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Abstract

In the years 1996–2000 the ergot infection of male sterile lines of rye (P lines)
used in hybrid breeding program was investigated. The number of sclerotia in 1 kg
seed samples of P lines cultivated in isolated fields with different pollen parents
(topcrosses) was calculated. In natural field conditions a high level of ergot infec-
tion of male sterile rye was found. The following factors influenced the infection of
male sterile lines of rye: weather conditions during pre-anthesis and anthesis pe-
riod, pollen productivity of pollen parent, synchronisation of anthesis between
seed and pollen parents and susceptibility to ergot infection.
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Introduction

Ergot caused by the fungus Claviceps purpurea (Fr.) Tul. is a disease of cereal
crops and grasses. Under most conditions, population varieties of rye are rarely at-
tacked by ergot. However, the use of male sterile components in the production of
commercial hybrid seed has increased the seriousness of ergot in this crop. The
susceptibility of male sterile plants to infection is believed to be due to its florets
which, by remaining open for long periods, allow the inoculum greater access to
the unpollinated ovary (Cunfer et al. 1975). Susceptibility to the infection in-
creases with any conditions that may prolong flowering or cause an insufficient
amount of pollen (Walker 1969). High level of the infection causes not only a loss
in yield, but also the need to clean harvested seed in order to remove the numerous
ergot sclerotia. In seed production of the female component for a hybrid variety, a
male sterile line (P line) as a seed parent and a non-restorer (N line) as a pollen
parent are grown in isolated field on separate plots (Geiger 1985). The P line is ex-
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posed to infection by ergot if insufficient pollen is shed by the plants of the pollen
parent or the P and N lines are not adjusted in anthesis. More favourable condi-
tions for ergot infection may occur in an experimental topcross field where many
different P lines are grown with one pollinator.

The objective of this work was to determine the level of ergot infection of male
sterile lines (P lines) in natural field conditions and the factors influencing it.

Material and methods

Infection of male sterile lines of rye by C. purpurea (Fr.) Tul. was studied in natu-
ral field conditions at Radzików during the years 1996–2000. The content of ergot
sclerotia was estimated in the seed samples of male sterile lines (P lines) cultivated
in isolated fields with different pollen parents (topcrosses). The P lines were culti-
vated in two topcrosses in 1997, 1999 and 2000 in numbers 30, 50 and 20, respec-
tively. The following non-restorer lines were used as pollen parents: line TO1
(medium period of anthesis, medium pollen productivity), line TŁ (long period of
anthesis, high pollen productivity), line TO2 (short period of anthesis, medium
pollen productivity), line TH (long period of anthesis, high pollen productivity),

line TS (short period of anthesis, low
pollen productivity). Both male sterile
lines and non-restorer lines (N lines)
are currently used in hybrid breeding
program. In each topcross the P lines
(seed parents) and the N line (pollen
parent) were grown in alternate plots
with area ratio of 2:1. Plot size was 10
m2, sowing density – 200 germinated
kernels per 1 m2. The date of anthesis
was noted for the P lines and the
pollinator in each topcross. Number of
sclerotia was counted in a 1 kg sample,
according to the Polish Standard
PN-R-65950 (1994). Moreover, 30
spikes were harvested by hand from
each P line plot in 1999. Their number
of sclerotia, sclerotia mass and seed set
were determined.

An analysis of variance was made
using “Agro” computer software. A
t-test was used to estimate significant
differences between factors influencing
the ergot infection. In addition, coeffi-
cients of correlation were calculated:
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Phot. 1. Male sterile spike of rye at anthesis
(photo by J. Drzewiecki)



between sclerotia number and sclerotia mass, between sclerotia number and seed
set in spikes of P lines and between sclerotia numbers in seed of P lines harvested
from topcrosses with different pollen parents.

Results

A very high content of ergot sclerotia was found in the seed of P lines harvested
in the topcross with the TH pollen parent in 1996 and 1999 (Fig. 1). The line TH
has a long period of anthesis and high pollen productivity. In both years the same
10 male sterile lines adjusted in anthesis to the pollen parent TH were used. Ergot
infection of the P lines was significantly higher in 1996 than in 1999. The mean
number of sclerotia in 1 kg seed sample was 946 (ranging from 262 to 2865) and
429 (ranging from 70 to 1397), respectively.

The other 10 male sterile lines were grown in topcross with the pollen parent
TO2 in the years 1997, 1999 and 2000 (Fig. 2). The highest sclerotia content was
found in 1997 and the lowest in 2000. The mean number of sclerotia in 1997 was
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Phot. 2. Male sterile spikes of rye at harvest (photo by J. Drzewiecki)



threefold higher than in 1999 and 16-fold higher than in 2000. The differences be-
tween mean numbers of sclerotia in the years of experiment were much higher
than the LSD value at = 0.05. The level of ergot infection depended on weather
conditions during pre-anthesis and anthesis period. The weather conditions are
presented in Table 1. Anthesis period was observed in the first decade of June in
1996, 1997 and 1999. However, in 2000 flowering of rye was 10–14 days earlier.
The year 1997 was the most propitious to ergot infection, because of the cool and
damp weather during pre-anthesis and anthesis period. In 1999 down rainfall was
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Fig. 1. Infection of the P lines adjusted in
anthesis to the pollen parent TH in 1996

and 1999

Fig. 2. Infection of the P lines adjusted in
anthesis to the pollen parent TO2 in 1997,

1999 and 2000

Table 1
Weather conditions in pre-anthesis and anthesis period in 1996–2000

Month,
decade

Total precipitation (mm) Total daily temperature (oC)

1996 1997 1999 2000 1996 1997 1999 2000

May

1 40.7 9.0 2.8 0 146.1 74.9 128.4 160.8

2 28.7 3.0 13.3 16.8 198.0 198.7 119.4 177.6

3 0 44.0 23.2 16.4 162.9 125.9 222.3 188.6

June

1 0 26.1 33.8 2.0 231.4 163.5 198.5 209.3

2 19.9 31.8 47.4 11.4 164.7 177.9 207.0 201.4

3 46.9 26.4 73.9 1.0 150.6 202.8 187.2 190.9



noted at the beginning of the flowering period and later regularly in the second part
of this period. The dry and hot year 2000 was unpropitious to ergot infection. In
this season only a small rainfalls were noted in the middle and at the end of flower-
ing period. Moreover an early anthesis of rye in this season might allow to escape
ergot infection.

The effect of pollen parent on ergot content was visible in every year of study. In
1997 the same 10 P lines adjusted in anthesis to pollen parents were tested in three
topcrosses – TO2, TŁ and TO1. The pollen parents were distinguished for duration
of anthesis and pollen productivity. A very high content of sclerotia was found in the
seed samples of P lines harvested from topcross with the pollen parent TO2 (short
period of anthesis and medium pollen productivity). The mean content of sclerotia
for the TO2 was 20 times higher (5220) than for the TŁ (252). The latter pollen par-
ent had a long period of anthesis and high pollen productivity (Fig. 3). In the year
1999, three pollen parents: TS, TH and TO2 were used in topcrosses with the same
10 P lines adjusted in the anthesis time (Fig. 4). The highest content of sclerotia was
observed in the seed of P lines in the topcross with the pollen parent TS, which had a
short period of anthesis and low pollen productivity. The mean number of sclerotia
(3382) for the TS pollen parent was 10-fold higher than that for the TH pollen parent
(359), with a long period of anthesis and high pollen productivity. In the topcross
TO2, the mean content was 1433 sclerotia per sample. Among the pollen parents
tested in both years, TŁ and TH appear to be the most suitable for the majority of P
lines. The significant and negative correlation was found between sclerotia content
and seed setting (r = –0.54).
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Fig. 3. Infection of the P lines adjusted in
anthesis to the pollen parents TO2, TŁ, TO1

in 1997

Fig. 4. Infection of the P lines adjusted in
anthesis to the pollen parents TS, TH, TO2

in 1999



In 1999, all the P lines cultivated in
the topcrosses TH and TO2 were divided
into two groups on the basis of their
anthesis date – adjusted to pollen parent
in anthesis and not adjusted to pollen
parent. In both topcrosses significant
differences were found between mean
number of sclerotia for these two groups
of P lines. In the case of synchronisation
of anthesis, a significantly lower number
of sclerotia was found for the TH pollen
parent than for the TO2 pollen parent
(Fig. 5). The mean numbers of sclerotia
in the TH and TO2 topcrosses were 452
and 1094, respectively. Lack of synchro-
nisation caused a significant increase in
contamination of the P lines seed for
both pollen parents.

There were 23 P lines adjusted in
anthesis to the pollen parent TH (long
period of anthesis and high pollen pro-
ductivity) selected in 1999 (Fig. 6). It
seems, the amount of pollen was suffi-
cient during flowering of all these P

lines. The content of sclerotia ranged from 12 to 1212 in 1 kg sample. Most of the P
lines were highly infected by ergot but three of them (1P, 2P, 3P) were less suscep-
tible. The number of sclerotia in their seed samples was below 100. Moreover, the
lowest content of ergot was observed in seed of these P lines in other topcrosses.
The significant correlation was found between the numbers of ergot sclerotia in

20 I. Kolasińska and E. Małuszyńska

Fig. 5. Infection of the P lines adjusted and not
adjusted in anthesis to the pollen parents

TH, TO2 in 1999

Fig. 6. Infection of the P lines adjusted in anthesis to the pollen parent TH in 1999



seed of the same P lines in two different topcrosses. The coefficients of correlation
for pairs of topcrosses: TH–TO2 and TO1–TŁ were 0.72 and 0.77, respectively. The
male sterile lines tested in this experiment showed various susceptibility to ergot.

Discussion

Ergot infection is a very important problem in the production of commercial
seed of rye hybrids. The results show an abundance of sclerotia in the production
of female components for hybrid varieties of rye and in multiplication of male ster-
ile lines. Most of the sclerotia can be removed with modern cleaning machinery,
which is costly and often is not efficient enough to meet legal standards. The traces
have been proven to be toxic to livestock. The same problem was observed in the
seed production of hybrid varieties of other crops such as pearl millet (Pennisetum
spicatum (L.) Roem. et Schult.) and wheat (Triticum aestivum L. emend. Fiori et
Paol.) (Mantle and Swan 1995, Rai and Thakur 1995). Sclerotia mass in a poorly
pollinated male sterile wheat comprised more than 20% of the threshed grain
yield, in contrast to only 0.7% in a fertile wheat (Mantle and Swan 1995).

Results of this experiment indicated that many factors influence the ergot in-
fection in natural field conditions. The main factor was weather during the
pre-anthesis and anthesis period. Alderman (1993) wrote that ascospores of C.
purpurea are produced from spring through early summer. Infection occurs only
during the period of flowering, since the ovary is the primary site of infection.
Rainfall is an important factor in the initiation of ascospores. Wet weather during
flowering favours development of the “honey-dew”, when conidia are spread. In
this experiment the highest mean sclerotia content was observed in the cool and
damp year, 1997. This is consistent with the opinion of Schultz et al. (1993) that
cool and damp weather favours ergot germination, prolongs flowering period and
increases the probability of ergot infection. The very low level of infection in 2000
was caused by dry and hot weather, which was detrimental to spores (conidia) pro-
duction and their viability.

The effect of pollen parent on the content of ergot in the seed of P lines was no-
ticed in previous investigation (Kolasińska et al. 1997). Pollinators should insure
rapid and complete fertilization of P lines. Among the pollen parents tested, TŁ
and TH appeared to be the most suitable for the majority of P lines. These pollen
parents guaranteed abundance of pollen during a whole period of flowering of seed
parents. The significantly highest content of ergot was found in conditions of in-
sufficient amount of pollen in topcrosses TS and TO2. In this experiment a signifi-
cant and negative correlation was found between sclerotia content and seed
setting. Also, Mantle and Swan (1995) stated that in a cytoplasmic male sterile
winter wheat, the amount of sclerotia at harvest was correlated inversely with seed
set. This finding was also confirmed by Romanian breeders (Gaspar et al. 1990).

Our results noted that synchronisation of anthesis of both parents significantly
decreased the content of sclerotia. For seed production, breeders should select
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seed parents and pollen parents adjusted in anthesis. Synchronisation between pa-
rental lines can be improved by the use of growth regulators (Aufhammer et al.
1993). As a consequence of using a growth regulator, the heading dates of seed
parent (CMS single cross) were delayed up to seven days. Heading of the pollen
parent (restorer) was accelerated by up to three days.

The results confirm the suggestion of the authors, that male sterile lines show
various susceptibility to ergot infection (Małuszyńska et al. 1998). Several P lines
more resistant to ergot infection were selected among the tested materials. Also,
Puranik and Mathre (1971) observed varying degrees of susceptibility among male
sterile wheat varieties. Partial resistance to ergot was reported for several lines of
spring wheat (Platford and Bernier 1970). Rai and Thakur (1995) noted that highly
resistant hybrids of pearl millet were obtained, where both seed and pollen parents
were highly resistant.

Conclusions

1. A high level of ergot infection of male sterile rye used in hybrid breeding
was found in natural field conditions.

2. The number of sclerotia in seed depends on the following factors: weather
conditions during pre-anthesis and anthesis period, pollen productivity of pol-
len parents, synchronisation of anthesis between seed and pollen parents, and
susceptibility of male sterile lines to ergot infection.

3. A significant decrease of ergot contamination in seed can be achieved by
selection of seed parents more resistant to ergot infection, use of highly produc-
tive pollen parents, and synchronisation of anthesis between seed and pollen
parents.

Summary

Cultivation of hybrid rye varieties has recently increased the seriousness of er-
got, caused by the fungus Claviceps purpurea. The level of infection of male sterile
lines (P lines) by C. purpurea was studied in natural field conditions at Radzików,
during the years 1996–2000. The number of ergot sclerotia was estimated in 1 kg
seed samples of P lines cultivated with different pollen parents in isolated fields
(topcrosses). A high level of infection of male sterile rye used in hybrid breeding
was found. The number of sclerotia in seed depended on the following factors:
weather conditions during pre-anthesis and anthesis period, pollen productivity of
pollen parents, synchronisation of anthesis between seed and pollen parents, and
susceptibility of male sterile lines to ergot infection. A significant decrease of ergot
content in seed can be achieved by selection of seed parents more resistant to ergot
infection, use of highly productive pollen parents, and synchronisation of anthesis
between seed and pollen parents.
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Streszczenie

CZYNNIKI WPŁYWAJĄCE NA PORAŻENIE SPORYSZEM
MĘSKOSTERYLNYCH LINII ŻYTA

Uprawa odmian mieszańcowych żyta spowodowała wzrost zagrożenia spory-
szem, który jest wywoływany przez grzyb Claviceps purpurea. Przedmiotem badań
było określenie poziomu infekcji linii męskosterylnych przez C. purpurea w warun-
kach polowych w Radzikowie w latach 1996–2000. Liczba przetrwalników była
określana w 1-kilogramowych próbach nasion linii P uprawianych na izolowanych
polach z różnymi zapylaczami (topcrosses). Stwierdzono wysoki poziom infekcji
sporyszem męskosterylnych linii żyta używanych w programie hodowli mieszań-
ców. Liczba przetrwalników w ziarnie zależała od następujących czynników: wa-
runków pogodowych przed okresem i podczas okresu pylenia, produktywności
pyłku komponentu ojcowskiego, synchronizacji okresu pylenia między kompo-
nentami matecznymi i ojcowskim, wrażliwości linii męskosterylnych na porażenie
przez sporysz. Znaczącą obniżkę zawartości sporyszu można osiągnąć przez wybór
odporniejszych linii matecznych, użycie linii ojcowskich o dużej produktywności
pyłku i synchronizację fazy pylenia komponentów rodzicielskich.
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