinder weed emergence, add organic matter into the soil,
prevent nitrogen leaching, reduce evaporation, and retain warmth (Hembry, Davies, 1994; Abdul-Baki et al., 1996).
Some of inter-crop plants effectively limit weed infestation during the vegetation season. Rye is a valuable winter-hard
cover crop efficient at reducing weed infestation (Liebl et al., 1992; Smeda, Weller, 1996). An intensive system of
vegetable production causes changes in soil physical properties (Radecki, 1986). Employment of heavy machines and
implements, which pass the field several times, increases soil compaction and decreases soil porosity, and thus can
influence the growth of vegetable roots (Kesik, Konopinski, 1993). Application of a simplified soil cultivation system
and plant mulches reduced labour requirements and greater nutrient recycling. In conservation tillage practices, inter-
crop plants are important because they modify microclimate of the crop which influences pest populations and crop
yield (Masiunas, 1998). A reduced soil cultivation system using cover crop mulches has also many disadvantages,
which may include higher chemical input (desiccants and herbicides), potential pest carryover in residues, and
enhancement of some diseases (Hoyt et al., 1994). The last studies (Kesik et al., 2000; Borowy et al., 2000) showed that
simplified soil tillage and use of plant mulches is an effective sustainable production system which can be used for
vegetable production.

The purpose of this experiment was to compare the effect of differentiated cultivation systems and cover crop
mulches on the yield and weed infestation of onion and carrot.

Materials and Methods

A field experiment was conducted during 1998—2000 at the Agricultural Research Station Felin near Lublin, on
lessive soil derived from silty medium loam. The cultivated plants were onion c.v. ‘“Wolska’ and carrot c.v. ‘Perfekcja’.
In the experiment the following cultivation variants were compared: I. Pre-sowing soil cultivation system (no-tillage
and conventional soil cultivation with spring ploughing); II. Plant mulches — cover crops (control — without plant
mulch, white mustard, spring vetch, tansy phacelia, oats). Cover crop seeds were sown in the third decade of August.
The plants were left in the field for the winter period. In spring, conventional soil cultivation system was applied to half
of each cover plot. The second part of each plot was left without ploughing. Before seeding, 150 kg P,0s and 200 kg
K20 per hectare were incorporated into the soil. Nitrogen was delivered in two doses, 75 kg N before seeding and
second dose as top-dressing. Cultivation and herbicide applications were standard practices in conventional onion and
carrot production. The statistical design was split-plots with four replications. The results were subject to analysis of
variance at o = 0,05.

Results and Discussion

In primary weed infestation of onion - plantation, four short lasting weed species dominated: Matricaria
chamomilla (16,0 plantsm?), Senecio vulgaris (11,4 plantssm™), Urtica urens (10,8 plantss-m™), and Galinsoga
parviflora (9,9 plants-m™), Among long lasting weed species, three of them ~— Agropyron repens (2,8 plants'm™),
Equisetum arvense (0,7 plants'm™) and Taraxacum officinale (0,3 plants-m™?) -— dominated (Table 1). In the field
experiment, pre-sowing soil cultivation system had a considerable influence on weed infestation of onion plantation.
Irrespective of the soil cultivation methods, the number of weeds growing on | m’ amounted to 71,7. Increase of
primary weed infestation in objects with no-tillage cultivation (mean 90,7 plants'm™), compared to objects with
conventional soil tillage (52,7 plants-m™), was observed. Increase of weed infestation on the field with no-tillage
cultivation was also confirmed by Szymankiewicz (1995).
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Table 1

The effect of soil cultivation method and plant mulches on primary weed infestation of an onion plantation, mean during 1998—-2000 (in plants-m?)

w Conventional soil tillage No-tillage
eed - - - -
species control white SPring tansy. oats mean | control white Spring tansyl oats mean Mean
mustard | vetch | phacelia mustard | vetch | phacelia
Short lasting weeds:
Matricaria chamomilla 23,9 18,2 9.4 4.4 5,3 12,2 62.3 3,8 3.3 15.8 14,0 19,8 16,0
Senecio vulgaris 12,0 4,0 7,1 2.2 3 6,9 20,9 5,8 15,7 32,7 42 15,9 11,4
Urtica urens 6,2 10,3 2,2 6,9 5,5 10,2 42 14,9 12,9 6,0 18,9 11,4 10,8
Galinsoga parviflora 11,8 9,8 8,2 1,3 7,8 7,8 20,7 243 3,5 8,0 4.0 12,1 9.9
Capsella bursa-pastoris 1,8 0,6 2.0 1,3 2.5 1,6 23,7 0,7 2,0 16,2 5,3 9.6 5,6
Chenopodium album 6,0 1,7 2.4 4,9 47 3,9 7.8 4,0 3,2 3,8 5,3 4.8 4.4
Galinsoga hispida 6,6 2.9 1,5 2.0 472 3,4 7,1 2,2 2,7 3,8 2,5 3,7 3,6
Sinapis alba 0,0 7,1 0,0 0,0 0,0 1.4 0,0 19,8 0,0 0,0 0,0 4.0 2.7
Tripleurospermum inodorum 39 0,7 1,1 0,7 1,1 1,5 - 13,4 0,4 3,1 0,2 1,6 3,7 2,6
Echinochloa crus-galli 22 0,7 0,9 2,0 1,3 1.4 0,7 2,7 4.9 472 1,8 2,9 2,1
Poa annua 2.4 2,9 0,7 0,2 0,9 1,4 3.2 0,4 1,9 0,0 0,5 1,2 1,3
Stellaria media 1,0 0,7 0.4 0,9 0,9 0,8 2.2 0,9 0,9 1,1 3,3 1,7 1,2
Total 77.8 59,6 55,9 26,8 435 52,7 166,2 79.9 54,1 91,8 61,4 90,7 71,7
Long lasting weeds:
Agropyron repens 1,8 1,8 3,1 2,0 3,8 2.5 6.8 42 0,5 1,8 24 3,1 2.8
Equisetum arvense 1,1 2,0 0,2 1,1 1,3 1,1 0,0 0,0 0,0 1,6 0,0 0,3 0.7
Taraxacum officinale 0,2 0,0 0,0 0,0 0,5 0,1 0,7 0,4 0,0 0,7 0,5 0,5 0,3
Cirsium arvense 0,0 0,3 0,0 0,0 0,0 0,1 0.2 0,0 0,0 0,0 0,0 0,0 0,1
Plantago maior 0,2 0,0 0,0 0,2 0,0 0,1 0,2 0,3 0,0 0,0 0,0 0,1 0,1
Total 3,3 4,1 3,3 33 5,6 3,9 7,9 49 0,5 4,1 29 4,1 4,0
Total number of weeds 81,1 63,7 59,2 30,1 49,1 56,6 174,1 84,8 54,6 959 64,3 94,7 75,7




Table 2

The effect of soil cultivation method and plant mulches on primary weed infestation of a carrot plantation, mean during 1998—2000 (in plants-mz)

W Conventional soil tillage No-tillage
ee.d white spring tansy white spring tansy Mean
spectes control mustard | vetch | phacelia oats mean | control mustard | vetch | phacelia oats fmean
Short lasting weeds:
Matricaria chamomilla 10,7 0,0 0,0 0,0 5,3 3,2 13,4 0,4 0,0 0,0 7,6 4,3 3,7
Senecio vulgaris 10,1 1,1 3,7 9,1 9,3 6,7 20,0 2,5 42,6 18,9 13,1 234 15,0
Urtica urens 4,1 2,2 2,3 1,1 1,8 2,3 5,4 0,0 3,8 0,2 0,0 1,9 2,1
Galinsoga parviflora 6,2 0,7 1,1 0,0 0,7 1,7 10,4 3,1 4,9 0,2 1,6 4,0 2,9
Capsella bursa-pastoris 1,3 0,7 0,4 1,3 1,3 1,0 4,5 1,4 0,4 0,0 2,4 1,7 1,4
Chenopodium album 2,7 0,2 1,3 0,7 2.9 1,6 11,7 1,0 6,2 0,7 0,9 4.1 2,8
Galinsoga hispida 1,8 0,7 0,0 0,9 0,4 0,8 4.4 0,0 1,3 0,9 1,1 1,5 1,2
Sinapis alba 0,0 3,6 0,0 0,0 0,0 0,7 0,0 11,1 0,0 0,0 0,0 2,2 1,5
Tripleurospermum inodorum 1,7 1,3 0,0 2,9 I,1 1,4 5,0 I,1 1,6 1,1 2,2 2,2 1,8
Echinochloa crus-galli 0,3 0,4 0,4 1,3 0,0 0,5 0,6 2,2 33 4,5 0,0 2,1 1,3
Poa annua 1,0 0,0 0,0 0,0 0,0 0,2 2,3 0,9 0,0 0,0 0,0 0,6 0,4
Polygonum persicaria 0,1 0,0 0,6 0,2 0,4 0,3 1,5 0,4 0,0 0,0 0,7 0,5 0,4
Total 40,0 10,9 9,8 17,5 23,2 20,3 79,2 44,1 64,1 26,5 29,6 48,7 34,5
Long lasting weeds:
Agropyron repens 2,9 4.5 1,3 1,5 0,0 2,0 7,0 4,7 2,0 0,5 4,0 3,6 2,8
Equisetum arvense 0,4 0,0 0,0 0,0 0,0 0,1 0,0 0,0 0,0 0,0 0,4 0,1 0,1
Sonchus arvensis 0,3 0,0 0,0 0,0 0,0 0,1 2,4 1,1 0,0 0,0 0,0 0,7 04
Convolvulus arvensis 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,2 0,2 0,0 0,0 0,1 0,1
Cirsium arvense 1,0 0,0 0,0 0,7 0,0 0,3 2,1 1,1 0,0 0,4 2,2 1,2 0,8
Taraxacum officinale 0,0 0,0 0,0 0,0 0,0 0,0 1,4 0,2 0,0 0,2 0,0 0,4 0,2
Plantago maior 0,0 0,0 0,0 0,0 0,0 0,0 1,1 0,0 0,0 0,0 0,7 04 0,2
Total 4,6 4,5 1,3 2,2 0,0 2,5 14,2 7,3 22 1,1 7,3 6,4 4,5
Total number of weeds 44.6 15,4 11,1 19,7 23,2 22,8 93,4 51,4 66,3 27,6 36,9 55,1 39,0
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Application of plant mulches received from cover crops limited the number of weeds on the onion plantation.
Decrease in the number of weeds was found on plots with tansy phacelia mulch and conventional tillage
(26,8 plants‘m™ compared to control — 77.8 plants'-m™), and also on plots with spring vetch mulch and no-tillage
cultivation system (54,1 plants-m™ compared to control — 66,2 plants-m™), Profitable effect of cover crop use on the
decrease of weed infestation in vegetable cultivation was observed also by Borowy et al. (1999). Differentiated soil
cultivation systems and plant mulches did not have a significant influence on the occurrence of long lasting weed
species. But the lowest number of long lasting weeds in the objects with conventional and reduced soil tillage was
observed under spring vetch mulch (3,3 and 0,5 plants-m™, respectively).

In primary weed infestation of carrot plantation, irrespective of the cultivation system and plant mulches, the
following short lasting weed species: Senecio vulgaris (15,0 plantsm?), Matricaria chamomilla (3,7 plants'm™),
Galinsoga parviflora (2,9 plants'm™) and Chenopodium album (2,8 plants-m™) dominated (Table 2). Mean number of
weeds in objects with conventional tillage amounted to 20,3 plants'm™, while in objects with reduced soil tillage the
number of weed species amounted to 48,7 plants'm™. Application of spring vetch mulch in combination with
conventional soil tillage decreased the number of weeds (9,8 plants‘m™) compared to control (40,0). In objects with
reduced soil tillage, tansy phacelia mulch most of all limited weed infestation (26,5 plants'm?).

Among long lasting weed species, Agropyron repens (mean 2,8 plants'm™), Cirsium arvense (0,8 plants-m™) and
Sonchus arvensis (0.4 plants'm™) dominated. Irrespective of differentiated plant mulches, a higher number of long
lasting weeds (mean 6,4 plants'm™) was noticed in objects with a reduced soil cultivation system, compared to
conventional soil tillage (2,5 plants-m™). Application of cover crops in cultivation of carrot limited occurrence of long
lasting weed species. Oats and spring vetch mulches, in combination with conventional soil tillage and tansy phacelia
mulch, together with reduced soil tillage had the biggest influence on the decrease of the number of long lasting weeds.

The cultivation method of plants significantly influenced the total and marketable yield of onion and carrot.
Onion produced higher yields on plots with conventional soil tillage. Total yield of onion on average amounted to
48,6 t-ha’', whereas the yield in objects with no-tillage was lower by 5,6 tha™' (Table 3). Also marketable yield of onion
was significantly higher on plots with conventional tillage (41,7 t-ha™") than on plots with no-tillage cultivation system
(37,0 tha™). Irrespective of soil cultivation methods, the plant mulches had a significant influence on the yield of onion.
The highest total and marketable yield was harvested from plots with spring vetch mulch (49,1 and 43,7 t-ha™,
respectively). The lowest total and marketable yield was noticed on plots with white mustard mulch (39,4 and
32,7 tha'', respectively). '

Table 3

The effect of soil cultivation method and plant mulches on total and marketable yield of onion,
mean during 1998—2000 (in tha™")

Plant Total yield Marketable vyield
ional no conventional no

I conyentlona ' .
mulches soil tillage tillage mean soil tillage tillage Mean
Control 472 44.6 459 40,8 38,6 39,7
White mustard 40,7 38,0 394 34,2 31,1 32,7
Spring vetch 51,7 46,5 49,1 44,6 42.8 43,7
Tansy phacelia 50,5 46,8 48,7 428 39,9 41,4
Qats 52,7 38,9 45,8 45.9 32,8 394
Mean 48,6 43,0 45,8 41,7 37,0 394

LSD(O!(|5) for: soil tlllage 2,0 2,1

plant mulches 4,5 4,7

The yield of carrot roots was significantly higher in objects with conventional soil tillage. Total yield of carrot
roots on average amounted to 76,5 t-ha™', whereas in no-tillage cultivation system — to 69,4 t-ha™' (Table 4). Similarly,
the marketable yield was bigger on plots with conventional tillage (45,0 t-ha™) compared to reduced soil tillage
(37,6 tha™). Irrespective of soil cultivation methods, the highest total and marketable yield of carrot roots was harvested
from plots with tansy phacelia mulch (76,4 and 44 t-ha”, respectively). White mustard mulch limited the yielding of
carrots. Another result with carrot cultivation by obtained Borowy et al. (2000); in a field experiment a higher yield of
carrot roots was obtained from objects with no-tillage cultivation system. It is necessary to mark that the weather
conditions during the vegetation season considerably influenced the onion and carrot yields.
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Table 4

The effect of soil cultivation method and plant mulches on total and marketable yield of carrot roots,
mean during 1998—2000 (in t-ha™)

Plant Total yield Marketable yield
mulches conventional no mean conventional no mean
soil tillage tillage soil tillage tillage
Control 78,0 69,8 73,9 46,0 33,9 40,0
White mustard 68,5 68,2 68,4 40,2 37,1 38,7
Spring vetch 75,5 70,8 73,2 43,0 430 43,0
Tansy phacelia 79,6 73,2 76,4 45,6 43,2 44,4
QOats 80,9 65,2 73,1 50,3 30,7 40,5
Mean 76,5 69,4 73,0 45,0 37,6 41,3
LSD(O‘os) for: soil til]age 2,5 2,3
plant mulches 5,7 5,1
Conclusions

(98]

12.

13.

In primary weed infestation of onion and carrot plantations, five weed species Matricaria chamomilla L., Senecio
vulgaris L., Urtica urens L., Galinsoga parviflora Cav. and Agropyron repens Beauv. dominated.

Conventional soil tillage with spring ploughing considerably limited the weed infestation on onion and carrot
plantations compared to no-tillage cultivation system.

Application of plant mulches received from cover crops limited the number of weeds on onion and carrot
plantations. Among investigated mulches, tansy phacelia and spring vetch had profitable influence on the decrease
of the number of weeds. '

The yield of onion and carrot roots was significantly higher in objects with conventional soil tillage. Irrespective of
soil cultivation methods, the highest total and marketable yield of onion was harvested from plots with spring vetch
mulch, and of carrot roots — from objects with tansy phacelia mulch.

References
Abdul-Baki, A., Teasdale, J.R., Korcak, R., Chitwood, D.J., Huettel, R.N. 1996. Fresh-market tomato production in
a low-input alternative system using cover crop mulch. HortScience, 31, 65—69.
Borowy, A., Jelonkiewicz, M. 1999. Zachwaszczenie oraz plonowanie osmiu gatunkow warzyw uprawianych
metoda siewu bezposredniego w mulcz zytni. Zesz. Prob. Post. Nauk Rol., 466, 291—300.
Borowy, A., Konopinski, M., Jelonkiewicz, M. 2000. Effect of no-tillage and rye mulch on soil properties, weed
infestation and yield of carrot and red beet. Annales AFPP, Dijon — France, 339—345.
Dzienia, S., Sosnowski, A. 1990. Uproszczenia w podstawowej uprawie roli, a wysokosc naktadow energii. Fragm.
Agron., 3 27) 1V, 71-—-79.
Hembry, J.K., Davies, J.S. 1994. Using mulches for weed control and preventing leaching of nitrogen fertilizer.
Acta Hort., 371, 311—316.
Hoyt, G.D., Monks, D.W., Monaco, T.J. 1994. Reviews. Conservation tillage for vegetable production.
HortTechnology, 4 (2), 129—135.
Kesik, T., Konopinski, M. 1993. Effect of some agrotechnic factors on soil properties, yield and some physical
features of carrot. Zesz. Prob. PNR, 399, 113—118.
Kesik, T., Konopinski, M., Btazewicz-Wozniak, M. 2000. Weed infestation and yield of onion and carrot under no-
tillage cultivation using four cover crops. Annales AFPP, Dijon — France, 437444,
Liebl, R., Simmons, F.W., Wax, L.M., Stoller, E.W. 1992, Effect of Rye (Secale cereale) Mulch on Weed Control
and Soil Moisture in Soybean (Glycine max). Weed Technology, 6, 838—846.

. Masiunas, J.B. 1998. Production of vegetables using cover crop and living mulches — a review. Journal of

Vegetable Crop Production, 4 (1), 11—31.

- Radecki, A. 1986. Studia nad mozliwoscia zastosowania siewu bezposredniego na czarnych ziemiach whasciwych.

Rozprawy naukowe i monografie. SGGW AR Warszawa, 1—86.

Smeda, R.J., Weller, S.C. 1996. Potential of rye (Secale cereale L.) for weed management in transplanted tomatoes
(Lycopersicon esculentum). Weed Sci., 44, 596—602.

Szymankiewicz, K. 1995. Sposoby uprawy roli a zachwaszczenie kukurydzy uprawianej na ziarno w
monokulturze. Mat. Konf. Nauk. ,,Siew bezposredni w teorii i praktyce”, Szczecin-Barzkowice, §1—88.

195



AGRONOMUAS VESTIS (Lawvisn Joumal of Acronomy ), No. 2. LLU. 2004 Ecalogicat spproach ol modem weed control systems

WEED INFESTATION IN WHEAT SOWINGS IN CENTRAL AND WESTERN PART OF
LATVIA

Dainis Lapin$, Inga Neimane, Andris Berzins, Jelena Korolova
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Abstract

A weed infestation monitoring was carried out annually at the end of fuly in s(ationary observed areas in the
Jelgava, Dobele, Saldus. Talsi, Tukums and Kuldiga districts of Latvia during 1994—2002. The weed infestation ol
sowings was determined using quantitative currency method developed by A. Rasing and M. Tavriga (1989). The
occuirence index was calculated tor characterizing separate weed species and groups of weeds. Shannon biological
diversity index was used as a complex indicator for weed infestation of sowings. Evaluation of weed infestation
maonitoring results was done using data ranging and grouping. To characterize dynamics of separate weed species, the
index of changes of the number of weed species was used. Fisher criterion was applied for cvaluating the influence ol
herbicides and crop rotation. Dominant weeds (> 5 p. m™) in winter wheat sowings were Elvirigia repens, Viola spp..
Stellaria mediu, Matricuria perforata, Polygonum spp.. and in spring wheat sowings — Elywrigia repens, Lamium
purpureum, Stellaria media and Fallopia convolvulus. The number of weed species varied from I3 to 18 during the
5 investigation years. The number of weed species with occurrence over 50% decreased in winter wheat sowings, but
the number of species with occurrence up to 10—20% increased. Shannon index for annual and perennial weeds tended
to increase in winter wheat sowings. Biological diversity index in spring wheat sowings was higher for annual weed
species than for perennjal weeds — in annual weed species it increased from 0.69 in 1998 to 0.80 in 2002. Periodicity
of dominant of weed species was established for Polygonam spp.. which reproduces with seeds, and for winter weeds
Matricaria perforata and Viola spp. The amplitude of cyclical changes in winter weeds was greater when initial level of
weed infestation was higher. Changes in the number of perennial weeds Elvirigia repens and Clrsium spp. were nol
cyclical. The weed infestation in repeated spring wheat sowings was significantly higher than in sowings with crop
rotation, ¢specially for perennial weeds Circitnm spp. and Elyirigiu repens. Differences in the weed infestation in
repeated winter wheat sowings were insignificant, compared to sowings with crop rotation. The effect of years as a
factor was higher than that of the pre-crop. The influence of herbicides was significant for occurrence of Cirsivum spp. in
winter wheat and for the aumber of Sonchus orvensis and Mywosotis spp. in spring wheat.

Key words. wheat, weed infestation, monitoring of weeds.

Introduction

The importance of monitoring of weed infestation in sowings has already been discussed in previous
publications of D. Lapinsh, J. Korolova, A. Berzinsh (2000), D. Lapiqg3, A. Bérzig3, J. Korotova, A. Sprincina (2002),
[. Vanaga, D. Lapins, A, Bérzing, J. Korolova, A. Sprincina (2002). This has also been confirmed by research results in
Finland (Salonen et at., 2001), Lithuania (Kavoliunaite et al., 2000), Estonia (Tofeo, 1997), Belarus (IMporacos, 1995;
Copoka, Pomaniok, 1997) and Russia (VaeaHosa, 1997, Kpasyedxo, 1997). The analysis of long-term and annual
observations of weed infeslation of sowings weediness allows to delenmnine the effect of crop rotation and chemical
weed controf compared 10 years as a factor of influence. Indexes are being more and more used for evaluating dyramics
of weeds’ biological diversily. The aim of the research was o analyze dynamics of weeds basing on the monitoring data
in sowings in the Kurzeme and Zemgale regions of Latvia during 1998—2002.

Materials and Methods

The registration of weed infestation and data analysis methods

The weed infestation monitoring was carried out annually at the end of July in stationary observed areas in the
Jelgava, Dobele, Saldus, Talsi, Tukums and Kuldiga districts starting from 1998. The observations were made on
traditional and biological farms. Crop rotation and field areas were determined by the respective farmer. The weed
infestation of sowings was determined using quantitative currency method developed by A, Rasing and M. Taurina
(1989). The mnethod is based on correlation belween the occurrence of weed species in the field and the number of this
weed species in | m” of lield area. The invariability of rhe method allows to compare changes in weed infestation over a
longer period of time (Jlanuueut, 1999).

The observations were made using 200 cm™ frames at particular field points. Determination of weed species was
done in 100 places and. if the field area was tess than 20 ha, in 50 places. From these daita, the occurrence of weed
species (%) was calculated, and then the number of weed species in | m’ was deterrined.

Table |
Areas of crop sowings observed in 1998-—-2002
Crops Area, ha
1998 1999 | 2000 2001 2002
Spring wheat 85 176 166 109 60
Winter wheat 205 191.3 190 329.5 144
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Simultaneously with evaluation of weed infestation, data about herbicide use were collected. A precise list of
herbicides was not obtained, because farmers quite often don’t bave their own plant protection technigue.
The index (%) of occurrence of weed species or a group of weeds was calculated as weighted mean and was
weighted against the total field area, where this species or group of weeds was observed:
I

D (Plxx,)
3 P

where [ :' — occurrence of weed species § in year 7 by A. Rasipd's meihed:

Is!=

. (1

{ — symbol vf weed species;
m — number of slationary observed arcas for a particular crop in # ycar,
'ZM—- (otal ficld arca lor a particolar crop. ha.

Shannon biological diversity index was used as a complex indicator of weed infestation of sowings, which gives
evaluation of total weed infestation of sowings according to all observed characteristics — number of weed species,
number of weeds, and total number of weeds. A greater mathematical value of the index corresponds 1o greater total
weed infestation of sowings (Magurran, 1988).

One of weed infestation’s indicators is the index of change for the number of weéds, which shows the dynamics
of weediness in one year compared to the previous year:

. Y :l -X :u~! ‘))
T /Y,"_I (2
1,“_”, — index of change (or the number of weeds of a particular weed species /,
X,“ — number of weeds of a panticular weed specics i in # year,
X,"-I — number of weeds of a panticular weed species 1 in n-7 yeur.

Analysis of the weed infestation was carried out using data ranging and grouping. The index of change for the
number of weeds of a particular weed species was used to characterize the dynamics of dominating weed species. Fisher
criterion was applied to evaluate the influence of herbicides and crop rotation,

The number of determined weed species, changes in weed structure and weed occurrence were evaluated to
analyze the dynamics ol weeds in stationary observed areas. Species of weeds were grouped in clusters where the
number of weeds is less than 1 p. m™, 1—$ p.m™, and > 5 p.m™. Analysis of occurrence of weed species during
5 inspection years was carried out by grouping the weed species into five clusters: 1) occurrence > 50; 2) 40—50;
3) 30—40; 4) 20—30, and 5) occurrence of 10—20% of the field area.

Mereorological conditions
The growth of weeds was dependent on meteorological conditions. Good meteorological conditions for weed

growth were from April to June in all investigation years when daily temperature was higher than average long term
norm.
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Fig. 1. The average daily temperature compared to long-term
norm during 1998—2002
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The precipitation was lower than norm in May and September in these years.
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Fig. 2. The amount of precipitation, % from climatic norm,
during the vegetation

Greatest deficit of precipilation was observed in August 2002 when average monthly rainfalf was almost 0 mm.
Greatest anounts of precipitation were observed in October 1999 — 209% above the rorm. Much rainfall was also in
July 2002, whereas April 2000 was the driest period. On the whole, the vegetation period of 1999 favored weed growth
and development. as well as the effect of herbicides. The weather was cool with much precipitation throughout the
second part of vegetation in 2000, which facilitated development of new weed shoots. Herbicides, sprayed at the end of
May. had no effect on these weeds.

In 2001, the vegetation recovered on 3—S April. Heavy rainfall in the second part of April delayed the field
work, wheal was sown overdue, which might have effected occurrence of weeds. In May and June, the average air
temperature was equal to average long-term jndices. The amount of rainfall in these months: 72 mm in May and 99 mm
in June. which makes 146% and 223% of the norm. Plants produced great vegetation mass that limited the growth of
weeds. On the whole. the vegetation period in 200) and 2002 favored weed growth and developiment.

Results and Discussion

The number and structure of weed species in wheat sowings

The number of weed species in winter wheat sowings varied within the range of 42—356 species in stationary
observed areas during 1998—2002. Each second observation year demonstrated higher field pollution with different
weed species (Table 2). The struclure of weed species also varied — perennial weeds appeared (o be more widespread.
Higher variability of weed species was in 2001 — 56 weed species in winter wheat sowings. The lowest variability of
weed species was observed in 2000 — in total 42 weed species. In 1998, 45 weed species were established in winter
wheal sowings, three of which — Elyrrigia repens, Stelluria mediu and Viola spp. — were of greatest occurrence
> 15 p. m”. The structure of dominant weed species changed in 1999. The most widespread was Elytrigia repens —
107 pieces per } m’. Then follow Marricaria perforata and Apera spica-venti — more than 15 p. m®. The greatest
quantity of weed species had the average number of weeds less than 1 piece per 1 m’. Table 2 shows that the most
significant was cluster with weed species > 5 p. m>. The number of weed species decreased almost three times (from 8
10 3 weed species) during 1998—2002.

Table 2
The number of weed species in clusters by pieces in Im’ in winter wheat sowings, 1998—2002
. N * Number of weeds
Clusters by pieces in m
1998 1099 2000 2001 2002
<1 27 39 29 38 32
> 18 15 13 18 15
of which: [—35 10 7 9 12 12
>5 8 8 4 6 3
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Clusters by pieces in m? Number of weed species
1998 1999 2000 2001 2002
<l 33 30 22 32 19
1—5 9 10 9 11 10
>5 4 3 6 4 2
>1 13 13 15 15 12
Total 46 43 37 47 31

Table 3

In spring wheat sowings in Kurzeme—Zemgale stationary observed areas, species with average number of
weeds per 1 m” less than one had the greatest variety (Table 3). The number of weed species in the cluster >1 plece per
I m® was 12 in 2002 and 15 — in previous years. The number of weed species in the cluster >1 piece per | m* was
relatively constant — 9—1 lduring 1998—2002. Highest variety of weed species was in 2001.

In all obscrvation years in winter wheat sowings, dominating perennial weeds were Elytrigia repens and Cirsium
spp., dominant annual weeds — Galium aparine, Lamium purpureum, Veronica spp., Chenopodium spp., Matricaria
perforata, Euphorbia helioscopia, and Polygonum covolvulus. Lamium purpureum and Galium aparine dominated in
the cluster >5 p. m™ during 1998—2001. Whereas Polygonum convolvulus and Viola spp. dominated during 2000—
2002. During the last two years, Solanum nigrum, Galeopsis spp., Taraxacum officinale have been observed among
dominatirlg weed spec ies. On the whole, four weed species had the highest occurrence in winter wheat sowings during

Po!ygonum convo!vtt!us —6,5p. m?

In spring wheat sowings, thlrteen species of weeds with occurrence >1 p. m™ were established. Elytrigia repens
duminated also in spring wheat sowings during all five years. The number of Pobzgonum convolvulus increased from
4.9 p.m™ in 1998 to 8.2 p.m™ in 2002. Galium aparine decreased from 10,6 p. m~ in 1998 to I 8 p.m™  in 2002. The
number of fourth dominant weed spec1es Laminum purpureum varied from 12 in 1998 to 7,7 p.m™ in 2000 spring wheat
sowings, and then decreased to 3 p.m™ in 2001-2002.

The occurrence of weed species in wheat sowings

The greatest number of weed species in winter wheat sowings was established in the cluster with occurrence up
to 10% of field area during 1998—2002. The number of these species was very variable by years — 15—26 species.
The number of weed species in the cluster 10—20% was 8—13, which tended to grow. A similar number of weed
species was in the cluster with occurrence more than 50%. which tended to decrease — from 13 in 1998 to 6 species in
2002.
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Fig. 3. The number of weed species compared to their occurrence in winter wheat sowings

The number of weed species in clusters with occurrence 20—30%, 30—40% and 40—50%, was not high. In
winter wheat sowings, the number of weed species with occurrence greater than 50% decreased, while that of weeds
with occurrence 10—20% — increased (Fig. 3).

Annual dominating weed species with occurrence >50% were Viola spp., Matricaria perforata, Galium aparine,
Stellaria media, Veronica spp., Polygonum covolvulus, and Polygonum spp., perennial dominant weed species was
Elytrigia repens and in some years also Cirsium spp. (Table 4).

The most common annual weeds with occurrence 20—30% in winter wheat sowings were Consolida regalis,
Capsella bursa- pastoris and Centaurea cyanus, but the most common perennial weed — Stachys palustris. Other weed
species had high variability of occurrence — within 10—50% during all five investigation years. In the cluster with
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occurrence 10—20%. typical species were Thiaspi arvense, Melandryum olbum, and Achillea millefolium. The
occurrence of Consolida regalis, Myosotis spp. and Equisetum arvense significantly decreased during 1999—2002.

Occurrence of weed species in wheat sowings

Table 4

Species of weeds

Occurrence, % from field area

On average,

1908 | 1999 | 2000 [ 2000 [ 2002 %
Winter wheat
Viola spp. 95.1 57.1 96 70 58.8 77.4
Polygonum spp. 66.3 86.3 54 90.7 73.6 74.1
Polygonum convulvolos 67.8 57 65 87.7 78.5 71.2
Elytrigia repens 75.1 82 82 72.5 39.1 70.1
Matricaria perforata 87.3 78 42 54.1 79.2 67.5
Galivin aparine 82.9 57.6 67 69.9 42.4 64
Veronica spp. 75.6 52.1 78 54.6 514 62.3
Stellario media 82.8 48.3 63 65.4 29.2 57.6
Cirsium spp. 824 §7.8 31 533 28.5 56.6
Spring wheat
Polygonum convulvolus 96.4 82.5 71 96.3 76.7 84.6
Galium aparine 80.7 75.8 74 98 45 74.6
Lamium purpureun 98.8 86 6] 58.7 50 71
Veronica spp. 92,8 41.1 50 27.5 73.3 56.9
Euphorbia heloscopia 77.1 29.6 55 58.7 55 55
Polygonuni spp. 78.3 88.2 50 28.4 25 54

Weed species with occurrence above 50% in spring wheat sowings decreased from 11 species in 1998 to S in

2002 (Fig. 4).

Amual weeds Lamium purpureum, Polygonum convolvulus, Veronica spp.. Galium aparine, Euphorbia
helioscopi were the most frequent species with occurrence > 50% in the abserved spring wheat sowings. Perennial weed

Elytrrigio repens showed invariable accurrence (more than 50%) throughout all the investigation years.

Chenopodium spp. and Polygornum spp. were most dominating weed species in 1998, 1999 and 2000, with
occurrence > 50% that decreased to 30—40% during the last investigalion years. Avena foiua, Capsella bursa —
pastoris and Taraxacum officinale exhibited high occurrence only in 1998.
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[Fig. 4. The nember of weed specics campared to their occurrence in spring wheat sowings

The occurrence of Stellaria media and Eguisetum arvense varied within the range of 20—40%, occurrence of
Galeopsis spp., Sonchus arvense and Convolvulus arvensis within 10—30%, Stachys palusiris and Plantago spp. —
10—20%. In 1998, annual weeds Lamium purpurcum, Polygonum convolvulus, Veronica spp., Galium aparine,
Polygonum spp., Euphorbia helioscopia, Avena fatua, Capsella bursu — postoris and Chenopodium spp. demonstrated
high occurrence (more than 50% of field area).
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Complex evaluation of weed infestation variety
The highest Shannon index (0.72—0.79 on average) was established for annual weed species in winter wheat

sowings during 1998-2002. The lowest Shannon index (0.68) was in 1999, but the highest (0.79) was in 2002, which
shows that the index of annual weeds in winter wheat sowings tends to grow {Fig. 5).
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Fig. 6. Evaluation of spring wheat sowings with Shannon index

Shannon index for perennial weeds in winter wheat sowings ranged from 0.22 to 0.68 — it was very low in 1999
and 2000 (0.29 and 0.22, respectively), but the highest (0.68) in 2002.

Biological diversity index for annual weeds in spring wheat sowings was higher than for peremnial weeds.
Annual weed index increased from 0.69 in 1998 10 0.80 in 2002. Variance of Shannon irdex for annual weeds was 0.8
each vear. but for perennial weeds it varied within 0.2—0,25,

Indexes of changes for dominant weeds in wheat sowings

It is possible to analyze indexes of changes in weed infestation more precisely in a longer tine period, therefore
additionally investigation results of the Depariment of Soil Management from earlier years (1994—1997) were used.
The periodicity of change for the number of weeds was established for dominant weeds that reproduce with seeds —
Polygonum spp., and for winter weeds Matricaria perforate and Viola spp. (Fig. 7). The amplitude of cyclic changes
was higher when higher was the initial weed infestation in 1994, which is best demonstrated by the change in the
number of two dominant weeds Marricaria perforaia and Viola spp.

Changes in the indexes of perennial dominants Elyirigia repens and Cirsium spp. were not cyclic. The increase
in these indexes during some years was dependent no: only on soil tillage, but also on other meteorological and
biological conditions.
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Fig. 7. Indexes of change for dominant winter weeds in winter wheat sowings

The periodicity of change for the number of weeds that reproduce with seeds in spring wheat sowings was not
pronounced compared to winter wheat sowings. Dominant weed species were Galiun aparine and Lantium purpureum,
and also winter weeds Matricaria perforata and Viola spp. (Fig. 8). Low cyclic changes were established for Galium
aparine and Lamium purpureum during 1996—2002, Changes in the number of perennial weeds Elytrigia repens and
Cirsium spp. in spring wheat sowings don’t have any agronomical explanation.
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Fig. 8. Indexes of change for dominant weeds in spring wheat sowings

The effect of pre-crop on weed infestation in of wheat

The investigation results show that not always repeated sowings were the reason for a high level of weed
infestation, especially in 2001 and 2002. The difference between the number of weeds in repeated winter wheat sowings
and sowings with crop rotation was insignificant for all weeds.

Table 5
Weed infestation in of spring wheat in 2001 compared to crop rotation, p.m>
Number of weeds, p.m ~
Species of weeds X - Confidence, P%
repeated s0wings crop rotation +
Cirstum spp. 9.33 0.83 8.5 96.4
Chenopodium spp. 8.33 0.33 8 91.8
Elytrigia repens 128 14 14 98.1
Polygonum convolvidus 2.33 10.17 -7.8 87.9
Mairicaria perforaia 3.00 1.00 2 70.6
Veronica spp. 2.67 1.5 1.2 39.7
Galiwn aparine 8.67 6.83 1.8 33.0
Polygonum spp. 2.33 1.33 1 19.1

[}
o
393



AGRONOMIJAS VESTIS (Latvian Joumnal of Agronomy ), No. 7. LLU, 2004 Ecological approach of modern weed control systems

In spring wheat sowings, the negative effect of repeated sowings was typical, also the number of weeds per 1 m’
was greater than in sowings with crop rotation. A significant difference was established for Cirsium spp. and Elytrigia
repens. The preplant as a factor of influence on weed infestation had low confidence probability (P%>90). Higher but
insignificant levels of probability were established for Galium aparine and Lamium purpureum, but the lowest for
Veranica spp.

The effect of herbicides

The weed infestation of wheat sowings was analyzed by comparing use of herbicides. High confidence
probability (> 90%) was established to Cirsium spp., Matricaria perforata, and Chenopodium spp. Use of herbicides
might be one of factors influencing occurrence of these weeds (Table 6). The confidence of difference for other
dominant weeds Veronica spp., Polygonum spp., Fallopia convolvulus, Viola spp., Stellaria media was low.

Table 6
Weed infestation of winter wheat compared to use of herbicides, on average during 1995—2002

Number of weeds, p. m™

i i %

Species of weeds without herbicides with herbicides +difference Confidence, P%
Cirsium spp. 8 2.5 -5.5 97.1
Matricaria perforata 26.3 6.6 —19.7 90.5
Chenopodium spp. 4.5 1.2 -3.5 93.0
Sonchus arvensis 5.9 0.8 -5.2 83.4
Galium aparine 10.1 5.0 5.1 84.2
Polygonum spp. 6.6 3.8 -2.8 84.1

Table 7
Weed infestation of spring wheat compared to use of herbicides, on average during 1995—2002

Number of weeds, p. m™
Species of weeds +difference Confidence, P%
without herbicides with herbicides
Sonchus arvensis 9.6 0.4 -92 99.7
Myaosaotis spp. 34 03 -3.10 96.0
Stellaria media 23.1 9 -14.0 934
Galeopsis spp. 0.4 22 1.8 90.6
Cirsium spp. 14.1 3 -11.0 91.5
Chenopodium spp. 9.5 3.5 6.0 89.0
Fallopia convolvulus 34 52 1.8 74.9

Differences in the number of Myosotis spp. and Sonchus arvensis were significant in spring wheat sowings. On
the whole, the effect of herbicides on the number of weed species was low. A significant effect was established for
Cirsium spp., Sonchus arvensis and Myosotis spp. The lowest probability was for weeds Veronica spp., Viola spp. and
Galium aparine. Insufficient effect of herbicides could be explained only by wrong choice and inadequate use of
herbicides.

Conclusions

In winter wheat sowings, dominant weed species with more than 5 pieces per | m* were Elytrigia repens, Viola
spp., Stellaria media, Matricaria perforata, and Polygonum spp., in spring wheat sowings — Elytrigia repens, Lamium
purpureum, Stellaria media, Fallopia convolvulus. The number of dominant weed species varied from 13 to 18 during
the five investigation years. The number of weed species with occurrence over 50% decreased in winter wheat sowings,
but the number of species with occurrence up to 10—20% increased during the investigations. Shannon index for
annual and perennial weeds increased in winter wheat sowings. In spring wheat sowings, biological diversity index for
annual species was higher (an increase from 0.69 in 1998 to 0.80 in 2002) than for perennial weeds. The periodicity of
dominant weed species was established for Polygonum spp.. which reproduces with seeds, and for winter weeds
Matricaria perforata and Viola spp.

The amplitude of cyclic changes for winter weeds was greater when initial level of weed infestation was higher.
The changes in the number of perennial weeds Elytrigia repens and Cirsium spp. were not cyclical.
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The weed infestation in repeated spring wheat sowings was significantly higher than in sowings with crop

rotation. especially for perennial weeds Circium spp. and Elytrigia repens. Differences in the weed infestation in
repeated winter wheat sowings were insignificant, compared to sowings with crop rotation. The effect of years as a
factor was higher than that of the pre-crop. The influence of herbicides was significant for occurrence of Cirsiwm spp. in
winter wheat and for the number of Sonchus arvensis and Myosotis spp. in spring wheat,
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POSSIBILITIES FOR USING TANK MIXTURES OF THE HERBICIDES GOLTIX AND
BETANAL ON BEET

Ulle Lauk
Department of Plant Protection, EAU, 64 Kreutzwaldi St., 51014, Tartu, Estonia

Abstract

Pesticides, including herbicides, are expensive and their use inevitably causes problems in the area of
environmeu t protection. Therefore, the use of herbicides should be restricted. One of the possibilities to diminish the
load of herbicides on the environment is to apply smaller doses than recommended. The aim of this research was to
elucidate the effectiveness of small doses of herbicides Goltix WP 70 and Betanal, used as tank mixtures, on annual
weeds and yields of beet roots. The field experiment was established in Estonia near Tartu. The results of the field
experiment revealed that in the dry and hot vegetation period of 2002, the influence of Goltix WP 70, through the soil,
was slight both on weeds and yields. Betanal affects weeds through their overground parts, and already a quarter and a
half of the recommended Betanal dose proved effective. By using tank mixtures of Betanal and Goltix WP 70, the doses
of both the herbicides can be reduced by a half. Thus there is no need to treat fields twice, whereas, in addition, the load
of herbicides on the environment diminishes.

Key words: garden beet, herbicides, Goltix WP 70, Betanal.

Introduction

Most of the pesticides used in Estonia are herbicides, particularly in grain cultivation, where 80% of the used
pesticides are herbicides. Herbicides are also relatively widely exploited in vegetable cultivation to reduce the times of
cultivation between rows and manual hoeing,

Pesticides, including herbicides, are expensive, and their use inevitably entails problems in the area of
environment protection. Therefore their use should be restricted. One option for reducing the load of pesticides on the
environment is to apply smaller doses. Such an experiment was carried out in 2000 when it became evident that, to
control weeds around beet plants, both Betanal and Goltix can be applied in quantities diminished by at least Y (Lauk,
Kallion, 2001; Lauk, 2002). However, it is possible to reduce herbicide doses even more, by using two different
herbicides in tank mixtures to strengthen their effect on weeds. To establish whether the named herbicides can be mixed
and what doses are the most suitable was the aim of this research. The use of smaller doses in tank mixtures would
reduce the load of pesticides on the environment, and it would also prove more economical as there would be no
multiple treatments with different necessary preparations.

Material, methods and experimental conditions

In 2002, Betanal and Goltix 70 WP — two herbicides most used on beet — were tested. Both preparations had a
systemic and, to some extent, contact effect, affecting sprouting of weeds effectively. Thus, the herbicides can be used
simultaneously to control weeds.

Betanal contains active substance agent phenmediphan, 160 g/l. Preparative form — emulsion concentration.
A herbicide with mainly a systemic selective effect to control short-lived dicotyledonous weeds. The effect on weeds
can be noticed 4—38 days after spraying. Betanal enters plants through leaves and inhibits photosynthesis, as a result of
which plants turn yellow and wither. Recommended doses on sugar beet, fodder beet and beet are 5.0—6.0 I/ha before
or after the sprouting of beet (Taimekaitsevahendid ..., 2002).

Goltix 70 WP contains an active substance agent metamitron, 700 g/kg. Preparative form — wetting powder.
A preparation with a systemic selective effect, entering plants both through roots and leaves. Therefore it is
recommended to use it before or after the sprouting of beet. The recommended dose on sugar beet, fodder beet and
beet — 2 kg/ha (Taimekaitsevahendid ..., 2002).

On the farm of Kalju Saar, two varieties of red beet were grown — "Rocket” and "Pablo F1'. Since part of the
field with "Pablo’ was more even, it was chosen for the experiment.

"Pablo F1" is a recognised standard variety that can be marketed when it is fresh, used as a raw material in
industry, and preserved. It is highly tolerant towards bolting and, consequently, suitable for early sowing under
conditions of Estonia. Its roots are totally red and ideally round, smooth and with no beet rings and additional roots. lts
leaf spoke is small.

The field experiment was established in the beet field of the vegetable farm belonging to Kalju Saar and situated
in Luunja rural municipality in Tartu County. The pre-crop in the field was potato. After potato harvesting, autumn
ploughing was carried out. In spring the field was re-ploughed and cultivated. Under cultivation, a chlorine-free
complex fertiliser (16:16:16) produced by the firm Regle, was applied at 600 kg/ha. The beet variety *Pablo’ was sown
on 2 May. The experiment was planned (marked down) on 20—24 May. Due to the dry weather of the period, beet
started sprouting only on 17 June. Spraying with two herbicides — Betanal and Goltix WP 70 — and their mixtures was
performed on 20 June.
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As in earlier experiments it was established that spraying of full doses is not reasonable, the biggest herbicide

norms were excluded from the experiment. Thus, the test variants were as follows:

1. 0;

2. Betanal, 1.5 l/ha;

3. Betanal, 3.0 I/ha;

4. Betanal, 4.5 l/ha;
5. Goltix 70WP, 0.5 kg/ha;
6. Goltix 70WP, 1.0 kg/ha;
7. Goltix 70WP, 1.5 kg/ha;
8. Betanal, 1.5 I/ha+Goltix 70WP, 0.5 kg/ha;
9. Betanal, 3.0 I/ha+Goltix 70WP, 1.0 kg/ha;
10. Betanal, 4.5 I/ha+Goltix 70WP, 1.5 kg/ha.

The experiment was carried out in three replications, enabling to process test results by dispersion analysis
method. The total size of an experimental plot was 10 m’. There were 30 experimental plots in total, used for
observation and measurements.

Counting of weeds was started on 28 June, i.e. 8 days after spraying with herbicides. Weeds were at the
cotyledon stage. The next counting was performed on 5 July — 15 days after spraying. Weeds were counted by the
frame method, i.e. sprouting annual weeds were counted in two random plots; the size of a frame was 0.5 x 0.5 m.

The experiment was harvested on 3—4 October. On each plot the yield was harvested from 4-metre long parts of
two parallel furrows. Thus, the size of the actual field plot was 4.96 m*. As due to the dry and warm summer beet plants
sprouted unevenly, there were empty spaces inside the actual plot. Root yield from each plot was weighed. A structure
analysis was also performed — roots of up to 4 cm and over 4 cm were weighed separately.

Experimental results

Due to the long and droughty spring, when precipitation in April and May was very small, beet sown at the
beginning of May sprouted only after a month and a half — around 17 June. Weed control with the two herbicides and
their mixture was performed on 20 June, which was a month later than usual. The weather was not favourable for
spraying the soil herbicide Goltix either. The whole period from sowing to sprouting was very dry and warm. Therefore
the spraying solution was applied to dry soil, and the effect of the soil herbicide was indignificant, although a bigger
liquid amount than usual was used. In the case of later spraying, weeds would have grown too big, and the effectiveness
of Betanal would have been very small.

The first counting of weeds was carried out on 28 June, i.e. 8 days after spraying. By that time Betanal had
considerably affected the number of weeds (LSDysy,— 115.8 and LSDoge, — 158.3) at all doses (Fig. 1). The number of
weeds decreased most in the case of the biggest dose of Betanal, 4.5 I/ha, however, the decrease was not remarkable
compared to that of smaller doses. The soil herbicide Goltix did not substantially affect the number of weeds, and the
small decrease in the number of weeds was within the limits of the standard error.

In the case of herbicide mixtures, the number of weeds was even lower than in variants with Betanal, showing
that Goltix, to some extent, had also decreased the number of weeds.

The next counting of weeds was carried out on 5 July, i.e. on the 15th day after spraying. On field plots sprayed
only with Betanal, the number of weeds was nearly on the same level as during the previous counting (Fig. 2) when
already a smaller herbicide dose reduced the number of weeds considerably (LSDggo,= 64.4). Two weeks after spraying,
the number of weeds also diminished significantly on plots treated with Goltix 70 WP. However, differences between
different doses were not significant here.

Nnumber of weeds m’

Doses of herbicides

Fig. 1. The number of weeds depending on the doses of herbicides on 8th day after treatment
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Nnumber of weeds m’

Doses of herbicides

Fig. 2. The number of weeds depending on the doses of herbicides on 15th day after treatment

In the case of mixtures of Betanal and Goltix, the number of weeds was the smallest. The reduced number of
weeds can be explained by the use of Goltix, the effect of which is not as quick as that of Betanal.

Thus, Betanal destroys weeds faster — already during a week, and it is rather effective at smaller doses, 1.5 and
3.0 I/ha. The effect of Goltix diminished due to the dry summer of 2002 — both separately and in tank mixtures. Its
effect reveals itself also later than that of Betanal, i.e. ca in 2 weeks. In the case of such an extreme year, it is difficult to
provide any recommendations about herbicide doses in tank mixtures. However, on the basis of the results of the
experiment, it can be said that both preparations can be used in tank mixtures, in quantities smaller by a half than
recommended, i.e. Betanal — 3.0 I/ha, and Goltix 70 WP — 1.0 kg/ha.

In the year of the experiment, the forming of beet yield to a large extent depended on the weather. Due to the dry
and warm April, seeds sown on the first days of May had to endure dry soil. As there was no considerable precipitation
in May and June, beet sprouted only after a month and a half — on 17 June, and the sprouting was uneven. Precipitation
during the second and third decades of June favoured growth of beet, however, the yields were still small, primarily due
to the short growth period. Moreover, the proportion of undersized roots (with diameters under 4 cm) was large in the
yield. The beet yield from the experimental area in 2002 was only 9—23 tons per hectare. As a comparison, the yield
per hectare was 45—55 tons in the experiment of 2000 (Lauk, 2001).

25000
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Doses of herbicides

Fig. 3. Beet yield depending on the doses of herbicides

The biggest yields were gained from experimental plots where Betanal was used for weed control (Fig. 3).
Mostly, already at a dose of 3.0 I/ha, the yield was bigger by 6,672 kg/ha, compared to unsprayed plots. The largest
proportion of the yield, over 14,201 kg/ha, was obtained by applying larger doses of Betanal and Goltix 70 WP as tank
mixtures with credibility 99.9% (LSDgo g+, 0n 11,827.33). Consequently, Goltix 70 WP had exerted an effect on weeds.
However, as a rule, the effect of Goltix on the yield was small due to the dry and hot year and was not within the limits
of credibility (LSDyg, — 6,375.12).
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To determine the structure of the yield, roots with the diameter under and over 4 cm were weighed separately.
The diameters of the largest roots did not exceed 10 cm. Depending on the variant, the proportion of undersized roots
was 5—20% and it was bigger on unsprayed patches and patches sprayed with Goltix 70 WP,

Figure 3 presents the yield of roots with the diameter over 4 cm, depending on the doses of herbicide. The
tendency here is the same as in the case of the total yield. With bigger doses of Betanal the yield of commercial roots
was significantly bigger than that of unsprayed plots, however, already small doses of herbicides had increased the
yield. The effect of Goltix was small also here.

There were more undersized roots on unsprayed plots and in the case of small Betanal doses. With Goltix, the
total yield was comparatively smaller with a larger proportion of undersized roots.

Summary and conclusions
Testing of two herbicides, Betanal and Goltix 70 WP, at different doses and in different tank mixtures for control
of weeds gave the following results:

e in the dry and hot summer of 2002, the effect of Goltix 70 WP, affecting weeds through soil, was small
despite the use of bigger doses of herbicide solution (400 I/ha). A week after spraying there were no
significant differences between plots sprayed with Goltix 70 WP. After two weeks, the number of weeds
on plots sprayed with Goltix 70 WP had diminished, but there were no substantial differences between
different doses. Consequently, in droughty years it is not reasonable to use herbicides exerting their
effect through soil;

e Betanal affects weeds mainly through their overground parts, and this experiment revealed that already
small doses of herbicides reduced the number of weeds considerably. The effect of Betanal on weeds
was also faster — weeds can be destroyed in a week;

e it is reasonable to use tank mixtures enabling to reduce doses of herbicides and avoid multiple treating
of the field. On the basis of the experiment, a tank mixture of Betanal and Goltix 70 WP, 1.5 I/ha and
0.5 kg/ha, respectively, can be recommended;

e in 2002, the biggest yields were gained from experimental plots treated with Betanal. Already at a dose
of 3.0 I/ha the beet yield was by over 6.6 t/ha bigger than that of untreated experimental plots. The
largest proportion of the yield — over 14.2 t’ha — was obtained by using tank mixtures of larger doses.
The effect of Goltix 70 WP on the yield proved to be small in the dry and hot year 2002.
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Abstract

In climatic and soil conditions of the Vilnius Region, a four years’ research on the effectivity of mulching of a
strawberry ‘Senga Sengana’ plantation was carried out. The strawberry plantation was covered with mulches with
compost (peat and organic farm materials), rye straw, sawdust from needle trees, wood bark (from needle trees), and
black plastic foil. The investigations were conducted in four replications, on brown soil formed from light clay sand.
Estimation of weed infestation was conducted twice during each year: after strawberry blooming (June — primary
weeds) and during full summer (August — secondary weeds). The number and species composition of weeds were
estimated. Independently of the years of study and its objects, average number of weeds amounted to 39,3 units per
1 m* in primary weed infestation and 21,0 units per 1 m’ in secondary weed infestation. Annual weeds dominated in
primary as well as in secondary weed infestation; the total number of perennial weeds was much smaller. During the
four years of investigations, 23 diverse weed species were observed (15 annual and 8 perennial). Among annual weeds,
Galinsoga parviflora Cav., Chenopodium album L. and Capsella bursa-pastoris (L.) Med. were found in the greatest
number. In conditions of field experiment, the best method of limiting weed infestation was soil mulching with black
plastic foil. Organic mulches like pine bark, sawdust and straw also limited appearance of weeds. Compost mulch
caused higher weed infestation compared to not mulched soil.

Key words: weed infestation, mulching, strawberry.

Introduction

One of most useful forms of soil cultivation in strawberry plantations is mulching with organic as well as
synthetic materials. Many authors have found that mulching hinders water from infiltrating into the soil thus restraining
mineral components from rinsing, especially nitrogen (Elmar, Terrandino, 1991; Locoscio et al., 1985; Truax, Gargon,
1993; Stojanowska, 1996). The majority of surveyed cases show that mulches favorably influence the plants’ supply
with both water and nutritive elements. Organic mulches decay thus enriching soil with humus, which supplies minerals
to plants (Lipecki, 1992). The impact of mulching on the content of minerals in soil first of all depends on the used
material. Some materials like bark or sawdust decay slowly, others — quickly, so they play their role only for one
season and they must be continuously supplemented (Smolarz, 1982). The ecological aspect of mulching is also very
important, i.e. soil protection from weeds and reduction of herbicide usage (Kulesza, 1994). Struggling against weeds is
especially important in berry shrub plantations from early spring to summer because weeds have to compete to gain
enough water and nutritive elements. Weeds absorb many mineral components and their aboveground portions contain
much more nitrogen, potassium, calcium, phosphorus or magnesium compared to leaves of cultivated plants (Lipecki,
1991).

Within 1994—1997, complex surveys have been carried out regarding the impact of strawberry plantation
mulching with different materials on the plants’ growth, blooming, fructification as well as on the content of mineral
components in soil and strawberry leaves. Irrespective of research years, the mean number of inflorescences was the
greatest on plants from the control object and on plants mulched with black foil. The smallest number of inflorescences
was formed on plants from the object with straw and wood bark mulches. Among the studied mulches, black foil had
the most profitable influence on the number of fruit settings. In this combination, in each research year the percentage
of fruit settings was the highest (Kesik, Maskalaniec, 2003). The mulch with compost had profitable influence on the P
and Mg content in soil, and mulch with straw — on K content. The experiment demonstrated that use of sawdust and
wood bark decreased the K content in soil, but use of straw decreased the content of Mg. The applied mulches modified
the N, P, K and Mg contents in strawberry leaves (Kesik, Maskalaniec, 2004).

The survey concerns assessment of the plantation’s weeding state — the number of weeds on area unit and the
sorts of weeds.

Materials and Methods

In climatic and soil conditions of the Vilnus region, a four years’ research (1994—1997) on the effectiveness of
mulching of a strawberry ‘Senga Sengana’ plantation was carried out. The investigation was conducted in 4 replications
on brown soil composed of light clay sands. The period of vegetation on the surveyed area is 180—190 days. The last
spring ground frost is usually recorded at the end of May, but the first — in autumn, in mid-September. The years
1994—1997 were generally cool, and in 1997 the last ground frosts were on 26 May. The most advantageous thermal
conditions for strawberry growth were in 1995, when average monthly air temperatures were higher than in other years.
Annual rainfalls are on average from 600 to 700 mm, but in the vegetation period — from 450 to 470 mm. The heaviest
rainfalls were in 1994 (751 mm), but the lightest — in 1996 (525 mm). The information about climatic conditions
comes from the Meteorological Station of the Soil Cultivation Institute Department in Troku Wokie near Vilnius.
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The strawberry plantation was covered with mulches with compost (peat and organic farm materials), rye straw,
sawdust from needle trees, wood bark (from needle trees), and black plastic foil. Organic mulch (compost, sawdust,
bark), which created a 10 cm layer, was supplemented after two years of the study; straw mulch was complemented
every year; black plastic foil was exchanged after 2 vegetation seasons. The estimation of weed infestation was
conducted using the frame method twice each year: after blooming (June — primary weeds) and during full summer
(August — secondary weeds). On each frame of a | m” area, at which the fields were divided, the number and species
composition of weeds (in 4 replications) were estimated. Each time after this operation all weeds were manually
removed from the fields. Other cultivation operations were not applied.

Results and Discussion

The survey showed that the number of weeds was very differentiated irrespective of mulching combinations. The

greatest number of weeds was in 1994. In primary weeding (estimated in June), there were on average 75,2 units per
1 m? of the experimental plot, and 16,9 units per 1 m? in secondary weeding (estimated in August). Also in 1996 the
level of weeding was very high — 52,2 units per | m” in primary weeding, and 43,5 weed units in secondary weeding.
Within 1995—1997, weed infestation was lower — on average a dozen or so units per 1 m’. Making independent
analysis of objects with mulching, annual weeds dominated both in primary and secondary weeding — 35,2 units per
I m’ in early vegetation period and 17,6 units per | m’ in full summer. The number of perennial weeds was
considerably lower: 4,5 weeds per 1 m’in primary weeding and 3,4 weeds per 1 m? in secondary weeding, on average.
‘ The 4-year surveys carried on experimental plots resulted in stating 23 weed species: 15 annual and 8 perennial
weed species. A full weeds representation was not performed every year (Table 1), i.e., in 1994 — the spectrum of
weed species included 17 species (11 annual and 6 perennial), in 1995 — 16 species (9 annual and 7 perennial), in
1996 — 17 species (10 annual and 7 perennial), and in 1997 — 16 species (10 annual and 6 perennial).

Among annual weeds, Chenopodium album L. was found in the greatest number, especially in combination with
leaf-mould. Making analysis of primary weeding, 184 weed units per 1 m? were stated in 1994, and 64,7 units per
1 m®> — in 1996. Galinsoga parviflora Cav. was the most frequently observed weed species in object mulching with
leaf-mould in 1996 — about 127 units per 1 m? in primary weeding and 134 units in secondary weeding. Fumaria
officinalis L. occurred more frequently only in 1994 in primary weeding on control plots (35,7 units per 1 m?), and in
the next years it disappeared. )

The flora of perennial weeds was not too numerous — during 4 years only 8 sorts of weeds were stated, among
them Agropyron repens L. appeared every year, but Taraxacum officinale Web. — only in 1995. The plots mulched
with bark and sawdust were a favorite place for Equisetum arvense L.

The number of weeds in particular experiment combinations was very differentiated (Table 3). Weeds appeared
mostly on plots mulched with compost (136,9 units per 1 m” in primary weeding and 59,7 units per 1 m” in secondary
weeding), and on control plots which were not mulched (82,6 units per 1 m” in primary weeding and 32,2 units per | m’
in secondary weeding). The least number of weeds both in primary and secondary weeding appeared on plots mulched
with black foil (1,2 and 1,7 units per 1 m?), with bark (6,1 and 7,6 units per 1 m?), with sawdust (4,2 and 9,0 units per
1 m?), and straw (4,0 and 16,5 units per 1 m?).

Table 1
Species composition and number of weeds per 1 m”in a strawberry plantation during 1994—1997
Weed species 1994 1995 1996 1997 Mean

A B A B A B A B A B

Annual weeds
1. Chenopodium album L. 390169 | 19| 1,8 | 12,154 |29 1,3]140] 3,9
2. Galinsoga parviflora Cav. 163 56 | 53 | 5,8 |251(268{ 52 | 3,8 |13,0]10,5
3. Capsella bursa-pastoris (L.) Med. 50105 1,0 103 1127 ]367(21[04]|27]12
4. Echinochloa crus-galli (L.) P.B. 2,1 411,014 ]110]06][16|04] 14 ] 1,0
5. Stellaria media L. Vill. 0,8 - 0210110710305/ 031]0,6 0,2
6. Fumaria officinalis L. 6,7 - - - - - - - 1,7 -
1. Galium aparine L. 1,3 - 0,1 - 0,6 - - - 0,5 -
8. Polygonum persicaria L. 0,51021 0,1 - 0,3 - 0,2 - 0,3 | 0,1
9. Amaranthus retroflexus L. 0,1 - - - 0,8 | 0,6 - - 0,4 | 0,2
10. Galeopsis tetrahit L. 0,1 1 0,1 | 0,1 - - - - - 0,1 -
11. Lamium purpureum L. - 0,1 | 0,1 - 0,2 10,1 - - 0,1 | 0,1
12. Erigeron canadensis L. - - - - 23 1211031021071 0,6
13. Poa annua L. - - - - - - 0,1 | 0,3 - 0,1
14. Veronica arvense L. - - - - - - 0,3 - 0,1 -
15. Erodium arvensis L. L' Her. - - - - - - 0,1 | 0,1 - 0,1
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Table 1 (continuation)

Weed species 1994 1995 1996 1997 Mean
A B A B A B A B A B
Total annual weeds 719 | 148 1 9,9 94 | 458 [ 395|133 | 68 | 352 | 17,6
Perennial weeds

1. Mentha arvensis L. 0,2 - 0,1 - - - 0.1 - 0,1 —
2. Agropyron repens (L.) P.B. 0,5 0,5 1,4 1,4 2,0 1,9 0,9 2,1 1,3 1,3

3. Convulvulus arvensis L. 0,1 — 0,1 - - - - — 0,1 -
4. Equisetum arvense L. 0,9 1,0 1,0 1,0 0,6 0,2 0.2 0,2 0,9 0,8
5. Urtica dioica L. 1,6 0.5 0,4 0,2 2.8 0,7 0,3 0,3 1,3 0,4
6. Artemisia vulgaris L. - 0,1 0,1 - - 0,1 0,1 - 0,1 0,1
7. Taraxacum officinale Web. - - 0,8 0,8 0,9 1,0 1,1 1,2 0,6 0,7
8. Cirsium arvense (L.) Scop. - - - - 0,1 0,1 - - 0,1 0,1
Total perennial weeds 3,3 2,1 3,9 3,4 6,4 4,0 2,7 3,8 4,5 3,4
Total 752 1169 | 13,8 | 12,8 | 52,2 | 43,5 | 16,0 | 10,6 | 39,3 | 21,0

A — primary weed infestation — after blooming (beginning of June);
B — secondary weed infestation — full summer (August).

The results of the survey show that black foil used as mulch reduced weed infestation successfully. According to
the opinion of many authors, use of black foil allows eliminating herbicides entirely (Dobromilska et al., 1995; Kunicka
et al., 1997; Rechnio, 1988; Szewczuk, 1995; Zmuda, 1986). But use of organic mulches as a weed infestation reducer

was not so successful and reduced weeds only to some extent. Similar effects of mulching were experienced using

=]

organic materials like bark, straw, and sawdust (Kulesza et al., 1996; Mika, Krzewinska, 1996; Rechnio, 1988 Lipecki,
1992; Szewczuk, 1995). It was observed that organic mulches hampered growth of weeds, especially annual weeds;
these mulches were overgrown by perennial weeds, which demand use of leaf herbicides to liquidate them.

Table 2
Species composition and number of weed units per | m?, average during 1994—1997
Objects
i Control Compost Straw Sawdust Bark Foil
Weed species
A B A B A B A B A B A B
Annual weeds

1. Chenopodium album L. 17,7 | 5,1 64,3 77109 (591023204112 — 0,1
2. Galinsoga parvifloraCav. 29,6 [ 11,9 46,7 | 420 0,6 | 59 | 0,1 1,71 06 131|011 0,4
(LS et bursarpastoris 1261 50 | 36 | 14| - |02 | - |04 | o1 |03 | - [00s
;‘;: Eff”’”“”"" crus-gali(L-) | 45 | 55 40 |27102]05]01 1101|0102 — |005
S. Stellaria media L. Vil 1,8 | 0,6 1,6 0,3 - 10 - - - - - -
6. Fumaria officinalis L. 8,9 - 0,1 - - - - - - - - -
7. Galium aparine L. 0,05 - 2,9 - - - - - - - - -
8. Polygonum persicaria L. - - 1,4 0,05 - 0,2 - 0,1 | 0,1 - - -
9. Amaranthus retroflexus L. - - 1,4 0,9 | - ~ - - - - - -
10. Galeopsis tetrahit L. - - 0,1 - 0,1 | 0,1 — - - - - -
11. Lamium purpureum L. 0,05 | 0,05 0,2 0,051 - 0,1 | 0,1 - - 0,1 | 0,1 -
12. Erigeron canadensis L. 1,2 | 2,6 3,1 0,6 { 0,1 | 0,1 |03 - 0,7 - 0,1 -
13. Poa annua L. - 0,3 - - 0,2 - - - - - 0,1 | 0,2
14. Veronica arvense L. - -~ 0,4 - - - - - - - - -
15. Erodium arvensis L. B B _ B B 0.1 B B 3 _ _ B
L*Her. ’
Total annual weeds 76,1 (27,8 1298 [557] 2,1 |132] 08 | 55120 | 3,1] 03108
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Table 2 (continuation)

Objects
. Control Compost Straw Sawdust Bark Foil
Weed species
A B A B A B A B A B A B
Perennial weeds

1. Mentha arvensis L. 04 - - - 10,05 - - - - - - —
2. Agropyron repens (L.)P.B. | 3,3 | 2,9 1,4 22107 (1,7109 1310906101103
3. Convulvulus arvensis L. 0,1 - - - - - 0,1 - - - - -
4. Equisetum arvense L. 0,5 { 0,1 0,1 — 0,2 | 0,1 1,0 1,0 1 23 | 24 - -
5. Urtica dioica L. 2,0 1,0 54 0,9 - 0,2/ - 0,1 - 0,2 — -
6. Artemisia vulgaris L. - - 0,1 - - - - - 0,1 { 0,2 - -
7. Taraxacum officinale Web. | 0,2 | 0,4 0,1 08 { 1,0 | 1,3 14 (1,1 {08 ] 1,1 |08] 0,6
8. Cirsium arvense (L.) Scop. - - 0,1 0,05 - - - - — - - -
Total perennial weeds 6,5 | 44 7,1 40 11,9 | 33 |34 (3541145109109
3‘;2}:‘“““31 and perennial 82,6 1322 136,9 59,7 40 |165] 42 |90 |61 |76 | 12| 1.7

A — primary weed infestation (beginning of June);
B — secondary weed infestation (August).

The survey on competitiveness of some weed sorts in strawberry cultivation shows that at proper weed density
they do not compete with strawberry, and some sorts like Capsella bursa pastoris L. can be living mulch for strawberry
plants (Zmuda, 1992).

Table 3
The influence of mulching on primary and secondary weeding during 1994—1997
Objects Weeding 1994 1995 1996 1997 Mean
Control primary 202,0 31,0 55,8 41,0 82,6
secondary 10,2 28,0 73,0 17,2 32,2
Compost primary 237,0 33,0 240,0 342 136,9
secondary 82 30,0 177,0 23,0 59,7
Straw primary 3,4 3,6 3,3 5,4 4,0
secondary 46,6 5,8 3,0 7,6 16,5
Sawdust primary 2,6 4.8 6,0 3,0 4.2
secondary 20,3 5,2 1,7 8,1 9,0
Bark primary 3,2 8,0 6,0 7,2 6,1
secondary 13,8 6,7 2,6 6,2 7,6
Foil primary 0,0 0,5 1,0 3,0 1,2
secondary 1,8 0,2 2,5 2,0 1,7
Mean primary 75,2 13,8 52,2 16,0 39,1
secondary 16,9 12,8 435 10,6 21,0
Conclusions

1. During four-year experiments in mulching a strawberry plantation, it was observed that the source of the highest
weed infestation was leaf-mould made from peat and organic materials from farm and soil without mulch

protection.

2. Mulching with straw, sawdust, bark and, first of all, with black foil were most successful to reduce the number of
weeds.

3. Chenopodium album L. and Galinsoga parviflora Cav. were observed as the most noxious weeds in strawberry
plantations.

4. A larger number of weeds was observed in primary weeding at the beginning of June after strawberry blooming,
compared to secondary weeding in full summer.
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WEEDS IN SPRING BARLEY AND RESULTS OF WEED LIMITING

Agrita Svarta, Janis Vigovskis
LLU Skriveri Research center, e-mail: svarta@e-apollo.lv

Abstract

Field trials were carried out on organic farming fields at the Skriveri Research center of the Latvia University of
Agriculture (LLU). The influence of previous plants (red clover, bare fallow, winter rye for green manure. winter rye),
use of stable manure (60 t ha™ or without) and harrowing (without harrowing, before first leaf emergence, at the stage of
tillering, before first leaf emergence and at the stage of tillering) on the yield and weediness of spring barley ‘Sencis’
were tested. Data show that previous plants and stable manure influenced barley grain yields. Harrowing increased the
yields of barley only after winter rye for green manure and using stable manure, but the time of harrowing had no
influence on the yield of barley. The highest weed infestation in barley was obtained after red clover. Use of stable
manure increased the number of annual weeds.

Key words: organic farming, spring barley, weeds, harrowing, previous plants, yields.

Introduction

The main preconditions for organic farming are use of organic fertilizers and crop rotation that maintain soil
fertility [1]. One of factors limiting barley grain yields is weeds. In Latvia, during the last 10 years, weeds have been
freely propagating in large areas, especially perennial weeds. From 1946, every year in Latvia expeditions are regularly
organized to record weeds in different plant sowings. In 1999, in the eastern part of Latvia, 47 species of weeds were
ascertained in barley sowings. The most spread annual weeds were Chenopodium album L., Stellaria media (L.) Will,,
Galium aparine L., Convolvulus arvensis L., Malricaria inodorum L., and perennial weeds Elytrigia repens (L.)
Nevski., Sonchus arvense L., Cirsium arvense L., Artemisia vulgaris, and Tussilago farfara L. The weed infestation in
of barley sowings increased from 79.0 pieces m™ in 1996 to 165.1 pieces m™ in 1999 [2, 3).

The aim of the article is to present the research results on productivity of barley and weed infestation in sowings
depending on different agrotechnical elements in organic farming trials at the Skriveri Research centre.

Materials and Methods

The object of research: spring barley ‘Sencis’.

The field trials were carried out on turf podsolic soil: pHxe) — 6,75, P,Os— 162 mg kg™, K,0 — 15,8 mg kg™,
organic matter content — 3,25%, Ny — 0,11%.

After bare fallow + winter rye for green manure, 17 t ha” of biomass of winter rye were cultivated. Winter rye
was at the stage of stemelongation (GS 32 after Zadoks). The number of plants — 335 plants m™. In the trial, variants
with stable manure were included (doses of 60 t ha''). Before sowing, grains were treated with 1,5 kg of ashes of foliage
trees and 1,5 | of water per 100 kg of grain.

The variants in the trial:

factor A — previous plants with graduation:
A, —red clover,
A, — bare fallow,
A; — winter rye,
A, — winter rye for green manure;
factor B — time of harrowing with graduation:
By — without harrowing,
B, — before first leaf emergence,
B; — at the stage of tillering,
By — before first leaf emergence and at the stage of clustering;
factor C — use of stable manure with graduation:
C, — without stable manure,
C, — stable manure 60 t ha™.
Weed assessment was established by the method of number and weight of weeds using a 0.25 m™ by frame.

Results and Discussion

The year 2003 was very favorable for growth and development of spring barley. April was rainy and cold, which
hampered the time of sowing. In May, the air was getting warmer gradually, at nights the temperature was under
10 °C, and frosts were frequent on the soil surface. Barley germinated and clustered quickly. In June, the average air
temperature was 0,7 degrees lower than the norm, but the amount of precipitation made 75% of the norm. July with
average air temperature 19 °C was the second warmest middle-summer month during the last 80 years in Latvia. Barley
grew and developed well and produced good and qualitative grain yields. Depending on the variants, the yields in the
field trial varied from 2,18 to 3,56 t ha"' (Table 1).
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Table 1
The spring barley ‘Sencis’ grain yields depending on the Iprevieus plant, use of stable manure and time of harrowing,
tha™, 2003
Pnlaz;/ri:t)ljs Time of harrowing Stable manure** (Factor C)
Fgctor A {factor B) without 60 tha on average

Ay 1. without 3,03 3,37 3,20
2.atGS 7 2,72 3,26 2,99
3,atGS 23 2,94 3,38 3,16
4,at GS 7 and GS 23 3,00 3,56 3,28

Yoos = 0,46 tha' v50sB =0,33 tha' vo0sC =023 tha'
A 1. without 2,24 2,96 2,60
2.atGS7 2,23 2,73 2,48
3.at GS 23 2,20 2,71 2,46
4. at GS 7 and GS 23 2,46 2,79 2,62

Yoos = 0,52 tha”’ v50sB =0,37 tha" v,0sC = 0,26 tha'
A, 1. without 3,30 3,16 3,23
2, at GS 7 3,16 3,58 3,37
3.atGS 23 3,13 3,46 3,29
4. at GS 7 and GS 23 3,08 3,51 3,30

: Yo.05 — 0,52 t ha" Yo ()58 =0,36 t hﬂ“ Yo 05C = 0,26 t hﬂ-!
Ay I. without 2,43 3,31 2,87
2.atGS 7 2,23 3,30 2,76
3. atGS 23 2,19 3,24 2,71
4.at GS 7 and GS 23 2,31 3,28 2,80

Yoos = 0,34 tha' vye0sB =0,24 tha' y,0sC = 0,17 tha’

* A, -— bare fallow; A; — red clover; A; — bare fallow and winter rye for green manure; A, — bare fallow and winter rye for grain.

The data in Table 1 demonstrate the influence of stable manure on spring barley — grain yields have increased
by 0,47--0,99 t ha"' on average. Use of stable manure for barley after winter rye provided the highest yield increase. It
is known that winter rye impoverishes the soil; use of stable manure provided increase in yields by 0,99 t ha" on
average.

After different previous plants the highest yields were obtained after winter rye for green manure and after bare
fallow in both variants, with stable manure and without it. Increase in grain yields after winter rye for green manure can
be explained by the activity of microorganisms. After decomposition of winter rye biomass, plants can use nitrogen and
CO; for development.

1000 kernel weight was medium — 33,5--384 g, medium was also specific weight — 609,0—633,5 g. The
content of total protein in grain after bare fallow and winter rye for green manure was good — 11,7—11,5%, but after
red clover and winter rye for grain — unsatisfactory (9,7—9,5%).

Excess precipitation and warm weather in most part of the vegetation period favored fast development of barley
and suppression of weeds. Harrowing increased the grain yields essentially only after winter rye for green manure with
stable manure, whereas time of harrowing had no significant influence on the grain yield. The microorganisms, carried
into the soil by stable manure, provided fast decomposition of green manure.

At the stage of heading (3 weeks after harrowing) 18 species of weeds were established in the sowings. The
number and weight of annual and perennial weeds are presented in Table 2.
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Table 2
Weed infestation in spring barley ‘Sencis’ sowings in 2003

Previous | Stable Harrowing Number of weeds, pieces m™ Biomass of weeds, g m™
{faftljrn;\}* (farzf:ﬂlg;* (factor B) total annual | perennial total annual | perennial

Ay 0 without 108 108 0 370,0 370,0 0,0

GS7 90 80 10 113,6 93,6 20,0

GS 23 78 78 0 170,7 170,7 0,0

GS7,GS23 62 62 0 55,1 55,1 0,0

60 without 134 134 0 1383 138,3 0,0

GS7 104 104 0 107,8 107,8 0,0

GS23 72 72 0 541 51,1 0,0

GS7,G823 50 48 2 474 46,1 0,0

A, 0 without 148 64 50 50,0 50,0 0,0

GS7 84 54 16 16,0 16,0 0,0

GS 23 88 46 42 42,0 42,0 0,0

GS7,G823 94 50 44 44,0 44,0 0,0

60 without 215 163 52 52,0 52,0 0,0

GS7 147 105 42 42,0 42,0 0,0

GS 23 165 117 48 48,0 48,0 0,0

GS 7,GS 23 150 L14 36 36,0 36,0 0,0

A; (0 without 120 120 0 104,9 104,9 0,0

GS7 74 74 0 98,8 98,8 0,0

GS 23 62 60 2 932 91,2 2,0

GS7.GS23 46 42 4 134,2 126,1 8,2

60 without 161 161 0 190,6 190.6 0,0

GS7 97 97 0 110,7 110,7 0,0

GS 23 118 112 6 98,4 1900 8,4

GS7,G523 82 82 0 1394 1394 0.0

Ay 0 without 120 120 0 86,0 86,0 0,0

G877 46 44 2 58,8 46,1 12,7

GS 23 90 82 8 114,5 97.3 17,3

GS 7,GS 23 70 70 0 64,8 64,8 0,0

60 without 108 106 2 137,6 87,6 50,0

G877 102 102 0 108,8 108.8 0,0

GS 23 80 78 2 131,3 1293 2,0

GS7,GS23 76 76 0 205,1 205,1 0.0

* A, — bare fallow; A, — red clover; A; — bare fallow and winter rye for green manure; A, — bare fallow and winter rye for grain;
*% () —— without stable manure; 60—60 t ha™'.

In variants without stable manure, the previous plant did not influence the total number of weeds. In variants with
stable manure, the number of weeds was higher afier red clover. Afier use of stable manure the number of weeds
increased essentially when barley was grown afier red clover (+ 65 pieces m™) and after winter rye for green manure (+
39 pieces m™).

The total number of weeds influenced barley grain yields without use of stable manure only after winter rye for
green manure (r = 0,81), but in variants with stable manure — when barley was grown after bare fallow (r = —0,91) and
after winter rye for green manure (r = —0,80). Total biomass of weeds influenced the grain yield significantly only after
winter rye with stable manure {r = 0,96).

From annual weeds, Chenopodium atbum L, Stellaria media L., Capselia bursa-pastoris L., Polygonum spp. and
Matricaria inodorum L. were ascertained in all variants. In some variants, Spergula arvensis L., Viola spp., Galeopsis
speciosa Mill., Raphanus raphanistrum L. and Thiaspi arvense L. were established, though the number of these weeds
was negligible.

The number of annual weeds influenced the yields of barley significantly only after red clover without stable
manure (r = 0,86). Whereas biomass of these weeds jnfluenced the grain yield only after winter rye without stable
manure (r = -0,93).

In barley sowings, six perennial weed species were established, the most widespread of which were Efrigia
repens (L.) Nevski and Sonchus arvense L. After red clover a higher number of weeds were established compared to
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other previous plants, though neither the number nor biomass of weeds influenced the yields of grain. Sowings of
previous plant red clover were sparse, which favored fast spread of perennial weeds.

Table 3

The influence of harrowing time and use of stable manure, after different previous plants, on the number of weeds in

spring barley ‘Sencis’ in 2003

Time of harrowing Stable manure (lactor C) On averace
(factor B) 0 | 60 =
1. after bare fallow J

I. without 108 134 121
2.atGS7 92 104 13
3.at GS 23 78 72 75

4. at GS 7 and GS 23 62 50 56 '
Yoos = 58 pieces m” Yoos B = 41 pieces m™ Yo0s C = 29 pieces m™

2. after red clover

1. without 148 215 182
2.atGS 7 84 147 116
3.at GS 23 88 165 127

4. at GS 7 and GS 23 94 150 122
Yoos = 79 pieces m™ Yoos B = 56 pieces m™ Yoos C = 39 pieces m™

3. after winter rye for green manure

1. without 120 161 141
2.atGS 7 74 97 86

3. at GS 23 62 88 90

4. at GS 7 and GS 23 46 82 64
Yo.os = 47 pieces m Yo.0s B = 33 pieces m Yo.0s C = 23 pieces m?

4. after winter rye for grain

|. without 120 118 114
2.atGS 7 90 102 74

3. at GS 23 70 80 85

4. at GS 7 and GS 23 46 76 73
Yoos = 42 pieces m™ Yoos B = 30 pieces m” Yo0s C = 21 pieces m

Table 3 shows that harrowing significantly decreased the number of weeds after all previous plants.
After bare fallow without stable manure, double harrowing decreased the number of weeds essentially but only

in variants without harrowing. In variants with stable manure, harrowing decreased the number of weeds significantly at
growth stage 23 and, if barley was harrowed twice, at GS 7 and GS 23. After winter rye for green manure the time of
harrowing had no influence on the number of weeds. After winter rye without stable manure harrowing at growth stage
23 and double harrowing decreased the number of weeds, but in variants with stable manure the time of harrowing did
not influence the number of weeds.

L2

Conclusions
In the field trial, grain yields varied within the range of 2,18—3,56 t ha™'. Use of stable manure increased the grain
yield by 0,47—0,99 t ha™'. The highest yields after different previous plants were obtained after winter rye for green
manure and after bare fallow in both variants, with stable manure and without. Harrowing increased grain yields
essentially only after winter rye for green manure with stable manure, though the time of harrowing had no
essential influence on the yield of grain.
At the stage of heading (3 weeks after harrowing), 18 species of weeds were ascertained in barley sowings. Use of
stable manure increased the number of weeds significantly when barley was grown after red clover and after winter
rye for green manure,
The number of annual weeds had a significant influence on barley grain yield only after red clover without stable
manure. Whereas biomass of these weeds influenced grain yields only after winter rye without stable manure.
Harrowing essentially decreased the number of weeds after all previous plants.
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THE EFFECT OF SOIL TILLAGE, SOWING TECHNOLOGY AND HERBICIDE APPLICATION
ON WEED INFESTATION IN SPRING BARLEY

Dainis Lapip§, Andris Berzin$, Janis Kopmanis, Renate SanZarevska
Latvia University of Agriculture, Department of Soil Management, e-mail: lapins@cs.llu.lv

Abstract

Field trials were carried out at the Research and Study farm (RSF) “Vecauce” of the Latvia University of
Agriculture (LLU) during 2002—2003. The effect of soil deep loosening, sowing technology and weed control on the
yield of spring barley was studied on sod podzolic (2002) and sod carbonate leached (2003) loam soils with humus
content 14 ¢ kg™ (2002) and 20 g kg™ (2003), soil reaction pHye 6.0 and 6.6, content of phosphorus 204 and
207 mg kg, content of potassium 96 and 105 mg kg, respectively. Spring barley was grown in recurrent sowing.
Following treatments were investigated in the trial: Factor A — usage of herbicide Glifoss in autumn in treatments with
direct sowing (done before the trial year): A1 — without Glifoss (untreated); A2 — Glifoss 0.5 L ha™'; A3 — Glifoss
2.0 L ha'; A4 — soil ploughing at the depth of 18—22 cm; Factor B — sowing technologies: BI — using a disc driller
and local deposition of mineral fertilizers (except ammonium fertilizers) (“Rapid 400 C”, hereafter “Rapid”);
B2 — using an anchor-type driller with a rotortiller at the depth of 5—7 c¢cm and dispersion of mineral fertilizers before
sowing (“Amazone AD-403 super”, hereafter “Amazone h1”"); B3 — using anchor-type driller with rotortiller in depth
7—10 cm and dispersion of mineral fertilizers before sowing (“*Amazone AD-403 super”, hereafter “Amazone h2”).

Diverse meteorological conditions in the trial years had determinative importance to the effect of soil tillage,
application of Glifoss and sowing technologies on weed infestation in sowings and growth and development of spring
barley. Significant decrease in the number of annual weeds was observed by increasing the depth of the rotortiller from
5—7 cm to 7-—10 cm using sowing machine “Amazone AD-403 super”. A significant negative effect on the growth and
development of spring barley was caused by increased number of Elytrigia repens (L.) Desv. ex Nevski. The negative
effect of sowing infestation with annual weeds on the growth and development of spring barley was not significant.

Key words: spring barley, soil tillage, sowing, herbicide application.

Introduction

Direct sowing of spring barley or minimal soil tillage becomes a very popular method worldwide. Such sowing
technology allows economizing resources hereto not decreasing yields of cereals. This fact has also been approved in
earlier researches made by the scientists of the Department of Soil management of the Latvia University of Agriculture
(LLU) (Lapins et al.. 2000; 2001). Similar researches have been made in Lithuania (Maikstiene, 2000; Stancevicius et
al., 2000) and Estonia (Lauringson et al., 2001). Earlier researches have shown that one of the yield’s limiting factors is
increased numbers of annual and perennial weeds, especially Elytrigia repens (L.) Desv. ex Nevski when direct sowing
is used.

The aim of this work is to evaluate the effect of soil tillage, herbicide application and sowing technology on the
yield of spring barley and weed infestation in sowings.

Materials and Methods

Field trials were carried out at the Research and Study farm (RSF) “Vecauce” of the Latvia University of
Agriculture (LLU) during the years 2002 and 2003. The effect of soil deep loosening, sowing technology and weed
control on the yield of spring barley was studied on sod podzolic (2002) and sod carbonate leached (2003) loam soils
with humus content 14 g kg (2002) and 20 g kg™ (2003), soil reaction pHyc 6.0 and 6.6, content of phosphorus 204
and 207 mg kg™, content of potassium 96 and 105 mg kg™, respectively. Spring barley was grown in recurrent sowing.

Following treatments were investigated in the trial:

Factor A — usage of herbicide Glifoss in autumn in treatments with direct sowing (done before the trial year):
Al — without Glifoss (untreated); A2 — Glifoss 0.5 L ha™'; A3 — Glifoss 2.0 L ha™'; A4 — soil ploughing at the depth
of 18—22 cm;

Factor B — sowing technologies: Bl — using a disc driller and local deposition of mineral fertilizers (except
ammonium fertilizers) (“Rapid 400 C”, hereafter “Rapid™); B2 — using an anchor-type driller with a rotortiller at the
depth of 5—7 cm and dispersion of mineral fertilizers before sowing (“Amazone AD-403 super”, hereafter “Amazone
h1™); B3 — using an anchor-type driller with a rotortiller at the depth of 7-——10 c¢m and dispersion of mineral fertilizers
before sowing (“Amazone AD-403 super”, hereafter “Amazone h2").
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Fig. 1. Amount of precipitation, LLU RSF “Vecauce”, 2002—2003, mm

Characterization of meteorological conditions

There was a lack of precipitation from the second decade of April till the second decade of May in both trial
years (Fig. 1). Very dry weather was in 2002 when from the third decade of July till the end of October total amount of
precipitation was less than 40 mm. Differences in the average air temperature were not so remarkable. Particularly dry

weather in the autumn of 2002 was complemented by rapid decrease in temperature — from (2 °C in the second decade
of September to 2 °C in the second decade of October (Fig. 2).
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Fig. 2. Average air temperature, LLU RSF “Vecauce”, 2002—2003, °C

Spring barley growing technologies

Soil was ploughed by Overum-6 DVL combined with Pakomat DK-205-3335 CM. Herbicide Glifoss was applied
on 06.09.2001. and 19.09.2002. Spring barley cv. Klinta was sown on 22.04.2002. and 02.05.2003. Sowing rate was
400 fertile seeds per m™. Mineral fertilizers NePasKay 300 kg ha™' and NH,NO; 150 kg ha' (2002) were used, but in year
2003 — NyPyKap 300 kg ha”' and NH4N03 200 kg ha'. Pneumatic diffuser “Amazone” dispersed mmeral fertilizers.
Herbmde Duplozans super 2 L. ha' was applied on 23.05.2002., but in 2003 mixtwre Granstars 10 g ha™' + anuss
60 mi ha"' + Kontakts (adjuvant) 100 ml per 100 1. water (28.05.2003.) was used. Insecticide Fastaks 0.15 L ha'! was
used in 2002 because of serious infestation of aphids.

Dry weight of shoot of spring barley was determined for 30 plants from each treatment. The number and length
of lateral roots and coefficient of tillering were determined for 25 plants from each treatmeni. Weed assessment was
done two times in the growing season using a 0.1 m™ big frame.

The yield was harvested with trial harvester “Hege-140", adjusted to 14% moisture content and 100% purity.
Data analysis was done using three factor analyses of variance.
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Results and Discussion

Results in year 2002 show that a significant increase in the number of annual weeds was observed in the
treatment with sowing after ploughing. Such results are obtained in both weed assessments — at the beginning and at
the end of spring barley life cycle (Fig. 3). In the treatment where the disc-sowing machine was used, the number of
annual weeds was smaller than in treatments with the anchor-type driller with a rotortiller after intensive soil tillage.
Data show that in treatments with a greater number of annual weeds in early growth stages of spring barley before
herbicide application, the number of annual weeds will be greater also in late stages. This coherence is verified by the
coefficient of correlation between the numbers of annual weeds in both growth stages of spring barley (r ,, = 0.677 >
Foos = 023')
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Fig. 3. The number of annual weeds in spring barley, 2002

Usage of gliphosate in the stubble-field provided a smaller number of annual weeds in 2002 at spring barley
1—-2 leaf stage. There are no significant differences between the applied dosages of Glifoss — both provided similar
efficiency. Increased depths of the rotortiller for sowing machine “Amazone” made significant decrease in the number
of annual weeds in the treatment with direct sowing after applying Glifoss at the dosage of 0.5 L ha™ (Fig. 4).
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Fig. 4. The number of annual weeds at spring barley 1—2 leaf stage, 2002

There were no significant differences in the number of annual weeds among treatments with direct sowing
before harvesting in 2002.

Usage of the disc sowing machine and anchor-type driller with the rotortiller at deeper working depths in direct
sowing provided a significant decrease in the number of Elytrigia repens (L.) Desv. ex Nevski at spring barley

220



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy ), No. 7. LLU, 2004 Ecological approach of modern weed control systems

1-—2 leaf stage. In treatments with autumn ploughing, the average number of Elytrigia repens (L.) Desv. ex Nevski was
below one plant per square meter. Even a small number of Elytrigia repens (L.) Desv. ex Nevski in treatments with
usage of gliphosate made a significant increase of this weed during the growing season. The same increase was
observed in treatments with autumn ploughing (Fig. 5).
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Fig. 5. The number of Elytrigia repens (L.) Desv. ex Nevski. in spring barley, 2002

Analyses of correlation allow concluding that only number of Elyirigia repens (L.) Desv. ex Nevski at spring
barley 1—2 leaf stage made a significant negative impact on the development and yield of spring barley in 2002. The
number of annual weeds at spring barley 1—2 leaf stage had positive correlation with indicators of spring barley
development but relationship with the spring barley grain yield was insignificant (Table 1). There was a significant
negative correlation between the numbers of Elyirigia repens (L.) Desv. ex Nevski at both barley growth stages and the
grain yield.

Table 1
Correlation coefficients among weed infestation and
indicators of the development of spring barley and grain yield
2002 2003
Resultant indications () 2002 2003
r X r i
Number of annual weeds at spring barley {-2 leaf stage (x ;)
Length of spring barley roots at tillering stage 0.4834 * 02416 *
Weight of spring barley roots at tillering stage 0.3992 * 0.2596 *
Weight of spring barley plant at tillering stage 0.3992 * 0.2486 *
Spring barley grain yield 0.2679 * -0.1657
Number of Elytrigia repens (L.) Desv. ex Nevski at spring barley 1-2 leaf stage (x ;)
Length of spring barley roots at tillering stage -0.4962 * 0.2046
Weight of spring barley roots at tillering stage 03919 * -0.0781
Weight of spring barley plant at tillering stage —-0.4000 * —0.0073
Spring barley grain yield —0.6440 * —0.2344 %
Number of annual weeds before harvesting (x ;)
Spring barley grain yield | 0.05189 | —0.3589*
Number of Elytrigia repens (L.) Desv. ex Nevski before harvesting (x ,)
Spring barley grail yield -0.5250 * —0.6482 *
2 0.231 0.231
0.05

* correlation coefficient significant at 95% probability.

The number of annual weeds before harvesting in 2002 was very small because of lack of precipitation, therefore
correlation with spring barley grain yield was insignificant. Relationship between the number of Elytrigia repens (L.)
Desv. ex Nevski at spring barley 1—2 leaf stage and before harvesting is also described by the results of analyses of
regression (Figs. 6 and 7). In both cases, equations of linear regression are statistically significant,
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Fig. 6. Relationship between the number of Elytrigia repens (L.) Desv. ex Nevski. at spring barley
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Fig. 7. Relationship between the number of Elytrigia repens (L.) Desv. ex Nevski. before harvesting and the spring
barley grain yield, 2002

Comparison of the coefficients of linear regression from the relationships between the number of Elytrigia
repens (L.) Desv. ex Nevski before harvesting and the grain yield in 2002 and 2003 shows that the noxious effect of
Elytrigia repens (L.) Desv. ex Nevski was significantly higher in 2003 (Figs. 7 and 8). Linear relationship between the
number of Elytrigia repens (L.) Desv. ex Nevski before harvesting and the grain yield in 2003 was also statistically
significant.
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Fig. 8. Relatioship between the number of Elytrigia repens (L.) Desv. ex Nevski. before harvesting and the spring
barley grain yield, 2003

A considerably lower but also a significant negative effect on spring barley grain yield was determined for the
number of annual weeds before harvesting in year 2003. Comparison of the results of analyses of regression between
both trial years shows that the noxious effect of weed infestation in sowings increases at higher levels of grain yield.
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Fig. 9. Relatioship between the number of annual weeds before harvesting and the spring barley grain yield,
2003

A significant negative effect of annual weeds on the development and grain yield of spring barley was
determined only before harvesting in 2003. Treatments with application of Glifoss at dosage of 2.0 L ha™ and sowing
after autumn ploughing show better results. A significantly higher number of annual weeds was observed in
treatments where sowing was done with the anchor type driller (“Amazone™) with a rotortiller at the lowest working
depth (5—7 c¢m) (Fig. 10).
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Fig. 10. The number of annual weeds before harvesting, 2003

Increasing the depth of the rotortiller for driller “Amazone” from 5—7 cm to 7—10 cm provided a significant
decrease in the number of annual weeds in sowings of spring barley.

Conclusions

Diverse meteorological conditions in the trial years had determinative importance to the effect of soil tillage,
application of Glifoss and sowing technologies on weed infestation in sowings and growth and development of spring
barley.

Significant decrease in the number of annual weeds was observed by increasing the depth of the rotortiller from
5—7 cm to 7—10 cm using sowing machine “Amazone AD-403 super”.

A significant negative effect on the growth and development of spring barley was caused by increased number of
Elytrigia repens (L.) Desv. ex Nevski. This regularity was determined both at barley 1-—2 leaf growth stage and before
harvesting.

The negative effect of sowing infestation with annual weeds on the growth and development of spring barley
was not significant at barley 1—2 leaf stage. The effect of weed infestation before harvesting differs between the trial
years.

An increased number of annual weeds at barley |—2 leaf stage also caused greater weed infestation before
harvesting.
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DETERMINATION OF WEEDS IN AGROPHYTOCENOSIS IN SITE-SPECIFIC AGRICULTURE

Janis Repsons ‘
Latvia University of Agriculture, Department of Soil Management,
e-mail: repsons@dzelme.net

Abstract

A study has been conducted in cooperation with the University of Bonn. The weed determination and weed
control system based on digital photo analysis, GPS and GIS, usable for various farms under the conditions of Latvia, is
being worked out. Significant reduction in pesticide usage and environmental preservation have been reached via site
specific, selective herbicide application.

Digital image analysis is used to identify weed seedlings of the most typical vegetation in cereal sowings in
Latvia. The weed species identification is needed to select post emergence herbicides and to assess weed seedlings
distribution in the fields. The reduction of herbicide treatments can be realized by selective herbicide application, when
weed control is limited to field areas where specific weeds are present.

Images were captured in near-to-infrared light with a digital camera. The images were processed with the
computer — binarized, weeds contours were extracted, and shapes — analyzed (including parameters of the external
contour such as roundness, compactness, area, and 40 Fourier descriptors). The investigations were carried out in cereal
sowings in Latvia.

Key words: site-specific agriculture, automated weed recognition.

Introduction

A study has been conducted to prevent nature pollution caused by unnecessary herbicide usage, to obtain
economical gain for agriculture via developing and improving an automated weed recognition system designed at the
Friedrich-Wilhelm University of Bonn, and to use it for weed detection and patch spraying under the conditions of
Latvia.

In Latvia, weed patch spraying is actual in most of the fields, which are five hectares large or more. Of course, it
depends — there might be some large fields, where uniform spraying can be applied without significant herbicide
wasting (compared to site-specific application).

Most of the fields have non-homogenous weed density with weeds located in several patches where, as in other
field areas, herbicides (for example, specific, expensive herbicides against CIRAR, AVEFA) might not be used at all.
This threshold level of weeds depends on the possible yield loss and economical calculation as “not worth to spend, but
worth to save”.

This paper is mainly a theoretical literature review of methodology and techniques for creating and improving an
automated weed detection system for use under the conditions of Latvia.

Materials and Methods

In vegetation hall conditions at the University of Bonn, Germany, germinating plant samples (60 species) were
grown. Over 40 weed species and six crops (barley, wheat, oat, sugar beet, rape, maize) were successfully growing, and
pictures were successfully taken.

The purpose of the investigation: for creating a plant-form parameters® knowledgebase, collect digital pictures of
weeds, which later will be used for automated weed detection in field conditions. The pictures of weeds were taken
once every two days until the weeds’ six leaves stage.

For image recording, the nIR camera-framegrabber-computer system was used (a Kodak grayscale camera with
resolution 1024* 1024 pixels, sensitive in nIR). Very high image precision — approximately 5 pixel/mm — was used.
For image processing, hardware and software equipment of the Institute of Plant Cultivation of the University of Bonn
was used.

Results and Discussion

Possible economical and environmental gain from precise herbicide application in patch spraying

A lot of research have been done showing clearly that not all parts of fields require the same amounts of
herbicides. For example, Von Lettner et al. summarize' that economic threshold is often reached only on 50% of arable
land. The possible savings in herbicide usage vary between 50 and 70%. Significant savings in precise herbicide use are
possible by implementing adequate thresholds.

[n areas where weed density is below the weed control threshold, herbicides are not used. In a 4-year experiment
with a GPS-equipped sprayer at the Dikhopshof research station of the University of Bonn in Germany, average
calculated savings of herbicide usage made 54% (Timmermann, Gerhards, Kuehbauch, 2004). Mr. Gerhards points out
that savings are strongly dependent on crop and year. For grass weed herbicides, the savings were 90% in winter
cereals, 78% — in maize, and 36% — in sugar beet; for herbicides against broadleaf weeds, 60% savings were in winter
cereals, 11% — in maize, and 41% — in sugar beet fields. The economical gain from reduction in herbicide use varied
between the crops, it was dependent on the amount and price of herbicides used. In maize, savings made 42 €/ha, in
winter wheat — 32 €/ha, and in sugar beet — 20 €/ha (Gerhard, Christensen, 2003). In barley sowings (Dicke, 2004)

" Von Lettner J., Hank K. und Wagner P. Okonomische Potenziale der teilflichenspezifischen Unkrautbekampfung.
http://www.weihenstephan.de/ui/veroeff/tfu.htm
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with site-specific weed control, 54% of herbicides against Gallium aparine (GALAP) and Cirsium arvense (CIRAR),
96% of herbicides against grass weeds, and 94% of herbicides against broadleaved weed species were reduced.

Techniques of image acquisition and processing

To provide a precise, environment-saving herbicide application system, a weeds patch spraying and automated
weed detection-decision-making system with good computer vision capabilities is necessary. To detect weeds
automatically, good quality images, as well as powerful computer equipment, are needed because image processing
“costs” a lot of CPU usage.

Several types of cameras are used worldwide, and different approaches exist — either tractor-mounted and
close-to-soil surface or airborne mounted (remote sensing). As J.V. Statfford says (Statfford, 1997), it is possible to see
weed patches via airborne remote sensing, but data must be complemented by others such as assisted manual surveying
to create application maps for patch spraying.

Recognition principles

Some researchers (e.g. R.H. Biller et al., 1997) do not use video-camera systems but optoelectronical sensors.
They detect and analyze light reflected by soil and plants to distinguish green objects — plants (Biller et al., 1997).
Such systems might be very useful to spray and save glyphosphate herbicides. Unfortunately, this system is not capable
of distinguishing and detecting crop plants from weeds. D. Ehlert (2004), for detecting weeds, worked in empty space
between crop rows. There detection principle was to count every small, green plant as a weed, but big objects — as crop
plants. In early 1985, Woebbecke and Meyer (1995b) established an interesting fact that the Fast Hadamard and Fast
Fourier frequency transform methods can be used to classify inter-row video images, and the Fast Hadamard transform
was as effective as the Fast Fourier transformation, but over 20 times faster.

Kiithbauch, Gerhard, Sokefeld et al. have worked for some ten years at the University of Bonn to create a
complete system, which now is capable not only of distinguishing crop plants from weeds, but also of detecting several
weed species. For the weed species detection, plant shape parameters are used (length, width of leaves, and form
factors). M. Sokefeld (Sokefeld, 1997) describes in detail mathematics used to detect weeds and crop species in his PhD
paper. This system for plants two-dimensional description uses not only the plant’s size, area and span width, but also
the Fast Fourier transformation description.

Image acquisition

There are two main approaches to capture images and extract plant shape contours for comparison with samples
in the knowledgebase: first is to use RGB (red-green-blue) human visible light images, second is near-to-infrared
(further in the text abbreviation nIR is used). Images in nIR are taken in a 700~1000 nm wavelength. This wavelength is
very appropriate due to plants’ higher reflectance of light than that of soil’s. The final result is quite a good contrast
image with brighter plants over darker soil. Woebbecke et al. (1995a) valued the near-infrared video system as superior
to the color system for detecting weeds in inter-rows. R. Gerhard, W. Kiihbauch et al. use nIR and bispectral
(nIR+green) cameras in field conditions. Bispectral cameras with image preprocessing in chip level give excellent
contrast images where plant contours are perfectly visible, but non-plant objects (stones) are not visible (Sokefeld,
2004%). There might be used RGB cameras, too, similarly as Petry (1998) and Peretz et al. (2000) do it. In this case, a
specific plants image extraction program with specific plants color space coordinates calculation is needed (Woebbecke
et al., 1995a).

Weed patch spraying can be done either online or offline. Offline processing, with spraying later, has a benefit —
it allows calculating precisely the amount of each herbicide to be used. Online processing should work “as go”, but
Sokefeld (2004) says that requirement for a direct injection system for site-specific herbicide application is based on
weed detection. The type of weed detection and the resulting detection time is the crucial factor for the whole weed
detection system (on-line or off-line) and for its performance, especially for the acceptable delay time of the direct
injection system.

Conclusions

From literature studies it can be concluded that the Precision Farming Weed Control technology system can give
significant savings in herbicide use by automatic weed detection and precise patch spraying application.

Even nowadays image capturing for such needs has not been solved via remote sensing due to lack of the
required very high image precision (more than | pixel/mm). For the best quality, very detailed pictures are needed;
therefore use of close-to-surface, tractor-mounted cameras are preferable.

Generally, for weed recognition, there might be used all types of cameras — RGB and nIR, but the best results
are possible by using some combination of IR and visible light spectrum. To find the best low-cost solution, it is worth
to study possibilities of using ordinary industrial RGB cameras.

For weed detection, a knowledgebase of weeds form span-width, Fast Fourior transformation and other
parameters can be successfully used.

Computer-based image analysis and weed detection consume a lot of CPU time requiring powerful computers.
As more images per field and per every second we take, as more computing resources are needed.

Now, in the development stage of the project, even significant savings of herbicides might justify only some
costs of developing the automatic weed detection and application of the Precision Farming Weed Control technology
system.

Optimistically, the system might be started testing in practical farming in Latvia in 2006 at the very earliest.

? Sokefeld M., Gerhards R. Unkrautkartierung mit digitaler Bildverarbeitung. http://www.landtechnik.uni-
bonn.de/ifl_research/pp_5/unkrautkartierung_mit_digitaler_bildverarbeitung.pdf, 7 p.
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Results

The influence of herbicide MCPA on germination of weed seeds in field conditions

The accounting 20 days after sowing showed that after sowing, germination of weed seeds, which were collected
in untreated crop and wintered in soil, was dependent on species characteristics and reached 20.9—55.0%. Herbicide
MCPA significantly decreased germination of the seeds of two species. After sowing, germination of Chenopodium
album seeds, collected in crop treated with herbicide MCPA (1 I/ha), was 2—3 times lower and that of Galeopsis
tetrahit — 60% lower compared to germination of seeds collected from plants not treated with the herbicide. MCPA
had no significant influence on seed germination of other weed species (Table 1).

Table |
The influence of herbicide MCPA on germination of weed seeds in field conditions

Germination in field conditions, %
RNo. et Untreated MCPA, 1 I/ha
1. Chenopodium album L. 38.0 164
2: Galeopsis tetrahit L. 37.3 1497
3. Fallopia convolvulus L. 20.9 17.3
4. Persicaria lapathifolia (L.) Gray 24.6 26.9
S. Stellaria media (L.) Vill. 45.1 423
6. Galium aparine L. 55.0 56.2

*** significant differences at 99.9% probability level.

Biological efficacy of herbicide MCPA

As to the number of weeds that survived a 20-day period after spraying, Chenopodium album proved to be the
most sensitive to herbicide MCPA. After spraying progeny of untreated weeds with 1 I/ha of the preparation, 95.1% of
progeny were killed (Table 2). Viola arvensis was in the second place — 48.2% of plants died. Other weed species were
more tolerant, the percentage of killed plants was 5.1—13.2%. A bigger dose of the herbicide was more effective for all
tested weed species except for Galium aparine. Both bigger and smaller doses of MCPA had similar effect on this
weed.

The herbicide had different influence on progeny of treated weeds when sprayed two years in turn. Chenopodium
album became more resistant — 1 I/ha of MCPA killed 69.3% of plants. Resistance of Fallopia convolvulus and
Stellaria media decreased, while that of Galeopsis tetrahit, Galium aparine and Viola arvensis increased. A lower dose
of the herbicide did not kill the weeds. After spraying 1 I/ha of the preparation, the number of Galeopsis tetrahit plants
was by 8.6% bigger, Galium aparine — by 4.0%, Viola arvensis — by 30.9% bigger than that in the control. The
increase of Viola arvensis was significant. It should be noted that a bigger dose of MCPA did not kill Galium aparine.
A bigger dose of the preparation decreased the number of plants of other weed species.

Table 2
Biological efficacy of herbicide MCPA
The first generation, grown in 2001 (factor A)
Untreated MCPA 1 I/ha
The second generation, grown in 2002 (factor B)
. MCPA MCPA Untreated MCPA MCPA
No. Weed
3 EARS Unireated. ] <1 made] -2 /ha IVha | 2Vha
Number of plants 20 days after spraying
Unit/m’ % Unit/m” %
1. | Chenopodium album 26.7 4.9%*x* 3 THAk 15:3 54.2 8.5*
2. | Galeopsis tetrahit 39.0 93.1 43.6* 16.3 108.6 26.4*
3. | Fallopia convolvulus 1937 914 44.2* 21.7 50.7 369%
4. | Stellaria media 65.3 94.9 70.9 98.0 39.1* 20.7*
5. | Galium aparine 50.7 86.8 87.4 43.0 104.0 109.3
6. | Viola arvensis 8.3 51.8 56.6 9.7 130.9 23]

* significant differences at 95% probability level.
*** significant differences at 99.9% probability level.

In order to evaluate the influence of herbicides on weeds it is not sufficient to determine the number of surviving

weeds. The knowledge of the productivity of progeny, produced by weeds treated with herbicides, is very important.
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Fig. 2. The influence of herbicide MCPA on the productivity of untreated and sprayed second-generation weeds (dry
matter mass g m™ and number of seed units m™?): 1 — untreated, 2 — MCPA 1.0 I/ha, 3 — MCPA 2.0 l/ha
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Viola arvensis. This is a dwarfish weed, which is less harmful than Galium aparine or Fallopia convolvulus, but
it is resistant to many herbicides and, therefore, widely spread. The investigations show that this weed is resistant to
herbicide MCPA when 1 I/ha of the preparation is sprayed. Only a twice bigger dose of the herbicide significantly
impeded the growth and development of Viola arvensis. Progeny of the plants, sprayed with 1 I/ha of MCPA, was
2.6 times more productive compared to progeny of untreated plants (Fig. 2).

Influence of herbicide MCPA on the third generation of weeds

Seeds of five weed species, matured in the experiment of 2002, were sown in barley crop in 2003. However,
only progeny of Chenopodium album, Persicaria lapathifolia and Stellaria media grew. Seeds of other weed species
either did not germinate at all or only few plants appeared. In 2003, barley was untreated. Thus, the influence of two
years’ application of herbicide MCPA on weed progeny, grown without herbicides, was determined.

Chenopodium album. 100 seeds were sown in each plot. Their germination in field conditions reached 36%.
Such number of plants in 0.1 m” was too big, therefore, in all plots the sprouts were thinned by leaving 20 plants of
approximately the same size. 80 plants were expected to grow in four repetitions. As not only interspecies competition
for environmental conditions but also competition inside the species took place in the crop, some plants (9.6—12.3)
died during the vegetation period. 73 plants grew in the plots of control variant and 71 plant in the plots of progeny of
plants sprayed with MCPA (Table 3). Average height of progeny of untreated plants in barley crop reached 52.8 cm.
One plant matured 255 seeds on average.

Table 3
The impact of herbicide MCPA on productivity of third generation plants of Chenopodium album

Nt of Height of a plant, cm s Number of seeds per plant. :

Treatierds grown Variation Variation
Average Min-max coefficient, Average Min-max coefficient,
plants % %

Untreated 73 52.8 18—100 27.6 254.8 10—1145 82.2
MCPA 71 47.2 27—171 33.8 343.6 12—977 100.1
1 I/ha

Maximum productivity of Chenopodium album in barley crop of optimal density was 1145 seeds, i.e. lower than
that indicated by famous herbologists E. Korsmo (Korsmo et al., 1986), A. V. Fisiunov (A.B. ®uctonos, 1984) and
others. Statistical analysis of data showed that if herbicide MCPA had been used for two years in turn it did not have
essential influence on the height of Chenopodium album. In this variant plants matured on average 344 seeds or by
34.8% more if compared to progeny of untreated plants.

Persicaria lapathifolia. Germination of seeds in field conditions was lower than that of Chenopodium album,
therefore fewer plants of Persicaria lapathifolia grew: in plots of control variant — 20, progeny of plants sprayed with
herbicide MCPA — 34—36. Progeny of untreated plants grew higher by 20—40%. A lower dose of the herbicide had no
influence on productivity of progeny, while a bigger norm stimulated their propagation. After spraying 2 1/ha of
herbicide, the second generation of survived plants matured 2 times more seeds compared to progeny of untreated
plants (Table 4).

Table 4
The impact of herbicide MCPA on productivity of third generation plants of Persicaria lapathifolia
Niiniber oF Height of a plant, cmvariaﬁon Number of seeds per pl{a,r:ltr ——
Treat! t g - . . K
S S Average Min-max | coefficient, Average Min-max | coefficient,
plants Y %
0 0

Untreated 20 38.7 13.0—68.0 40.0 80.7 0.0—416 117.9
MCPA 36 46.3 16.0—84.0 40.4 80.7 0.0—630.0 153.3

1 I/ha

MCPA 34 54.2 14.0—84.0 32.4 159.9 0.0—479.0 79.5
2 I/ha

Variations of both plant height and productivity are very wide.

Stellaria media. Due to poor germination of the seeds sown in barley crop, only few plants were grown: progeny
of untreated plants — only 3, of sprayed with MCPA 1 I/ha — 14, of sprayed with MCPA 2 I/ha — 6 (Table 5). No
statistical analysis was done because of little selection of the observed plants. However, the presented data clearly show
the tendency of MCPA impact. Seeds of the plants, sprayed with a smaller dose of the herbicide, had stronger
germinating power, they produced more plants of the third generation, which were more productive — average
productivity of one plant was 2.4 times bigger than that in the control. A bigger dose of the herbicide significantly
impeded the growth and development of Ste/laria media plants in the year of spraying (2002). However, plants grown

from their seeds were more productive — the number of matured seeds was 2.8 times bigger than that in the control.
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