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Abstract  
 
The main aim of the present study was to investigate the possibility of the application of ultrasound for stimulating the 
viability behaviors of gladiolus seeds. The studies were carried out with seeds of three varieties of gladiolus. Seeds 
were treated with ultrasound for 2, 4, 6, and 8 min. Germination energy, germination, main germination time, 
uniformity of germination,  time of 50% germinated seeds, seedling morphology- length of embryo root, length of 
hypocotyls and fresh weight were reported. The correlation dependences on the seedling's weight with the length of 
embryo root and hypocotyls, as well as a linear polynomial regression between the treatment period and germination, 
characterized with high determination coefficients were established. The highest viability was reported in the treatment 
of 6 minutes of ultrasound, approximately 20% above the control. These results can be used in hybridization breeding 
to accelerate seed development in the propagation of corms.  
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INTRODUCTION  
 
Gladiolus is one of the main ornamental crops, 
which ranks fourth in importance in world trade 
(Farhat T., 2004). The genus Gladiolus belongs 
to the family Iridaceae (Raj et al., 2009; Azim 
et al., 2019) and according to some authors, 
such as Goldblatt. & Manning, (1998), about 
255 species are currently known in this genus. 
The plant is native to the region of southern and 
tropical Africa, Madagascar and Eurasia 
(Takatsu et al., 2001). The species is grown 
mainly for cut flowers and less often for 
landscaping (Manning and Peter, 2008; Memon 
et al., 2013). Its valuable decorative properties 
are related to the beautiful flowers, a wide 
diversity of colours and upright flower-bearing 
stems, as well as the wonderful aroma and long 
vase life (Azim, 2019). 
Most modern cultivars of Gladiolus x 
grandiflora are the result of selection and 
hybridization between six species (Barnard, 
1972). At the moment, the main research 
activity is aimed at creating new varieties with 
higher decorative qualities, more diverse forms 
and colouring of flowers. In modern breeding, 
hybridization, both between different cultivars 
and interspecies, is a major method and tool to 
solve these tasks and to increase the variety of 

forms and cultivars (Hort et al., 2012). 
Gladiolus cultivars used are complex hybrids 
between different species (Huxley et al., 1992). 
After carrying out the crosses in the 
hybridization, the selection work continues 
with obtaining seeds and reproduction of the 
offspring from them. However, the production 
of high-yielding hybrid gladiolus seeds and 
their utilization, that is important about hybrid 
selection, is not always an easy task and 
successful (Takatsu et al., 2005). Production of 
gladiolus plants by seed is a relatively long 
period spanning several growing seasons (Bose 
et al., 2003; Ramzan et al., 2010). 
The obtained seeds during hybridization are a 
relatively limited number, not always with high 
germination. Therefore, current science is 
directed toward researching various methods 
and ways to improve their vitality and reduce 
germination time (Basra et al., 2003; Ramzan et 
al., 2010). In this regard, Carpenter et al. (1991) 
reported that it is best to store the obtained 
hybrid seeds of gladiolus, intending to maintain 
good sowing qualities, due to the relatively 
long period between seed collection and 
sowing, at a temperature in the range of 5 to 
15°C. Improvement of germination processes 
of gladiolus seeds Ramzan et al. (2010) 
achieved by pre-treatment of the gladiolus 
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seeds with potassium nitrate (KNO3), reaching 
a germination rate of 92%. Good results in the 
treatment of gladiolus seeds, also with 
potassium nitrate, were also reported by 
Memon et al. (2013). In evaluating gladiolus 
seed priming Mushtaq et al. (2012) established 
a significant improvement in germination. 
There are relatively few scientific reports on 
the application of different physical methods of 
impact to improve the vitality and the sowing 
qualities of gladiolus seeds. Carpenter et al. 
(1991) studied the effect of temperature and air 
humidity on the gladiolus seeds viability status. 
There is almost no research on the effect of 
ultrasound treatment on seeds of this species. 
Aladjadjiyan (2007) emphasized that the 
application of ultrasound is an extremely 
promising and effective way to improve the 
vital status of seeds. 
The main goal of the present study is to 
investigate the influence of ultrasound 
treatment on the vitality behaviours of 
gladiolus seeds, with the aim of accelerating 
their development.  
 
MATERIALS AND METHODS  
 
The experiments were carried out in the 
Experimental field and Scientific laboratory of 
the Department of Horticulture at the 
Agricultural University - Plovdiv, Bulgaria. 
Seeds of the following gladiolus cultivars 
Purple flora, Oscar, and Plum tart, were 
produced by growing the plants through corms.  
After flowering and fruit formation, in at full 
botanical maturity stage, the fruits were 
harvested, the seeds were extracted and they 
have been stored under laboratory conditions in 
paper pouches. Three months after the 
collection of the seed, they were treated with 
ultrasound in the following variants: 
1. Control (not treated seeds); 2. Ultrasound -2 
min; 3. Ultrasound - 4 min; 4. Ultrasound - 6 
min; 5.Ultrasound - 8 min. 
The treatment has been completed with an 
ultrasonic bath Nahita, model 620-1 of the 
company Auxilab, S.L. from Spain with the 
following parameters: frequency 40 KHz, 
volume 0.6 l. 
After treatment of the seeds, their vital signs 
were evaluated. Seeds were placed in 10 cm 
diameter Petri dishes with Watman 1 filter 

paper moistened with 5 ml of water. 
Germination energy and germination were 
determined, according to the requirements of 
ISTA (2013) and under the recommendations 
in the manner described by (Ramzan et al., 
2010), as 100 seeds were put in four replicates. 
The time to germination of 50% of the seeds 
(T50) was determined according to Farooq 
(2005). Mean germination time (MGT), 
described by Kader (2005) and Uniformity of 
germination (described by Panayotov, 2015) 
were calculated. When determining 
germination, the weight of the sprouts was 
established from all germinated seeds in the 4 
repetitions and recalculated for one sprout. At 
this stage, the embryo root length and 
hypocotyls length of ten seedlings from the 4 
replicates were measured. 
Data were subjected to ANOVA analysis of 
variance, correlation and regression analyses 
(Fowel and Cohen, 1992). 
 
RESULTS AND DISCUSSIONS  
 
The influence of different methods and ways of 
pre-sowing impacts on crops is established very 
well by studying their sowing behaviours. One 
of the important characteristics in this scope is 
the germination energy. Its values are 
established for a shorter period, which gives 
reason to consider these earlier germinated 
seeds that are with higher vitality (Panayotov, 
2015). The effect of different durations of 
exposure to ultrasound is very well 
demonstrated (Table 1). A strong varietal 
reaction is also observed. Sonication for up to 6 
min produced a gradual increase in seed 
germination compared to the control, except for 
Plum tart. This tendency is most strongly 
observed in the Purple flora variety, where the 
difference with untreated seeds reaches 20%. A 
similar state is reported for the Oscar variety, 
but with a lower difference of 12.67%. 
However, the effect on Plum tart seeds was the 
strongest at 2 min of sonication, with an 
increase of 10%, after which it decreased, but 
the values were higher than those of control 
seeds. A strong pronounced inhibition in all 
three varieties is established at the 8-minute 
variant, with a decrease, compared to the 
control, between 16.67% (Plum tart) and 
23.33% (Purple flora). 
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Table 1. Sowing parameters of gladiolus seed after application of ultrasound   

 № Variants 
Germination energy (%) Germination (%) Time of sprouting of 50% of 

seeds (T50) (%) 

Purple 
flora Oscar Plum 

tart 
Purple 
flora Oscar Plum tart Purple 

flora Oscar Plum 
tart 

1 Control 46.66 40.00 46.66 73.33 83.33 70.00 7.1 7.3 6.9 

2 2 min 53.33 43.33 56.66 76.66 86.66 73.33 6.7 7.2 5.6 

3 4 min 56.66 43.33 50.00 76.66 66.66 83.33 6.4 6.3 5.9 

4 6 min 66.66 53.33 50.00 93.33 66.66 90.00 6.3 6.3 6.7 

5 8 min 23.33 23.33 26.66 46.66 50.00 53.33 8.2 9.0 8.6 

LSD p = 0.05 11.2 6.4 8.1 11.2 14.3 9.1 1.4 1.8 1.0 

 
The vital status of seeds is almost fully 
determined using germination. The values of 
this indicator fully reflect the quality of the 
seeds and are used to standardize their sowing 
and agronomic value (Black et al., 2006). A 
very pronounced variety response is also 
observed for this characteristic. This parameter 
increases uniformity to sonication at 6 minutes 
was found in Purple flora and Plum tart, with 
germination reaching 93.33% and 90.0%, 
respectively, or 20% more than untreated seeds. 
For Oscar, the highest values were observed in 
variant 2 minutes, and the increase compared to 
the control was significantly smaller - by 
3.33%. In this variety, in the remaining two 
periods of ultrasound application, a reduction 
compared to the control was observed. A very 
strong suppressive effect, as for germinating 
energy, was reported at 8 minutes for all three 
studied varieties. Compared to the control, the 
reduction was 16.67% for Plum tart to 33.33% 
for Oscar. The data are mathematically proven 
except for germination for the three cultivars 
and germination energy for Oscar. Aladjadjiyan 
(2007) points out that ultrasound, representing 
mechanical waves of high frequency, which in 
plant organism, including seeds, cause an 
increase in molecular energy and changes in the 

structure of substances. According to this 
author, the sonication of seeds for 5 minutes 
there is a strong effect and increases the 
germination energy and germination 
(Aladjadjiyan, 2007a). Similar conclusions 
were reported by Miano et al. (2015) and 
Patero and Augusto (2015). Stimulating 
influences of ultrasound on the germination of 
seeds of ornamental and flower crops and its 
uniform change depending on the duration of 
exposure were reported also by Panchev 
(2022). The above-mentioned tendency for 
changes in germination depending on the 
duration of exposure to ultrasound is 
complemented very successfully through the 
established regression relationships (Figure 1). 
The type of regression in all three varieties is 
polynomial with high coefficients of 
determination R2 = 0.55, R2 = 0.89 and                
R2 = 0.94, respectively for Purple flora, Oscar 
and Plum tart. Through these coefficients, is 
possible to determine how the factorial variable 
affects the dispersion percentage of the 
resulting variable. Correspondingly between 
55% and 94% of the cases, sonication will 
produce the indicated changes in the 
germination of the gladiolus seeds. 
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Figure 1. Regression dependence of germination and the duration of ultrasound treatment of gladiolus seeds 

 
The time for germination of 50% (T50) of 
gladiolus seeds under the influence of 
ultrasound changes in a narrow range. This 
time for controlling seeds is approximately 7 
days. In the varieties Purple flora and Oscar, it 
is the shortest at sonication of 6 minutes, and in 
the first two durations the effect is weaker, but 
the results are better than those of untreated 
seeds. Differences from the above-mentioned 
are observed for Plum tart. The least days for 
germination of 50% of the seeds of this cultivar 
were under ultrasound for 2 minutes, after 
which it increased but was still better than the 
control. Seed germination was accelerated. As 
with germination, the highest treatment 
duration of 8 minutes resulted in a high 
deterioration, this time increasing 
approximately between 15% and 25% 
depending on the variety. 
Mean germination time (Table 2) is an essential 
indicator for evaluating the sowing and viable 
quality of the seeds and indicates the average 
number of days that were needed for one seed 
to germinate (Traynov, 2021). The most as a 
result of the application of ultrasound for 6 

minutes, and depending on the variety, the 
improvement compared to the control was 
between 10.7% (Purple flora) and 31.03% 
(Plum tart). Duration of 2 and 4 minutes also 
have a stimulating effect on this trait, although 
weaker. A strong inhibitory effect was found at 
8 minutes, with the increase over control being 
greater by 20.8% to 34.21% for Purple flora 
and Plum tart, respectively. Uniformity of 
germination provides significant information 
about the behaviour of seeds sowing under the 
influence of a given impact on them. An 
increase in the uniformity of germination was 
observed at all tested durations, except for 8 
minutes. The best results for the varieties 
Purple flora and Plum tart were recorded at 6 
minutes of ultrasound, and for Oscar - at 4 
minutes, approximately 7% above the untreated 
seeds. The strongest influence was found for 
Purple flora seeds. As with the other signs 
discussed above, a pronounced inhibition was 
present after exposure by 8 minutes, with 
values decreasing by approximately 30% than 
to the control. 

 
Table 2. Sowing parameters of gladiolus seeds under the effect of ultrasound application (days)  

№ Variant 
Mean germination time (days) Uniformity of germination (%) 

Purple flora Oscar Plum tart Purple flora Oscar Plum tart 

1 Control 7.2 7.5 7.6 13.3 11.7 12.4 

2 2 min 6.7 7.3 7.0 18.3 16.7 14.4 

3 4 min 6.5 7.0 6.3 20.1 18.9 15.1 

4 6 min 6.5 6.3 5.8 20.9 16.1 18.9 

5 8 min 8.7 9.8 10.2 9.7 8.8 9.3 

LSD p =0.05% 1.6 1.0 1.3 3.8 5.2 3.2 
 
Treatment of the seeds with ultrasound causes 
changes in the morphological characteristics of 
the sprouts (Table 3). The length of the embryo 

root compared to the control increased for 
Oscar and Plum tart varieties up to 6 minutes of 
treatment and reached 2.59 cm and 2.65 cm, 
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respectively, and for Purple flora it was 2.25 
cm at 4 minutes. A significant reduction was 
found at 8 minutes of exposure, most 
pronounced in the variety Plum tart, with 
46.22% lower than the control. These data are 
statistically significant. A similar trend is 
observed for hypocotyls length. For cultivars 
Purple flora and Oscar, treatment with 6 
minutes increased the most length, by 19.94% 
and 14.89% over the control, respectively. In 
the other variety Plum tart, this increase is 
39.80% and is at 4 minutes. Inhibition from 
treatment with 8 minutes was also found for 
this trait, with the reduction ranging from 

13.85% (Plum tart) to 21.29% (Purple flora). 
Seedling fresh weight is a major factor in 
determining seed vigor (Copeland & 
McDonald, 2001). In the three studied varieties, 
it increases uniformly up to 6 minutes. The 
increase compared to the control was the 
highest for Plum tart at 41.09% and the weight 
reached 41.2 mg. It was lower compared to 
untreated seeds for all varieties in the 8-minute 
treatment. A strong positive correlation was 
found between seedling fresh weight and 
embryo root and hypocotyls length, except for 
hypocotyls length in Plum tart, which was also 
positive but middle. 

 
Table 3. Morphological characteristics of gladiolus seedlings after application of ultrasound 

№ Variants 
Length of embryo root (cm) Length of hypocotyls (cm) Fresh weight of one seedling 

(mg) 
Purple 
flora Oscar Plum 

tart 
Purple 
flora Oscar Plum tart Purple 

flora Oscar Plum 
tart 

1 Control 1.87 1.43 1.55 3.76 2.47 3.04 37.1 30.0 29.2 
2 2 min 2.19 1.47 2.28 3.90 3.42 3.25 37.2 31.1 33.6 
3 4 min 2.25 2.14 2.13 4.11 3.67 4.25 38.6 32.8 33.6 
4 6 min 2.04 2.59 2.65 4.51 4.32 3.44 41.4 35.3 41.2 
5 8 min 1.34 0.96 1.06 3.10 2.16 2.67 33.5 28.2 28.4 
LSD p = 0.05 0.4 0.6 0.71 0.41 1.1 0.39 1.1 2.4 2.8 

r* 0.73 0.98 0.91 0.99 0.96 0.46    
r* Correlation coefficient with fresh weight of one seedling 
 
CONCLUSIONS 
 
The application of ultrasound to gladiolus seeds 
there is a pronounced effect on their sowing 
qualities, with a well-defined variety response 
observed. Germination energy and germination 
in most cases are increased the most from 
exposure to 6 minutes. Polynomial regression 
with high coefficients of determination was 
found between treatment duration and 
germination. 
A positive influence of ultrasound treatment is 
reported on the overall vital status of gladiolus 
seeds, improving parameters such as mean 
germination time, uniformity of germination 
and the time for germination of 50% of the 
seeds. The development of seedlings is the best 
in treatment with 6 minutes. High inhibition 
causes ultrasound with a duration of 8 minutes. 
It is recommended to apply a treatment of 
gladiolus seeds with 6 minutes of ultrasound. 
The obtained results can be predominantly used 
to improve seed development, especially in 
hybridization breeding programs. This will 

highly improve the research activities in hybrid 
selection, which will increase their effectivity.  
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