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Abstract

The effects of lettuce seed osmopriming combined with Amistar and Funaben T
treatment on germination and seed-borne fungi were studied at temperature 10,
20 and 35°C. Funaben T was more effective against Botrytis cinerea than Amistar.
Priming improved germination rates mainly at sub- and supra-optimal tempera-
tures. The beneficial effects of osmopriming were maintained if seeds were treated
after priming with Funaben T at both doses tested. The same fungicide applied
during priming caused a decrease in germination capacity connected with an in-
crease in percentage of abnormal seedlings number and a delay in seed germina-
tion.

Key words: lettuce seeds, osmopriming, fungicides, germination, seed health,
vigour

Introduction

Osmotic priming in polyethylene glycol (PEG) solution is one of the methods
of improving seed quality. This technique is based upon controlled hydration of
seeds to a level that permits metabolic activity to proceed, but that prevents actual
emergence of the radicle. Primed seeds often germinate much more rapidly and
uniformly, particularly under adverse temperature or moisture conditions (Brad-
ford 1986).

Germination of lettuce (Lactuca sativa L.) seeds is strongly influenced by tem-
perature. Percentage of germination declines with increase in temperature to reach
zero at approximately 25 to 35°C depending on the seed lot and cultivar (Eenink
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1977, Saini et al. 1989). The beneficial effects of lettuce seed priming, e.g. ability to
overcome the inhibitory effect of high temperature in thermosensitive lettuce
seeds, have been studied previously (Valdes et al. 1985, Weges et al. 1991, Khan
1997).

In contrast, in spite of the information that priming can cause increase in fungal
infestation of seeds, studies on the effects of combining priming with fungicidal
treatment are scarce (Maude et al. 1992, Tylkowska and Biniek 1996, Tylkowska
and van den Bulk 2001). Grey mould, caused by Botrytis cinerea Pers. ex Pers. is
highly damaging seed-borne disease of lettuce. Benzimidazole-based fungicides
have been effective in the chemical control of grey mould. Funaben T has been one
of the fungicides recommended to prevent this disease (Program... 1998).
Anmistar, a relatively new fungicide, has been recommended against this disease in
the field, however its usefulness for seed treatment has not been studied yet
(Myslicki 1998).

The aim of the experiment was to investigate the effects of osmopriming and
fungicide treatment on germination, vigour and health of lettuce seeds.

Materials and methods

Seeds

Seeds of L. sativa cv. ‘Dippego’ were obtained from Seed Company CNOS-PNOS
in Poznan, and were stored in plastic bag at —20°C in darkness until used.

Seed priming

Seeds were primed for four days in darkness at 20°C. The seeds were plated on
six layers of blotters moistened with 6 ml of polyethylene glycol (PEG 8000, Sigma
Chemical Co.) solution of an osmotic potential —1.1 MPa, placed in Petri dishes at
the rate of 100 seeds per dish. After priming, seeds from each replicate were
washed separately under running tap water for 5 min, and rinsed three times in the
distilled water to remove PEG. Then, they were surface dried with blotting paper
and placed in semi-open Petri dishes and dried back at 20°C and 45% relative hu-
midity for 24 h to equilibrium moisture content.

Fungicide treatments

Two fungicides: Amistar 250 SC (a.i. 25% azoxystrobin) and Funaben T (a.i.
20% carbendazim and a.i. 45% thiram) were used in the experiment. The fungi-
cides were applied as follows:

— the seeds were soaked in 0.1% Amistar solution for 30 min,

— the seeds were soaked in 0.5% Amistar solution for 30 min,
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— the seeds were treated with 1 g Funaben T per 1 kg,

— the seeds were treated with 5 g Funaben T per 1 kg,

— the seeds were primed in PEG solution,

— Amistar was added in PEG solution at 0.1% concentration,

— Amistar was added in PEG solution at 0.5% concentration,

— Funaben T was added in PEG solution at concentration 1 g per 11 PEG,

— Funaben T was added in PEG solution at concentration 5 g per 1 | PEG,

— the seeds were soaked in 0.1% Amistar solution for 30 min after priming,

— the seeds were soaked in 0.5% Amistar solution for 30 min after priming,

— the seeds were treated with 1 g Funaben T per 1 kg after priming,

— the seeds were treated with 5 g Funaben T per 1 kg after priming.
Controls were non-primed untreated seeds.

Seed germination and vigour

Percentage of normal seedlings (germination capacity at the final count) and
abnormal seedlings were determined after four and seven days according to the
ISTA rules (International... 1996). Six replicates of 50 seeds from each treatment
were placed in Petri dishes containing six layers of moistened blotters and incu-
bated in the darkness, at 10, 20 and 35°C. Additionally, the total number of germi-
nating seeds (G,,,,) was evaluated on the base of number of seeds with visible
radicle counted daily.

To characterise seed vigour, six replicates of 50 seeds were incubated under the
same conditions as in the previous test. Radicle protrusion was scored daily for
seven days. The germination rates, characterising seed vigour, i.e.: T — time to 1%
of G,y T — time to 50% of G, and Uz, — time between 25% and 75% of G,
were evaluated using statistical program Seed Calculator 2.1. (Jalink and Van der
Schoor 1999).

Seed health

The analysis was performed on 200 seeds from each treatment and at each tem-
perature by the deep-freezing blotter method. The seeds were plated on six layers
of moistened blotters placed in Petri dishes at the rate of 20 seeds per dish. The
dishes were kept in darkness at 10, 20 and 35°C for one day, at —20°C for 20 h and
then for eight days at 10, 20 and 35°C respectively, under 12 h alternating cycles of
NUV light and darkness. The seeds were examined for presence of fungi using a
stereomicroscope and compound microscope.

Statistical analysis

The results obtained were evaluated by analysis of variance followed by
Duncan’s multiple range test (Elandt 1964).
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Results

The results obtained varied depending on the treatment methods and tempera-
ture of seed incubation. The temperature significantly affected germination, which
was much higher at 10 and 20°C than at 35°C.

At temperature 10°C, high total number of germinating seeds (G,,,,), ranging
over 97%, was found for all the treatments (Table 1). Significant differences were
observed in germination capacity, which decreased after priming. Seeds treated
only with fungicides germinated on the level of untreated seeds. Funaben T treat-
ment combined with PEG, at a higher dose, lowered the germination capacity and
increased percentage of abnormal seedlings. However, this fungicide applied after
priming did not affect those parameters. Osmopriming with 0.1% Amistar gave
satisfactory results, too.

Seed treatment considerably affected speed of germination at temperature 10°C
(Table 2). Osmopriming had a favourable effect on the speed on germination. T,
and T, values were significantly lower for osmoprimed seeds than in control. Af-
ter osmopriming with an addition of Funaben T, at both doses, prolongation of
germination time was observed. Other variants of fungicide treatment and priming
considerably improved speed of germination. Uniformity of germination (U;5_,5)
was improved by osmopriming and addition of fungicides into PEG.

At temperature 20°C, percentage of germinating seeds and germination capac-
ity was very high, except for seeds treated during priming with Funaben T at higher
dose (Table 1). The treatment prolonged seed germination but did not affect uni-
formity of germination. Treating of unprimed seeds with the fungicides tested or
using them after priming positively affected speed and uniformity of germination.
Only osmopriming with an addition of 0.5% Amistar had negative effect on unifor-
mity of germination (Table 2).

At temperature 35°C, differences in seed germination were the most visible.
Germination capacity increased after priming significantly. The highest percentage
of germinating seeds, with relatively low percentage of abnormal seedlings and im-
provement in speed and uniformity of germination were noticed when Funaben T
was applied after osmopriming, at both dosages tested. On the other hand, an ad-
dition of this fungicide into PEG significantly prolonged germination and nega-
tively affected uniformity of germination. Treating of unprimed seeds with
Amistar gave similar results. Other variants of seed treatment and priming were
not statistically different from control (Tables 1, 2).

The following fungi were identified in the seeds tested: Acremoniella atra
(Corda) Sacc., Alternaria alternata (Fr.) Keissler, A. dauci (Kithn) Groves & Skolko,
Aspergillus spp., Bipolaris sorokiniana (Sacc.) Shoem., Botrytis cinerea, Cladosporium
spp., Epicoccum purpurascens Ehrenb. ex Schlecht., Fusarium spp., Gonatobotrys simplex
Corda, Mucor spp., Penicillium spp., Rhizopus nigricans Ehrenberg, Stemphylium bo-
tryosum Wallr., Trichothecium roseum (Pers.) Link ex S.F. Gray, Ulocladium consortiale
(Thiim) E. Simmons and Verticillium spp. Among them A. alternata, B. cinerea,
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Cladosporium spp. were occurring the most frequently (Table 3). Growth and
sporulation of the fungi were significantly affected by temperature.

After incubation of primed seeds at temperature 10°C, their infestation with B.
cinerea increased. Alternaria alternata and Cladosporium spp. were the dominating
species. Generally, treatment with Amistar provided the best control of the fungi
tested; however it was less effective against B. cinerea than Funaben T.

At temperature 20°C, an increase in seed infestation with A. alternata was ob-
served after priming, whereas infection with B. cinerea decreased (Table 3). Treat-
ment with Funaben T added into PEG and treatment with Funaben T following
osmopriming showed the highest activity against B. cinerea. Treatment with
Amistar gave better results against other fungi.

Temperature 35°C limited growth of the majority of the fungi. Even if the myce-
lium appeared on the seed surface, sporulation was not observed (Table 3). Num-
ber of seeds free from fungi was higher than at 10 and 20°C. Botrytis cinerea was not
detected. The highest infestation with A. alternata was noted in osmoprimed and
untreated seeds.

Discussion

Osmopriming is one of the methods improving seed quality, which resulted in
quicker and more uniform seed germination (Khan 1992). At the same time
Tylkowska and Biniek (1996) and Tylkowska and van den Bulk (2001) reported
that seed infestation both by pathogenic and saprophytic fungi increased after
priming. A considerable range of physical and chemical procedures have been
brought into use for disinfection or protection against pathogenic fungi.

The effects of osmopriming and fungicides on germination, vigour and health
of lettuce seeds were determined in present study. Funaben T, containing
carbendazim and thiram, has been recommended as effective fungicide against
grey mould (Program... 1998). However, an addition of Funaben T to PEG solu-
tion had negative effect on the seeds tested, which was manifested by an increase
in percentage of abnormal seedlings. It can be defined as a phytotoxic effect, de-
scribed by Neergaard (1977) and Halmer (2000). To avoid this, lower doses of fun-
gicides should be added to PEG solution in the future study.

After treatment with Amistar, the highest percentages of seeds free from fungi
were observed. The fungicide was not fully effective against B. cinerea, but signifi-
cantly decreased percentage of seeds infected with A. alternata and Cladosporium
spp. It suggests possibility of use Amistar also for seed treatment against these
fungi.

High temperature was the most significant factor limiting growth of fungi. This
observation confirms Neergaard’s (1977) statement. In spite of the treatment
used, infection at temperature 35°C was very low, and even if mycelium appeared
on seed surface, the fungi did not show sporulation. Generally, seed germination
was not connected with seed infestation with fungi. This may be consequence of a
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relatively short time of seed germination, insufficient for fungi to occur and
sporulate on seeds.

Szafirowska et al. (1981) reported that primed carrot seeds at temperature
10°C germinated faster and more uniformly than unprimed seeds. The experiment
showed that lettuce seeds priming have positive effect on speed of germination but
aggravate uniformity of germination, at the same temperature. It may be con-
nected with tolerance of particular lettuce varieties to low temperature during seed
emergence (Rgeggen 1989).

Tylkowska and Biniek (1996) claimed that addition of thiram and iprodione
into PEG solution was not fully effective and prolonged seed germination. In our
experiment, an addition of Funaben T into osmotic solution had generally negative
effect on germination capacity and Ts,. Similarly as in the study of Maude et al.
(1992), treatment of seeds by dry compound after priming was more beneficial
than addition of the same compound into osmotic solution.

In the seed sample tested, secondary dormancy caused by high temperature was
observed. Many authors (e.g. Cantliffe et al. 1984, Valdes et al. 1985, Khan 1997)
claim that osmopriming of lettuce seeds may brake inhibition induced by high
temperature. Percentage of germinating seeds increased significantly after
osmopriming and was next modified according to the treatment used. Wurr and
Fellows (1984) reported that priming of lettuce seeds in 1% solution of K;PO, for
6-12 h had no effect on seed germination capacity at 20°C but significantly im-
proved it at 35°C. The similar results were obtained in our experiment after prim-
ing in polyethylene glycol solution. After incubation of seeds at temperature 35°C,
in spite of the treatment used, germinated seedlings showed characteristic abnor-
malities, i.e. thickened and shortened radicle. According to Bekendam and Grob
(1979) origins of those abnormalities have physiological and biochemical charac-
ter and may be connected with both: high temperature and chemical treatments.

Results indicating possibilities of the increase of seed infestation after priming
obtained by Tylkowska and Biniek (1996) and Tylkowska and van den Bulk (2001)
do not correspond with those obtained in our experiment. Only at temperature
10°C, an increase in B. cinerea infection was observed after priming. Generally,
changes in seed infestation with particular fungi were not significant statistically.
Relatively short, four-day time of priming, could be the main factor limiting spread
of seed infestation. However in the previous study (Szopinska and Tylkowska
2003) the authors noted that although priming did not affect total seed infestation,
the inner layers of seeds were infested to a higher degree after treatment. It seems
possible that some fungi, which were present before priming on the seed surface
started to grow inside seed during the treatment.The results of the experiment
showed that osmopriming improved some of germination and vigour parameters
and effectively broke thermoinhibition. Generally, addition of fungicides dimin-
ished the benefits of osmopriming but the same compounds applied after priming
reduced seeds infestation, particularly by B. cinerea and had positive influence on
seed vigour.
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Summary

The purpose of this research was to study effects of priming and fungicide treat-
ment on lettuce seed germination, vigour and infestation with fungi, at tempera-
ture 10, 20 and 35°C. The seeds of cultivar ‘Dippego’ were primed in polyethylene
glycol (PEG) solution of an osmotic potential of —1.1 MPa, for four days in dark-
ness at 20°C. Fungicides were added into PEG solution or seeds were treated with
Amistar and Funaben T, at two dosages, after priming. The percentage germina-
tion after priming did not increase at 10 and 20°C but was significantly higher at
35°C. Priming resulted in a faster germination at 10 and 20°C and an improvement
of germination uniformity at 20°C. The percentage of infested seeds did not change
after priming. In general, seed treatment applied after priming improved seed ger-
mination and vigour. Amistar more effectively than Funaben T controlled the ma-
jority of fungal species with exception of Botrytis cinerea. Treating seeds with
Funaben T after osmopriming decreased the incidence of infested seeds, especially
those infested with B. cinerea, and accelerated seed germination. An addition of this
fungicide to the PEG solution, particularly at higher dose, decreased germination ca-
pacity, increased number of abnormal seedlings and prolonged seed germination.

Streszczenie

WPLYW KONDYCJONOWANIA I TRAKTOWANIA FUNGICYDAMI
NA KIELKOWANIE, WIGOR I ZDROWOTNOSC NASION SALATY
(LACTUCA SATIVA)

Celem doswiadczenia byto zbadanie wptywu osmokondycjonowania i chemicz-
nego zaprawiania nasion salaty na ich kietkowanie, wigor i zasiedlenie przez
grzyby, w temperaturze 10, 20 i 35°C. Nasiona sataty odmiany ‘Dippego’ kondycjo-
nowano w roztworze glikolu polietylenowego, o potencjale osmotycznym -1,1
MPa, przez cztery dni, w ciemnoéci, w temperaturze 20°C. Nasiona zaprawiano
fungicydami Amistar lub Funaben T, w dwéch réznych dawkach, po osmokondy-
cjonowaniu, lub dodawano je do roztworu glikolu polietylenowego. Po osmokon-
dycjonowaniu nie zaobserwowano wzrostu ogélnej liczby kietkujacych nasion w
temperaturze 10 i 20°C, natomiast byt on znaczacy w temperaturze 35°C. Osmo-
kondycjonowanie wplywalo rowniez na przyspieszenie kietkowania nasion w tem-
peraturze 10 i 20°C oraz poprawialo réwnomierno$¢ kietkowania nasion w
temperaturze 20°C. Po kondycjonowaniu nie zmienito si¢ procentowe zasiedlenie
nasion przez grzyby Ogolnie zaprawianie nasion po kondyqonowamu poprawiato
kietkowanie i wigor nasion. Preparat Amistar skuteczniej niz Funaben T zwalczat
wiekszo$¢ grzybdw, z wyjatkiem Botrytis cinerea. Zaprawianie nasion preparatem
Funaben T po osmokondycjonowaniu zmniejszalto zasiedlenie nasion przez grzy-
by, zwtaszcza B. cinerea, i poprawialo kietkowanie. Dodanie tego fungicydu do roz-
tworu glikolu polietylenowego, zwlaszcza w wiekszej dawce, powodowato wzrost
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liczby siewek anormalnych, ostabienie zdolno$ci kietkowania oraz wydtuzenie cza-
su kietkowania nasion.
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