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Common Vetch (Vicia sativa L.)

Ultrasonik On Uygulamalarin Adi Figin (Vicia sativa L.) Cimlenme ve Ilk Fide Gelisimi
Uzerine Etkisi

Ramazan BEYAZ!, Abdullah BEYAZ?
Abstract

Although common vetch (Vicia sativa L.) is a very important forage legume plant, some varieties have a dormancy
problem due to the hardness of the seed coat. So far, studies on breaking this dormancy seen in common vetch
seeds have been quite limited. This research was carried out to determine the effects of ultrasonic pre-treatments
applied to common vetch seeds under laboratory conditions on germination and initial seedling growth. Ultrasonic
pre-treatment (US) was applied to common vetch seeds at a frequency of 47 kH for 0 -control-, 10, 20, 30 and 40
minutes, respectively. The experiment was designed according to a completely randomized plot trial design with
4 replications. In the research, germination percentage (GP-%-), mean germination time (MGT-day-), germination
rate index (GRI-%-), shoot and root lengths (SL and RL-cm-), root-shoot ratio (R/S -%-), shoot and root fresh
weights (SFW and RFW-mg per plant-), shoot and root dry weights (SDW and RDW-mg per plant-), shoot and
root dry matter (SDM and RDM-% -), root/shoot dry matter ratio (R/S DM-%-), shoot and root water contents
(SWC and RWC-%-) and seedling vigor index (SVI) parameters were measured. As a result of the research, it was
determined that ultrasonic pre-treatments had statistically significant (P<0.05) effects on germination parameters
(GP, MGT and GRI). It has been determined that US; and US4 treatments increase the GP by 11.11%. However,
it was determined that US3 treatment shortened the MGT by 15.81% and increased the GRI and SL by 100.00%
and 34.65%, respectively. In addition, it was determined that ultrasonic pre-treatments had statistically significant
effects on growth parameters (RL, SL, R/S ratio, SFW, REW, SDW, RDW, SDM, SDM and SVI). Compared to
the control group, an increase of 42.95%, 51.35%, 17.75% and 21.00% in the RL, R/S ratio, SFW and RFW
parameter values, respectively, was obtained from the USio treatment. Additionally, US4 treatment caused an
increase in RDW, SDM, RDM values by 51.51%, 33.83% and 33.87%, respectively. The highest increase in SVI
was recorded in the US3o treatment with 30.56%. In conclusion, the data of this study showed that ultrasonic
technology has a positive effect on breaking dormancy in common vetch seeds and thus on the initial seedling
growth.
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Oz

Adi fig (Vicia sativa L.), ¢cok 6nemli bir baklagil yem bitkisi olmakla birlikte tohum kabugunda karsilasilan sertlik
nedeniyle dormansi problemi goriilmektedir. Simdiye kadar, adi fi§ tohumlarinda goriilen bu dormansinin
kirilmasina yonelik ¢aligmalar oldukga sinirli kalmistir. Bu arastirmada, laboratuvar kosullar: altinda yaygin fig
tohumlarina uygulanan ultrasonik 6n uygulamalarmin ¢imlenme ve bununla birlikte ilk fide gelisimi {izerine
etkilerinin belirlenmesi amaciyla yiiriitiilmiistiir. Ultrasonik 6n uygulamas1 (UOU) adi fig tohumlarina sirastyla 0
-kontrol-, 10, 20, 30 ve 40 dakika buyunca 47 kH frekansinda uygulanmistir. Deneme 4 tekerriirlii olarak tamamen
tesadiif bloklari deneme desenine gore dizayn edilmistir. Arastirmada, ¢imlenme yiizdesi (CY-%-), ortalama
cimlenme siiresi (OCS-giin-), cimlenme hiz1 indeksi (CHI-%-), siirgiin ve kok uzunluklar (SU ve KU-cm-), kok-
stirgiin oran1 (K/S-%-), siirgiin ve kok taze agirliklar1 (STA ve KTA-mg bitki basina-), siirgiin ve kdk kuru
agirliklart (SKA ve KKA-mg bitki basina-), siirgiin ve kdk kuru maddeleri (SKM ve KKM-%-), kok/govde kuru
madde oran1 (K/S KM-%-), siirgiin ve kok su igerikleri (SSI ve KSi-%-) ve fide gii¢ indeksi (FGI) parametreleri
olgiilmiistiir. Arastirma sonucunda, ultrasonik &n uygulamalarmin ¢imlenme parametreleri (CY, OCS ve CHI)
iizerine istatistiki acidan énemli (P<0.05) etkilerinin oldugu belirlenmistir. UOU;o ve UOU4 uygulamalarinin
CY’yi %11.11 oraninda artirdigi tespit edilmistir. Bununla birlikte, UOU3o uygulamasi OCS’yi %15.81 kisalttig1,
CHI'yi ve SU’yu sirasiyla %100,00 ve %34,65 oranlarinda artirdigi belirlenmistir. Ayrica, ultrasonik &n
uygulamalarmin biiyiime parametreleri (KU, SU, K/S oram, STA, KTA, SKA, KKA, SKM, KKM ve FGi) iizerine
de istatistiki agidan 6nemli etkilerinin oldugu belirlenmistir. Kontrol grubu ile kiyaslandiginda, KU, K/S orani,
STA ve KTA parametre degerlerinde sirastyla %42.95, %51,35, %17,75 ve %21,00 oranlarinda bir artis UOUjo
uygulamasindan elde edilmistir. Ilave olarak UOUs uygulamasi KKA, SKM, KKM degerlerinde
sirastyla %51.51, %33.83 ve %33.87 oranlarinda artisa neden olmustur. FGi’de ise en yiisek artis %30.56 ile
UOUs uygulamasinda kayit edilmistir. Sonug olarak bu arastirmanin verileri, ultrasonik teknolojisinin adi figin
tohumlarindaki dormasinin kirilmasinda ve bununla birlikte ilk fide gelisimi {izerine olumlu yonde etkisinin
oldugunu gdstermistir.

Anahtar Kelimeler: Adi fig, Ultrasonik uygulama, Dormansi, Tohum ¢imlenmesi, ilk fide biiyiimesi
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1. Introduction

Common vetch (Vicia sativa L.) is a grain legume crop that is highly valued for its protein level, fatty acid
profile, and mineral composition. These nutritional characteristics make it an excellent choice for enhancing
animal feed. Furthermore, significant pharmacological characteristics have been documented in human subjects.
The common vetch, like other legumes, has the ability to perform nitrogen fixation, which is a vital characteristic
for the development of sustainable agricultural systems. The aforementioned characteristics augment the use of
vetch as a protective crop and its implementation in intercropping schemes (Nizam et al., 2022; Ramirez-Parra and
De la Rosa, 2023). Despite all these important features of vetch, there is a problem of dormancy due to the hard
seed coat (Biiytikkartal et al., 2013). ‘Hard seededness’, or ‘physical dormancy’, is present in a few plant families,
of which the Leguminosae are the largest (Paulsen et al., 2013).

Seed dormancy is a characteristic of plants that prevents seed germination in favorable conditions. This
property has developed to increase the chances of seedling survival by preventing germination in unfavorable
climatic conditions (Iwasaki et al., 2022). The reason of dormancy is seed coat and embryo (Yildiz et al., 2017).
Although the hardseededness (physiological dormancy) increases the survival rate of seeds in the soil, especially
in adverse environmental conditions, and helps prevent the extinction of species in nature, it prevents rapid
germination and healthy seedling development in plant species, and may prevent the use of plant varieties or wild
species relatives for agricultural or breeding purposes (Tiryaki and Topu, 2014; Yildiz et al., 2017; Altindal and
Altindal, 2018). Physical dormancy, referred to as hardseededness or seed coat impermeability, is a situation
wherein a seed's coat becomes impermeable, obstructing the ingress of water, gasses, and other external elements.
This impermeability functions as a protective mechanism, postponing germination until optimal conditions are
achieved. Factors affecting hard seed development are categorized into internal and external influences. Internal
variables relate to plant-specific characteristics, including species and seed shape. Genetic differences and seed
coat attributes influence the development of hard seeds. Environmental conditions also affect seed growth. Soil
nutrient availability, water supply, humidity, temperature, and light conditions influence seed coat permeability
and germination. The timing of seed maturity, drying, and storage conditions can influence the production of hard
seeds. The interaction of these elements influences a plant's propensity to generate hard seeds (Ermis et al., 2024).
There are some methods used for breaking seed coat dormancy such as scarification of seed coat by mechanical
methods, temperature treatments, acid treatments, chemical treatments (Kinetin, GA3). Furthermore, a range of
physical and extraterrestrial environmental elements, such as electromagnetic waves (EWs), magnetic fields (MFs),
and ultrasonic sounds (US), have been documented as a potentially effective method for disrupting dormancy. The
electromagnetic spectrum encompasses both ionizing and non-ionizing radiations. The spectrum of ionizing
radiation is composed of X-rays and gamma rays, whereas non-ionizing radiation includes ultrasonic waves,
magnetic fields, microwaves, and infrared light, among others (Alsuvaid and Demir, 2022; Bera et al., 2022).

In recent years, ultrasonic waves have been widely used as an effective method for disrupting seed dormancy
and enhancing germination properties (Nazari and Eteghadipour, 2017). The application of ultrasonic waves to
seeds is an environmentally friendly technology that shows potential for revolutionizing the food business. It
improves the process of seed germination and seedling growth in various species by stimulating the absorption of
water and oxygen, as well as boosting seed metabolism (Nogueira et al., 2023). The ultrasonic waving technique
appears to be more convenient, safer, and healthier, while also being more time-efficient compared to conventional
chemical and physical procedures (Sharififar et al., 2015). This therapy utilizes ultrasonic frequencies (20-100
kHz) to interact with material or seeds in either air or water (Memis et al., 2022). It has been reported by many
researchers so far that ultrasonic treatments break seed dormancy and positively affect germination and seedling
growth in many plant species (Goussous et al., 2010; Nazari et al., 2014; Lahijanian and Nazari, 2017; Sharififar
et al., 2015; Andriamparany and Buerkert, 2019; Babaei-Ghaghelestany et al., 2020; Wang et al., 2020; Alfalahi
et al., 2022; Memis et al., 2022; Babaei et al., 2023; Foschi et al., 2023). However, a thorough examination of
previous studies revealed a lack of information regarding the assessment of ultrasound technology's efficacy in
breaking the seed dormancy of common vetch. There are limited reports on breaking seed dormancy of common
vetch in the literature (Samarah et al., 2004; Samarah, 2005; Uzun, 2012). Hence, the objective of this research
was to employ ultrasound waves as a noninvasive, uncomplicated, and economical method to induce dormancy
release and promote early seedling development in common vetch.
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2. Materials and Methods

2.1. Seed Materials

The study utilized common vetch seeds, gathered in 2023, received from the Department of Field crops at Kirsehir
Ahi Evran University in Tirkiye. An in vitro experiment was conducted in 2023 at the Department of Agricultural
Biotechnology, Faculty of Agriculture, Kirsehir Ahi Evran University in Tiirkiye.

2.2. Ultrasonic irradiation treatments

100 seeds for each treatment were treated with 47 kHz ultrasonication in 200 ml of distilled water for 0, 10, 20, 30,
and 40 mininutes using a completely randomized design. During ultrasonic treatment, water temperature was kept at
21£2°C by adding ice from time to time. Ultrasonication treatments are labeled USio, USz, US3o, and US4,
respectively. During the ultrasonication process, the seeds are in contact with distilled. Therefore, in order to determine
the effect of the soaking factor on germination and initial seedling growth paramaters, the seeds were soaked in water
for 0, 10, 20, 30, and 40 minutes, just like in the ultrasonication process, and these treatments were labeled as -water
soaking- WSio, WSz, WS30, and WS4, respectively. Soaking the seeds in water is considered hydro-priming. Seeds
that were not exposed to water or ultrasonic treatments were used as controls.

2.2. Germination Assay and Growth Measurement

Test solution were prepared with distilled water. For each treatment, 25 seeds were sown between three rolls of
filter paper in four replicates. At the beginning of the experiment, each subject was irrigated with 10 ml of test solution.
Before planting, seeds were given a fungicide treatment (Thiram 80%). To prevent moisture loss, the rolled paper with
seeds was placed in sealed, clear plastic bags. For 14 days, seeds were allowed to germinate at 20 & 1°C degrees in the
dark in incubator (Memmert-In110). The radicles were deemed to have germinated when they reached a length of ~ 2
mm. For two days, the germination percentage was tracked every 24 hours (ISTA, 2003).

Germination Percentage(GP) = (Number of germinating seeds/ Total number of seeds) x 100
(Al-Enezi et al., 2012) (Eq. 1)

Equation 1 was used to calculate the proportion of seeds that germinated after being subjected to ultrasonic
treatments. To assess the rate of germination, the mean germination time (MGT) was determined (Ellis and Roberts,
1980).

MGT=YDn/yD (Eq.2)

where n is the number of freshly germinated seeds on day D, and D is the number of days since the start of the
experiment.

The germination rate index (speed of germination) was calculated using the formula according to Maguire (1962).
GRI = X No of Germinated Seeds/ £ No of Days (Eq. 3)

Seedlings with stunted primary roots and short, thick, spiral-shaped hypocotyls were deemed to have aberrant
germination. Initial seedling growth paramaters (shoot and root length, shoot and root fresh weights, shoot and root
dry weights, shoot and root dry matter, shoot and root water content, and seedling vigor index) were measured after
the 14th day (Figure I). Samples were dried in an oven at 70°C for 48 hours before dry weights were calculated (Beyaz
etal., 2011). The following parameters were used to calculate the growth parameters.

Water content (WC) = (fresh weight-dry weight)/fresh weightx100 (Zheng et al., 2008) (Eq. 4)
Dry matter (DM)= (dry weight/fresh weight) < 100 (Bres et al., 2022) (Eq.5)
Seedling vigor index (SVI)= (average root length +average hypocotyl length) x germination percentage

(Abdul-Baki and Anderson, 1973) (Eq. 6)

648



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(3)

Figure 1. The morphology of common vetch seedlings after water soaking (WS) and ultrasound (US) treatments
(after 14 days of germination)

Treatments*:
Control: Seeds that were neither soaked in distilled water nor exposed to ultrasonic treatments.

US10, US20, US30, and USu: Seeds exposed to ultrasonic (ultrasound) treatments for 10, 20, 30, and 40 minutes,
respectively.

WSi0, WS20, WS30, and WSa: Seeds soaked in distilled water for 10, 20, 30 and 40 minutes respectively. It is
considered a hydropriming treatment.

2.2. Statistical Analysis

The gathered data were analyzed using a one-way Analysis of Variance (ANOVA) in the statistical software
package SPSS 22. This analysis aimed to evaluate whether the treatments had a significant impact on the observed
parameters. The statistical significance of the means was assessed using the Duncan Multiple Range Test (DMRT)
at a significance level of P<0.05. Before statistical analysis, the data in percentages were transformed using Arcsine
transformation (Snedecor and Cochran, 1967).

3. Results and Discussion
3.1. Effects of ultrasonic pre-treatmens on germination of Common Vetch Seeds

The effect of different ultrasound (US) and water soaking (WS) treatments on the germination percentage (GP),
germination rate index (GRI) and mean germination time (MGT) is given in Table I and it was determined that
there was a statistical difference between the ultrasound (US) and water (W) treatments in terms of GP (P<0.05),
GRI (P<0.05), and MGT (P<0.01). Water and US treatments caused an increase in GP compared to the control
group. However, when water soaking (WS) and US treatments were compared, it was observed that the GP
increase was greater in US treatments. The highest GP values of 100% were obtained from USo and US4
treatments. The lowest GP value (90.00%) was recorded in the control group. The observed increase in GP due to
increased ultrasound coincides with the findings of various researchers in other plants (Aladjadjiyan, 2002;
Yaldagard et al., 2008; Goussous et al., 2010; Andriamparany and Buerkert, 2019; Babaei-Ghaghelestany et al.,
2020; Alfalahi et al., 2022). The surface and architecture of the seed coat may potentially have an impact on the
ultrasonic effect (Memis et al., 2022). The primary effects of ultrasonic waves are mostly attributed to mechanical
phenomena, such as acoustic cavitation and the disruption of plant cell walls. These processes ultimately lead to
an enhanced uptake of water (Abd El-Sattar and Tawfk, 2023). The occurrence of cavitation during the sonication
process was postulated as an additional potential factor that caused micro fissures on the seed coat. These fissures
may have facilitated the absorption of moisture, leading to an accelerated germination rate (Yaldagard et al., 2008;
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Table 1. Effects of ultrasound (US) and water soaking (WS) treatments on germination percentange (GP), mean germination time (MGT), germination rate index
(GRI), shoot lenght (SL), root lenght (RL), root to shoot ratio (R/S) of 14 days-old common vetch seedling

GP MGT GRI SL RL R/S

Treatments (%) (day) (%) (cm) (cm) (%)
0-control- 90.00+0.0¢ 1.96+0.032 4.83+0.444 14.60+1.1° 5.75+0.5b 0.37+0.04%
WSio 96.66+3.3% 1.7440.04¢ 8.16+0.60% 13.70+0.3° 6.1320.4b 0.44+0.022
USyo 100.00+0.02 1.7340.04¢ 8.66+0.882° 14.81£1.3° 8.22+0.32 0.56+0.03?
WS20 93.3343.3% 1.78+0.04%° 7.33+0.602¢ 14.63+0.3® 4.90+0.3¢ 0.34+0.00%¢
USa0 96.66+3.3% 1.79+0.05% 7.50+0.862¢ 14.55+0.6° 6.5440.53b¢ 0.44+0.022
WS30 93.3343.3% 1.83+0.082° 6.66+1.01bed 14.33+1.1° 4.92+0.4¢ 0.35+0.06"
US30 93.33+1.6° 1.65+0.05¢ 9.66+0.832 19.66+2.0% 6.3140.82b¢ 0.324+0.01¢
WS40 90.00+0.0° 1.93+0.06* 5.16+0.72¢ 16.56+0.4% 7.06+0.5% 0.42+0.04%
US40 100.00+0.0? 1.71+0.07¢ 9.33+1.45% 16.32+1.4% 7.75+1.0% 0.47+0.032>

Summary of ANOVA
Treatment % % sk * sk sk

*significant at P<0.05, **significant at P<0.01. Different letters at the same column show significant differences at 0.05 level. +: Standard errors.

Treatments*:

Different durations of two treatments: Seeds soaked in water (WS) or soaked in water in ultrasonic device (US).

Control: Seeds that were neither soaked in distilled water nor exposed to ultrasonic treatments.
US\0, US,0, US3, and USy: Seeds exposed to ultrasonic (ultrasound) treatments for 10, 20, 30, and 40 minutes, respectively.
WSi0, WSs0, WSs, and WSy: Seeds soaked in distilled water for 10, 20, 30 and 40 minutes respectively. It is considered a hydropriming treatment.

650



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(3)

Abd El-Sattar and Tawfk, 2023). According to Bai et al. (2023), The ultrasound-germination therapy across the
entire germination phase led to a notable increase in water content compared to the germination treatment alone
in barley.

When compared to the control group, water soaking (WS) and US treatments caused a shortening of MGT.
This shortening was recorded at higher values in ultrasound treatments (7ablel). Considering the control group,
the highest shortening was obtained from US3o and US4 treatments, with 15.81% and 14.61%, respectively. Memis
et al. (2022) reported that ultrasound treatment positively affects MGT and shorten its duration in vegetable species
such as watermelon, melon, leek, pepper, carrot, tomato and aubergine. GRI increased in both water and US
treatments when control was considered (7able 1). However, this increase was greater in US treatments. The
highest increase was obtained from US4 treatment with 93.16 % compared to the control. Similar studies have
reported that ultrasound treatments increase GRI in other plants (Goussous et al.,, 2010; Andriamparany and
Buerkert, 2019; Namjoo et al., 2022; Parlak and Erken, 2023). The high germination index is considered to be a
reliable sign of strong seed viability (Biiyilikyildiz et al., 2023). Consequently, based on the research findings, it
can be concluded that US treatments enhance the seed vigor of vetch. Ultrasonic waves can accelerate the
germination process of common bean seeds by producing tiny openings on the seed coat and reducing the stiffness
of the cotyledon cell walls. This allows the seeds to absorb water more efficiently, leading to faster and more
successful water uptake (Lahijanian and Nazari, 2017). Ultrasound improves the germination of specific seeds by
stimulating the activity of different enzymes (Potolea et al., 2019).

3.2. Effects of ultrasonic pre-treatmens on morphological characters of Vicia sativa L. Seedlings

The effect of WS and US treatments on shoot lenght (SL), root length (RL), and root to shoot ratio are seen in
Table 1. Statistically, the effect of both WS and US treatments on these parameters was found to be significant.
For SL, statistically 0-control-, WS1o, US10, WS20, US remained in the same group. The highest SL (19.66cm)
was obtained from the US3p treatment. It was calculated that there was a 34.65% increase in SL compared to the
control group. However, it has been observed that WS (except, WS»o and WS3¢) and US treatments increase RL.
The highest RL value was recorded in US treatment with 8.22 cm. There was an increase of 42.95% between
USo and the 0-control- group. Considering R/S, the highest value was again obtained from US; treatment with
0.56%. The increase here between the control group and USo treatment was 51.35%. WS and US treatments
affected SL, RL, and R/T parameters differently. In general, the results of the study showed that both treatments
provided a general increase in these parameters, and this increase was greater in US treatments. Alfalahi et al.
(2022) reported that ultrasonic exposure increased root and shoot lengths of the three soybean varieties. Zeng et
al. (2023) reported that the application of ultrasonic treatment had a substantial impact on the growth of sugarcane
shoots in all three cultivars. According to Huang et al. (2020), using lower levels of ultrasound over a prolonged
period can promote cell division and maintain high-quality seedlings.

The results of WS and US treatments effects on shoot fresh weight (SFW), root fresh weight (SFW), shoot dry
weight (SDW), and root dry weight (RDW) are shown in Table 2. SFW, RFW, SDW, and RDW were significantly
affected by WS and US treatments. In general, SFW (except, WS29, WS30, US40) and RDW (except, W3o) caused
an increase in both applications. For SFW, the highest result (0.126 mg per plant) obtained from both US ¢ and
WS treatments. However, for RFW, the highest value (0.144 mg per plant) was recorded at US;o. Considering
RDW and RDW, the highest values were obtained from WS3o treatments with 0.0144 mg per plant and US4
treatments with 0.0300 mg per plant, respectively. The effects of ultrasonic assisted seeds priming (0 -cotnrol-,10,
and 20 min) with a frequency of 40 kHz on seed enhancement of Fenugreek seeds were investigated by (Abd
El-Sattar and Tawfk, 2023) who showed that SFW, RFW, SDW and RDW were signifcantly improved by using
ultrasonic treatments.

Table 2 shows effects of the different durations of US treatment compared to WS on the shoot and root dry
matter (SDM and RDM), root to shoot dry matter (R/S DM), shoot and root water contents (SWC and RWC), and
seedling vigor index (SVI). For SDM, RDM, R/S DM, SWC, RWC and SVI, the means were statistically
significant between the control, WS, and US treatment groups. Compared to the control, it was determined that
WS and US treatments generally caused a decrease in SDM (except, WS49 and US49) and an increase in RDM.
However, it also caused an increase in R/SDM. The highest SDM and RDM values were obtained from US4
treatment with 14.36% and 22.05%, respectively. However, the highest value for R/S DM was obtained from WS3o
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Table 2. Effects of ultrasound (US) and water soaking (WS) treatments on shoot fresh weight (SFW), root fresh weight (RFW), shoot dry weight (SDW), root dry
weight (RDW), shoot dry matter (SDM), root dry matter (RDM) of 14 days-old common vetch seedling.

SFW RFW SDW RDW SDM RDM
Treatments (mg/plant) (mg/plant) (mg/plant) (mg/plant) (%) (%)
0-control- 0.107+0.006° 0.119+0.007% 0.01150.0008% 0.0198+0.005" 10.73+0.15% 16.47+0.97°
WSio 0.126+0.003° 0.137+0.007% 0.01100.00074 0.0228+0.001" 8.83+0.06% 16.77£0.98
US1o 0.126+0.006* 0.14420.007 0.0110-0.0004 0.0250+0.006 8.95+0.88% 17.16£1.63®
WS 0.0840.009° 0.1200.004% 0.0085+0.0009" 0.0213+0.002" 10.45+0.15%¢ 17.68+0.48
USxo 0.116+0.001% 0.128:£0.003¢¢ 0.01140.0009 0.0230+0.001" 9.82+0.182¢ 18.01+0.55"
WS30 0.0820.001° 0.107+0.007¢ 0.0067+0.0009¢ 0.0197+0.002° 8.16+0.13¢ 18.34+£0.31"
US3o 0.109+0.006 0.127+0.005¢b 0.0087+0.0004% 0.0220+0.003" 8.04+0.65° 17.28+0.80®
WS40 0.119+0.003 0.1230.002¢b¢ 0.0144+0.0040° 0.023120.002° 12.1942.252 18.71+£0.45"
US40 0.107:£0.004° 0.137+0.010% 0.0137+0.0032° 0.0300-+0.001° 14.36£0.14° 22.05+1.87
Summary of ANOVA
Treatment k3k % sk * sk *

*significant at P<0.05, **significant at P<0.01. Different letters at the same column show significant differences at 0.05 level. +: Standard errors.
Treatments*:

Different durations of two treatments: Seeds soaked in water (WS) or soaked in water in ultrasonic device (US).

Control: Seeds that were neither soaked in distilled water nor exposed to ultrasonic treatments.

US\0, US0, US3, and USy: Seeds exposed to ultrasonic (ultrasound) treatments for 10, 20, 30, and 40 minutes, respectively.

WSi0, WSa, WSs, and WS4: Seeds soaked in distilled water for 10, 20, 30 and 40 minutes respectively. It is considered a hydropriming treatment.
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Table 3. Effects of ultrasound (US) and water soaking (WS) treatments on shoot dry matter (R/S DM), shoot water content (SWC), root water cantent (RWC), seedling
vigor index (SVI) of 14 days-old common vetch seedling.

R/S DM SWC RWC SVI
Treatments (%) (%) (%)
0-control- 1.55+0.30° 89.26+0.54% 83.52+0.97* 1845+213°¢
WSio 1.91£0.04% 91.16+0.96* 83.22+0.98* 19124202
USio 1.93+0.12 91.04+0.88? 82.83+1.632 2303+1532
WS 1.80+0.54 89.54+1.86% 82.31+0.48 2 1826+114°¢
US»o 1.83+0.03 % 90.17+0.18% 81.98+0.55°2 20361062
WSs0 2.2440.112 91.83+0.13¢2 81.65+0.31°2 17914+21¢
USso 2.16+0.20° 91.95+0.65% 82.71+0.80? 2409+2002
WS4 1.62+0.06° 87.80+0.63% 81.28+0.452 212441182
US40 1.6140.04° 85.63+1.06°¢ 77.94+1.87° 240742482
Summary of ANOVA
Treatment * *k * *

*significant at P<0.05, **significant at P<0.01. Different letters at the same column show significant differences at 0.05 level. +: Standard errors.
Treatments*:

Different durations of two treatments: Seeds soaked in water (WS) or soaked in water in ultrasonic device (US).

Control: Seeds that were neither soaked in distilled water nor exposed to ultrasonic treatments.

US10, USz0, US50, and US4p: Seeds exposed to ultrasonic (ultrasound) treatments for 10, 20, 30, and 40 minutes, respectively.

WSi0, WSa, WSs, and WS4: Seeds soaked in distilled water for 10, 20, 30 and 40 minutes respectively. It is considered a hydropriming treatment.
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treatment with 2.24%. Abd El-Sattar and Tawfk (2023) reported that US treatments (40 kHz, 10 and 20 min)
increased seedling dry matter of fenugreek. Alfalahi et al. (2022) stated that ultrasonic exposure increased seedling
dry matter of the three soybean varieties. In addition, Shekari et al. (2015) mentioned that sesame seedling dry
matter was significantly affected by the priming sonication technique.

As shown in Table 3, the effects of WS and US treatments on shoot water content (SWC) and root water content
(RWC) were different. While WS and US treatments generally caused an increase in SWC (except, WS4 and
US40), RWC caused a decrease. In terms of RWC, the root was found to be more negatively affected by US
treatments. In terms of SWC, it was determined that the shoot was slightly positively affected by WS and US
treatments, but it was observed that there was no statistical difference between WS and US treatments.

However, the 40-minute application period, which can be considered as a high WS and US treatment, has been
observed to have a negative effect on SWC. Researchers report that US treatments can have a positive effect in
the short term as well as a negative effect in the long term. Ran et al. (2015) reported that ultrasound increase
wheat seedling leaf relative water content.

The vigor index is a numerical measure that represents the energy and efficiency of seeds during the process
of germination and growth of seedlings (Uslu and Gedik, 2020; Abd El-Sattar and Tawfk, 2023). The result of
both WS and US treatment affects on seedling vigor index (SVI) are given in Table 3. According to these results,
both WS and US treatments increased SVI values. It has been observed that this increase is greater in US treatments.
The highest SVI value (2409) was recorded in USj3o treatment. SVI germination percentage was calculated along
with shoot and root growth. It has been determined that US3o treatment significantly increases the values in terms
of germination percentage, shoot and root development. Nazari and Eteghadipour (2017) found that quick
germination and the appearance of seedlings are crucial for the effective establishment of plants and commodities.
They also discovered that gentle sonication can enhance seedling development. The results given in this study
align with the conclusions reached by other researchers (Machikowa et al., 2013; Risca et al., 2007; Yaldagard et
al., 2008; Kouchebagh et al., 2014; Shekari et al., 2015; Alfalahi et al., 2022; Memis et al., 2022; Abd El-Sattar
and Tawfk, 2023).

4. Conclusions

The data collected study suggest that the hypothesis, which proposed that exposure to ultrasound pre-treatments
would results in breaking dormacy and a increase initial seedling growth, was supported by the experimental results.
In summary, the present study found that using an appropriate ultrasonic therapy (namely, a mixed frequency of 47
kHz for a duration of both 10 and 30 minutes) enhances the germination and growth of common vetch. In addition, it
has been observed that water soaking (WS) treatments, also considered hydropriming, have a positive effect on
germination and growth parameters in general. However, when WS and US treatments were compared, it was found
that US treatments had more positive effects. It has been observed that the root is more positively affected by US
treatment than the shoot. Overall, the research results show that ultrasound/ultrasonic pre-treatment can have positive
effects on the cultivation of common vetch, but it also reveals the need for further studies on whether these effects are
economical.

Acknowledgement

This work was not supported financially by any organization.

Ethical Statement

There is no need to obtain permission from the ethics committee for this study.
Conflicts of Interest

The authors declare that there are no conflicts of interest with respect to the research, authorship, and/or publication
of this article.

Authorship Contribution Statement

Concept: Beyaz, R., Beyaz, A.; Design: Beyaz, R., Beyaz, A.; Data Collection or Processing: Beyaz, R.; Statistical
Analyses: Beyaz, R.; Literature Search: Beyaz, R., Beyaz, A.; Writing, Review and Editing: Beyaz, R., Beyaz, A.

654



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(3)

References

Abd El-Sattar, A. M. and Tawtfk, E. (2023). Effects of ultrasonic waves on seedling growth, biochemical constituents, genetic stability of
fenugreek (Trigonella foenum-graecum) under salinity stress. Vegetos, 36: 1427-1436.

Abdul-Baki, A. A. and Anderson, J. D. (1973). Vigor determination in soybean seed by multiple criteria. Crop Science, 13: 630-633.

Aladjadjiyan, A. (2002). Study of the infuence of magnetic feld on some biological characteristics of Zea mays. Journal of Central European
Agriculture., 3(2): 89-94.

Al-Enezi, N. A., Al-Bahrany, A. M. and Al-Khayri, J. M. (2012). Effect of X-irradiation on date palm seed germination and seedling growth.
Emirates Journal of Food and Agriculture, 24(5): 415-424.

Alfalahi, A. O., Alobaidy, B. S., Almarie, A. A., Dhanoon, O. M., Qasem, J. R., Almehemdi, A. F. and Najda, A. (2022). Ultrasonic Treatment
Enhances Germination and Affects Antioxidant Gene Expression in Soybean (Glycine max L. Merr). Agronomy, 12(10): 1-11.

Alsuvaid, M. and Demir, Y. (2022). The effect of salinity (NaCl) stress and different magnetic applications on the germination of cucumber
seeds (Cucumis sativus L.). Journal of Tekirdag Agricultural Faculty, 19(3): 529-540.

Altindal, D. and Altindal, N. (2018). Allelopathic effects of olive oil mill wastewater (omw) on sainfoin (Onobrychis viciifolia scop.)
germination. International Journal of Agriculture, Forestry and Life Science, 2(2): 87-92.

Andriamparany, J. N. and Buerkert, A. (2019). Effect of ultrasonic dormancy breaking on seed germination and seedling growth of three wild
yam species (Dioscorea spp.) from SW-Madagascar. Genetic Resources and Crop Evolution, 66:1167-1174.

Babaei, M., Pirdashti, H. and Bakhshandeh, E. (2023). Ultrasonic waves improve aged seed germination of castor bean (Ricinus communis L.)
under drought and salt stresses. Acta Physiologiae Plantarum, 45(90): 1-10.

Babaei-Ghaghelestany, A., Alebrahim, M. T., MacGregor, D. R., Khatami, S. A. and Hasani Nasab Farzaneh, R. (2020). Evaluation of
ultrasound technology to break seed dormancy of common lambsquarters (Chenopodium album). Food Science & Nutrition, 8: 2662-2669.

Bai, J., Huang, J., Feng, J., Jiang, P. and Zhu, R. (2023). Combined ultrasound and germination treatment on the fine structure of highland
barley starch. Ultrasonics Sonochemistry, 95: 1-11.

Bera, K., Dutta, P. and Sadhukhan, S. (2022). Seed priming with non-ionizing physical agents: plant responses and underlying physiological
mechanisms. Plant Cell Report, 41: 53-73.

Beyaz, B., Kaya, G., Cocu, S. and Sancak, C. (2011). Response of seeds and pollen of Onobrychis viciifolia and Onobrychis oxyodonta var.
armena to NaCl stress. Scientia Agricola, 68(4): 477-481.

Bres, W., Kleiber, T., Markiewicz, B., Mieloszyk, E. and Mieloch, M. (2022). The effect of NaCl stress on the response of lettuce (Lactuca
sativa L.). Agronomy, (12)244: 1-14.

Biiytikkartal, H. N., Colgegen, H., Pinar, N. M. and Erdogan, N. (2013). Seed coat ultrastructure of hard-seeded and soft-seeded varieties of
Vicia sativa. Turkish Journal of Botany, 37(2): 270-5.

Biiyiikyildiz, S., Yildirim, M. and Kurt, A. N. (2023). The effect of salt stress on the germination and seedling growth parameters in birdsfoot
trefoil (Lotus corniculatus L.). Black Sea Journal of Agriculture, 6(2): 126-133.

Ellis, R. H. and Roberts, E. H. (1980). Towards a Rational Basis for Testing Seed Quality. p. 605-635. In: Seed production Ed(s): Hebblethwaite,
P.D., Butterworths, England.

Ermis, S., Ozden, E. and Yildirim, E. (2024). Seeds of Resilience: Physiology and Mechanisms of Hardseededness. In: Seed Biology-New
Advances, Ed(s): Yildirim, E., Ozden, E. and Ermis, S., IntechOpen Publications, United Kingdom.

Foschi, M. L., Juan, M., Pascual, B. and Pascual-Seva, N. (2023). Effects of high mntensity ultrasound stimulation on the germination
performance of caper seeds. Plants, 12(12): 1-17.

Goussous, S. J., Samarah, N. S., Alquadah, A. M. and Othman, M. O. (2010). Enhancing seed germination of four crop species using an
ultrasonic technique. Experimental Agriculture, 46(2): 231-242.

Huang, S., Jia, Y., Liu, P., Dong, H. and Tang, X. (2020). Effect of ultrasonic seed treatment on rice seedlings under waterlogging stress.
Chilean Journal of Agricultural Research, 80(4): 561-571.

International Seed Testing Association [ISTA] (2003). International Rules for Seed Testing. Bassersdorf, Switzerland.

Iwasaki, M., Penfield, S. and Lopez-Molina, L. (2022). Parental and environmental control of seed dormancy in Arabidopsis thaliana. Annual
Review of Plant Biology, 73: 355-378.

Kouchebagh, S. B., Rasouli, P., Babaiy, A. H. and Khanlou, A. (2014). Seed germination of pot marigold (Calendula officinalis L.) as affected
by physical priming techniques. International Journal of Biosciences, 5: 113—118.

Lahijanian, S. and Nazari, M. (2017). Increasing germination speed of common bean (Phaseolus vulgaris) seeds by ultrasound treatments.
Seed Technology, 38: 49-55.

655



Beyaz & Beyaz
Impact of Ultrasonic Pre-Treatments on Germination and Initial Seedling Growth of Common Vetch (Vicia sativa L.)

Machikowa, T., Kulrattanarak, T. and Wonprasaid, S. (2013). Effects of ultrasonic treatment on germination of synthetic sunflower seeds.
Proceedings of World Academy of Science, Engineering and Technology (No. 73, p. 53). USA: World Academy of Science, Engineering
and Technology (WASET).

Maguire, J. D. (1962). Speed of germination-aid in selection and evaluation for seedling emergence and vigour. Crop Science, 2:176-177.

Memis, N., Muhie, S. H., Njie, E. S., Sahin, G. and Demir, 1. (2022). Effect of ultrasonic treatment on seed germination and seedling emergence
in seven vegetable species. Anadolu Journal of Agricultural Sciences, 37(1): 57-66.

Namjoo, M., Moradi, M., Dibagar, N., Taghvaei, M. and Niakousari, M. (2022). Effect of green technologies of cold plasma and airborne
ultrasound wave on the germination and growth indices of cumin (Cuminum cyminum L.) seeds. Journal of Food Process Engineering,
45(12): 14166.

Nazari, M. and Eteghadipour, M. (2017). Impacts of ultrasonic waves on seeds: A mini-review. Agricultural Research & Technology, 6(3):
555-688.

Nazari, M., Sharififar, A. and Asghari, H. R. (2014). Medicago scutellata seed dormancy breaking by ultrasonic waves. Plant Breeding, 69:15-
24.

Nizam, I., Tenikecier, H. S., Orak, A., Sen, C., Giiler, N. and Ersoy H. (2022). A preliminary study on the chemical structure of Vicia sativa
L. accessions collected from natural flora of European Part of Turkey. Journal of Tekirdag Agricultural Faculty, 19(2): 271-282.

Nogueira, A., Puga, H., Ger6s, H. and Teixeira, A. (2023). Seed germination and seedling development assisted by ultrasound: gaps and future
research directions. Journal of the Science of Food and Agriculture, 104: 583-597.

Parlak, S. and Erken, K. (2023). Effect of ultrasonic and vacuum treatments on the germination of Himantoglossum robertianum (loiseleur) p.
delforgei (orchidaceae) seeds under in vitro conditions. Pakistan Journal Botany, 55(5): 1729-1738.

Paulsen, T. R., Colville, L., Kranner, 1., Daws, M. L., Hogstedt, G., Vandvik, V. and Thompson K (2013). Physical dormancy in seeds: a game
of hide and seek? New Phytologist, 198: 496-503.

Potolea, 1., Pirvu, O. M., Spinu, C. E., Mihai, D. P., Olaru, O. T., Nitulescu, G. M., Tsatsakis. A., Spandidos, D. A. and Nitulescu, G. (2019).
Effect of ultrasound exposure on the Triticum aestivum root elongation test. World Academy of Sciences, 1: 290-295.

Ramirez-Parra, E. and De la Rosa, L. (2023). Designing novel strategies for improving old legumes: an overview from common vetch. Plants,
12(6): 1-23.

Ran, H., Yang, L. and Cao, Y. (2015). Ultrasound on Seedling Growth of Wheat under Drought Stress Effects. Agricultural Sciences, 6: 670-
675.

Risca, 1. M., Fartais, L. and Stiuca, P. (2007). Ultrasound effects contributions on the Norway spruce seeds germination (Picea abies (L.)
Karsten). Genetics and Molecular Biology, 8: 87-88.

Samarah, N. H. (2005). Effect of drying methods on germination and dormancy of common vetch (Vicia sativa L.) seed harvested at different
maturity stages. Seed Science and Technology, 33(3): 733-740.

Samarah, N. H., Allataifeh, N., Turk, M. A. and Tawaha, A. M. (2004). Seed germination and dormancy of fresh and air-driedseeds of common
vetch (Vicia sativa L.) harvested at differentstages of maturity. Seed Science and Technology, 32: 11-19.

Sharififar, A., Nazari, M. and Asghari, H. R. (2015). Efect of ultrasonic waves on seed germination of Atriplex lentiformis, Cuminum cyminum,
and Zygophyllum eurypterum. Journal of Applied Research on Medicinal and Aromatic Plants, 2(3):102-104.

Shekari, F., Mustafavi, S. H. and Abbasi, A. (2015). Sonication of seeds increase germination performance of sesame under low temperature
stress. Acta Agriculturae Slovenica, 105(2): 203-212.

Snedecor, G. W. and Cochran, W. G. (1967). Statistical Methods, 6™ ed. Ames, lowa: lowa State University Press.

Tiryaki, I. and Topu, M. (2014). A novel method to overcome coat-imposed seed dormancy in Lupinus albus L. and Trifolium pratense L.
Journal of Botany, 2014(1): 1-6.

Uslu, O. S. and Gedik, O. (2020). A research on salinity tolerance of some vetch (Vicia sp.) species. International Journal of Anatolia
Agricultural Engineering Sciences, 2(2): 1-10.

Uzun, A. (2012). Effect of maturity stage and seed treatment on germination, seed dormancy and certain pod and seed traits of common vetch
(Vicia sativa L.). Journal of Food, Agriculture and Environment, 9(3-4): 189-192.

Wang, J., Bian, Z., Wang, S. and Zhang, L. (2020). Effects of ultrasonic waves, microwaves, and thermal stress treatment on the germination
of Tartary buckwheat seeds. Journal of Food Process Engineering, 43(10): 1-10.

Yaldagard, M., Mortazavi, S. A. and Tabatabaie, F. (2008). Influence of ultrasonic stimulation on the germination of barley seed and its alpha-
amylase activity. African Journal of Biotechnology, 7(14): 2465-2471.

Yildiz, M., Beyaz, R., Gursoy, M., Aycan, M., Koc, Y. and Kayan, M. (2017). Seed Dormancy. In: Advances in Seed Biology, Ed(s): Jimenez-
Lopez, J. C., IntechOpen Publications, United Kingdom.

656



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2025, 22(3)

Zeng, Z., Liu, X., Deng, Q., Ashraf, U., Chen, J. and Shen, W. (2023). Transcriptome analysis revealed mechanisms involved in improved
germination and growth of sugarcane by ultrasonic treatment. Industrial Crops and Products, 192(2023): 1-13.

Zheng, Y., Jia, A., Ning, T., Xu, J., Li, Z., Jiang, G. 2008. Potassium nitrate application alleviates sodium chloride stress in winter wheat
cultivars differing in salt tolerance. Journal of Plant Physiology, 165: 1455-1465.

657



