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Abstract

Seedborne fungi negatively affect the quality of lettuce (Lactuca sativa L.) seeds and they are impact on
their storability. Using the acetic acid can be an alternative to chemical treatment. Seeds were soaked for 30
minutes in a solution of acetic acid at concentrations of 0.25%, 0.5%, and 2%. Untreated seeds, seeds soaked
for 30 minutes with distilled water and seeds treated with Dithane NeoTec 75 were controls. Seeds
germination, vigour and seed health before and after 18 months of storage at 4 and 20 °C were tested. Before
storage the acetic acid solution at concentrations of 0.25 and 0.5% significantly decreased number of dead seeds
and increased germination at first and final counts, 2.0% solution worsened germination and vigour of seeds of
both samples. Generally acetic acid solutions limited occurrence of fungi. Seeds stored at a lower temperature
(4 °C) were characterized by significantly higher percentages of total germinating seeds (Gmax) and percentage
of germination at first and final counts. Deterioration of the germination at first and final counts was found
only after soaking the seeds in acetic acid solution at a concentration of 2%. Acetic acid solutions at
concentration 0.5 and 2.0% effectively reduced occurrence of Alternaria alternata.
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Introduction

Seedborne fungi are responsible for pre- and postemergence seed death, affect seed vigour and
germination (Tsedaley, 2015), they are also impact on the storability of seeds. Fungi associated with lettuce
seeds (achenes), as Alternaria spp., Botrytis cinerea and Fusarium spp., mainly contamined seed surface or
occupied the integuments, pericarp and endosperm. After the seed priming pathogenic and saprophytic fungi
can penetrated inner tissues as integuments or embryo (Szopiniska and Tylkowska, 2003). In addition, storage
fungi, which include Aspergillus spp. and Penicillium spp., develop when seeds are stored at inappropriate
temperatures and humidity. Fungi can infect seeds before harvesting or immediately after, and they also
produce mycotoxins. Fungal secondary metabolites can negatively affect seed germination, viability, vigour and
seedlings emergence (Ismaiel and Papenbrock, 2015). Khairnar ez a/. (2011) reported that germination of

cereals seeds was suppressed by presence of mycotoxins.
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In the chemical protection of lettuce seeds against seedling damping-off, a broad-spectrum contact
fungicide is used. That kind of fungicides are effective only to spores, which are on seed surface, they are not
work on internal fungal infections (Mancini and Romanazzi, 2014). Moreover, chemical treatment of seeds,
negatively affects the environment. The acetic acid is commonly used as preservative and has antimicrobial
properties. Szopiniska (2013) and van der Wolf ez /. (2008) indicate that the strong antifungal action of acetic
acid may be useful in seed treatment and disinfection as an alternative or in combination with physical
treatments. According to Sholberg and Gaunce (1995), acetic acid vapour at low concentrations is an excellent
biocide, kills fungal spores, does not damage the surface of fumigated fruit, and is effective at low temperatures,
making it suitable for use in cold storage. Acetic acid vapour interferes a transport in microbial cells, penetrates
microbial cells and has a toxic effect on them (Banwart, 1989).

Because of the short growing season and lettuce's ability to accumulate toxic substances, lettuce
protection should focus on the use of non-chemical methods that are harmless to human health and the
environment. Promising results obtained by other authors investigating the effect of acetic acid on seed quality
of different plant species contributed to the research in the present study. The aim of this study was therefore
to determine the effect of treating lettuce seeds with acetic acid on their quality, before and after storage.

Materials and Methods

Material

Two standard lettuce seed samples cv. Krélowa Majowych (sample I - lot No PL 704/63/51/388/A,
sample IT - lot No PL 704/63/51/389/A), obtained from TORSEED Seed Company in Torun, were used in
the experiment. Acetic acid (99.8%) produced by Sigma-Aldrich Co. was applied for seed treatment.
Additionally, fungicide Dithane Neo Tec 75 WG (a.i. 75% mancozeb), produced by TARGET Sp. J. in

Walbrzych, was used as an alternative chemical control.

Seed treatment and storage

Seeds were treated by soaking in 0.25, 0.5 and 2% acetic acid solutions for 30 min, and next rinsed three
times with distilled water. Controls included untreated seeds, seeds soaked in distilled water for 30 min, and
seeds treated with Dithane Neo Tec 75 WG at a dose 5 g per kg of seeds. After acetic acid treatments and
soaking in distilled water, the seeds were dried at 20 °C and 45% RH for 48 h. Moisture content of dried seeds
was evaluated with high-constant-temperature oven method (ISTA, 2020). Depending on the treatment, it
ranged from 6.9 to 7.2% in sample I and from 6.6 to 7.3 in sample IL.

Untreated and treated seeds were stored in plastic, tightly closed containers at 4 and 20 °C. Germination,
vigour and health of the seeds were evaluated before and after 18 months of storage.

Seed germination and vigour tests

Germination and vigour tests were performed separately for six replications of 50 seeds from each
treatment. The seeds were incubated in 9 cm diameter Petri dishes on six layers of filter paper, moistened with
distilled water, 50 seeds per dish, in darkness at 20 °C. Percentages of normal seedlings (germination at first
count) was calculated after four days of incubation. Other parameters: percentage of normal seedlings
(germination of final count), abnormal diseased seedlings, abnormal deformed seedlings, fresh seeds and dead
seeds were calculated after seven days of incubation according to ISTA rules (ISTA, 2020). Additionally, the
percentage of germinating seeds (Gmax) was calculated on the base of seed vigour test.

The vigour of the seeds was assessed by determining the germination speed (T75 - time to 75% of Gmax
and MGT - mean germination time) and germination uniformity (U90-10 - time between 10 and 90% of
Gmax). Germinating seeds were counted daily and removed from the plate, until no new germs appeared. Seeds
with the radicle at least 1 mm long were considered as germinating.

2


https://www.notulaebotanicae.ro/index.php/nbha

Rosiiska AA (2022). Not Bot Horti Agrobo 50(2):12631

Seed health test

Deep-freeze blotter test was performed on five replications of 40 seeds from each treatment. Seeds were
incubated in 9 cm diameter Petri dishes on six layers of filter paper, 20 seeds per dish, for one day at 20 °C in
darkness, then transferred to -20 °C for 24 h and subsequently incubated for eight days at 20 °C, under 12 h
alternating cycles of NUV light and darkness. After incubation the fungi were identified on the basis of their
growth and sporulation using a stercomicroscope and a compound microscope (Watanabe, 2002; Mathur and
Kongsdal, 2003). Additionally, the percentage of seeds free of fungi was evaluated.

Statistical analysis

SeedCalculator version 2.1 software (Jalink and van der Schoor, 1999) was applied to analyze mean
germination time. The results obtained before storage were compared by means of one-way analysis of variance,
whereas two-way analysis of variance was used to compare the results obtained after 18 months of storage.
Duncan’s multiple range test was applied to estimate the differences between the means at a level & = 0.05.

Resulrs

Before storage

Tested samples varied in seed germination. The percentage of germinating seeds (Gmax) of untreated
seeds before storage was 97.7 and 85.3%, respectively for sample I and sample II. Germination at the first and
the final counts of untreated seeds (control) of sample I were higher than sample II. Appling acetic acid at
concentration of 2.0% decreased these parameters compared with control. Untreated seeds of sample II were
also characterized by a high percentage of dead seeds (21.7%). However, using acetic acid solution at
concentrations of 0.25 and 0.5% significantly decreased number of dead seeds and increased germination at
first and final counts (‘Table 1).

Table 1. Germination of untreated and treated seeds of samples I and II before storage (%)

Seed treatments
¢ | w ] F | 025a | 05A | 20A
Sample I
Percentage of cotal 97.7 b? 97.3b 99.3b 98.7b 99.0b 1002
germlnatlng SCCdS Gmax
inati he fi
Germination at che firse | g o 93.7 ¢ 927 ¢ 92.0 ¢ 87.0b 7.0a
count
Germinadion ac che final 1 o 943 ¢ 92.7 ¢ 92.0 ¢ 87.0 ¢ 107 a
count
Abnormal discased 20a 20a 43ab 47 ab 87b 27¢
scedlings
Abn‘?rmal deformed 1.0a 0.7 a 03a 0a 1.0a 103b
scedlings
Fresh seeds Oa Oa Oa 0a Oa 30.3b
Dead seeds 3.0a 3.0a 2.7 a 33a 33a 26.0b
Sample I
Percentage of cotal 853b 84.0b 847 b 847 b 83.7b 1632
germlnatlng SCCdS Gmax
Germination at che first | /) 753 ¢ 727 ¢ 793¢ 747 ¢ 13.0a
count
Gemzmmon acthefinal 1 c 767 ¢ 727 be 797 ¢ 747 ¢ 1732
coun
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Abnormal discased 10.7 ¢ 43b 7.0 be 40b 072 47b
seedlings

Abnormal deformed 17a 2.0 ab 1.7 ab 03a 6.0b 123 ¢
seedlings

Fresh seeds 1.3ab 0a 1.3ab 0.7 ab 2.3b 35.0c¢
Dead seeds 21.7 ac 17.0 ab 17.3 ab 15.3a 16.3a 30.7 c

!C - untreated seeds (control); W - seeds soaked I distilled water for 30 min; F — seeds treated with fungicide Dithane
NeoTec75 WP atadose 5 gekg™! of seeds; 0.25A, 0.5A, 2.0 A — seeds soaked for 30 min in 0.25, 0.5 and 2% acetic acid
solutions, respectively.

*Means in rows followed by the same letter, for each sample separately, are not significantly different at alevel « = 0.05,
according to Duncan’s multiple range test.

Seeds of sample II germinated faster and more uniform than seeds of sample I. An elongation of seed
germination time was observed along with an increase of acetic acid solution concentration. The treatment of
lettuce seeds with a 0.25% acetic acid solution did not deteriorate either the germination speed or germination
uniformity compared to all controls (Table 2).

Table 2. Vigour of untreated and treated seeds of samples I and II before storage (days)

Seed treatments
¢ | w ] F | 025a | 05A | 20A

Sample
Tss! 1.05° 0.61a 1.08a 0.89a 1.63b 6.35¢c
Uogo.10 1.29 155a 1.34a 1.68 ab 2.26b 2.34b
MGT 0.81a 05a 0.83a 0.6a 1.26b 5.71c

Sample IT
Tys 0.29a 02a 05a 024a 13b 6.46 ¢
U90_1o 099 a 073 a 1.22a 0.8a 107 a 203 b
MGT 035a 0.26a 04a 027 a 1.1b 591c¢

"T7s— time to 75 % of Gmax

Uso-10 — time between 10 and 90 % of Gmax

MGT - mean germination time

?For explanations see Table 1

*Means in rows followed by the same letter, for each sample separately, are not significantly different at a level « = 0.05,
according to Duncan’s multiple range test.

The seeds of sample I were most often occupied by the following fungi: Alternaria alternata (Fr.)
Keissler (83.0%), Cladosporium spp. (38.0%) and Fusarium spp. (66.0%), and sample II by A. alternara
(86.0%), Fusarium spp. (41.0%), Melanospora simplex (Corda) D. Hawskw (77.0%) and Stemphylium
botryosum Wallr. (37.5%). Treatment of seeds with the solution of acetic acid with the highest concentration
worsened the germination and vigour of seeds of both samples. However, this solution has most effectively
reduced the occurrence of fungi on seeds, with the exception of Cladosporium spp., on which it had a
stimulating effect. The increase in seed settlement by Cladosporium spp. after application of 2.0% acetic acid
solution for sample I was 9.5% and for sample II 26.0% compared to untreated seeds. Solutions at
concentrations 0.5 and 2.0% were as effective or more effective than the fungicide in reducing the incidence of
A. alternata, B. cinerea, M. simplex, Fusarium spp. and S. botryosum on seeds (Table 3).
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Table 3. Seed health of untreated and treated seeds of samples I and II before storage (%)

Seed treatments
¢ | w ] F | 025A | 05A | 20A
Sample I
Alternaria alternata 83.0 £ 52.5d 68.5¢ 31.0c 125b 65a
Botrytis cinerea 55cd 0.5 ab 10.0d 3.5bc Oa Oa
Cladosporium spp. 38.0b 20.0a 34.0b 14.5a 43.5 bc 475¢
Fusarium spp. 66.0d 8l5e 45.0 ¢ 49.5 ¢ 28.5b 40a
Melanospora simplex 8.0 ab 1.0a 6.0b 1.0a Oa 05a
Stemphylium botryosum 12.5¢ 3.0b 40b 2.0ab 1.5ab 1.0a
Seeds free of fungi Oa Oa 0a 4.0a 14.0b 22.0b
Sample II
Alternaria alternata 86.0b 99.0c¢ 98.5 bc 94.5 be 26.5a 20.0 a
Botrytis cinerea 3.5bc 5.0 cd 7.5d 16.5¢ 052 1.0 ab
Cladosporium spp. 17.0 bc 6.0a 12.5 ab 8.0 ab 28.5cd 43.0d
Fusarium spp. 41.0b 73.0¢ 44.5 be 61.0de 57.5 cd 15a
Melanospora simplex 77.0¢ 60.0b 52.5b 1.5a 0a 0.5a
Stemphylium botryosum 37.5cd 49.5d 34.0c 5.5b 3.0ab 1.0a
Seeds free of fungi 0a 0a Oa Oa 6.0b 115¢

12 For explanations see Table 1

After storage

Seeds stored at alower temperature (4 °C) were characterized by significantly higher percentages of total
germinating seeds (Gmax) and percentage of germination at first and final counts. Deterioration of the
germination at first and final counts was found only after soaking the seeds in acetic acid solution at a
concentration of 2%, irrespective of the storage temperature of the seeds of sample I. The other treatments did
not affect these parameters. For sample IT treatment with 0.25 and 2% acetic acid solutions generally reduced
seeds germination at the first and final counts. However, it was observed that soaking the seeds in 0.25% acetic
acid solution and storage at a lower temperature did not deteriorate these parameters. Treatment of sample I
seeds with 0.25% solution did not increase the percentage of abnormal deformed seedlings compared to
untreated and fungicide treated seeds. The significant increase in fresh seeds was observed when sample I seeds
where soaked in distilled water, treated with fungicide and treated with acetic acid solutions. However, the
highest value of that parameter was observed when 2% acetic acid solution was used. Significantly more
abnormal deformed seedlings and fresh seeds were observed after storing seeds of sample II at higher
temperature. As in the case of sample I, the solution of the highest concentration of acetic acid caused a
significant increase in the percentage of deformed abnormal seedlings and fresh seeds. More abnormal
deformed seedlings and fresh seeds were also noted after soaking the seeds with 0.25% acetic acid solution and
in distilled water, however, there were significantly less of them than after soaking in 2% acetic acid. No effect
of treatment on the occurrence of seedlings with disease symptoms was found in both samples tested. However,
a significantly higher percentage of these seedlings was observed after storage of sample II seeds at 4 °C.
Significantly lower dead seeds were observed after storage at a higher temperature and after treatment of the
seeds with 0.5% acetic acid solution, and in the case of sample I also after fungicide usage (Tables 4).
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Table 4. Germination of untreated and treated lettuce seeds of samples I and II after 18

months of storage (%)

Temperature Seed treatment Mean for
[C] C! W F | 025A | os5A [ 20A temperature
Sample I
Percentage of 4 822b-d> | 867d 793b | 817bd | 847cd 79.0b 82.3B
total 20 85.3d 79.7bc | 85.0cd | 833bd | 77.7b 493a 76.7 A
gcrminating M £
seeds Gmazx R 838B | 832B | 822B | 825B | 812B | 642A
4 723 ¢ 80.0d 73.0 cd 72.0 ¢ 70.6 ¢ 33.7b 669B
Germination at 20 75.0 cd 70.0 ¢ 68.0c¢ 70.0 ¢ 71.0 ¢ 147 a 615A
the first count
Mean for 737B | 750B | 705B | 71.0B | 708B | 242A
treatment
4 753 ¢ 84.0d 793 cd 75.0 ¢ 743 ¢ 50.3b 73.0B
Germination at 20 82.0 cd 753 ¢ 763 ¢ 74.0 ¢ 78.3 cd 253a 685A
the final count
Mean for 787 B 79.7B 778 B 745B 763 B 37.8A
treatment
4 37a 0.7a 03a 23a 13a 1.0a 1.6 A
Abnormal
. 20 1.0a 03a 0.7 a 10a 1.0a 13a 09A
diseased ot
seedlings can for 24A 0.5A 05A 17A 12A 12A
treatment
Ab | 4 20a 40a 23a 3.0a 53a 17.7b 57 A
norma 20 23a 43a 23a 43a 40a 1606 SSA
deformed Mean T
scedlings can tor 22A 42 AB 23A 37 AB 478 169C
treatment
4 2.0a 10a 12.0¢ 13a 63b 13.3¢ 6.0A
20 40b 13.0 ¢ 163 ¢ 13.3¢ 143 ¢ 16.0d 12.8B
Fresh seeds Mo §
can for 30A 70B 142C 738 103C 147D
treatment
4 170ef | 103ce 6.0 ac 183f 12.7df 17.7fF 13.7B
20 10.7df | 7.0ad 43 ab 7.3bd 23a 11.7df 72A
Dead seeds Mean T
can for 13.9C 8.7B S2A 128C | 75AB 147C
treatment
Sample II
Percentage of 4 98.0¢ 96.3 c-¢ 97.0 c-¢ 97.3de 95.3b-d 92.7 be 96.1B
total 20 97.0 c-¢ 93.7 be 97.7 de 91.0b 96.3 c-¢ 673a 905 A
germinating Mean for
weeds Gmas Creatment 975C | 95.0BC | 974BC | 942B | 958BC | 80.0A
4 90.0 ef 90.3 ef 89.7 ef 88.7 ef 89.3 ef 16.3b 774 8B
Germination at 20 87.7 de 64.0 ¢ 93.7f 693 ¢ 81.7d 9.0a 67.6 A
he first ¢
the first count Mean for 889CD | 772B | 917D | 790B | 855C | 127A
treatment
4 90.7de | 943de | 923de | 913de | 91.7de £27b 83.8B
Germination at 20 91.0de 78.7 ¢ 96.0 ¢ 74.7 ¢ 88.7d 23.7ab 755 A
he final ¢
rhetinatcount Meanfor 1 g0 90p | s6sBC | 942D | $30B | 902CD | 3324
treatment
Ab | 4 1.7a 13a 23a 37a 13a 3.0a 22B
borma 20 20a 03a 03a 13a 13a 0a 09A
diseased Mean T
scedlings can ot 19A 08 A 13A 25A 13A 15A
treatment
Ab | 4 2.7 ab 33ab 13a 20a 3.7 ab 377 85A
norma 20 3.0ab 13.0 ¢ 1.0a 12.0¢ 57b 267d 102B
deformed Mean £
seedlings can for 29 AB 82C 12A 70C 47BC | 322D
treatment
Fresh seeds 4 Oa Oa 0.3a Oa 0.3a 14.7d 2.6 A
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20 0.7 ab 53¢ 176 11.7d 40 ¢ 48.0 ¢ 1198
Mean for 04A 27C 1.0 AB 59D 22BC 314E
treatment
4 50c¢ 1.0 a-c 3.7 bc 3.0 be 03a 2.0ab 25B
Dead seeds ~ 20 - 33 a-c 2.7 ac 1.0 a-c 03a 03a 1.7 ac 1.6A
can for 42B 19AB | 24AB 1.7 AB 03A 1.9 AB
treatment

'For explanations see Table 1

*Means in the table followed by the same letter, for each sample separately, are not significantly different ata level e =

0.05, according to Duncan’s multiple range test

The effect of treating seeds with acetic acid solutions was different for both samples. The seeds of sample

[ were characterized by worse vigour than the seeds of sample II. It was found that after soaking with 0.25 and
0.5% acetic acid solutions, they germinated faster (T75, MGT) than seeds untreated and treated with fungicide.

There were no differences in germination uniformity after treating seeds with these solutions compared to

control combinations. In case of sample II, no germination acceleration was found. Moreover, mean

germination time of seeds soaked in 0.25% acetic acid solution has significantly extended compared to the

control. Significant deterioration of germination speed and uniformity of seeds of both samples, irrespective of

storage temperature, was observed after application of acetic acid of the highest concentration. Seeds of both

samples were characterized by better vigour after storage at 4 °C (Table 5).

Table 5. Vigour of untreated and treated lettuce seeds of samples I and IT after 18 months of storage (days)

Temperature Seed treatment Mean for
[°C] " | N4 | F | 0.25A | 0.5A | 2.0A temperature
Sample I
4 120 b 0.43a 1.01b 027a 0364 280 ¢ 101 A
T 20 120b 1.01b 1.10b 0.87b 1.01b 3484 145B
Mean for 1208 072 A 1.06 B 057 A 069A | 3.14C
treatment
4 1.08 ab 1.38 ab 1.36ab 092a 1.17 ab 3.63¢ 1.59A
Usato 20 167ab | 1.61ab 1.80b 1.82b 178b 449 ¢ 2208
Mean for 138 A 1.50 A 158 A 137A 148A | 4.06B
treatment
4 098d | 046ab | 076b-d | 032a 039a 243¢ 0.88 A
MGT 20 090cd | 073bd | 077¢d | 062bc | 068bd | 291f 1.10B
Mean for 094C | 0.60AB | 077B 0.47 A 054A | 263D
treatment
Sample IT
4 033a 0.14a 0.17a 0.12a 0.17a 383 ¢ 079 A
- 20 033a 0.84b 033a 0.95b 0.78 b 4984 137B
7
Mean for 033AB | 049AB | 025A | 054B | 048AB | 441C
treatment
4 0.83a 0.54a 0.58a 0.46a 0.64a 3.53¢ 1.10 A
U 20 0.88a 2.12b 1.042a 2.15b 1.96b 4324 208 B
90-10
Mean for 0.86 A 133B 081A 131B 130B 393C
treatment
4 027a 021a 02042 0.17a 027a 299¢ 0.69 A
Q
MGT _ 20 : 0282 0.69b 034a 071b 0.63b 391d 1.09B
canfor 028 A 045B 027 A 044b | 045AB | 345C
treatment

2 For explanations see Table 2.

® Means in the table followed by the same letter, for each sample separately, are not significantly different at a level oo =

0.05, according to Duncan’s multiple range test
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Lettuce seeds of both samples stored at 20 °C were characterized by significantly lower fungal infestation
and higher percentage of seeds free of fungi than those stored at 4 °C. In principle, treatment of seeds with
acetic acid solutions significantly reduced the occurrence of all the fungi observed on seeds. The acetic acid
solution at concentration of 2%, most effectively eliminated fungi, in many cases was more effective than
fungicide (Tables 6).

Untreated seeds of the sample I after storage for 18 months were mostly occupied by Alrernaria
alternata, after storage at 4 °C this fungus was observed on 64.5% of seeds and after storage at 20 °C on 16.5%.
Acetic acid at concentrations of 0.5 and 2% significantly decreased the seed settlement by A. alternata, and acid
solution at concentration of 0.25% limited its infestation at fungicide level. All the applied methods of treating
seeds with acetic acid reduced the percentage of seeds infected by Fusarium spp. compared to untreated seeds
and seeds soaked in water. Untreated seeds in the sample I were occupied by B. cinerea, M. simplex and S.
botryosum to a small extent, and the percentage of seeds possessed by these fungi did not exceed 3%. Acetic acid
solutions reduced their occurrence at fungicide level or eliminated them completely. In the case of
Cladosporium spp. the use of 0.25% acetic acid solution was ineffective. However, solutions with higher
concentrations were more effective than the applied fungicide. With increasing concentration of acetic acid
solution, the percentage of seeds free of fungi increased. The highest number of seeds free of fungi was observed

after application of acetic acid solution of 2% concentration. Two times more seeds free of fungi were noted

after storing seeds at 20 °C (Table 6).

Table 6. Seed health of untreated and treated lettuce seeds of samples I and I after 18 months of storage (%)

Temperature Seed treatment Mean for
[°C] C! | W | F | 0.25A I 0.5A | 2.0A temperature
Sample I
) 4 64.5 f 52.0ef 39.0de 33.5d 11.0 be 10.0 be 35.0B
Alternaria
dlternata 20 16.5¢ 65b 8.0ab 2.0a 10a 15a S9A
Mean for 405D | 293C | 235BC | 17.8B 6OA S8 A
treatment
4 25¢ Oa Oa 1.0b Oa Oa 0.6B
Botrytis cinerea 20 0a 0a 0a 0a 0a 0a 0A
Mean for 13B 0A 0A 0.5AB 0A 0A
treatment
4 32.5d 155¢ 18.0¢c 30.5d 2.0ab 45b 515B
Cladosporium 20 1.5ab 1.0ab 05a 25ab 1.0ab 1.0ab 38A
PP Mean for 170C | 83B 93B | 165C | 15A 28A
treatment
4 49.0e¢ 65.5f 7.5 be 45.0e 29.0d Oa 32.7B
Fusarium spp. 20 125¢ 11.0¢ Oa 35b 40b Oa 15.5A
Mean for 308E | 383E 38B 243D | 165C 0A
treatment
Melanospora 4 25b 3.0b Oa 0.5a Oa Oa 1.0B
. 20 Oa Oa Oa Oa Oa Oa 0A
simplex Y
can for 13BC 15C 0A 03 AB 0A 0A
treatment
4 45¢ S.0c 1.0 ab 2.5bc 0.5ab Oa 23B
Stemphylium 20 1.5ab 1.0 ab Oa Oa Oa 1.0a 0.6 A
botryosun Mean for 3.0B 30B 0.5A 13A 03A 0.5A
treatment
4 2.0a 20a 24.5 ¢ 12.b 41.0d 68.5 ef 25.0A
Seeds free of 20 615e 73.5 e-g 88.0h 79.5 f-h 84.0 gh 87.5h 57.0B
funei
e Mean for 318A | 378A | $63C | 458B | 625C | 780D
treatment
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Sample IT
) 4 99.0h 99.0 gh 935f 96.5 fg 24.0¢ 1.0a 68.8 B
Alternaria
20 82.0e 12.0b 42.5d 20a 25a 05a 23.6 A
alternata Mo £
canfor 90.5F | 555D | G680E | 493C | 133B 08A
treatment
4 25b 1.5ab 55¢ 11.5d O0a Oa 35B
Botrytis cinerea 20 Oa Oa Oa Oa Oa Oa 0A
Mean for 13BC | 08AB | 28CD | 58D 0A 0A
treatment
4 7.5d-f 5.0 c-e 9.5 ef 10.5f 1.0 ab 1.0 ab 5.8B
Cladosporium 20 3.0 be 0a 4.5b-d Oa 2.0a-c Oa 1.6A
PP Mean for 53C | 25AB | 70C | S3BC 15A 0.5A
treatment
4 28.0 ef 420g 16.0 cd 3551fg 455¢g 3.5ab 284B
Fusarium spp. 20 19.5 de 16.0cd 4.0 ab 8.0 be 7.0b 1.0a 93A
Mean for 238C | 290C 100B | 21.8C | 263C 23A
treatment
4 75.0¢ 79.0¢ 18.0c¢ 60.0d Oa Oa 38.7B
Melanospora
. 20 21.0c¢ 15b 20b Oa Oa Oa 41A
simplex Mean for
48.0E 403D 10.0B 30.0C 0A 0A
treatment
4 19.0 ¢ 22.5¢ 55b 9.5b 1.5a 05a 98B
Stemphylium 20 1.5a 5.0b 1.0a Oa Oa Oa 13A
botryosum Mean for 103C | 138D | 33B 48B 08 A 03A
treatment
4 0a Oa 15a O0a 245 ¢ 86.5fg 18.8 A
Seeds free of 20 8.5b 65.0 ¢ 45.0d 795f 79.0 f 91.0¢g 61.3B
funei
g Mean for 43A | 325BC | 233B | 398C | 518D | S8SE
treatment

'For explanations see Table 1
*Means in the table followed by the same letter, for each sample separately, are not significantly different at a level o =
0.05, according to Duncan’s multiple range test

Untreated seeds in sample 1I were most often infected with A. alternata, after storage at 4 °C 99% of
seeds were occupied by this fungus and at higher temperature 82%. A solution of 0.25% acetic acid at 4 °C
reduced the occurrence of 4. alternata at fungicide level and was more effective at 20 °C. Bozrytis cinerea was
present on the seeds only after storing them at a lower temperature. The percentage of seeds infected by this
fungus was small and was 2.5%. Infection of seeds by B. cinerea significantly increased after application of
fungicide and 0.25% acetic acid. However, after application of higher acetic acid concentrations, that fungus
was completely eliminated. The effect of acetic acid on the presence of fungi of the genus Fusarium was not
unambiguous, the solution of the highest concentration limited their occurrence more effectively than the
fungicide, 0.5% solution, similarly to soaking in water, stimulated their development and 0.25% did not
significantly affect their occurrence. Acetic acid solutions with concentrations of 0.5 and 2% significantly
reduced the occurrence of Cladosporium spp. and fungicide was ineffective. It was found also that these
solutions, after storing the seeds, irrespective of temperature, completely eliminated M. simplex. This fungus
was occupied the untreated seeds stored at 4 °C in 75% and in case of higher storing temperature in 21%.
Soaking the seeds in distilled water resulted in an increase in their settlement by Szemphylium botryosum, while
acetic acid proved effective in reducing it. Solutions with concentrations of 0.5 and 2% were more effective
than fungicide. The percentage of seeds free of fungi was higher after storing the seeds at 20 °C (61.3%).
Moreover, the higher concentration of acetic acid, the higher percentage of seeds free of fungi. All methods of
seed treatment significantly improved this parameter in comparison with fungicide (Table 6).
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Discussion

The organic acids treatment can successfully replace chemical treatment, weak organic acids are
commonly used as preservative agents in food industry (Kang ez al., 2003). Acetic acid and other weak organic
acids slow the growth of various spoilage bacteria, yeasts, and molds (van Beilen ez 2/. 2014, Hassan ez /. 2012,
Hassan ez al. 2015). It was found that acetic acid vapours at concentrations 8 plel! caused growth inhibition
and spore germination of Alternaria sp., Aspergillus flavus, A. niger, A. ochraceus, A. terreus, Fusarium
miniliforne and Penicillium spp. (Abd-Alla, 2005; Morsy e al., 2000 a, b). Guimaraes ez al. (2018) showed that
organic acids also inhibit mycotoxin production by fungi. Luz ez al. (2021) recommends the use of peracetic
acid, obtained from the acetylation reaction of acetic acid with hydrogen peroxide, vapour to protect cereals for
human consumption against toxigenic fungi, as it can inhibit the production of aflatoxin B1 and ochratoxin.

It has been found in the present investigation that treating seeds with the acetic acid solution at
concentration of 0.5% and stored at 4 and 20 °C did not affect negatively on seed germination at first and final
counts and limited the incidence of fungi, especially Alternaria alternata, Melanospora simplex and
Stemphylium botryosum. The effect of this solution was effective at the fungicide level, and in case of reduced
occurrence of A. alternata better. Before storage, in the case of sample II, which had poorer germination, a
significant improvement in germination was observed after treatment with acetic acid solutions at
concentration of 0.25 and 0.5%. These solutions also effectively reduced the incidence of the previously
mentioned fungi. This suggests that the elimination or reduction of fungi on seeds, improves the germination
parameters of these seeds. Kang ez 4/. (2003) investigated that weak organic acids, especially acetic acid, limited
the growth of Colletotrichum gleosporioides. Authors observed an inhibition of respiration of fungus and stated
that inhibitory might be more enhanced by undissociated form of acetic acid and effect might be exerted within
the cell. Inhibition effect was not connected with cell damage of fungus. Kang ez al. (2003) reported that
organic acids decrease the pH value and acidifying the fungus cell, which will consume a great amount of energy
to maintain the intracellular pH homeostasis. As a consequence of the high energy consumption for this
purpose, fungal growth will be limited. Wang ez /. (2021) study an effect of weak organic acids on the growth
of Botrytis cinerea determined for their activity. They observed that cuminic acid may inhibit the development
of sclerotia and the exudation of oxalic acid. Morcover, authors found that cuminic acid could impact on the
cell membrane integrity, and down regulate the expression of genes involved in sclerotia development and
pathogenicity of that fungus. In present study acetic acid at higher concentrations effectively limited B. cinerea.

The storage temperature of the seeds was not negligible. Low temperatures and low seed moisture
content are recommended for long-term storage of the orthodox seeds. These conditions are also favourable to
the survival of the seed-borne fungi for a longer period. For both tested samples, significantly less fungi were
observed on seeds stored at higher temperatures. Storage temperature also affected seed vigour and germination.
After 18 months, significantly better values of these parameters were noted after storing seeds at 20 °C. Similar
results were obtained by Dorna ez /. (2021), carrot seeds treated with acetic acid and stored at 4 °C were
characterized by a higher seed infestation with fungi than those stored at 20 °C. The effect of temperature on
seed vigour was also confirmed by Brits ¢z a/. (2015), they found that low seed storage temperature of
Leucospermum cordifolium Fourc. maintained high viability and vigour for about two years, while storage at
room temperature led to a notable decline after only 1 year.

Using the highest concentration of acetic acid (2.0%), eliminated fungi from the seeds to the greatest
extent. This phenomenon was observed both before and after seed storage. Szopiriska (2013) also reported that
acetic acid at higher concentrations (2.5 and 5.0%) effectively eliminated seed-borne fungi. However, at the
same time, the author observed deterioration of seed germination and vigour. In the present experiment,
negative effects on these parameters were observed before and after seed storage, especially after storage at
higher temperature. Tunes ez /. (2012) found no reduction in the germination capacity of winter wheat treated
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with acetic acid at concentrations of 0,4, 8, 12, 16 mM, while they observed a significant shortening of seedling
roots with increasing acid concentration. According to the authors, root shortening probably occurred because
acetic acid affects the integrity of plasma membranes and interferes with energy production processes in the
plant, such as oxidative phosphorylation and respiration. According to Rao and Mikkelsen (1977), the
phytotoxic effects of acetic acid are closely related to the method of application and the concentration of acid.
To reduce the phytotoxic effect, Dorna ez al. (2018) recommend rinsing the seeds with water after treatment.
In our study, despite rinsing the seeds, a significantly higher percentage of abnormal deformed seedlings was
observed after application of 2.0% acetic acid. This percentage was also higher after seed storage, regardless of
storage temperature.

Conclusions

The research showed that seed treatment of weak acetic acid solutions effectively reduced the incidence
of fungi, especially Alternaria alternata, without limiting seed germination. Seeds stored at temperature 4 °C
after soaking in weak acetic acid solutions were germinate at high level and were less occupied by fungi. Only
treatment of seeds with 2.0% acetic acid solution negatively affected all seed quality parameters, indicating a
phytotoxic effect.
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