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Abstract

The common bean (Phaseolus vulgaris) seeds were exposed to microwaves in a
microwave oven (650 W, 2450 MHz) for 15, 30, 45, 60, 90 and 120 s. Control seeds
were left untreated or were treated with the fungicide Sarfun T 65 DS. Fungi be-
longing to 13 genera were detected of which Alternaria alternata, Fusarium spp. and
Penicillium spp. were the most common. Microwaves were not effective in control-
ling A. alternata and Fusarium spp., whereas diminished the presence of Penicillium
spp., both on the seed surface and in the inner seed tissues. All treatments im-
proved germination capacity, decreased percentages of morphologically abnormal
seedlings as well as diseased seedlings and dead seeds. None of the methods influ-
enced the total number of germinating seeds and percentage of hard seeds. All
treatments improved seed vigour.
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Introduction

Increased concern about possible hazards of chemical seed treatment requires
alternative solutions. Heat therapy has been applied for controlling seed-borne mi-
croorganisms. The use of microwave radiation for heating a variety of products is
known (e.g. Seaman and Wallen 1967, Diprose et al. 1984, Grochowicz et al. 1999,
Warchalewski et al. 2007). Microwave treatment has been effective against
seed-borne microorganisms (Hankin and Sands 1976, Lozano et al. 1986, James et
al. 1988, Cavalcante and Muchovej 1993, Bhaskara Reddy et al. 1998, Gralik et al.
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1999, Reddy et al. 2000). Common bean (Phaseolus vulgaris) seeds are associated
with a range of fungi (Richardson 1990). Effective control measures against
seed-borne fungi cannot be destructive to seed germination and vigour. The work
aimed at evaluation of microwaves efficacy for common bean seed treatment.

Materials and methods

Seeds of cv. ‘Laurina’ harvested in 2006, naturally colonized by fungi, having
moisture content of 9.5%, were exposed to microwaves in a microwave oven
(Whirlpool M593, 650 W, 2450 MHz) for 15, 30, 45, 60, 90 and 120 s. For a single
treatment, 200 seeds (4 x 50) were distributed evenly, in one layer, in open glass
sterile 9 cm Petri dishes and placed on a rotated oven table. A 500 ml beaker con-
taining 200 ml distilled water was placed in the centre of a table as an energy sink
in order to prevent seed damage (Reddy et al. 2000). After treatment the measure-
ments of water temperature were taken, and the seeds were cooled down at
20-25°C on a laminar flow. The procedure was repeated five times for each time
exposure. Seeds were collected and left in sterile plastic bags until analysing.

Control seeds were left untreated or were treated with the fungicide Sarfun T
65 DS (carbendazim + thiram) at 2 g-kg.

Seed health analysis was performed on 200 seeds from each treatment with the
agar method. To recognize the presence of fungi in the inner tissues of seeds after
their treatment with microwaves, half of them were subjected to surface disinfec-
tion with 1% NaOCI for 10 min prior to incubation. Seeds were plated in 9 cm di-
ameter Petri dishes, on PDA medium supplemented with streptomycin at 100
mg-1-1, five seeds per dish. Seeds were incubated for 10 days at 20°C under 12 h al-
ternating cycles of NUV light and darkness. Afterwards, they were examined for
presence of fungi. Their identification was based on relevant publications (Ellis
1971, 1976, Singh et al. 1991, Malone and Muskett 1997, Mathur and Kongsdal
2003). Isolations from Fusarium spp. colonies were made and identification of spe-
cies was performed on PDA and KCIl medium with an addition of at least two
pieces (approx. 5 X 10 mm?) of sterile carnation leaves per a 9 cm Petri dish (Nel-
son et al. 1983, Leslie and Summerell 2006). Seed germination was described by
the percentage of germinating seeds, germination capacity, and incidence of mor-
phologically abnormal seedlings, diseased seedlings and dead seeds, as well as
hard seeds determined by a rolled blotter test after nine days of incubation at 20°C
(International... 2003). The test was performed on 300 seeds (6 replicates x 50
seeds) from each treatment.

Seed vigour was expressed by percentage of normal seedlings determined at the
first count in the germination test, i.e. after five days (International... 2003), and
by an average length of the five longest seedling roots after nine days of germina-
tion in rolled blotters at 20°C. For the latter test, 100 seeds (4 replicates x 25
seeds) were spaced in two rows, 12 and 13 seeds in each, on the surface of two
sheets of moistened blotter of 28 x 48 cm. After being wrapped with a polyethyl-
ene foil they were kept in upright position in a container and incubated.
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The data obtained were evaluated with analysis of variance followed by Dun-
can’s multiple range test at a = 0.05.

Results

The temperature inside the oven was estimated by recording the water temper-
ature in a beaker immediately after treatment. The longer the treatment the higher
the temperature, which reached 23.0; 30.5; 36.0; 41.0; 47.0; 52.5 and 62.5°C after
0, 15, 30, 45, 60, 90 and 120 s treatment, respectively.

Fungi belonging to 13 genera and some non-sporulating species were detected
of which Alternaria alternata, Fusarium spp. and Penicillium spp. were the most com-
mon (Table 1). Therefore, they were taken into consideration in further analysis.
Both non-disinfected and disinfected control seeds showed occurrence of A.
alternata on comparable levels (Table 2). Slightly less seeds were affected by
Fusarium spp. after disinfection whereas differences in the presence of Penicillium
spp. in non-disinfected and disinfected seeds were quite substantial. All untreated
seeds were affected by fungi. Treatment with fungicide resulted in controlling
fungi to the highest degree. Application of microwaves for 90 and 120 s gave better
results, as compared with most of the other periods, which, in turn, did not differ
from untreated control. Ten percent of surface disinfected seeds were free from

Table 1

Fungi associated with bean seeds

Fungus Affected seeds (%)
|Acremoniella atra 1.0
|Alternaria alternata 30.0-89.0
| Aspergillus spp.* 0.5-7.0
Botrytis cinerea 1.0
Cladosporium spp. 1.5-5.0
Colletotrichum lindemuthianum 0.5
Epicoccum nigrum 0.5-4.5
Fusarium spp.** 0-35.5
Mucor sp. 0.5-14.0
Papularia sp. 0.5
Penicillium spp. 0-72.0
Rhizopus stolonifer 0-13.0
Stemphylium botryosum 0.5-3.0
Non-sporulating 0.5-3.5
Seeds free from fungi 0-57.5

*Including A. flavus, A. fumigatus, A. niger var. niger.
**Including F. culmorum, F. equiseti, F. incarnatum, F. sambucinum, F. solani.
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Table 2

Effect of microwave treatment on the presence of selected fungi
on/in seeds and fungi-free seeds (%)

Non-disinfected seeds affected by| Disinfected seeds affected by| Seeds free from fungi
Treatment |Alternaria| Fusarium | Penicillium |Alternaria| Fusarium | Penicillium non- .
alternata spp. spp. alternata | spp. spp. |-disinfected disinfected
Untreated 435¢ 26.0b 72.0a 42.0a | 19.0a | 175a Oe 10.0 ¢
Fungicide 475 ¢ Oc 1.0d - - - 47.0a -
Microwave
treatment (s)
15 79.5b 24.0b 37.5b 47.0ab| 17.0a 1.0 be 2.0de 355b
30 76.0 b 355a 13.5¢ 37.0ab| 20.5a 35b 3.5cd 41.0b
45 89.0a 355a 14.0c 425ab| 19.5a Oc 0.5 de 43.0b
60 78.0 b 32.5ab 9.0c 43.0ab| 21.5a Oc 1.5 de 37.0b
90 70.5b 28.5 ab 12.0c 30.0b | 135a 0.5 bc 9.0b 57.5a
120 75.5b 26.0b 8.0c 42.5ab| 20.5a 0.5 bc 8.0 bc 43.0b

Means in columns followed by the same letter do not differ significantly at 5% level (Duncan’s mul-
tiple range test).
“~” — not determined.

fungi. Treatment with microwaves increased their numbers significantly up to
5.75-fold. Non-disinfected seeds showed a significant increase in the occurrence of
A. alternata after microwave treatment. The treatment either did not influence (15,
60, 90 and 120 s) or increased (30 and 45 s) the incidence of Fusarium spp., as com-
pared with untreated seeds. Generally no changes in the presence of A. alternata
and Fusarium spp. after microwave treatment were observed in disinfected seeds.
The treatment significantly diminished the presence of Penicillium spp., both in
non-disinfected and disinfected seeds. Although Penicillium spp. were eradicated
from seeds exposed to microwaves for 45 and 60 s, the results for most of the other
time regimes were not significantly different.

All treatments improved germination capacity, decreased percentage of mor-
phologically abnormal seedlings, diseased seedlings and dead seeds, as compared
with untreated control (Table 3). Number of germinating seeds and hard seeds did
not differ significantly between treatments. The percentage of morphologically ab-
normal seedlings after microwave treatment for 15 and 30 s was lower, as com-
pared with chemical treatment. Microwave treatment for 90 and 120 s decreased
the percentage of diseased seedlings and dead seeds similarly to chemical treat-
ment. All treatments improved seed vigour, as compared with untreated control
(Table 4). Exposing seeds to microwaves for 30 and 45 s resulted in a slightly
higher percentage of fast germinating seeds, as compared with the other periods.
However, the differences were not significant. Seedling growth was affected nei-
ther by chemical nor by microwave treatment.
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Table 3
Effect of microwave treatment on seed germination (%)
Treatment Ger;r:}ierllie;ting Ges;g;i?glon Z{)orfg ?rgzg; g:(ljlz sil?dllsi‘relagssejnd Hard seeds
ead seeds
Untreated 86.0 a 38.0d 28.0a 32.7 a 13a
Fungicide 94.0 a 87.7a 9.0 bc 1.7 ¢ 1.7a
Microwave treatment (s)
15 90.0a 84.0 ab 2.7 de 10.7 b 2.7a
30 86.0a 85.7 ab 1.7d 10.3 b 23a
45 87.0a 82.0 abc 6.3 cd 7.7b 4.0a
60 87.0a 76.3 ¢ 9.7 bc 10.0b 4.0a
90 89.0a 76.3 ¢ 153 b 5.0 bc 33a
120 91.0a 80.0 bc 13.0 be 5.3 bc 1.7a

Means in columns followed by the same letter do not differ significantly at 5% level (Duncan’s mul-
tiple range test).

Table 4
Effect of microwave treatment on seed vigour
Parameter
Treatment seed germination average length of five longest
at the first count (%) seedling roots (mm)

Untreated 28.7 ¢ 90.5 b

Fungicide 80.0a 1733 a
Microwave treatment (s)

15 68.3 b 157.5a

30 74.7 ab 158.1a

45 72.3 ab 1539 a

60 66.7 b 162.6 a

90 68.0 b 172.2 a

120 68.3b 162.9 a

Means in columns followed by the same letter do not differ significantly at 5% level (Duncan’s mul-
tiple range test).

Discussion

Comparing data on the occurrence of A. alternata, Fusarium spp. and Penicillium
spp. before and after seed disinfection we may suggest prevalence of the latter on
the seed surface while the location of Fusarium spp. and A. alternata seems deeper in
the seed tissues. A significant decrease in the presence of Penicillium spp. in
non-disinfected seeds after microwave treatment was in line with an increase in
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the occurrence of A. alternata. It may suggest that A. alternata, not being controlled
by microwaves, was able to inhabit a niche free from Penicillium spp.

As demonstrated by Cavalcante and Muchovej (1993), fungal spores differ in
their reaction to microwave radiation. Single-celled spores, i.e. Aspergillus flavus, A.
niger (syn. A. niger var. niger), Colletotrichum lindemuthianum and C. truncatum were
more sensitive than multi-celled spores, i.e. Bipolaris sorokiniana and Fusarium
oxysporum; hyaline spores were more affected than those dark pigmented (A. niger,
B. sorokiniana). Based on their results the authors suggest also more effective con-
trol of fungi that are present in the seeds in the form of mycelium than spores. In
the present study, A. alternata was not affected by the microwave treatments ap-
plied. The reason for this lies most probably in the morphology of the species,
which is characterized by multi-celled, dark and thick-walled spores as well as dark
mycelium. The latter was probably located in the inner tissues of the seed, i.e. in
the seed coat or/and the embryo. Multi-celled spores of Fusarium spp., and perhaps
also location of the mycelium, were also the factors which decreased the efficacy of
microwave treatment. However, contrary to the results of the present study,
Lozano et al. (1986), James et al. (1988) and Bhaskara Reddy et al. (1998) reported
a decrease in the occurrence or eradication of Fusarium spp. from microwave
treated seeds. It may be assumed that this disagreement resulted from the differ-
ences in techniques of microwave application, location of inoculum and percentage
of affected seeds. Penicillium spp., which mostly contaminated seeds and were
known for single-celled very light or hyaline, thin-walled spores and mycelium
were more successfully controlled. This was also reported by Lozano et al. (1986)
and James et al. (1988).

Additional advantages of microwave treatment such as increase in seed germi-
nation and vigour, reducing percentage of hard seeds have also been reported
(Diprose et al. 1984, Spilde 1987, Aladjadiyan and Svetleva 1997, Bhaskara Reddy
et al. 1998, Reddy et al. 2000, Olchowik and Gawda 2002, Aladjadiyan 2007, War-
chalewski et al. 2007). Percentage of hard seeds in the present study was small and
was not influenced by the treatment. An improvement in seed germination capac-
ity was parallel to the decrease in the percentage of diseased seedlings and dead
seeds which, in turn, seems to be a result of heating effect of microwave treatment
on fungal cells affecting seeds or seedlings by causing their death. A question
arises what was the cause of the improvement in seed vigour as measured either by
seedling growth or the percentage of fast germinating seeds. Aladjadiyan (2007)
suggests that the energy introduced into the plant cell by the physical treatment,
including the use of microwaves, created conditions for molecular transformations
which may have resulted in providing necessary substances for the cell, thus im-
proving seed quality parameters. However, a tendency for an increase in the per-
centage of morphologically abnormal seedlings was observed with the prolonged
treatment. This may indicate a risk of inducing some deleterious effects in the seed
subjected to microwaves which was shown by Reddy et al. (2000) for soybean
seeds treated with microwaves longer than 30 s.

Based on the results obtained we may suggest using microwave radiation to re-
duce Penicillium spp. on/in bean seeds. Further research on common bean seeds
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differing in the composition of fungi and levels of their occurrence on/in the seeds
as well as on application of microwaves for seed enhancement are recommended.

Streszczenie

ZDROWOTNOSC, KIELKOWANIE I WIGOR NASION FASOLI ZWYKLE]
PO ZASTOSOWANIU PROMIENIOWANIA MIKROFALOWEGO

Nasiona fasoli odm. ‘Laurina’ naturalnie zasiedlone przez grzyby poddano dzia-
taniu mikrofal (650 W, 2450 MHz) przez 15, 30, 45, 60, 901 120 s. Kontrole stano-
wily nasiona niezaprawiane i nasiona traktowane fungicydem Sarfun T 65 DS.
Zdrowotnoé¢ nasion oceniono za pomocg testu agarowego po 10 dniach inkubacji.
W celu zbadania lokalizacji grzybéw w nasionach traktowanych mikrofalami
potowe z nich po zabiegu powierzchniowo odkazano 1-procentowym podchlory-
nem sodu, a nastepnie inkubowano na pozywce agarowej. Ogdlng liczbe kietku-
jacych nasion, zdolno$¢ kietkowania, wystepowanie siewek anormalnych morfolo-
gicznie i siewek z objawami chorobowymi oraz nasion martwych i twardych
okreslono za pomocg testu w rulonach z bibuly filtracyjnej po dziewieciu dniach.
Wigor scharakteryzowano na podstawie energii kietkowania nasion oraz $redniej
dlugosci pieciu najdtuzszych korzeni siewek po dziewieciu dniach kietkowania.

Nasiona byly zasiedlone przez grzyby nalezace do 13 rodzajéw. Do najczesciej
wykrywanych nalezaly: Alternaria alternata, Fusarium spp. i Penicillium spp. Zastoso-
wanie mikrofal ograniczyto wystepowanie Penicillium spp., zarbwno na powierzch-
ni, jak i wewnatrz nasion, a takze poprawito zdolnos¢ kietkowania i wigor nasion.
Zaden ze sposobow traktowania nie wplynat na ogélna liczbe kietkujacych nasion
i wystepowanie nasion twardych.
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