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ABSTRACT

The high infestation rate of zinnia (Zinnia elegans Jacq.) seeds with fungi, especially pathogenic Alternaria 
zinniae, has frequently resulted in a poor germination capacity associated with a high number of abnormal 
diseased seedlings. The effect of hydrogen peroxide (H2O2) treatment on the germination, vigour and health of 
zinnia seeds was investigated. Two samples of zinnia seeds – sample I, characterised with a low germination 
capacity (39.5%) and a high level of seed infection with A. zinniae (76%), and sample II, with a high germination 
capacity (87%) and free from this pathogen – were tested. For treatment, seeds were soaked in 3%, 6%, 9% 
and 12% H2O2 solutions for 10, 20, 30 and 60 min. Initially, the controls were seeds soaked in distilled water 
for 10, 20, 30 and 60 min, and then the results of selected treatments were compared with results obtained for 
untreated seeds and seeds treated with a fungicide (20% carbendazim and 45% thiram). The fungi Alternaria 
spp. and Fusarium spp. were frequently identified on tested seeds. The concentration of hydrogen peroxide 
affected the quality of zinnia seeds to a higher extent than the treatment time. However, all of the treatments 
applied, regardless of time and concentration of H2O2, positively affected seed health, significantly reducing 
seed infestation by fungi in both samples. Moreover, the lowest level of A. zinniae infection was observed if 
seeds were soaked in 6% and 9% H2O2 solutions for 60 and 20 min, respectively. Higher concentrations of 
H2O2 (9% and 12%) negatively influenced seed germination and vigour, especially in sample II. These findings 
suggested that the treatment of zinnia seeds with hydrogen peroxide can effectively improve germination 
mostly in samples heavily infected with pathogens, which means that it should be preceded by seed health 
evaluation.
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INTRODUCTION
Zinnia (Zinnia elegans Jacq.) is a popular annual 
ornamental plant. However, it is frequently infected 
with pathogenic fungi. It was found that the fungi 
Alternaria zinniae, Fusarium culmorum, F. solani, 
F. oxysporum and Sclerotinia sclerotiorum were in 
most cases responsible for damage in zinnia plants 
in the field (Łacicowa et al. 1979). On the other 

hand, Alternaria alternata, A. zinniae, Botrytis 
cinerea, Cladosporium spp. Fusarium spp. and 
Penicillium spp. were frequently detected on zinnia 
seeds (Łacicowa et al. 1991, Szopińska et al. 2012). 
Among them, A. zinniae is considered the most 
important fungal seed-borne pathogen of this plant. 
The fungus causes spotting of petals, foliage and 
stems, as well as rotting of roots (Dimock and 
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Osborn 1943, Richardson 1990, Łacicowa et al. 
1991, Wu and Yang 1992). High seed infestation 
with fungi, especially Alternaria spp. and Fusarium 
spp., results in poor germination of zinnia seeds 
(Szopińska and Tylkowska 2009, Szopińska and 
Wojtaszek 2011). Chemical compounds have been 
commonly used to control the health of the seeds. 
However, there is a worldwide need for a more 
organic production, including abandoning standard 
chemical crop protectants (Groot et al. 2004). 
Hydrogen peroxide (H2O2), characterised by its 
highly oxidative reactivity, is generated naturally in 
plant cells under stressful conditions such as chilling, 
drought, wounding, pathogen intrusion, etc. (Ogawa 
and Iwabuchi 2001). The antimicrobial properties 
of H2O2 have been commonly used in medicine 
and the food industry (Lehrer 1969, Thomas 1979, 
Sapers and Sites 2003). Some experiments have 
also been performed to determine the antimicrobial 
properties of hydrogen peroxide against plant 
pathogens (Peng and Kuc 1992, Smilanick et al. 
1994, Geetha and Shetty 2002). However, there 
are few studies on the control of seed-borne 
pathogens by the treatment of seeds with H2O2 
before sowing (Smilanick et al. 1994, Neumann et 
al. 1997, Rosada 2012, Słupinska 2012). Moreover, 
hydrogen peroxide has been reported to improve the 
germination of zinnia seeds (Ogawa and Iwabuchi 
2001), as well as barley (Hordeum vulgare) and 
wheat (Triticum aestivum) (Smilanick et al. 1994), 
eastern gamagrass (Tripsacum dactyloides) (Klein 
et al. 2008), rice (Oryza sativa) (Naredo et al. 1998, 
Sasaki et al. 2005), maize (Zea mays) (Wahid et 
al. 2008), watermelon (Citrullus lanatus) (Duval 
and NeSmith 2000, Jaskani et al. 2006), camphor 
tree (Cinnamomum camphora) (Chien and Lin 
1994), and muscadine (Vitis rotundifolia) (Conner 
2008). Ogawa and Iwabuchi (2001) observed that 
the oxidation of germination inhibitors present in 
the pericarp by H2O2 promoted the germination of 
zinnia seeds. The authors incubated the achenes 
and seeds without pericarp on a blotter soaked with 
H2O2 at a concentration ranging from 1 to 50 mM. 
They found that the concentration H2O2 giving the 
maximum promotional effect varied depending 
on the time following the imbibition of the seeds, 
which suggests that H2O2 influences more than two 
steps of germination. On the other hand, the direct 
physical scarifying effect of this compound has been 
also suggested by Klein et al. (2008). Conner (2008) 
observed that the pre-treatment of muscadine seeds 
before stratification with hydrogen peroxide and 
gibberellic acid effectively promoted germination. 

Klein et al. (2008) found that treatment with 15% 
H2O2 for 18 h can substitute six-week stratification 
at 4°C in satisfying the dormancy of eastern 
gamagrass. Duval and NeSmith (2000) suggested 
that the germination barriers of watermelon are 
seed coat related, and that seed coat alteration and 
H2O2 can overcome these barriers. Narimanov 
(2000) observed that a short period of soaking seeds 
of barley, maize, haricot, melon, vegetable marrow, 
garden radish, and carrot in 6 × 10-2 to 6 × 10-5 M 
H2O2 solution enhanced germination, promoted the 
early appearance of sprouts, and accelerated the 
development of plants. 

Ogawa and Iwabuchi (2011) unravelled how 
treatment with hydrogen peroxide promotes 
the germination of zinnia seeds. However, 
the researchers only studied the frequency of 
germination, defined as the time when the length 
of the elongating and extruding part exceeds that 
of the seed or when the cotyledons opened. These 
observations were carried only in the initial stage 
of germination and did not explain how treatment 
with H2O2 may affect germination capacity, and 
other parameters evaluated during a standard 
germination test, as well as the vigour and health 
of zinnia seeds. 

The present experiment was undertaken to 
investigate the effect of hydrogen peroxide on 
the quality of zinnia seeds, with special attention 
to their germination, vigour and infestation with 
fungi.

MATERIAL AND METHODS
Two samples of zinnia seeds: sample I – cultivar 
Jowita and sample II – cultivar Kirke, produced by 
the TORSEED S.A. seed company, were used in the 
experiment. Hydrogen peroxide (30% solution) was 
obtained from Sigma-Aldrich Co. The fungicide, 
Sarfun T 65 DS (20% carbendazim and 45% 
thiram), produced by Organika-Sarzyna S.A., was 
used as an alternative chemical control.

Seeds of each sample were treated with 3%, 
6%, 9% and 12% aqueous solutions of hydrogen 
peroxide for 10, 20, 30 and 60 min. After the 
treatment, the seeds were washed under running 
tap water for 2 min and then rinsed twice with 
distilled water. Germination, vigour and health tests 
were performed for each combination. Initially, the 
controls were untreated seeds soaked for 10, 20, 30 
and 60 min in distilled water and the results of the 
germination, vigour and health tests were compared 
by means of a two-factor variance analysis followed 
by the Duncan multiple range test. Then, when 
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optimum treatment conditions were determined 
(taking into account the concentration of H2O2 and 
treatment time), their efficacy was evaluated in 
comparison with the results obtained for untreated 
seeds and seeds treated with fungicide at a dose of 
5 g  kg-1 of seeds, using one-way variance analysis 
followed by the Duncan multiple range test.

Germination was evaluated using ISTA rules 
(ISTA 2012). Four hundred seeds from each 
combination (eight replicates of 50 seeds) were 
placed on blotters soaked with distilled water in 
9 cm diameter Petri dishes (25 seeds per dish), 
and incubated at 20°C in darkness. The numbers 
of normal (germination capacity) and abnormal 
(deformed and diseased) seedlings were determined 
after four and 10 days of incubation. Additionally, 
the total seed germination (Gmax) was calculated 
during seed vigour evaluation, on the basis of the 
number of seeds with visible radicles counted daily.

A vigour test was performed on 400 seeds from 
each combination (eight replicates of 50 seeds) 
according to the procedure and using the same 
conditions as described for the germination test. 
However, germinating seeds with a visible radicle 
were counted daily for 10 days and removed from 
the plates. SeedCalculator 1.2 software (Jalink and 
Van der Schoor 1999) was used for analysing vigour 
parameters, i.e. T1 – time to 1% of germinating 
seeds (Gmax) and MGT – mean germination time. 

The deep freeze blotter test was performed to 
determine the health of the seeds. Two hundred 
seeds from each combination (four replicates of 

50 seeds) were placed on blotters soaked with 
distilled water in 9 cm diameter Petri dishes (10 
seeds per plate). The seeds were kept at 20°C in 
darkness for 24 h, then frozen at -20°C for 24 h 
and then incubated at 20°C for eight days under an 
alternating cycle of NUV light and darkness (12 
h of light and 12 h of darkness). After incubation 
the fungi appearing on the seeds were identified 
on the basis of their growth and sporulation using 
a stereomicroscope, and compound microscope 
if necessary (Machado et al. 2002, Mathur and 
Kongsdal 2003). Additionally, the percentage of 
seeds free from fungi was calculated. 

RESULTS
The effects of hydrogen peroxide treatment, 
considering the concentration of H2O2 and 
treatment time, on the germination, vigour and 
health of zinnia seeds, were determined initially in 
comparison to seeds soaked in distilled water (Tabs 
1-9).

Hydrogen peroxide treatment, regardless of 
concentration, did not significantly influence the 
total germination (Gmax) of sample II seeds (Tab. 
1). In contrast, a decrease of Gmax was observed in 
sample I when seeds were treated in 6%, 9% and 
12% hydrogen peroxide solutions. Sample I was 
characterised by a low germination capacity and 
the treatment of seeds with hydrogen peroxide 
at a concentration of 6%, 9% and 12% decreased 
this parameter (Tab. 2). Hydrogen peroxide at the 
highest concentration also negatively influenced 

Table 1. Effects of hydrogen peroxide treatment on the total germination of zinnia seeds (Gmax)

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water* 83.3 a-c** 84.0 c 82.3 a-c 82.0 a-c 82.9 c

H2O2 3% 84.0 bc 84.8 c 82.0 a-c 79.0 a-c 82.5 bc
H2O2 6% 77.0 ab 78.3 a-c 81.3 a-c 76.3 a 78.2 a
H2O2 9% 82.5 a-c 79.8 a-c 79.5 a-c 76.3 a 79.5 ab
H2O2 12% 80.5 a-c 80.0 a-c 79.0 a-c 79.3 a-c 79.7 ab
Mean 81.5 b 81.4 b 80.8 ab 78.6 a

II Water 95.5 ab 94.0 ab 96.3 b 93.0 ab 94.7 a
H2O2 3% 93.5 ab 92.0 a 96.0 ab 95.3 ab 94.2 a
H2O2 6% 93.0 ab 94.3 ab 93.3 ab 92.3 a 93.2 a
H2O2 9% 92.8 ab 92.3 a 93.5 ab 94.8 ab 93.4 a
H2O2 12% 92.5 a 92.8 ab 94.5 ab 91.8 a 92.9 a
Mean 93.5 ab 93.1 a 94.7 b 93.4 ab

*Water – seeds soaked in distilled water; H2O2 3%, H2O2 6%, H2O2 9%, H2O2 12% – seeds soaked in 3%, 6%, 9% and 
12% hydrogen peroxide solutions, respectively
**Means followed by the same letters, for each sample separately, are not significantly different according to the 
Duncan multiple range test (α = 0.05)
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the germination of sample II seeds, while at 
concentrations of 3% and 6% it significantly 
improved this parameter. Generally, soaking seeds 
in H2O2 solutions resulted in an increase in the 
percentage of abnormal deformed seedlings in 
both samples (Tab. 3). Moreover, an increase in 
the percentage of abnormal diseased seedlings was 
observed when seeds of sample I were treated with 
6% and 9% H2O2 (Tab. 4). However, the percentage 
of these seedlings decreased when seeds of sample II 
were treated with 3%, 6% and 9% H2O2. Treatment 
time affected the germination parameters to  
a smaller extent than H2O2 concentration, and was 
observed mostly in sample II, where the lowest 
value of germination capacity and the highest 

percentage of abnormal deformed seedlings were 
observed after the 20 min treatment. 

The prolongation of time needed to 1% of Gmax 
as well as prolongation of mean germination time 
was observed when seeds of sample I were treated 
in 3%, 9% and 12% solutions of H2O2 (Tabs 5 
and 6). Hydrogen peroxide treatment, regardless 
of concentration, also negatively influenced these 
parameters in sample II. However, the highest 
values of T1 and MGT were observed if the seeds 
were soaked in 9% and 12% solutions of H2O2. 
Generally, the prolongation of treatment time over 
20 min in the case of T1, and over 10 min in the case 
of mean germination time, negatively affected seed 
vigour in both samples. 

Table 2. Effects of hydrogen peroxide treatment on germination capacity of zinnia seeds (%)

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 48.3 c-e 57.8 ef 57.0 ef 62.5 f 56.4 b

H2O2 3% 47.8 c-e 50.3 c-e 51.8 c-f 56.5 d-f 51.6 b
H2O2 6% 43.3 bc 42.8 bc 45.0 cd 40.3 a-c 42.9 a
H2O2 9% 47.8 c-e 46.8 c-e 42.3 a-c 32.0 a 42.2 a
H2O2 12% 52.3 c-f 48.0 c-e 46.3 c-e 33.3 ab 45.0 a
Mean 47.9 a 49.1 a 48.5 a 44.9 a

II Water 82.3 e-h 60.0 b 68.3 b-d 72.5 b-g 70.8 b
H2O2 3% 75.0 c-h 75.5 c-h 77.8 c-h 84.5 gh 78.2 c
H2O2 6% 78.0 c-h 82.3 f-h 87.0 h 80.0 d-h 81.8 c
H2O2 9% 67.5 b-d 70.5 b-e 73.0 b-g 71.0 b-f 70.5 b
H2O2 12% 60.0 b 42.5 a 66.3 bc 43.3 a 53.0 a
Mean 72.6 b 66.2 a 74.5 b 70.3 ab

Explanations: see Table 1

Table 3. Effects of hydrogen peroxide treatment on percentage of abnormal deformed seedlings

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 0.3 ab 0 a 0 a 0 a 0.1 a

H2O2 3% 1.3 a-c 1.3 a-c 2.5 c 1.5 a-c 1.7 b
H2O2 6% 0.5 ab 1.0 a-c 0.8 a-c 1.3 a-c 0.9 b
H2O2 9% 1.0 a-c 1.0 a-c 1.3 a-c 1.0 a-c 1.1 b
H2O2 12% 1.5 a-c 2.0 bc 1.3 a-c 1.0 ab 1.5 b
Mean 0.9 a 1.1 a 1.2 a 1.0 a

II Water 0 a 0 a 0 a 0 a 0 a
H2O2 3% 0.3 ab 4.3 c-f 2.5 cd 3.0 c-e 2.5 b
H2O2 6% 1.0 a-c 2.3 b-d 2.3 b-d 5.3 d-f 2.7 b
H2O2 9% 8.5 e-g 5.8 d-f 5.8 d-f 8.5 fg 7.2 c
H2O2 12% 24.3 i 31.0 i 11.3 gh 16.5 h 20.8 d
Mean 6.8 ab 8.7 c 4.4 a 6.7 bc

Explanations: see Table 1
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Treatment with hydrogen peroxide, regardless 
of concentration, positively affected the health of 
the seeds, significantly increasing the percentage 
of seeds free from fungi in both samples (Tab. 7). 
However, the highest percentage of these seeds 
was observed when the seeds of both samples were 
soaked in a 12% solution of H2O2. The effect of 
treatment time was less significant and observed 
only in sample I, where the prolongation of the 
treatment over 10 min increased the percentage 
of seeds free from fungi. Alternaria alternata 
(Fr.) Keissler and Fusarium spp. were frequently 
identified on the seeds of both samples (Tabs 8 and 
9). Additionally, Alternaria zinniae Pape was often 
detected on the seeds of sample I. Soaking seeds of 
both samples in hydrogen peroxide solutions, in all 

applied concentrations, significantly reduced seed 
infestation with Alternaria spp. and Fusarium spp., 
whereas the lowest percentage of seeds infested 
with these fungi was observed after the treatment 
with 12% H2O2. The prolongation of treatment time 
resulted in a decrease of seed infestation with A. 
alternata and A. zinniae in sample I, whereas it had 
no influence on the percentage of seeds infested 
with A. alternata spp. in sample II and Fusarium 
spp. in both samples. 

Two optimal combinations of seed treatment 
were selected, considering the influence of 
H2O2 concentration and treatment time on the 
germination, vigour and health of zinnia seeds in 
both samples, i.e. treating seeds with 3% H2O2 for 
10 and 20 min. The results of these treatments were 

Table 4. Effects of hydrogen peroxide treatment on percentage of abnormal diseased seedlings

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 33.3 d-f 23.0 a-c 21.0 ab 19.5 a 24.2 a

H2O2 3% 30.8 b-f 30.0 b-f 25.8 a-d 19.0 a 26.4 a
H2O2 6% 38.8 f 37.0 ef 26.8 a-e 34.3 d-f 34.2 c
H2O2 9% 31.3 c-f 33.3 d-f 30.0 b-f 33.5 d-f 32.0 bc
H2O2 12% 25.3 a-d 25.8 a-d 27.3 a-e 33.8 d-f 28.1 ab
Mean 31.9 b 29.8 ab 26.2 a 28.0 ab

II Water 9.0 a-c 31.8 f 23.5 d-f 19.8 c-f 21.0 c
H2O2 3% 14.8 a-d 15.0 a-d 12.5 a-d 5.8 ab 12.0 ab
H2O2 6% 13.5 a-d 8.3 ab 4.5 a 8.5 ab 8.7 a
H2O2 9% 17.0 b-e 16.0 b-e 10.8 a-d 9.0 a-c 13.2 b
H2O2 12% 8.0 a-c 16.0 a-d 12.0 a-d 30.0 ef 16.5 bc
Mean 12.5 a 17.4 a 12.7 a 14.6 a

Explanations: see Table 1

Table 5. Effects of hydrogen peroxide treatment on time needed to reach 1% of total germinating zinnia seeds (days)

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 0.26 a 0.24 a 0.27 a 0.27 a 0.30 a

H2O2 3% 0.44 a 0.77 b-d 0.44 a-c 0.60 cd 0.50 c
H2O2 6% 0.24 a 0.27 a 0.26 a 0.38 ab 0.34 ab
H2O2 9% 0.22 a 0.33 a 0.35 a 0.64 cd 0.42 bc
H2O2 12% 0.28 a 0.35 a 0.80 d 0.46 a-c 0.49 c
Mean 0.30 a 0.39 ab 0.46 bc 0.49 c

II Water 0.29 a-c 0.56 a-c 0.60 ab 0.20 a 0.36 a
H2O2 3% 0.34 a-c 0.74 d-h 0.86 g-i 0.70 d-g 0.68 b
H2O2 6% 0.78 d-f 0.48 b-d 0.59 c-e 0.82 f-h 0.65 b
H2O2 9% 0.66 d-g 0.80 g-i 0.78 e-h 0.85 hi 0.84 c
H2O2 12% 0.89 g-i 0.83 g-i 0.97 j 1.00 ij 1.02 d
Mean 0.61 a 0.69 ab 0.76 b 0.77 b

Explanations: see Table 1
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compared with the results obtained for untreated 
seeds (control) and seeds treated with fungicide 
(Tabs 10-12). 

The selected treatments did not influence 
total seed germination in both samples (Tab. 10). 
Germination capacity increased significantly after 
treatment with 3% H2O2 for 20 min, as well as after 
fungicide treatment in sample I. However, in sample 
II the hydrogen peroxide treatment, regardless 
of time, as well as the fungicide treatment, 
negatively affected this parameter. The percentage 
of abnormal deformed seedlings increased only 
in sample II if seeds were treated with fungicide 
and soaked for 20 min in 3% H2O2. Hydrogen 
peroxide, regardless of treatment time, decreased 
the percentage of diseased abnormal seedlings in 

sample I; however, in sample II an increase of the 
percentage of diseased seedlings was observed 
after these treatments. Fungicide treatment, as 
opposed to hydrogen peroxide, negatively affected 
seed vigour in both samples (Tab. 11). On the other 
hand, soaking the seeds of both samples in 3% 
H2O2 solution for 10 min significantly limited the 
time needed to reach 1% of germinating seeds.

Hydrogen peroxide at a 3% concentration, 
regardless of treatment time, positively affected 
seed health, increasing the percentage of seeds free 
from fungi and decreasing seed infestation with 
Alternaria spp. and Fusarium spp. in both samples 
(Tab. 12). In sample I, the effectiveness of hydrogen 
peroxide treatment was frequently similar to the 
effectiveness of fungicide treatment.

Table 6. Effects of hydrogen peroxide treatment on mean germination time of zinnia seeds (days)

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 1.21 a 1.34 a-c 1.20 a 1.26 ab 1.25 a

H2O2 3% 1.31 a-c 1.48 cd 1.43 b-d 1.74 e 1.48 b
H2O2 6% 1.20 a 1.37 a-c 1.34 a-c 1.33 a-c 1.31 a
H2O2 9% 1.33 a-c 1.47 cd 1.47 cd 1.72 e 1.50 b
H2O2 12% 1.55 c 1.75 e 2.12 f 1.97 f 1.84 c
Mean 1.32 a 1.48 b 1.51 b 1.61 c

II Water 1.37 bc 1.37 bc 1.31 ab 1.20 a 1.31 a
H2O2 3% 1.59 de 1.56 de 1.71 ef 1.52 cd 1.59 b
H2O2 6% 1.38 bc 1.60 de 1.51 cd 1.72 ef 1.55 b
H2O2 9% 1.83 fg 1.99 g 1.87 fg 2.00 g 1.92 c
H2O2 12% 1.87 fg 1.98 g 2.18 h 2.40 i 2.11 d
Mean 1.61 a 1.70 b 1.72 b 1.77 b

Explanations: see Table 1

Table 7. Effects of hydrogen peroxide treatment on the percentage of zinnia seeds free from fungi

Sample Treatment
Treatment time (min)

10 20 30 60 Mean
I Water 0 a 0 a 0 a 0 a 0 a

H2O2 3% 10.5 b 16.5 b-d 14.5 bc 19.5 c-e 15.3 b
H2O2 6% 14.0 bc 22.0 c-f 22.0 c-e 22.5 c-f 20.1 c
H2O2 9% 17.5 b-e 21.5 c-e 22.5 e-g 18.5 b-e 20.0 c
H2O2 12% 25.0 d-f 32.5 f-h 36.0 gh 41.5 h 33.8 d
Mean 13.4 a 18.5 b 19.0 b 20.4 b

II Water 0.5 a 1.5 a 1.0 a 1.0 a 1.0 a
H2O2 3% 41.0 b-f 50.5 c-g 52.5 d-g 49.5 c-g 48.4 c
H2O2 6% 46.5 b-g 50.5 c-g 29.5 bc 30.0 b 39.1 b
H2O2 9% 37.0 b-e 50.0 c-g 37.0 b-d 30.5 bc 38.6 b
H2O2 12% 57.0 e-g 62.5 fg 61.0 fg 66.0 g 61.6 d
Mean 36.4 a 43.0 a 36.2 a 35.4 a

Explanations: see Table 1
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DISCUSSION
Two samples of zinnia seeds, varying significantly 
in germination capacity and incidence of fungi, 
in particular pathogenic A. zinniae, were used 
in the experiment. Hydrogen peroxide treatment 
improved the germination capacity of sample I, 

characterised by a high infestation of this pathogen, 
but negatively affected this parameter in the seeds 
of sample II free from A. zinniae and with a high 
initial germination. In previous experiments, 
the low percentage of normal seedlings in zinnia 
seed samples with relatively high germination 

Table 8. Effects of hydrogen peroxide treatment on the occurrence of fungi on sample I seeds (%)

Fungus Treatment
Treatment time (min)

10 20 30 60 Mean
Alternaria Water 75.0 e* 75.5 e 70.0 e 72.0 e 73.1 d
alternata H2O2 3% 48.0 d 36.0 b-d 45.5 cd 41.5 b-d 42.8 c

H2O2 6% 37.0 b-d 34.0 b-d 32.0 bc 33.5 bc 34.1 b
H2O2 9% 41.0 b-d 37.5 b-d 35.0 b-d 31.5 bc 36.3 b
H2O2 12% 33.5 b-d 32.0 bc 27.5 ab 19.5 a 28.1 a
Mean 46.9 b 43.0 ab 42.0 ab 39.6 a

Alternaria Water 81.0 f 84.0 f 80.0 f 77.0 f 80.5 c
zinniae H2O2 3% 55.5 e 53.5 e 42.5 cd 47.0 de 49.6 b

H2O2 6% 47.5 de 36.0 b-d 33.5 a-c 27.5 a 36.1 a
H2O2 9% 47.0 de 36.0 a-c 36.5 a-c 33.0 a-c 38.1 a
H2O2 12% 40.5 cd 28.0 ab 35.5 a-c 33.0 a-c 34.3 a
Mean 54.3 c 47.5 b 45.6 ab 43.5 a

Fusarium Water 80.0 g 72.5 fg 80.0 g 81.0 g 78.4 d
spp. H2O2 3% 26.0 a-d 28.0 a-d 33.5 d 21.0 a-d 27.1 b

H2O2 6% 48.5 e 60.5 ef 60.5 ef 66.0 f 58.9 c
H2O2 9% 29.5 cd 18.0 a-c 13.0 ab 19.0 a-d 19.9 a
H2O2 12% 24.5 a-d 30.0 cd 15.5 a 29.0 b-d 24.8 ab
Mean 41.7 a 41.8 a 40.5 a 43.2 a

*Means followed by the same letters, for each fungus separately are not significantly different according to the Duncan multiple 
range test (α = 0.05)
Further explanations: see Table 1

Table 9. Effects of hydrogen peroxide treatment on the occurrence of fungi on sample II seeds (%)

Fungus Treatment
Treatment time (min)

10 20 30 60 Mean
Alternaria Water 71.5 e 75.0 e 78.0 e 77.5 e 75.5 d
alternata H2O2 3% 52.0 d 46.5 b-d 40.5 a-d 47.5 cd 46.6 c

H2O2 6% 43.5 b-d 37.0 a-d 38.5 a-d 37.5 a-d 39.1 ab
H2O2 9% 49.0 cd 35.0 a-c 43.5 b-d 43.0 b-d 42.6 bc
H2O2 12% 40.5 a-d 31.0 ab 39.5 a-d 25.5 a 34.1 a
Mean 51.3 a 44.9 a 48.0 a 46.2 a

Fusarium Water 92.5 h 80.5 g 78.5 g 81.5 g 83.3 e
spp. H2O2 3% 22.0 de 11.5 cd 10.0 bc 11.5 cd 13.8 b

H2O2 6% 25.0 e 25.5 e 48.5 f 49.5 f 37.1 d
H2O2 9% 21.5 de 21.0 de 25.5 e 15.5 c-e 20.9 c
H2O2 12% 5.0 ab 3.5 a 1.5 a 1.5 a 2.9 a
Mean 33.2 b 28.4 a 32.8 ab 31.9 ab

*Means followed by the same letters, for each fungus separately, are not significantly different according to the Duncan multiple 
range test (α = 0.05)
Further explanations: see Table 1
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percentages was usually associated with significant 
fungal seed infestation, resulting in the occurrence 
of a large number of abnormal diseased seedlings 
during germination tests (Szopińska and 
Tylkowska 2009, Szopińska and Wojtaszek 2011). 
There are many reports that the promotion of 
seed germination by hydrogen peroxide treatment 

may be the result of the oxidation of germination 
inhibitors present in the seed coat or/and in the 
pericarp (Duval and NeSmith 2000, Ogawa and 
Iwabuchi 2001, Conner 2008, Klein et al. 2008, 
Huarte and Garcia 2009). Klein et al. (2008) found 
that faster germination of eastern gamagrass 
seeds exposed to hydrogen peroxide may result 

Table 10. Effects of fungicide and hydrogen peroxide treatment on germination of zinnia seeds

Sample Treatment Total germination 
(Gmax) (%)

Germination capacity 
(%) 

Abnormal seedlings (%)
Deformed Diseased

I Control* 83.8 b** 39.5 a 0.5 a 41.3 b
Fungicide 86.5 b 49.3 b 2.5 a 32.8 ab
H2O2 3% 10 min 84.0 b 47.8 ab 1.3 a 30.8 a
H2O2 3% 20 min 84.8 b 50.3 b 1.3 a 30.0 a

II Control 94.5 a 87.0 b 0.8 a 3.3 a
Fungicide 94.3 a 74.3 a 5.3 b 10.3 ab
H2O2 3% 10 min 93.5 a 75.0 a 0.3 a 14.8 b
H2O2 3% 20 min 92.0 a 75.5 a 4.3 b 15.0 b

*Control – untreated seeds; Fungicide – seeds treated with Sarfunt T 65 DS at a dose 5g per 1 kg of seeds; H2O2 3% 10 min – seeds 
soaked in 3% hydrogen peroxide solution for 10 min; H2O2 3% 20 min – seeds soaked in 3% hydrogen peroxide solution for 20 min
**Means in columns followed by the same letters, for each sample separately, are not significantly different according to the Duncan 
multiple range test (α = 0.05)

Table 11. Effects of fungicide and hydrogen peroxide treatment on vigour of zinnia seeds

Sample Treatment T1* (days) MGT (days)
I Control 0.63 b 1.48 b

Fungicide 0.93 c 2.13 c
H2O2 3% 10 min 0.44 a 1.31 ab
H2O2 3% 20 min 0.77 b 1.47 b

II Control 0.78 bc 1.44 ab
Fungicide 0.84 d 2.07 c
H2O2 3% 10 min 0.34 a 1.59 b
H2O2 3% 20 min 0.74 c 1.57 ab

*T1 – time needed to 1% of total germinating seeds; MGT – mean germination time
Further explanations: see Table 10

Table 12. Effects of fungicide and hydrogen peroxide treatment on health of zinnia seeds

Sample Treatment Seeds free from fungi 
(%)

Seed infestation with fungi (%)
Alternaria alternata Alternaria zinniae Fusarium spp.

I Control 0 a 76.5 c 76.0 c 52.0 c
Fungicide 18.5 cd 41.5 ab 51.0 b 2.5 a
H2O2 3% 10 min 10.5 b 48.0 b 55.5 b 26.0 b
H2O2 3% 20 min 16.5 bc 36.0 a 53.5 b 28.0 b

II Control 5.0 a 78.0 d  -* 38.5 c
Fungicide 71.0 c 25.0 a - 6.0 a
H2O2 3% 10 min 41.0 b 52.0 c - 22.0 b
H2O2 3% 20 min 50.5 b 46.5 bc - 11.5 a

*In sample II Alternaria zinniae was not detected on the seeds
Further explanations: see Table 10
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from breaking down the inhibitors present in 
the pericarp, although there may also be a direct 
physical scarifying effect of this compound. Ogawa 
and Iwabuchi (2001) discussed the possibility 
that endogenously generated H2O2 functions as  
a promoter of zinnia seed germination by oxidizing 
germination inhibitors. Narimanov (2000) observed 
that short seed treatment in H2O2 solution promoted 
the early appearance of sprouts, and accelerated 
the development of barley, maize, haricot, melon, 
vegetable marrow, garden radish and carrot. The 
author suggests that the seeds exit from dormancy 
as a result of the oxidation reaction catalysed by 
NADPH oxidase. In both samples in the present 
experiment seedlings appeared very quickly, within 
the first few days of the germination test, regardless 
of treatment. Moreover, an acceleration of seed 
germination after treatment with H2O2 was caused 
by the conditioning effect, obtained by soaking 
seeds in distilled water itself, rather than the actual 
activity of hydrogen peroxide. On the other hand, 
a prolonged treatment of the seeds with H2O2 at 
the highest concentrations resulted in a significant 
reduction in seed germination and vigour, especially 
in sample II. This deleterious effect was also 
observed by Sasaki et al. (2005). The authors found 
that the imbibition of rice seeds in 5, 50 and 100 
mM H2O2 solutions for 24 h significantly increased 
the shoot fresh weight of the seedlings, while 
treatment with higher concentrations (500 and 1000 
mM of H2O2) reduced this value. Nevertheless, it 
can be assumed that the improvement of sample 
I seed germination after treatment was a result of 
the antifungal activity of hydrogen peroxide rather 
than the effect of the oxidation of germination 
inhibitors. The antimicrobial properties of 
hydrogen peroxide were reported previously by 
some researchers (Peng and Kuc 1992, Smilanick 
et al. 1994, Geetha and Shetty 2002). Geetha and 
Shetty (2002) found that treatment of pearl millet 
(Pennisetum glaucum) seeds with 1 mM H2O2, 
effectively suppressed the development of downy 
mildew caused by Sclerospora graminicola Sacc. 
Schroet., which resulted in an increase of the 
vegetative and reproductive growth parameters 
and enhanced grain yield. Smilanick et al. (1994) 
observed that a 6 min treatment of barley and wheat 
seeds at 3.5% H2O2 completely inhibited the growth 
of Tilletia controversa and T. tritici spores at 45°C 
and 50°C. Peng and Kuc (1992) found that hydrogen 
peroxide at a 2.61 10-5 M concentration inhibited 
the germination of Cladosporium cucumerinum, 
Colletotrichum lagenarium and Peronospora 

tabacina spores in vitro. Moreover, peroxidase-
generated H2O2 inhibited the development of 
blue mould (P. tabacina) on tobacco leaf disks. 
The authors suggest that H2O2 may function as 
an antifungal factor in disease resistance by the 
direct inhibition of pathogen development, and/
or by the generation of other reactive free radicals 
that are antimicrobial. In the present experiment, 
treatment with H2O2 resulted in a significant 
increase of the percentage of seeds free from fungi 
in both samples. This phenomenon was associated 
mostly with a decrease of seed infestation with A. 
alternata, A. zinniae and Fusarium spp. in sample I 
and A. alternata and Fusarium spp. and in sample 
II. An increase in the number of seeds free from 
fungi after the treatment of China aster and onion 
seeds with 3% H2O2 was also observed by Rosada 
(2012) and Słupinska (2012). Furthermore, Rosada 
(2012) reported that hydrogen peroxide treatment 
significantly reduced infestation of China aster 
seeds with A. alternata, A. strictum, Cladosporium 
spp. and Fusarium spp., whereas Słupinska (2012) 
found that soaking seeds of onion in 3% H2O2 
solution limited the occurrence of A. alternata, 
Aureobasidium sp., Botrytis aclada, Cladosporium 
spp., Rhizopus sp. and Stemphylium spp. Hydrogen 
peroxide treatment was also effective against 
pathogenic Fusarium species occurring on seeds of 
conifer plants (Neumann et al. 1997). 

The reduction of sample II seed germination 
and vigour after applied treatments, and the 
improvement of these parameters in sample I, 
characterised initially with poor germination 
and very high level of infection with A. zinniae, 
suggest that hydrogen peroxide treatment should 
be preceded by seed health evaluation. Otherwise, 
it may lead to a deterioration of seed quality, 
especially if higher concentrations of hydrogen 
peroxide are used for seed treatment.

CONCLUSION
1. The treatment of zinnia seeds with hydrogen 

peroxide, regardless of time and concentration 
of H2O2, significantly reduced seed infestation 
with fungi in both samples. However, the lowest 
percentage of seeds infected with A. zinniae 
was observed if the seeds were soaked in 6% 
and 12% H2O2 solutions for 60 and 20 min, 
respectively. 

2. The treatment of zinnia seeds in a 3% solution 
of H2O2 for 20 min positively influenced seed 
germination, especially in sample I, infested 



28 Hydrogen peroxide treatment of zinnia seeds

with A. zinniae and characterised initially by  
a low germination capacity. However, soaking 
seeds of both samples in 3% H2O2 solution for 
10 min significantly improved their vigour, 
expressed by the T1 parameter.

3. It can be assumed that the treatment of zinnia 
seeds with hydrogen peroxide can effectively 
improve germination mostly in samples strongly 
infected with pathogens, which means that it 
should be preceded by seed health evaluation.
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WPŁYW TRAKTOWANIA NADTLENKIEM 
WODORU NA KIEŁKOWANIE, WIGOR  
I ZDROWOTNOŚĆ NASION ZINNIA ELEGANS

St reszczen ie: Znaczące zasiedlenie nasion cynii  
(Zinnia elegans Jacq.) przez grzyby, zwłaszcza 

przez patogena Alternaria zinniae, często skutkuje 
pogorszeniem zdolności kiełkowania nasion.  
W doświadczeniu badano wpływ nadtlenku wodoru 
(H2O2) na kiełkowanie, wigor i zdrowotność nasion 
cynii. Testowano dwie próby nasion: próbę I – 
charakteryzującą się niską zdolnością kiełkowania 
(39.5%) i wysokim poziomem porażenia nasion przez 
A. zinniae (76%) oraz próbę II – odznaczającą się 
wysoką zdolnością kiełkowania (87%) i wolną od tego 
patogena. Nasiona traktowano poprzez moczenie w 3%, 
6%, 9% i 12% roztworach H2O2 przez 10, 20, 30 i 60 
min. Kontrolę stanowiły początkowo nasiona moczone 
w wodzie destylowanej przez 10, 20, 30 i 60 min,  
a następnie wyniki wybranych wariantów traktowania 
porównywano z wynikami uzyskanymi dla nasion 
nietraktowanych i nasion traktowanych fungicydem, 
zawierającym 20% karbendazymu i 45% tiuramu. Na 
nasionach najczęściej identyfikowano grzyby rodzajów 
Alternaria i Fusarium. Stężenie nadtlenku wodoru w 
większym stopniu wpływało na jakość nasion cynii niż 
czas traktowania. Niemniej, zastosowane traktowanie, 
bez względu na czas jego trwania i stężenie H2O2, 
korzystnie wpływało na zdrowotność nasion obu prób, 
znacząco ograniczając ich zasiedlenie przez grzyby. 
Ponadto, najniższy poziom infekcji przez A. zinniae 
obserwowano po traktowaniu nasion 6% i 9% roztworem 
H2O2 przez odpowiednio 60 i 20 min. Nadtlenek 
wodoru w wyższych stężeniach (9% i 12%) negatywnie 
wpływał na kiełkowanie i wigor nasion, zwłaszcza  
u próby II. Można wnioskować, że traktowanie nasion 
cynii nadtlenkiem wodoru skutecznie poprawia ich 
kiełkowanie głównie u prób silnie porażonych przez 
patogeny, co oznacza, że powinno być ono poprzedzone 
oceną zdrowotności nasion.
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