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Abstract: Field surveys were performed in winter and spring rape crops of agricultural companies
and individual farmers during the period of 2001-2003. A questionnaire was completed for each ex-
perimental field, giving a description of the crop. The incidence and severity of fungal diseases were
estimated annually in 14-18 winter and spring rape crops. Seed samples were taken from each field
and composition fungal communities on harvested seed was estimated. Alternaria blight and Phoma
stem canker were present on stems of all investigated winter and spring rape cultivars and Alter-
naria blight occurred on siliques in all experimental years. In 2001, most favourable year for spread
of diseases, Alternaria blight damaged 87.2 100% of winter rape and 100% of spring rape siliques,
maximum disease severity was 6.66 and 7.24%, respectively. All cultivars of winter and spring rape
were susceptible to Alternaria blight. Phoma stem canker was more often found on stems of spring
oilseed rape — up to 98% of stems with symptoms of Phoma stem canker. Seed fungal infection level
was 10.0-100% in winter rape and 16.0-93.6% in spring rape seed samples. The most frequent fungi
on seeds of winter and spring oilseed rape were Alternaria spp. and Cladosporium spp.

Key words: oilseed rape, Alternaria blight, Alternaria spp. Phoma stem canker, Phoma lingam, seed
infection, Cladosporium spp.

INTRODUCTION

Oilseed rape is the main oil crop in Lithuania, and presently one of the most prom-
ising crops whose production area in 1990-2005 increased from 11 to 110 thousand
hectares. This situation has resulted from the rapidly increasing demand for vegeta-
ble oil in food and other industries. The largest area sown with oilseed rape and the
highest yields are produced in the regions of Central Lithuania. In order to secure
abundant and high-quality rapeseed yield, several crop cultivation and management
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issues, among which diseases caused by pathogens are the most relevant ones, have
to be solved.

Various literature sources provide information on the incidence and severity of
Alternaria blight (Alternaria brassicae) in Canada (Tewari 1991), India (Kolte et al.
1987), and Bangladesh (Meah et al. 1988). In European countries involved in oilseed
rape production this disease is also very common — such evidence was obtained in
Poland (Frencel et al. 1991; Maczyniska et al. 2001; Sadowski et al. 2003), France (Brun
et al. 1987), Great Britain (Fitt et al. 1999). It is noteworthy that Alternaria blight is
a serious problem in Denmark and Switzerland, however, it is not relevant in Swe-
den, Germany or the Netherlands (Bromand 1990). Weather conditions, especially
air temperature and precipitation, have a great effect on Alternaria blight severity
in different years. When the air temperature varies within optimal range (15-23°C),
precipitation rate and relative air humidity during the silique ripening period have
a decisive effect (Awasthi and Kolte 1989; Hong et al. 1996).

Phoma stem canker (Phoma lingam, anamorph of Leptosphaeria maculans) is often
found in oilseed rape crops (McGee and Petrie 1978; Hall et al. 1993). Many researchers
have reported that Phoma lingam comprises at least two groups differing in virulence —
A—very virulent or “aggressive”, or Tox" and B — weakly virulent, or “non-aggressive”,
or Tox". Recently these groups have been named as Leptosphaeria maculans (A-group)
and Leptosphaeria biglobosa (B-group), on the basis of length of neck of pseudothecia
(Shoemaker and Brun 2001). The disease is more widespread in Australia, Canada,
England, France, and Germany — large oilseed rape producers, where weather condi-
tions are conducive to the occurrence of this disease (West et al. 2001). In our neigh-
bouring countries — Poland, Denmark, Sweden, this disease is widespread but is not
very destructive (Jedryczka et al. 1999; Jensen 1994; Kuusk et al. 2002). In the last years
the fungus population gradually changes to more aggressive pathotype (Karolewski et
al. 2002). The disease spreads during the entire oilseed rape growing period, however,
lesions on the crown develop when winter rape plants are infected in the autumn of the
sowing year. Long, warm and wet autumns and mild winters are necessary for this.

One of the ways to control plant diseases is to cultivate resistant varieties. Some
researchers’ findings revealed the differences in disease resistance among oilseed
rape varieties (Tewari and Skoropad 1976; Garbe 1993), they have also reported that
Alternaria blight is more likely to occur on early-ripening varieties (Sweet and Beale
1991). However, in many authors’ research it is noted that all the tested varieties of
winter and spring rape and turnip rape were susceptible to Alternaria blight (Rams-
bottom and Thomas 1999).

Alternaria blight is especially dangerous if it spreads early and affects young si-
liques and seed. The disease-affected seed is generally small, wrinkled and infested
not only with Alternaria, but also with the fungi of other genera (Howlider et al. 1991).
Seventy species of fungi assigned to thirty-six genera have been found to spread with
rapeseed (Clear and Patrick 1995).

Based on research conducted at the Lithuanian Institute of Agriculture some data
have been already published on spread and harmfulness of fungal diseases and effi-
cacy of their control measures (Brazauskiene 1998; Brazauskiene and Petraitiene 2003;
2004). This research was designed to identify the main fungal diseases in winter and
spring rape crops grown in Central Lithuania, to estimate their incidence and severity
on stems and siliques and to identify fungi on harvested rape seeds.
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MATERIALS AND METHODS

Incidence and severity of fungal diseases

During the period 2001-2003 surveys were conducted in the crops of winter and
spring rape in the fields of agricultural companies and individual farmers. The ex-
periments covered four Central Lithuania’s districts: Kédainiai, Jonava, Panevézys,
and Raseiniai. During the experimental period, stem and silique samples were col-
lected from the total winter rape crop area of 1011 ha and spring rape crop area of
927 ha. The samples were taken at the end of ripening stage (BBCH 85-87) of rape
crops. Growth stages were determined according to the scale described by Lancashire
etal. (1991). During sampling the following data were entered into the questionnaire:
district, farm, variety, previous-crop, sowing date, seed rate, plant protection prod-
ucts used, application timing, etc. The main data on winter rape crops are provided
in Table 1, on spring rape crops in Table 2.

Table 1. The origin of winter oilseed rape crops assessed

Field code District Cultivar Year Previous crop
KKA011W Kedainiai Kasimir 2001 black fallow
KKA012W Kedainiai Kasimir 2001 black fallow
KAC013W Kedainiai Accord 2001 black fallow
JACO11W Jonava Accord 2001 winter rye
JACO012W Jonava Accord 2001 winter wheat
KCA014W Kedainiai Casino 2001 black fallow
PKAO011W* Panevezys Kasimir 2001 winter barely
KKA021W Kedainiai Kasimir 2002 winter wheat
KKA022W Kedainiai Kasimir 2002 black fallow
KAC023W Kedainiai Accord 2002 black fallow
KAC024W Kedainiai Accord 2002 black fallow
JALO21W Jonava Alaska 2002 winter barely
PPA021W Panevezys Pantera 2002 winter barely
PAL022W* Panevezys Alaska 2002 potatoes
KAL025W* Kedainiai Alaska 2002 black fallow
KAL026W* Kedainiai Alaska 2002 winter wheat
KKAQ031W Kedainiai Kasimir 2003 black fallow
KAC032W Kedainiai Accord 2003 black fallow
PCAO031W Panevezys Casino 2003 black fallow
PAL032W Panevezys Alaska 2003 black fallow
PATO33W Panevezys Attila 2003 oats
PKR034W Panevezys Krokus 2003 black fallow
PMAO35W Panevezys Mazur 2003 black fallow
RCA031W* Raseiniai Casino 2003 grasses

* fungicide applied at the end of flowering stage
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Table 2. The origin of spring oilseed rape crops assessed

Field code District Cultivar Year Previous crop
KSP011S Kedainiai Sponsor 2001 winter wheat
KSP012S Kedainiai Sponsor 2001 spring barely
JST011S Jonava Star 2001 winter wheat
JFOO012S Jonava Forte 2001 spring barely
RANO11S Raseiniai Anita 2001 winter rye
PSPO11S* Panevezys Sponsor 2001 winter wheat
KST0135* Kedainiai Star 2001 fallow
KSP021S Kedainiai Sponsor 2002 winter rye
KSP022S Kedainiai Sponsor 2002 buckwheat
KST023S Kedainiai Star 2002 spring rape
JOL021S Jonava Olga 2002 spring barely
JOLO022S Jonava Olga 2002 spring barely
PFO021S Panevezys Forte 2002 spring barely
KSP031S Kedainiai Sponsor 2003 spring barely
KSP032S Kedainiai Sponsor 2003 spring barely
KSP033S Kedainiai Sponsor 2003 spring barely
KSP034S Kedainiai Sponsor 2003 spring barely
JSP031S Jonava Sponsor 2003 spring barely
KSP035S Kedainiai Sponsor 2003 spring barely
KST0365 Kedainiai Star 2003 spring barely
JSE032S Jonava Senator 2003 spring barely
RST031S* Raseiniai Star 2003 spring barely

* fungicide applied at the end of flowering stage

To estimate the incidence and severity of fungal diseases stem samples were
pulled at representative places of a field (10 stems per place, in total 100 stems per
field). Silique samples were also picked — 5 earliest-formed (lower) siliques from the
main stem of 50 plants (in total 250 siliques per field). All stem and silique samples
were analysed in the laboratory. Fungal diseases were diagnosed according to exter-
nal symptoms using descriptors. The number of fungal disease-affected stems and
siliques was determined. Alternaria blight severity on stems and siliques was esti-
mated according to the scale described by Conn et al. (1990) (0, 1, 5, 10, 20, 30 and 50%
of stem or silique surface area is covered by Alternaria blight spots).

The severity of Phoma stem canker was estimated according to 0—4 score scale,
where 0 — stem without visible Phoma stem canker symptoms, 1 —Phoma dry rot cov-
ers less than half of the root neck perimeter, 2 — the rot covers more than half of the
perimeter, but root neck is incompletely girdled by Phoma rot, 3 — root neck is com-
pletely girdled by Phoma rot but the plant is not broken, 4 — root neck is completely
girdled by Phoma rot, the plant is broken at Phoma stem canker lesion place, and is
precociously mature (Chigogora and Hall 1995).
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Average incidence of Alternaria blight and Phoma stem canker (the number of
stems or siliques with Alternaria blight or Phoma stem canker symptoms expressed
in per cent from the total number of stems and siliques tested) was calculated for each
sample. Average severity of Alternaria blight was calculated according to the formula:
Rjd = }(nxb)/N, where Rjd-average Alternaria blight severity per cent, (nxb) — number
of stems or siliques multiplied by Alternaria blight severity per cent, N — total number
of stems or siliques per sample. Average Phoma stem canker severity score was cal-
culated according to the following formula: Rf = (nx1 +nx2 +nx3 +nx4)/N, where Rf
—average Phoma stem canker severity score, n —number of stems according to Phoma
stem canker severity score, N — total number of stems estimated per sample.

The data from agrometeorological bulletins were used to describe weather con-
ditions of the experimental years. Figures 1 and 2 provide the total amount of pre-
cipitation in mm and days with precipitation of 1mm and more during the period
of intensive Alternaria blight spread on winter and spring oilseed rape stems and
siliques. (Tabs. 1, 2).

Fungi occurring on harvested seed

Silique samples were threshed and seed samples were prepared for the determi-
nation of fungi. Abundance and diversity of fungi on seed (internal infection) were
determined on PDA (Fluka, Switzerland) in Petri dishes. The seeds were surface-ster-
ilised by soaking in 70% ethyl alcohol for 30 sec, rinsed in sterile water, drained on
sterile filter paper and placed in a sterile box on the medium, 250 seeds per sample
were sown (10 plates/replications x 25 seeds). The plates were incubated for 7 days
at 20°C in a thermostat Binder (Germany), with a 12 h light/dark cycle. After 7 days
colonies of fungi were identified using a microscopy method and genera of fungi
were discriminated using descriptors (Malone and Muskett 1997).

The experimental data were compared using the analysis of variance (ANOVA).
Duncan’s Multiple Range Test was used to determine significant differences between
means and calculated for p = 0.05. The experimental findings were processed by the
correlation regression analysis method.

RESULTS AND DISCUSSION

Incidence and severity of fungal diseases

Alternaria blight (Alternaria spp.) incidence and severity on stems and siliques in
winter and spring rape was diverse in different years, varied considerably between
crops within the same experimental year and between the crops of the same variety
within the same experimental year. The development of the fungus Alternaria bras-
sicae, which is the major causal agent of Alternaria blight, is equally influenced by the
air temperature and moisture. The optimal temperature for penetration of Alternaria
spp. and lesion development is 15-25°C (Mridha and Wheeler 1993). Since mean dai-
ly air temperature during the period of Alternaria blight occurrence on winter rape
stems and siliques (in July) and on spring rape stems and siliques (in August) ranged
between optimal limits (17-21°C) during the experimental years, we gave a greater
attention to the analysis of the amount of precipitation and the number of days with
a precipitation rate of 1 mm and more.
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Table 3. Incidence and severity of Alternaria blight and Phoma stem canker in various fields of win-
ter oilseed rape in 2001-2003

Alternaria blight Phoma stem canker
Field code
DI-S [%] DS-S [%] DI-P [%] DS-P [%] DI-S [%] DS-S (b)

2001
KKAO011W 100 7.54 100 6.66 8.0 0.08
KKA012W 100 5.70 97.2 3.67 0 0
KACO013W 100 5.16 100 5.67 6.0 0.06
JACO11IW 100 5.72 100 4.84 6.0 0.06
JACO12W 54.0 0.94 97.2 2.59 14.0 0.14
KCA014W 100 2.52 100 2.94 0.8 0.08
PKAO011W* 56.0 0.62 87.2 1.02 4.0 0.04
Min-Max 54.0-100 0.62-7.54 87.2-100 1.02-6.66 0-14.0 0-0.14

2002
KKA021W 34.0 0.34 12.0 0.12 4.0 0.04
KKA022W 38.0 0.54 34.4 0.38 8.4 0.08
KAC023W 48.0 0.48 61.2 0.64 12.0 0.12
KAC024W 62.0 0.94 34.8 0.35 8.0 0.08
JALO21IW 80.0 1.20 90.8 1.83 6.0 0.06
PPA021W 52.0 0.60 35.2 0.38 6.0 0.06
PAL022W* 42.0 0.42 344 0.38 2.0 0.02
KAL025W* 22.0 0.22 38.8 0.42 6.0 0.06
KAL026W* 38.0 0.38 17.2 0.17 10.0 0.10
Min-Max 22.0-80.0 0.22-1.20 12.0-90.8 0.12-1.83 2.0-12.0 0.02-0.12

2003
KKA031W 100 13.30 96.8 3.22 0 0
KAC032W 100 13.80 74.8 0.75 0 0
PCA031W 82.0 0.82 82.4 1.42 0 0
PALO32W 98.0 1.78 84.0 1.16 6.0 0.12
PAT033W 96.0 1.46 98.4 2.96 0 0
PKR034W 60.0 0.60 49.6 0.50 0 0
PMAO035W 40.0 0.64 44.8 0.45 0 0
RCAO031W* 72.0 0.80 11.2 0.11 6.0 0.12
Min-Max 40.0-100 0.60-13.8 11.2-96.8 0.11-3.22 0-6.0 0-0.12

* fungicide applied at the end of flowering stage
DI - disease incidence, DS — disease severity, S — stems, P — pods; (b) — score
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In 2001 the incidence and severity of Alternaria blight were higher than in the
other two experimental years (Tabs. 3, 4). The higher disease incidence and severity in
the year 2001 were determined by the amount of rainfall in July — for winter rape and
in August — at spring rape silique ripening period. The weather in July was rainy, the
monthly precipitation rate in Central Lithuania’s districts amounted to 91-145mm,
there were 12-16 days with precipitation 1mm and more (Fig. 1). The highest daily
precipitation rate in districts was 32-71 mm. The mean relative air humidity of July
was 75-82%. In such weather conditions Alternaria blight spread on 54.0-100% of
winter rape stems and on 87.2-100% of siliques; the maximum disease severity on
stems amounted to 7.54, on siliques to 6.66% (Table 3).
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Fig. 1. The total sum of precipitation [mm] (A) and number of days with precipitation 1mm and
more (B) during the period of intensive Alternaria blight spread on winter oilseed rape (July)



www.czasopisma.pan.pl P N www.journals.pan.pl

-

-
M

302 Journal of Plant Protection Research 46 (3), 2006

Warm and rainy weather prevailed in August, too. The monthly precipitation rate
was 55-72mm and there were 8-10 days with a rainfall of 1mm and more, and the
largest daily precipitation rate amounted to 3044 mm in distri cts (Fig. 2). Relative air
humidity above 80% prevailed. When conditions were favourable, Alternaria blight
affected 94.0-100% of spring rape stems and all siliques in all crops assessed. The
maximum disease severity on stems was 18.6%, on siliques 7.24% (Table 4).
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Fig. 2. The sum of precipitation [mm] (A) and number of days with precipitation Imm and more (B)
during the period of intensive Alternaria blight spread on spring oilseed rape (August)

In2002 dry weather prevailed during more than half of July. In Kédainiai, PanevéZzys
and Jonava districts the mean precipitation rate in July amounted to 36-56 mm, there
were 5-6 days with a precipitation rate of Imm and more (Fig. 1). Alternaria blight in
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seven of the nine winter rape assessed crops spread on 22.0-52.0% of stems and on
12.0-38.8% of siliques. The maximum disease severity on stems was 1.2%, on siliques
—1.83% (Table 3). Dry weather continued during August. The rate of precipitation was
even lower than in July, as low as 11-29mm and there were only 2-3 days with precipi-
tation of Imm and more. Shortage of rainfall resulted in a very low relative air humid-
ity 55-67%, which is uncommon for August. Due to a greater difference between the
day-night temperatures, dew formed on plants at night, as a result, the disease spread
on 63.2-98.8% of spring rape siliques, however its severity in most crops was very low
and did not reach 2% of the silique surface area (Table 4).

Table 4. The incidence and severity of Alternaria blight and Phoma stem canker in various fields of
spring oilseed rape in 2001-2003

Alternaria blight Phoma stem canker
Field code
DI-S [%] DS-S [%] DI-P [%] DS-P [%] DI-S [%] DS-S (b)

2001
KSP011S 94.0 2.72 100 3.86 4.0 0.04
KSP012S 94.0 3.46 100 1.60 4.0 0.04
JST011S 100 17.70 100 5.62 48.0 0.50
JFOO012S 100 14.50 100 3.68 88.0 1.04
RANO11S 100 18.20 100 7.21 98.0 1.40
PSP011S* 100 18.60 100 7.24 5.2 0.05
KST013S* 100 7.80 100 437 40 0.04
Min-Max 94.0-100 2.72-18.60 100 1.60-7.24 4.0-98.0 0.04-1.40

2002
KSP021S 54.0 0.78 98.8 2.62 2.0 0.02
KSP022S 78.0 1.16 78.8 1.53 8.0 0.08
KST023S 30.0 0.30 63.2 0.71 0.8 0.01
JOL021S 70.0 0.70 67.6 1.12 2.0 0.02
JOLO022S 26.0 0.26 744 0.85 2.0 0.02
PFO021S 30.0 0.30 98.4 3.90 2.0 0.02
Min-Max 26.0-78.0 0.26-1.16 63.2-98.8 0.71-3.90 0.8-8.0 0.01-0.08

2003
KSP031S 40.0 0.40 34.8 0.35 0 0
KSP032S 100 3.90 27.6 0.35 0 0
KSP033S 24.0 0.24 14.0 0.14 34.0 0.52
KSP034S 72.0 1.36 26.0 0.26 22.0 0.46
JSP031S 34.0 0.42 67.6 0.71 0 0
KSP035S 64.0 0.64 424 0.42 8.0 0.16
KST036S 60.0 0.76 28.0 0.30 6.0 0.10
JSE032S 54.0 0.54 64.4 0.66 0 0
RST031S* 32.0 0.32 16.0 0.16 0 0
Min-Max 24.0-100 0.24-3.90 14.0-67.6 0.14-0.71 0-34.0 0-0.52

* fungicide applied at the end of flowering stage
DI - disease incidence, DS — disease severity, S — stems, P — pods; (b) — score
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In 2003 during silique formation period the precipitation rate in Central zone
was 43-66mm, relative air humidity 73-82%. Such weather promoted more inten-
sive spread and development of Alternaria blight on winter rape stems. The disease
affected more than 80% of stems in five of the eight winter rape crops assessed. An
especially high incidence of the disease was recorded in Kédainiai district in the
crops of Kazimir and Accord varieties where all stems were affected by a disease
and the disease severity on stems was 13.3-13.8% (Table 3). Maximum disease sever-
ity on stems that year was by 11.5 times higher and on siliques by 1.8 times higher,
compared with that in 2002. In August due to the cooler weather (mean monthly air
temperature 16.7-17.3°C), and due to very uneven distribution of precipitation, the
spread of Alternaria blight was significantly slowed down and differed in particular
spring rape crops. The disease spread on 24.0-100% of stems and on 14.0-67.6% of
siliques. The maximum disease severity on stems in spring rape crops in 2003 was
4.8 times lower than that in 2001 and 3.4 times higher than that in 2002, on siliques
—about 10.2 times lower than that in 2001 and 5.5 times lower than in 2002. The inci-
dence of Alternaria blight on stems that year was 1.5 times, and disease severity up to
5.5 times higher than on siliques.

The incidence and severity of Phoma stem canker on stems and siliques in winter
and spring rape crops varied in different years. In winter rape Phoma stem canker
spread inappreciably, in 2001 in separate crops this disease affected up to 14.0%, in
2002 up to 12.0% of stems. In 2003 the incidence of Phoma stem canker was even
lower, the stems affected by the disease were identified only in two of the eight winter
rape crops assessed, and the disease did not occur on siliques at all (Table 3).

In 2001 in Jonava district in spring rape crops of Star and Forte varieties the stems
with Phoma stem canker symptoms accounted for 48.0-88.0%. In Raseiniai district in
the crops of Anita variety 98.0% of plants were found to be affected with Phoma stem
canker. In 2003 in Kédainiai district in two crops of Sponsor variety the percentage
of plants affected by the disease accounted for 22.0-34.0%. In the other spring rape
crops the disease was identified on less than 8.0% of the plants during 2001-2003
(Table 4). The high disease incidence in some fields suggests that the cause of infec-
tion could be L. biglobosa, not L. maculans and more comprehensive research on the
population structure of Phoma lingam in Lithuania is required.

In all experimental years other fungal pathogens such as Sclerotinia sclerotiorum,
Botrytis cinerea, Peronospora parasitica did not occur in winter and spring rape crops.

Our experimental findings suggest that both winter and spring rape crops were
equally susceptible to Alternaria blight. No significant differences in susceptibility to
this disease were identified between different varieties. Black fallow and winter cere-
als prevailed among preceding crops for winter rape, and spring cereals for spring
rape. All these crops are not host-plants for the pathogens common on rape, therefore
they could not affect the occurrence of rape diseases. The information collected during
the trials on winter and spring rape crops suggests that disease control products were
rather rarely used in rape crops. During the three experimental years only 5 winter
rape crops out of the total 24 winter rape crops observed (about 20% of the crops) were
sprayed with tebuconazole at the end of flowering. Disease control products were ap-
pied only in 3 spring rape crops out of the 22 spring rape crops observed (13.6%).
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Fungi on harvested seeds

In 2001, the year conducive to Alternaria blight development on siliques, win-
ter rape seed was heavily infested with various fungi (Table 5). The total content of
affected seed (with internal infection) in the samples taken from winter rape crops
ranged from 82.8 to 87.2%. The fungi of Alternaria genus accounted for the largest
share (82.4-86.4%) among the fungi identified on winter rape seed.

Table 5. Composition of fungal communities on harvested seed of winter oilseed rape in 2001-2003

Infected seed (internal infection) [%]
! Infected s § @ § -
Field code s[eoz]d § ;t § ;t Q%: ;t é § § § others
< 8 ~
2001
KKA011W 84.8 83.6ab’> | 21.2a O0a 7.6 bc 0 48ab
KKA012W 83.2 824 a 21.6a O0a 3.6a 0 32a
KACO013W 87.2 86.4b 20.0 a 2.0 ab 92¢ 0 4.8 ab
JACO11W 85.6 84.8 ab 21.6a 04a 4.4 ab 0 6.0b
JACO012W 83.6 82.8 ab 28.0a 2.8b 4.8 ab 0 4.8 ab
KCA014W 86.8 86.0 ab 20.0 a O0a 4.0 ab 0 3.6 ab
PKAO011W* 82.8 82.8 ab 20.0 a O0a 4.8 ab 0 4.8 ab
2002
KKA021W 28.8 27.6 ¢ 13.6 ab 0 0.8a 0.4 ab 1.6a
KKA022W 36.8 244 bc 9.6 ab 0 2.8 abc 1.2 ab 24a
KAC023W 342 340c¢ 17.2b 0 44 bed 0.8 ab 12a
KAC024W 28.0 264 c 11.2 ab 0 7.2 de 1.6b 28a
JALO21W 27.6 24.0 bc 12.0 ab 0 1.2 ab O0a 0.8a
PPA021W 30.4 29.6 ¢ 44a 0 3.2 abc 1.2 ab 1.6a
PAL022W* 10.0 8.4a 3.6a 0 8.8 ef 1.6b 0.8a
KALO025W* 31.6 316¢ 12.4 ab 0 9.2 ef 0.8 ab 6.4b
KAL026W* 204 10.0 ab 6.8a 0 11.6 f 1.6b 32a
2003
KKA031W 100 75.6 e 24.0de O0a 5.2 abc O0a 18.0d
KAC032W 40.0 172 a 9.6 ab O0a 92¢ 04a 12.0 be
PCA031W 45.2 20.4 ab 16.0 be O0a 6.8 bc 52b 14.8 cd
PALO32W 53.6 26.0 b 26.8 de 0.4 ab 4.0 ab O0a 18.4d
PAT033W 90.0 61.6d 26.8 de O0a 4.2 ab 04a 312e
PKR034W 98.4 152a 7.6a Oa 86.8 e 0a 44a
PMAO035W 100 49.6 ¢ 29.6 € 1.6 ¢ 36.0d O0a 40a
RCA031W* 32.8 14.0 a 20.0 cd 0.4 ab 24a O0a 7.6 ab

* fungicide applied at the end of flowering stage

! detailed description of the crop is provided in Table 1

2 means in columns for each year followed by the same letter are not signifi-
cantly different according to Duncan’s multiple range test (p = 0.05)
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In 2002, when Alternaria blight severity on siliques was very low, winter rape
seed infested with various fungi made up 10.0-36.8%. The fungi of Alternaria genus
affected 8.4-34.0% of winter rape seed. In 2003 seed samples from the two winter rape
crops 100% of seed were infected, in another two samples the affected seed accounted
for 90-98.4%. That year the greatest differences in the contents of affected and healthy
seed between separate winter rape crops were determined (the content of healthy
seed between separate crops ranged from 0 to 67.2%, the content of seed affected by
various fungi — from 32.8 to 100%). The fungi of Alternaria genus affected from 14.0 to
75.6% of winter rape seed.

The highest infestation with the fungi of Cladosporium genus was identified on winter
rape seed in 2001 and 2003, 20.0-28.0%, and 7.6-29.6%, respectively. The fungi of Botrytis
genus were found only in sporadic cases, and in 2002 were not identified at all.

Mould fungi (Penicillium spp., Mucor spp.) cause seed rot in storages. When rape-
seed ripens in rainy weather or when underdried seed is stored, storage fungi become
more active. The heaviest infestation of Penicillium and Mucor fungi on winter rape
seed was identified in 2003, in separate cases as much as 86.8% of seed was infested
with Penicillium spp.

Both the seed of spring and winter rape was especially heavily infested with the
fungi of Alternaria genus in 2001. The highest disease severity on spring rape siliques
was identified the same year. The total content of spring rape seed affected by fungi
in the samples amounted to 82.4-93.6%, seed contaminated by Alternaria spp. ac-
counted for 78.0-90.4% (Table 6). In 2002, the year unfavourable for the occurrence
of Alternaria blight on siliques, the spring rape seed were slightly infected with the
fungi of Alternaria genus (affected seed accounted for 5.6-30.8%). In 2003 the seed of
spring rape contaminated by various fungi amounted to 37.6-95.2% and the seed con-
taminated by Alternaria spp. amounted to 16.0-62.4%. Fungicide application in the
field at the end of flowering reduced the occurrence of Alternaria spp. on harvested
seed of winter and spring rape, but not in all cases. In 2001 and 2003 spring rape seed
was more heavily infested with the fungi of Cladosporium, Penicillium and other gen-
era. The level of Botrytis and Mucor fungal infestation on both spring and winter rape
seed was low during all experimental years.

The data obtained suggest that infection of winter and spring rape seed with the
fungi of Alternaria spp. may vary considerably and in most cases it depends on Alter-
naria blight incidence and severity on siliques. Similar findings were also obtained by
other researchers (Verma and Saharan 1994). Infestation by storage fungi and other
pathogens is likely to be more severe on rape seed in the years unfavourable for Al-
ternaria blight development on siliques (Portenko 1997).

Itis known that rape seed affected by Alternaria spp. is a rather important source of
Alternaria blight infection (Humpherson-Jones 1989). Our research findings on fun-
gal diversity and abundance on harvested rape seed also suggest that causal agents
of Alternaria blight, the fungi of Alternaria spp., spread abundantly with rape seed.
Various fungi occurring on rape seed are a great concern for vegetable oil produc-
ers. The fungi of Alternaria and Penicillium genus are mentioned in many literature
sources as producers of mycotoxins, therefore there exists a risk that vegetable oil can
be contaminated with mycotoxins (McKenzie et al. 1988; Pedras et al. 1999).

Correlation — regression analysis of data suggests that with increasing Alternaria
blight severity on winter and spring rape siliques the content of seed affected by the
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Table 6. Composition of fungal communities on harvested seed of spring oilseed rape in 2001-2003

Infected seed (internal infection) [%]

Infected S § " §
. h 2 2 3 =
Field code S;’Z? § ;t é_ g § ;t é ;t é’ § other
< = <
Q

2001
KSP011S 86.8 85.2ab? | 284a 0.8a 20a Oa 4.8 bc
KSP012S 86.0 852ab | 204a 04a 3.2ab Oa 12a
JSTO011S 82.4 78.0a 248 a Oa 1.6a O0a 5.2 bed
JEOO012S 91.6 90.4b 25.6 a 12a 12a 24D 6.8 bed
RANO11S 90.4 90.4b 21.6a 0.8a 24a O0a 3.6 ab
PSP011S* 924 88.4Db 21.2a 0.8a 20a O0a 7.6 cd
KST0135* 93.6 89.6 b 244 a 04a 52b O0a 8.4d

2002
KSP021S 56.0 212b 15.2b 24Db 152b 04a 40a
KSP022S 20.0 6.8a 40a Oa l.6a 3.6 abc 6.8a
KST023S 24.0 84a 72a Oa 40a 2.0 ab 6.8a
JOL021S 16.0 72a 52a Oa 3.6a O0a 40a
JOL022S 24.0 5.6a 3.6a O0a 6.0a 6.4 be 56a
PFO021S 72.0 30.8 ¢ 248 c Oa 17.2b O0a 6.0a

2003
KSP031S 54.0 36.4c 27.6 cde Oa 7.6 bc O0a 12.8 ab
KSP032S 95.2 6l.6e 20.4 bed Oa 4.4 ab 44D 20.0 de
KSP033S 93.2 23.2b 15.6 ab Oa 5.2 abc 0.4a 8.8a
KSP034S 88.4 624¢e 26.0 cde Oa 172 ¢ O0a 15.6 be
JSP031S 71.2 52.0d 28.4 de Oa 11.6d O0a 144 b
KSP035S 54.8 312c¢ 25.2bcde Oa 6.0 abc O0a 16.4 bed
KST036S 49.2 21.6 ab 18.0 abc Oa 32a O0a 18.8 cde
JSE032S 924 60.0 e 30.8 e 0.8b 32a 0.8a 14.8 be
RST031S* 37.6 16.0 a 104 a Oa 6.0 abc O0a 14.0b

* fungicide applied at the end of flowering stage

! detailed description of the crop is provided in Table 1
2 means in columns for each year followed by the same letter are not signifi-

cantly different according to Duncan’s multiple range test (p = 0.05)

fungi of Alternaria spp. increases. The variation of Alternaria-affected seed content in
winter (A) and spring (B) rape in relation to Alternaria blight severity on siliques was
mathematically described by linear regression equations (Fig. 3). The calculations
showed a strong correlation (R = 0.769"*and R = 0.723**) between Alternaria blight
severity on siliques and the content of seed affected by Alternaria fungi for winter and
spring rape. Both correlations were significant.



www.czasopisma.pan.pl P N www.journals.pan.pl

Y
308 Journal of Plant Protection Research 46 (3), 2006
18
16 T
A Y=-1.812 + 0.101X
14 +

R = 0.769**

Severity [%)] of Alternaria
blight on siliques
3
|
T

Alternaria spp. infected seed [%]

16
B Y=-1.812 + 0.101X
14+

R = 0.769**
12 +

10

Severity [%] of Alternaria
blight on siliques
(o]
l
T

Alternaria spp. infected seed [%]

Fig. 3. The relationship between severity [%] of Alternaria blight on siliques (Y) and Alternaria spp.
infected seed [%] (X) of winter (A) and spring (B) rape

CONCLUSIONS

1. The analysis of phytosanitary state of winter and spring rape crops during ripen-
ing stage over the period 2001-2003 suggests that two fungal diseases were wide-
spread — Alternaria blight (Alternaria brassicae) and Phoma stem canker (Phoma
lingam). Winter and spring rape were found to be equally susceptible to Alter-
naria blight. The year 2001 was the most conducive to the occurrence of Alternaria
blight due to more abundant precipitation than in the other two years during
winter and spring rape silique ripening stage.

2. Alternaria blight was identified on stems and siliques in all winter and spring
rape crops in all experimental years. Alternaria blight severity on winter rape
stems during the three experimental years was up to 13.80%, on siliques up to
6.66%, on spring rape stems up to 18.60%, on siliques up to 7.24%.
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3. The incidence of Phoma stem canker during the three experimental years was
higher on spring rape than on winter rape: the number of Phoma stem canker-af-
fected spring rape stems ranged from 0 to 98.0%, and that of winter rape stems from
0 to 14.0%. The maximum disease severity on spring rape stems was estimated to
amount to 1.4 severity score, and that on winter rape stems — to severity score 0.14.

4. During the three experimental years the total content of fungi-affected winter
rape seed in the samples composed of the seed from farm-scale trials ranged from
10.0 to 100%, and that of spring rape from 16.0 to 93.6%. Alternaria spp. prevailed
among the fungi identified on winter and spring rape seed: the content of winter
rape seed affected by Alternaria spp. was 8.4-86.4%, and that of spring rape seed
5.6-90.4%. The fungi of Cladosporium genus affected up to 29.6% of winter and
spring rape seed.
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POLISH SUMMARY

WYSTEPOWANIE CZERNI KRZYZOWYCH (ALTERNARIA SPP)

| SUCHEJ ZGNILIZNY KAPUSTNYCH (PHOMA LINGAM) NA RZEPAKU
W CENTRALNEJ LITWIE | GRZYBY PASOZYTNICZE NA ZEBRANYCH
NASIONACH

W latach 20012003 przeprowadzono lustracje pol w przedsiebiorstwach rolni-
czych oraz gospodarstwach indywidualnych. Dla kazdego pola sporzadzono kwes-
tionariusz opisujacy stan uprawy. Wystepowanie i nasilenie chorob na rzepaku jarym
i ozimym oceniano corocznie w 14-18 uprawach. Z kazdego pola pobierano proby
nasion, na ktérych okreslano grzyby pasozytnicze. Czeri krzyzowych (Alternaria bras-
sicae) na tuszczynach i sucha zgnilizna todyg (Phoma lingam) wystepowaly na wszyst-
kich badanych polach oraz na wszystkich odmianach rzepaku jarego i ozimego. W 2001
roku najkorzystniejszym dla rozwoju choréb, czern krzyzowych opanowata 87,2-100%
tuszczyn rzepaku ozimego i 100% tuszczyn rzepaku jarego, a nasilenie choroby wynosito
odpowiednio 6,66 i 7,42%. Wszystkie odmiany rzepaku jarego i ozimego byly wrazliwe
na czern krzyzowych.

Sucha zgnilizna todyg wywolywana przez Phoma lingam byta czesciej spotyka-
na na rzepaku jarym niz ozimym, a liczba roslin z objawami choroby dochodzita do
98%. Wszystkie badane proby nasion rzepaku byly porazone. Zakazenie nasion rze-
paku ozimego wynosito 10-100%, natomiast zakaZenie nasion rzepaku jarego wahato
sie w granicach 16,0-93,6%. Na nasionach najczesciej stwierdzano grzyby Alternaria
spp. i Cladosporium spp.
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