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Abstract Stem canker (blackleg) caused by fungus Lep-

tosphaeria maculans/L. biglobosa is one of the most

damaging diseases of oilseed winter rape crops. Some

winter oilseed rape varieties (Brassica napus L. var. ol-

eifera ‘Bojan’, ‘Lisek’, ‘Liclassic’) that differ in blackleg

resistance have been chosen for the experiment. In all

tested cultivars during growth on a medium with a fungal

elicitor, a distinct reduction in the length of the stems, the

roots and the entire length of the seedlings was observed.

However, only in the case of the ‘Liclassic’ cultivar, fresh

and dry weight were reversibly affected during elicitation.

The cultivar ‘Liclassic’, recognized as blackleg mildly

resistant, was characterized by the most efficient photo-

synthetic apparatus under toxin elicitation. The efficient

adaptation of photosynthetic apparatus in this cultivar was

accompanied by an increase in the content of phenolics,

chlorophyll and carotenoids. Only for ‘Liclassic’, did most

of the measured parameters of chlorophyll fluorescence

(Fv
0/Fm

0, UPSII, qP and qN) exhibit a statistically significant

correlation with regard to the level of carotenoids. There-

fore, in‘Liclassic’, the observed increase in carotenoid

content seems to be a significant biochemical factor which

can raise the efficiency of the photosynthetic apparatus

under elicitation by Phoma lingam toxins.

Keywords Carotenoids � Chlorophyll fluorescence �
Leptosphaeria maculans/L. biglobosa � Winter rape

Introduction

Leptosphaeria maculans (Desm.) Ces. et de Not [imperfect

stage: Phoma lingam (Tode ex Fr.) Desm.] and L. biglob-

osa cause the blackleg (stem canker) disease attacking

oilseed winter rape in agricultural areas around the world

(West et al. 2001). The symptoms of the disease are widely

described in the relevant subject literature (Gladders and

Musa 1980; Jędryczka et al. 1994). Likewise, it has been

established that strains of L. maculans/L. biglobosa are

variable, i.e. in pathogenicity (Jędryczka et al. 1994, 1997;

Kachlicki and Jędryczka 1994). Several previous studies

have shown that the severity of an epidemic can differ

significantly between years, regions, varieties and also

within a variety of oilseed winter rape (Brun et al. 2010;

Jędryczka et al. 2010; Dawidziuk et al. 2012; Kaczmarek

et al. 2012). The risk of crop production loss due to

unpredictability in the level and consequence of blackleg

disease is very high (West et al. 2001). Therefore,

improving the plant resistance is a key issue. A serious

obstacle to achieve such goal is that visible symptoms of

blackleg are not frequently observed in autumn but in the

late spring.

Chlorophyll fluorescence imaging is commonly used

to detect stress in plants by monitoring changes in

photosynthetic efficiency. Moreover, this method may

reveal subtle differences between and within genotypes

under abiotic and biotic stresses (Buschmann and Lich-

tenthaler 1998; Buschmann et al. 2000; Plazek et al.

2004). Measurements of chlorophyll fluorescence
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imaging allow estimating the photochemical efficiency of

photosystem II, the effectiveness of utilization of exci-

tation energy in the photosynthesis process, the level of

openness of reaction centres and the amount of energy

reaching the photosynthetic apparatus, that is released as

heat (Baker and Rosenqvist 2004). In addition, it has

been shown that some chlorophyll fluorescence parame-

ters are suitable for aiding the estimation of the leaf

photosynthetic CO2 assimilation rate and leaf photosyn-

thetic performance (Fracheboud and Leipner 2003). The

levels of chlorophyll and carotenoids are directly

involved in the photosynthetic apparatus activity and can

induce modifications in values of chlorophyll fluores-

cence parameters (Havaux et al. 2000). Carotenoids

participate in the photoprotection of the photosynthetic

apparatus by neutralizing triplet chlorophyll and reactive

oxygen species (Telfer 2005).

Another example of biochemically active substances is

plant phenolics, which are effective photoprotectors and

scavengers of reactive oxygen species that may not directly

increase the activity of the photosynthetic apparatus and

photosynthetic carbon metabolism (Blokhina et al. 2003).

It is well known that phenolics are also classified as phy-

toalexins. These are antimicrobial compounds accumulated

in the plant cells in response to pathogen attack. The

accumulation of phenolics in the cell walls is accompanied

by an increase in lignifications (Pła _zek et al. 2005). An

increase in cell wall phenolics as a consequence of path-

ogen attack was also reported (De Ascensao and Dubery

2003). Moreover, the phenolic compounds as photopro-

tectors limit the chlorophyll excitation during unfavourable

conditions for the photosynthetic apparatus. Plant pheno-

lics can transform high energy radiation (e.g. UV) into

radiation (blue-green fluorescence) with a lower destruc-

tive potential to the photosynthetic apparatus (Hura et al.

2010). Although, the role of phenolic compounds in biotic

stresses is well developed, little is known about chloro-

phyll and carotenoids involvement in the photosynthetic

apparatus adaptation under pathogen infection. In partic-

ular, carotenoids within the photosynthetic apparatus can

support the neutralization of the excitation energy, as well

as reactive oxygen species as a response to pathogen

toxins.

The aim of the experiments was to detect perturbations

in the activity of the photosynthetic apparatus, in seedlings

of oilseed winter rape differing in blackleg resistance on

the basis of chlorophyll fluorescence imaging measure-

ments and in relation to the chlorophyll, carotenoid and

phenolic content. It is possible to assume that the photo-

synthetic apparatus of oilseed winter rape varieties, pos-

sessing high levels of both carotenoids and phenolics, will

be more resistant to pathogen phytotoxins.

Materials and methods

Plants material and Phoma lingam infection

Some winter oilseed rape varieties (Brassica napus L. var.

oleifera ‘Bojan’, ‘Lisek’, ‘Liclassic’) that differ in blackleg

resistance have been chosen for the experiment. Seeds were

obtained from Plant Breeding Strzelce Ltd., Poland. Based on

field trials in Polish conditions, breeding observation and our

experiments concerning the antioxidative potential of these

varieties (data not shown), ‘Liclassic’ and ‘Lisek’ in contrast

to ‘Bojan’ (susceptible to blackleg disease) have been found to

be mildly resistant to blackleg disease. Seeds were surface

sterilized in a 5 % (v/v) ‘Domestos’ bleach solution (Lever

Bydgoszcz, Poland) for 20 min and then washed three times

with distilled water. Seeds until germination were placed on

the agar medium (Murashige and Skoog 1962). Plants were

grown under a 12-h photoperiod at 20/20 �C (day/night) for

11 days. The level of photosynthetic photon flux density

(PPFD) at the plant’s tip was about 150 lmol m-2 s-1.

After 3 days, half of the seeds were transferred to a new

agar medium. The second part of the germinating seeds

was placed on the agar medium containing a toxic culture

of filtrates of isolate Raw4 belonging to Tox? (Jędryczka

et al. 1997), produced by Phoma lingam in the ratio of 1:4

(filtrate/agar medium). The final spore concentration was

adjusted to 1 9 107 per 1 ml. Metabolites of Raw4 isolate

were obtained from liquid cultures of the fungus as

described by Jędryczka et al. (1991). All the above-men-

tioned operations have been completed under a laminar

flow chamber in sterile conditions.

Sampling

Sampling and measurements were performed during 4, 7,

and 11th day of seedlings growth on an agar medium

containing a toxic culture of L. maculans/L. biglobosa fil-

trates. All analyses were performed on seedlings of winter

rape being in the two-cotyledon phase during the whole

experiment.

Chlorophyll fluorescence

Measurements of chlorophyll fluorescence parameters were

taken with the use of a PSI Fluorcam 700MF chlorophyll

fluorescence imaging system (PSI, Brno, Czech Republic)

and according to Nedbal et al. (2000). Fluorcam v. 3.5

software was applied to adjust the imaging system. Seed-

lings were dark adapted for 20 min to estimate the maxi-

mum photochemical efficiency (Fv/Fm) of PSII. After

seedling illumination, the efficiency of excitation transfer

to open PSII centres (Fv
0/Fm

0), the photochemical
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quenching coefficient (qP), the PSII quantum efficiency

(UPSII), non-photochemical quenching coefficient (qN) and

the chlorophyll fluorescence decreasing ratio (RFd) were

measured and calculated as described by Wingler et al.

(2004). For each growing seedling, data were averaged for

both cotyledons. Measurement was performed in ten rep-

licates for each cultivar within the treatments.

Chlorophyll and carotenoid content

Leaf tissue was homogenized in 96 % ethanol. The

homogenate was centrifuged at 13,000 rpm for 10 min at

?20 �C. The total chlorophyll content was analysed

spectrophotometrically (Ultrospec II, Biochrom, Cam-

bridge, England). Absorbances at 663, 646 and 470 nm

were read and the concentration of chlorophyll and carot-

enoid was then calculated as described by Lichtenthaler

and Wellburn (1983). Analysis of chlorophyll and carote-

noids was completed in seven replicates for each mea-

surement point within the treatment.

Phenolic content

The total concentration of soluble phenolics was determined

using the Folin–Ciocalteau method described by Singleton

and Rossi (1965). Leaf tissue was homogenized in 80 %

ethanol. The homogenate was centrifuged at 13,000 rpm for

15 min at ?4 �C. The obtained supernatant was added at the

amount of 0.1 ml to the measurement solution containing

0.9 ml of distilled water, 0.5 ml of 25 % Na2CO3 and

0.125 ml of Folin–Ciocalteau reagent (previously diluted

2-fold with distilled water). The absorbance was measured at

760 nm. Chlorogenic acid was used as a standard. The

estimation of total phenolics was made in seven replicates

for each measurement point within the treatments.

Estimation of seedlings fresh/dry weight

and morphological traits

Measurements of fresh and dry weight, as well as the

length of the stem and the root of seedlings, were per-

formed for each cultivar in ten replicates.

Statistical analysis

Statistica 9.0 software for Windows was used. Data pre-

sented in the figures are the mean ± SE. Data were ana-

lysed using Student’s t test at P = 0.05. Statistically

significant differences are denoted by asterisks in the fig-

ures, in relation to the control plants. Correlations between

analysed parameters were estimated at a probability of

P \ 0.05 and only statistically significant correlations are

presented in the figures.

Results

Chlorophyll fluorescence

Chlorophyll fluorescence measurements showed a varied

pattern of changes in photosynthetic apparatus activity in

oilseed winter rape cultivars, in a medium supplemented

with fungal elicitor (Fig. 1). The least-changed parameter

was the maximum photochemical efficiency of PSII (Fv/

Fm), because changes to this parameter were for all culti-

vars similar in character. Four days after infection, rape

seedlings showed a decrease in the maximum photo-

chemical efficiency of PSII, whilst on the 7 and 11th day of

growth an increase in Fv/Fm values. Statistically significant

differences as compared to the control were noted on the

4th day for the ‘Liclassic’ and ‘Lisek’ cultivars, on the

7th day for ‘Bojan’ and ‘Lisek’ and on the 11th day for all

cultivars.

It should be stressed that the seedlings of three tested

cultivars, on the 11th day of growth in the medium sup-

plemented with the elicitor, were characterized by a higher

values of Fv/Fm in comparison to the control.

A statistically significant decrease in values of the Fv
0/

Fm
0 parameter, relating to the efficiency of light trapping

by PSII antennas, was noted on the 4th day for ‘Liclassic’

and ‘Lisek’, whereas for the ‘Liclassic’ cultivar on the

7th day, the Fv
0/Fm

0 values were significantly lower com-

pared to the control (Fig. 1). In ‘Bojan’ seedlings, a sta-

tistically significant decrease in efficiency of light trapping

by PSII antennas on the medium containing elicitor was

shown on the 11th day. On the same day, values of Fv
0/Fm

0

for ‘Liclassic’ were significantly higher than the ones

observed in the control plants.

Changes in PSII quantum efficiency (UPSII) and also in

fluorescence photochemical quenching (qP) displayed a

similar pattern within the tested cultivar (Fig. 1). For the

‘Bojan’ cultivar, a statistically significant decrease in UPSII

values occurred on the 11th day, and in case of qP on the 7

and 11th day of growth on the medium supplemented with

elicitor. The ‘Liclassic’ cultivar was characterized by the

lowest values of UPSII and qP on 7th day, but on 11th day

there was a substantial and significant increase in the val-

ues of both parameters above the values obtained for the

control.

Only in the case of ‘Lisek’, on the 4th day, was a sta-

tistically significant increase in values of UPSII and qP

parameters noted compared to the control, and afterwards,

on the 7 and 11th day, there was a gradual decrease in

values of both parameters. The UPSII and qP values for the

‘Lisek’ cultivar were between the values obtained on the

11 day for ‘Bojan’ and ‘Liclasssic’.

Statistically significant changes in values of the non-

photochemical fluorescence quenching coefficient (qN)
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were observed on the 11th day in ‘Bojan’, on the 7 and

11th day in ‘Liclassic’ and on the 4 and 11th day in ‘Lisek’

(Fig. 1). It should be noted that only on the 4th day for

‘Lisek’ and on the 11th day for ‘Liclassic’, was a statisti-

cally significant decrease in the value of qN noted as

compared to the control.

On the 4th day for ‘Liclassic’ and ‘Lisek’, a statistically

significant decrease in values of the PSII vitality index

(RFd), as compared to the control (Fig. 2) was noted. While

for the ‘Bojan’ cultivar, a decrease in the value of RFd was

observed on the 7 and 11th day. For ‘Liclassic’ and ‘Lisek’

on the 7 and 11th day of growth on the medium containing

elicitor, the RFd values were about the same as those of the

control.

Chlorophyll and carotenoid content

Only for the ‘Lisek’ cultivar, we observed a decrease in

chlorophyll content on the 4, 7 and 11th day, compared to

the control (Fig. 3). ‘Bojan’ showed a lower chlorophyll

content on the 4 and 7th day, while for the ‘Liclassic’

cultivar only on the 4th day of seedlings growth on the

medium containing a fungal elicitor. For ‘Liclassic’, on the

7 and 11th day, we noted a statistically significant higher
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Fig. 1 Changes in Fv/Fm (the

maximum photochemical

efficiency), Fv’/Fm’ (the

efficiency of excitation transfer

to open PSII centres), UPSII

(PSII quantum efficiency), qP

(photochemical quenching

coefficient) and qN (non-

photochemical quenching

coefficient) for seedlings of

winter rape cultivars (‘Bojan’,

‘Liclassic’, ‘Lisek’) observed

for 4, 7 and 11 days after

elicitation. Each point

represents the mean ± standard

error. C represents the mean for

total measurements performed

in parallel for 4, 7 and 11 days

on non-infected plants.

*P \ 0.05 vs. control, Student’s

t test

298 Acta Physiol Plant (2014) 36:295–305

123



level of chlorophyll than in the control, whereas for ‘Bo-

jan’ the chlorophyll content was similar to the seedlings

grown on the medium without the elicitor.

A reduced carotenoid content was observed for ‘Bojan’

on the 4 and 11th day, in ‘Liclassic’ on the 7th day, and in

‘Lisek’ on the 4th day of growth on the medium with the

elicitor (Fig. 3). Similarly, as for chlorophyll, a higher

level was found in ‘Liclassic’ than in the control group of

carotenoids on the 11th day of seedlings growth, on the

medium with the elicitor.

The content of phenolic compounds

The ‘Bojan’ cultivar displayed, on the 4 and 7th day of

growth, on the medium containing fungal toxin, similar

results to the control level of the total phenolic compounds

(Fig. 4). A statistically significant increase in the content of

phenolic compounds was observed in ‘Bojan’ on the

11th day. For ‘Liclassic’, a significant increase in phenolic

content occurred on the 7 and 11th day, and for ‘Lisek’ on

the 4 and 7th day. For the ‘Lisek’ cultivar, the phenolic

content was similar to the control plants on the 11th day of

growth on the medium with elicitor.

Seedlings fresh and dry weight, morphological traits

Changes in fresh and dry weight displayed a similar course

within each cultivar (Fig. 5). A statistically significant

decrease in fresh and dry weight of the ‘Bojan’ seedlings

occurred on the 4, 7 and 11th day, and in ‘Liclassic’ on the
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apparatus) for seedlings of winter rape cultivars (‘Bojan’, ‘Liclassic’,
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Fig. 3 Changes in chlorophyll and carotenoid content for seedlings

of winter rape cultivars (‘Bojan’, ‘Liclassic’, ‘Lisek’) observed for 4,

7 and 11 days after elicitation. Each point represents the

mean ± standard error. C represents the mean for total measurements

performed in parallel for 4, 7 and 11 days on non-infected plants.

*P \ 0.05 vs. control, Student’s t test
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4th day. In the ‘Lisek’ cultivar on the 4 and 7th day, we

noted a statistically significant decrease in fresh and dry

weight compared to the control. For ‘Liclassic’ cultivar on

the 7 and 11th day, a distinct trend in fresh and dry weight

increments to the level of the control occurred. As shown

in Fig. 6, the stem of ‘Liclassic’ seedlings was shorter but

thicker on the medium with the elicitor. Similarly, coty-

ledons of this variety were larger in comparison to the

control seedlings.

In all tested cultivars of oilseed winter rape during

growth on a medium with a fungal elicitor, a distinct

(compared to control) reduction in the length of the stems,

the roots and the entire length of the seedlings was

observed (Figs. 6, 7).

Relationship between the parameters of plant

productivity and the level of chlorophyll, carotenoids

and phenolics

Only in the case of the ‘Liclassic’ cultivar, for most of the

measured parameters of chlorophyll fluorescence, we

obtained a statistically significant correlation with regard to

the level of carotenoids (Fig. 8a–d). The highest levels of

carotenoids in this cultivar was observed on the 11th day of

elicitation, as they correlated with the highest values of Fv
0/

Fm
0, UPSII, qP and qN. In the ‘Lisek’ cultivar such a rela-

tionship was found only for Fv
0/Fm

0 (Fig. 9a), while for the

‘Bojan’ cultivar, no statistically significant correlation was

obtained. Moreover, for ‘Liclassic’, the Fv/Fm parameter
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Fig. 5 Changes in fresh and dry weight for seedlings of winter rape
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after elicitation. Each point represents the mean ± standard error.

C represents the mean for total measurements performed in parallel
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positively correlated with the chlorophyll content (Fig. 9b),

while the phenolic content correlated with values of

quantum efficiency of PSII in ‘Bojan’ (Fig. 9c). In this last

case, the highest level of phenolic compounds was

observed on the 11th day of elicitation and correlated with

the highest values of UPSII.

Only in the ‘Lisek’ cultivar, was a statistically signif-

icant correlation between chlorophyll content and seed-

lings fresh/dry matter and seedlings length determined

(Fig. 10).

Discussion

The chlorophyll fluorescence imaging method enabled

detection of differences in the responses of the photosyn-

thetic apparatus of oilseed winter rape to L. maculans/L.

biglobosa phytotoxins (Figs. 1, 2). In experiments on biotic

stress, it was shown that fungi pathogens increase the pool

of ROS in a plant cell (Herbette et al. 2003; Kuźniak and

Skłodowska 2005; Torres et al. 2006), which may also

damage the thylakoid membranes leading to impairment of

the structure and function of the photosystems (Muhlen-

bock et al. 2008; Kangasjärvi et al. 2012). Scharte et al.

(2005) showed that leaves of tobacco infected with Phy-

tophthora nicotianae exhibited disturbances in photosyn-

thetic electron transfer and low photosynthetic activity

during the first hours after the inoculation.

Only in the case of the ‘Liclassic’ cultivar, there were

statistically significant correlations between the level of

carotenoids and the majority of chlorophyll fluorescence

parameters: Fv
0/Fm

0, UPSII, qP and qN (Fig. 8). Also for this

cultivar on the 11th day of elicitation, a significantly higher

activity of photosynthetic apparatus was observed in

comparison to the control (Fig. 1), which corresponded to

the significantly higher, than in the control, content of the

carotenoids (Fig. 3). The participation of carotenoids in the

neutralization of free radicals has been reported (Woodall

et al. 1997). Study of Tian et al. (2007) confirmed that high

level of carotenoids help in combating environmental

stresses. In their experiment, the mutant of Deinococcus

radiodurans, which failed to synthesize carotenoids, was

more sensitive to ROS than the wild type. Only for the

‘Bojan’ cultivar, which was characterized by a decrease in

levels of carotenoids during elicitation, we noticed, on the

11th day of elicitation, a very distinct (compared to the

control and other cultivars) decrease in photosynthetic

apparatus activity (Figs. 1, 2). Moreover, only for this

cultivar, on the basis of changes in RFd values (Fig. 2), it is

possible to suggest considerable disturbances in CO2 fixa-

tion, which also resulted in inhibition of seedlings dry

weight increment (Fig. 5).

Accompanying the increase in carotenoid content in a

‘Liclassic’ cultivar, there was an increase in chlorophyll

content on the 11th day of elicitation (Fig. 3), which could

be an additional factor that had a positive influence on the

increase in the maximum quantum yield of photosystem II

(Fig. 9b). Rusjan et al. (2012) showed a decrease in the

content of chlorophyll and carotenoids in sensitive grape

cultivar in the course of pathogenesis. Similar results

concerning biotic stress have been observed in other

experiments (Petit et al. 2006; Gutha et al. 2010). The

decline in chlorophyll content may be associated with the

process of detoxification of compounds derived from a

fungal pathogen. The participation of chlorophyll degra-

dation products in the mechanisms of phytotoxin neutral-

ization was found during plants ageing (Guo and Gan

2005).
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Fig. 6 Changes in morphological traits for seedlings of winter rape

cultivars (‘Bojan’, ‘Liclassic’, ‘Lisek’) observed for 4, 7 and 11 days

after elicitation
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Simultaneously, changes in the activity of photosyn-

thetic apparatus in seedlings growing on the medium with a

fungal elicitor were accompanied by changes in the phe-

nolic content (Fig. 4). In the case of a ‘Liclassic’ cultivar, a

gradual increase in the content of phenolic compounds

(Fig. 4) under elicitation could also have an impact on

adaptation of the photosynthetic apparatus. Phenolic path-

way activation is a common response to various stress

factors (Dixon and Pavia 1995). It has been proved that

phenolics are involved in defence mechanisms associated

with the infection of pathogenic microorganisms. Many of

these substances were described as phytoalexins or scav-

engers of reactive oxygen species. The role of phenolics in

plant defence under fungal infection has been confirmed in

some studies (Pła _zek et al. 2003, 2005; Pourcel et al. 2007).

Shadle et al. (2003) have been found that tobacco plants

with high level of phenylpropanoids markedly reduced the

susceptibility to infection with the fungal pathogen Cer-

cospora nicotianae.

In the case of ‘Liclassic’, the efficient adaptation of the

photosynthetic apparatus to elicitation with fungal toxins

also indicates the gradual increase in dry weight up to the

level of the control plants, which was observed only in the

case of this cultivar (Fig. 5). Reduction of dry and fresh

weight in the case of ‘Liclassic’ on the 4th day of seedlings

growth can be recognized as adaptation mechanism. In our

opinion, for ‘Liclassic’, the observed decrease in dry and

fresh weight (4th day) is probably connected to carbohy-

drate utilization in the production of secondary metabolites

(phenolics) that are involved in defence mechanisms at the

cost of growth reduction. The visible and negative effect of

pathogens on rape seedlings was related to morphological

traits such as seedling length, stem length and root length

(Fig. 7). However, the mentioned traits were not suffi-

ciently differentiated to be useful for estimation of the

sensitivity of the cultivar to Phoma lingam phytotoxins.

In conclusion, on the basis of the obtained results, we

can surmise that the ‘Liclassic’ cultivar is characterized by
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Fig. 7 Changes in stem, root and seedling length of winter rape

cultivars (‘Bojan’, ‘Liclassic’, ‘Lisek’) observed for 4, 7 and 11 days

after elicitation. Each point represents the mean ± standard error.

C represents the mean for total measurements performed in parallel

for 4, 7 and 11 days on non-infected plants. *P \ 0.05 vs. control,

Student’s t test
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the most efficient photosynthetic apparatus under elicita-

tion by Phoma lingam toxins. It should be pointed that

solely the photosynthetic apparatus of this variety was

reversibly affected during elicitation. This was related to

the induction of biochemical defence mechanisms which

enabled an effective photosynthetic apparatus adaptation.

A significant element of the efficient adaptation of photo-

synthetic apparatus in ‘Liclassic’ was an increase in the

content of phenolic compounds, which due to the chemical

structure can act as free radical scavengers. Another

observed effect was an increase in the content of chloro-

phyll and carotenoids, which consequently led to the

increased activity of the photosynthetic apparatus. More-

over, for ‘Liclassic’, the observed increase in carotenoid

content seems to be a significant biochemical factor which

can raise the efficiency of the photosynthetic apparatus

under elicitation by Phoma lingam toxins. However, to

confirm unambiguously, it is necessary to carry out further
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studies with a microscopy (cross sections) visualization of

the pathogen spread in plants and with larger number of

oilseed winter rape cultivars with different levels of resis-

tance to Phoma lingam.
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Kachlicki P, Jędryczka M (1994) Properties of Phoma lingam (Tode

ex fr.) Desm. isolates from Poland, secondary metabolites

production. Phytopathol Pol 7:81–86
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