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This study was conducted to assess the impact of magnetopriming on seed germination, 
root and shoot length in six vegetable species: tomatoes, peppers, onions, cauliflowers, 
cabbages, and carrots. The seeds of the first three species were exposed to 
magnetopriming for approximately 5 minutes at 15-17 mT, while the remaining species 
underwent a 15-minute room temperature treatment. Magnetopriming was found to be 
more effective in enhancing regular germination across all species. Although the 
improvements observed in tomatoes, cabbages, and carrots were not statistically 
significant (p<0.05), it increased regular germination percentages by 8-14% in all species. 
The most significant benefit from the treatment was observed in onions, with a 14% 
increase, while the lowest enhancement was recorded in cabbages and tomatoes as 8%. 
While the mean germination time increased significantly for onions, it remained 
unchanged for the other species. Additionally, magnetopriming significantly (p<0.05) 
influenced the shoot and root lengths of seedlings in all species. The most substantial 
improvement in shoot length was observed in tomatoes and onions, with an increase of 
1.4-1.3 cm, while the maximum enhancement in root length was found in cabbages and 
tomatoes, increasing by 3.5-2 cm, respectively. The results indicate that magnetopriming 
not only improves germination but also significantly enhances the potential for root and 
shoot growth in these vegetable species. 
 

ÖZET 

Bu çalışma, magnetopriming’in altı sebze türünde (domates, biber, soğan, karnabahar, 
lahana ve havuç) tohum çimlenmesi, kök ve sürgün uzunluğu üzerindeki etkisini test etmek 
amacıyla yapılmıştır. Tohumlar 15-17 mT ile türlerin ilk üçünde yaklaşık 5 dakika ve geri 
kalan türlerde 15 dakika oda sıcaklığında işleme tabi tutulmuştur. Magnetopriming normal 
çimlenme üzerinde daha etkili bulunmuştur. Domates, lahana ve havuçta önemli olmasa 
da (p<0.05), tüm türlerde normal çimlenme yüzdelerini %8-14 arasında artırmıştır. 
Uygulamadan en büyük fayda %14 ile soğanda, en düşük ise %8 ile lahana ve domateste 
elde edilmiştir. Ortalama çimlenme süresi soğanda önemli ölçüde artarken diğerlerinde 
artmamıştır. Magnetopriming tüm türlerde fidelerin sürgün ve kök uzunluklarını önemli 
ölçüde (p<0.05) etkilemiştir. Sürgün uzunluğunda en büyük avantaj 1,4-1,3 cm olarak 
domates ve soğanda görülmüştür. Kök uzunluğunda avantaj en fazla lahana ve domateste 
3,5-2 cm olarak etki etmiştir. Sonuçlar, magnetopriming’in bu sebze türlerinde sadece 
çimlenmeyi değil aynı zamanda fide kök ve sürgün büyüme potansiyelini de geliştirdiğini 
göstermiştir. 
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INTRODUCTION 

 

Seed germination is a critical stage of plant production. Slow and inconsistent germination resulted in non-uniform 

and smaller plants. Deterioration reduces seed vitality and causes its loss. Various physiological seed primings and 

enhancement treatments, such as osmopriming, hydropriming, halopriming, and solid matrix priming, are used to 

improve germination performance by hydrating the seeds (Kataria et al., 2019; Waqas et al., 2019). However, 

primed seeds reach high moisture contents during treatment and needed to be dried for safe storage of seed 

moisture contents (i.e. 7-8%) and have to be sown soon after the treatment. In many cases, primed seeds do not 

survive long in storage they may deteriorate faster than untreated batches when storage conditions are adverse 

(Argerich et al., 1989; Fabrissin et al., 2021). There are several physical seed-enhancing treatments, such as 

magnetopriming, UV treatments, and chlorophyll fluorescence, in which seeds are not imbibed and treated in a dry 

state. Therefore, seeds do not need to get dry or be stored. The agricultural industry has embraced the use of 

magnetic field treatment for seeds. Magnetopriming, a pre-sowing seed treatment involving a non-destructive and 

dry seed priming process, has been found to boost the germination rate and seedling vigour of multiple crops, 

according to several studies (Shine et al., 2011; Bhardwaj et al., 2012; Kataria et al., 2015; Xia et al., 2020; Sari et 

al., 2023). Kataria et al. (2019) reported that priming of the seed with a magnetic field (MF) may give an alternative 

method for improving seed germination and vigour. It was reported that MF-treated seeds/plants beyond the 

germination rates have high cell proliferation capacity, increased photosynthetic pigments, and performance of the 

photosystem and mitigating the adverse effects of salt, water, and UV-B stress (Dhawi et al., 2014; Baghel et al., 

2016). However, getting maximum efficiency from MF depends on various factors, such as exposure period, species, 

cultivar, age, ploidy, and complexity of the target organ or tissue (De Micco et al., 2014). The disadvantage of the 

method is the need to precisely adjust the exact treatment conditions for seeds of each species, cultivar, or even 

seed lot (Holubowicz, 2014). 

Fast germination in vegetables is necessary not only for successful stand establishment in the field (Ozden et al., 

2021) but also in modules for transplant production (Demir et al., 2008). Some reports faster-germinating seed lots 

produce well-developed seedlings (Ermis et al., 2016). One of the primary goals of seed treatments is to improve 

germination, seedling development, and uniformity (Thakur et al., 2022). Researchers have previously hypothesized 

that magnetopriming is promising as it stands out as an efficient, clean, and affordable technique that promotes 

both plant resistance and high productivity. The study’s main objectives were to confirm the earlier data about the 

positive effect and to find out if MF could improve both seeds germination rate shoot and root length in seeds of 

tomato, pepper, onion, cauliflower, cabbage, and carrot.  

 

MATERIALS and METHODS 

 

Sample collection and preparation 

The seeds of tomato (Solanum lycopersicum cv. SC-2121), pepper (Capsicum annuum L. Cv. Sera Demre), onion 

(Allium cepa cv. Karbeyazı), cauliflower (Brassica oleracea var. Botrytis. Cv. İgloo), cabbage (Brassica oleracea var 

capitata cv. Yalova 1) and carrot (Daucus carota L. Cv. Nantes Scarlet) were obtained from commercial seed 

companies. 

 

Magnetopriming treatment 

Magnetopriming was performed by using the electromagnetic tool as shown in Figure 1. Magnetic treatment at a 

strength of 15-17 mT was applied to the seeds for 5 minutes for tomato, pepper, and onion seeds and 15 minutes 

for cauliflower, cabbage, and carrot seeds. The optimum duration of the treatment was determined by the 

preliminary work that had been conducted earlier. Untreated seeds were considered a control. 

http://dergipark.gov.tr/mkutbd
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Figure 1. Magnetopriming was performed by using the electromagnetic tool. For magnetopriming the seeds 

(tomato, pepper, onion about 5 minutes and cauliflower, cabbage and carrot about 15 minutes) are kept in the 

pole gap of the magnet at 15-17 mT intensity 

Şekil 1. Tohumlarda magnetopriming işlemi, elektromıknatıs kullanılarak gerçekleştirilmiştir. Magnetopriming 

uygulaması için tohumlar (domates, biber, soğan için yaklaşık 5 dakika; karnabahar, lahana ve havuç için yaklaşık 

15 dakika) manyetik alanın şiddeti 15-17 mT olan manyetik kutuplar arasında tutulmuştur 

 

Germination tests 

This study was conducted in 2022 at the Seed Science and Technology Laboratory, located within the Department 

of Horticulture at the Faculty of Agriculture, Ankara University. Standard laboratory germination tests of treated 

and control seeds were conducted immediately after the treatment on three replicates of 50 seeds. Seeds were 

placed between wet filter paper (10 ml distilled water, 20x20 cm, Filtrak, Germany). Papers were then placed in 

plastic bags. Germination tests were carried out at 20°C for onion, cauliflower, cabbage, and carrot and at 25°C for 

tomato and pepper in the dark. Standard germination was evaluated after 14 days for tomato, pepper, carrot, 

cauliflower, and cabbage after 12 days for onions. Seeds producing a 2 mm radicle were counted every day at the 

same time as having germinated and considered total germination (TG). At the final count, normal seedling 

percentages (NG, well-developed seedlings) were determined. At the end of the germination test, each species' 

root and shoot lengths of 40 seedlings (10 seedlings x 4 replicates) were measured as cm/plant in the treated and 

control seed batches. 

Using the daily radicle emergence counts, the mean germination (MGT) was calculated for each treated and control 

lot in each species using the formula cited by Ellis and Roberts (1980): 

𝑀𝐺𝑇 =  
∑ 𝑛. 𝑡

∑ 𝑛
  

where n=number of seeds newly germinated at time t; t=days from sowing, and Σn = final emergence. 

 

Statistical analysis 

Means of total and normal germination percentages, mean germination time, shoot and root length in treated and 

control seeds in each species were compared by Duncan’s multiple range tests by using the SPSS package program 

at the significance 5% level. Before the analyses, the percentages were angular transformed. 

 

http://dergipark.gov.tr/mkutbd
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RESULTS AND DISCUSSIONS 

 

Pre-treatment range total germination was between 77 and 100% and normal germination was between 62 and 87 

% among the species being the highest in onion and the lowest in pepper and tomato (Table 1). 

 

Table 1. Changes in total (TG, %), normal germination (NG, %) and seed moisture content of vegetable species that 

were used in the study 

Çizelge 1. Çalışmada kullanılan sebze türlerinin toplam (TG, %), normal çimlenme (NG, %) ve tohum nem içeriğindeki 

değişiklikler 

Species TG (%) NG (%) Seed m.c. (%) 

Tomato 79d 62d 8.1 

Pepper 77d 62d 7.6 

Onion 100a 87a 8.8 
Cauliflower 86c  64cd 5.5 
Cabbage 93b 78b 6.5 
Carrot 79d 71bc 8.7 

 

Magnetopriming increased total germination percentages compared to those of control in all species of seeds 

except pepper, which varied between 6 % in onion and cabbage and 11 % in carrot (Figure 2). While the differences 

were greater in normal germination percentages even though statistically not significant in all species. The greatest 

and most significant differences were observed in pepper and cauliflower seeds as %10 and onion as %14 seeds 

(Figure 3). The mean germination time was shorter in treated seeds, but the difference was only significant (p<0.05) 

in onions but not in the others (Table 2). 

 

Figure 2. The effect of magnetopriming on the total germination of tomato, pepper, onion, cauliflower, cabbage 

and carrot species. (*: p<0.05, ns: not significant) 

Şekil 2. Magnetopriming uygulamasının domates, biber, soğan, karnabahar, lahana ve havuç türlerinin toplam 

çimlenmesi üzerindeki etkisi. (*: p<0.05, ns: önemli değil) 
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Table 2. Changes in mean germination time (day) in control and treated seeds 

Çizelge 2. Kontrol ve uygulama yapılan tohumlardaki ortalama çimlenme zamanındaki değişiklikler (gün) 

Species Control Treated 

Tomato 4.0±0.5 3.9±0.8 ns 
Pepper 5.2±0.5 5.0±0.5 ns 
Onion 3.5±0.1 3.3±0.1* 
Cauliflower 2.9±0.5 2.5±0.6 ns 
Cabbage 2.3±0.5 2.2±0.6 ns 

Carrot 4.8±0.4 4.5±0.6 ns 

 

Several studies (Martinez et al., 2000; Houbowicz et al., 2014; Xia et al., 2020) have shown that magnetic stimulation 

has a beneficial effect on the ability of seeds from various plant species to germinate. Yet the results show that the 

influence of the magnetic field depends not only on the magnetic induction levels used but also on the kinds of 

seeds (plants) that are stimulated (Sarraf et al., 2020). Our results agreed with this assumption that some species 

respond more than others. Treated onion seeds had higher normal seedling percentages (14%) than tomatoes and 

cabbages (8%) compared to control seeds (Figure 3).  

 

Figure 3. The effect of magnetopriming on the normal germination of tomato, pepper, onion, cauliflower, 

cabbage and carrot species. (*: p<0.05, ns: not significant) 

Şekil 3. Magnetopriming uygulamasının domates, biber, soğan, karnabahar, lahana ve havuç türlerinin normal 

çimlenmesi üzerindeki etkisi. (*: p<0.05, ns: anlamlı değil) 

 

This obviously shows that plant species respond differently to magnetopriming treatments. The necessity for 

precise adjustment of treatment conditions for seeds of each species or even a cultivar was reported as one of the 

main disadvantages of magnetopriming (Xia et al., 2020). Some of the reports indicated that the influence of 

magnetic field treatments depends on the exposition time of samples and the pre-history of the samples 

(Aladjadjiyan, 2007). Paramagnetic properties of the tissues so their absorption level of the magnetic field can vary 

among the species due to metabolically active tissues of the plant cells such as free radicals. Free radicals play an 

important role in electron transfer and in the kinetics of the chemical reactions which may be changed relatively 

50

60

70

80

90

100

Tomato Pepper Onion Cauliflower Cabbage Carrot

N
o

rm
a

l
G

er
m

in
a

ti
o

n
 (

%
)

Species

Control Treated

ns *

*

*

ns ns

http://dergipark.gov.tr/mkutbd


MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2023, 28(3): 557-567 Araştırma Makalesi / Research Article 

 

562 

from seed to seed in the same seed batch. As a result of the interaction between the external magnetic field of 

unpaired electrons, the energy was absorbed (Shine and Guruprasad, 2012). Then it was transformed into chemical 

energy and induced the vital processes in seeds. The mechanism of energy absorption by molecules can be 

influenced not only by the strong and the weak magnetic fields but also can be variable due to the chemical 

composition of the seeds (Galland and Pazur, 2005). Our results indicated that the magnetopriming effect on 

normal seedling emergence (i.e. well-developed root and shoot-structured seedlings) was more prominent than 

total germination (i.e. 2 mm radicle emergence) (Figure 3). Total germination percentages are based on radicle 

protrusion, but not all radicle protruded seeds may form normally developed seedlings. Standard laboratory 

germination tests were based on normally developed seedling percentages in seed testing laboratories (ISTA, 2021). 

Because normal seedlings were described as complete and have a higher potential to produce healthy and strong 

seedlings in sowing conditions. The mechanism by which plants perceive magnetopriming and regulate the signal 

transduction pathway is not fully understood. While it has been proposed that MF perception/signaling in plants is 

mediated by the blue light photoreceptors, along with reactive oxygen species (ROS) and nitric oxide (NO) are the 

signaling molecules for magnetopriming induced seed germination (Sarraf et al., 2020). 

As a result of the interaction between MF and ionic current in the membrane of the embryo cell, changes in ionic 

concentrations and osmotic pressure occur on both sides of the membrane (Yaycili and Alikamanoglu, 2005). These 

effects are related to other physiological impacts. The reason why magnetoprimed seeds germinate more quickly 

than unexposed seeds is that magnetotreated seeds showed faster hydration of macromolecules and membranes, 

as well as higher activity of enzymes like -amylase and nitrate reductase during seed germination (Moon and Chung, 

2000; De Souza et al., 2014). 

Magnetopriming increased seedling shoot length significantly (p<0.05) in all species without exception. The greatest 

difference between treated and control seedlings was observed in tomato and onion as 1.4-1.3 cm respectively. 

While the difference was the smallest in pepper seedlings at 0.2 cm (Figure 4, Figure 6). Pepper shoot lengths were 

the shortest seedlings of all species. Similarly, root length was affected by the treatment significantly (p<0.05) in all 

species (Figure 5). The greatest differences were observed in cabbage seedlings at 3.5 cm followed by tomato 

seedlings at 2 cm. The difference in onion was the smallest at 0.5 cm. Onion root lengths were the shortest among 

all the species. The early appearaence of the radicles and longer root and shoot systems in the seedlings of these 

vegetable species may help with stand establishment in the field or transplant production in the greenhouse (Demir 

et al., 2020). Stronger root and shoot systems can contribute to greater adaptation and resistant response to abiotic 

and biotic stress conditions. We have not tested the seedling growth of MF seeds under the field in this work, but 

results in lettuce, tomato, and onion seeds showed that MF-treated seeds had higher emergence and stronger 

seedlings (De Souza et al., 2008; 2010; 2014; Sari et al., 2023). Increased seedling height in response to MF may 

also be implicated in the production of better-sized transplant production which is used in these vegetable crops 

(Thakur et al., 2022) in the Horticulture industry. On that matter, we should mention that MF treatments have also 

proved beneficial to impact tolerance to plants from abiotic stresses that seeds may encounter during germination 

(Mridha et al., 2016; Baghel et al., 2016) which may be helpful to produce better transplants under stressful 

environments. Despite numerous research papers on the positive effect of magnetopriming, questions about its 

effect on seeds were unanswered. How plants regulate their physiological processes in response to 

magnetopriming will need to be addressed in future studies. 
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Figure 4. The effect of MT on tomato, pepper, onion, cauliflower, cabbage and carrot species’ shoot length (cm) 

Şekil 4. Magnetopriming uygulamasının domates, biber, soğan, karnabahar, lahana ve havuç türlerinin sürgün 

uzunluğu (cm) üzerindeki etkisi 

 

Figure 5. The effect of MT on tomato, pepper, onion, cauliflower, cabbage and carrot species’ root length (cm) 

Şekil 5. Magnetopriming uygulamasının domates, biber, soğan, karnabahar, lahana ve havuç türlerinin kökçük 

uzunluğu (cm) üzerindeki etkisi 
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Figure 6. Tomato (A), pepper (B), onion (C), cauliflower (D), cabbage (E) and carrot (F) of magnetoprimed (MT) 

and control (C) seedlings 

Şekil 6. Domates (A), biber (B), soğan (C), karnabahar (D), lahana (E) ve havuç (F) tohumlarına manyetik alan 

uygulanmış(MT) ve kontrol (C) fideleri 

 

As a result, suitable ratio of MF intensity to exposure time is necessary to improve seed germination, crop 

productivity, and development. Many studies have demonstrated that its beneficial effects can increase root and 

shoot length and seed germination. One of the simplest, most effective, non-invasive ways to increase seed vigour 

is the magnetopriming of seeds. Under both normal and stressful circumstances, magnetoprimed seeds germinate 

more quickly and perform well. Magnetopriming was found as more effective on normal germination. Exposure of 

pepper, onion and cauliflower seeds to magnetic fields 15-17 mT about 5 and 15 minutes significantly increased 

normal germination compared to unexposed controls under controlled conditions. The shoot and root length of 

seedlings were significantly (p<0.05) impacted by magnetopriming. All of these studies have emphasized the need 

for additional research to increase our understanding of the seed varieties responsible for accelerating seed 

germination, increasing seedling vigour, and increasing the photosynthetic ability of magnetoprimed seeds. 

Therefore, it is necessary to work with magnetopriming, especially in seeds of different species. 
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