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Novelty statement  : This study uses a one-way magnetic field with the magnetic flux density changing with time. The magnetic flux density changes with time, making the interaction force of the magnetic field with the surrounding material large even though the magnetic flux density used is relatively small. A magnetic field with a small magnetic flux density will reduce the heating of the seeds, thereby minimizing the occurrence of seed damage. Using a magnetic field that changes with time will shorten the treatment process. A magnetic field with a small flux density and a short treatment time will minimize side effects on the surrounding environment. 
This study also tested the impact of a magnetic field on plant resistance from the attack of the Fusarium oxysporum pathogen. Previous research reported that magnetic field treatment increased chlorophyll content in leaves. The chlorophyll content reveals the health of the plant. Healthy plants are more resistant to Fusarium oxysporum attacks. Therefore it can minimize the occurrence of crop failure.

Abstract
The availability of tomatoes in the market fluctuates; one of the causes is pest attacks. One of the efforts to overcome this is to give treatment to tomato seeds during the seeding process. This study aims to accelerate the growth of tomatoes and increase their resistance to the attack of Fusarium oxysporum  pathogens. The research sample was tomato seeds of the Timoty F1 variety. The treatment was carried out using a time-changing magnetic field (MF) with a frequency of 100 Hz and a magnetic flux density (MFD) of 0.0-0.5 mT. Treatment was carried out for 10 minutes every day and repeated for five days. The results showed that the treatment with a MFD of 0.3 mT made the time of emergence of sprouts faster, the number of seeds that germinated more, and the early flowering time was faster. Treatment with a MFD of 0.2 mT made plants grow faster and more resistant to the attack of the Fusarium oxysporum pathogen. Treatment using a MF with magnetic flux densities of 0.2 mT and 0.3 mT allowed plants infected with Fusarium oxysporum to grow and flower close to normal.
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Introduction

Tomato is a very much needed commodity, both for processed food and consumed directly. Tomatoes contain various phytochemicals, and the most well-known are locotenins, carotenoids, phenolics, antioxidants, moderate amounts of vitamin C, and small amounts of vitamin E (Hedges and  Lister, 2007). The many benefits cause tomatoes to become a commodity whose needs continue to increase. Various efforts have been made to increase production but are often constrained by climate change, pests, and diseases (Guner et al., 2009). These factors can cause a decrease in production quantitatively and qualitatively and can cause crop failure (Hanssen et al., 2010; Bhandari et al., 2021). One of the pests often encountered in tomato plants is the pathogen Fusarium oxysporum (López-Zapata et al., 2021 ; Ignjatov et al., 2012).
Fusarium oxysporum is a pathogenic microbe in the form of a fungus which is one of the factors in decreasing tomato production (Michielse and  Rep, 2009). Fusarium oxysporum is a soil-borne pathogen (Huang et al., 2015), which is very dangerous for plants. These pathogens can survive long in the soil in the form of chlamydospores (Bennett, 2012). The pathogen Fusarium oxysporum causes great harm to plants that are susceptible to the environment (Farahani-Kofoet et al., 2020). The losses caused by the microbial pathogen Fusarium oxysporum can reach 20% to 30%. Fusarium oxysporum can infect plants from the nursery phase and will cause plant death (Widyastuti et al., 2014).

Several methods are available to control diseases caused by the microbial pathogen Fusarium oxysporum. However, farmers generally prefer to use synthetic pesticides because they are more efficient and profitable. The use of synthetic pesticides is intended to make pathogenic microbes resistant or do not develop. However, the synthetic pesticides used generally contain synthetic chemicals such as organochlorines, organophosphates, and carbonates. Synthetic pesticides harm health and cause environmental pollution (Ali et al., 2021). Therefore, finding an efficient control method with minimal side effects is necessary.
Internal and external factors influence plant growth and development. Internal factors that affect plant growth and development are hormones and plant genes, while external factors include: light, water, planting medium, oxygen, and nutrients (Khan et al., 2015). Many studies have been carried out on the effects of magnetic fields on plant growth and development. MF treatment to promote plant growth is an environmentally friendly method with low side effects.
It has been previously reported that the stationary MF treatment affects maize (Florez et al., 2007), wheat (Pietruszewski and  Kania, 2010), and lentils (Aladjadjiyan, 2010). Previous researchers also reported that MF treatment could affect the characteristics of cell membranes, cell reproduction, cell metabolism, and plant characteristics such as mRNA quality, gene expression, protein synthesis, and enzyme activity (Hozayn et al., 2010).The provision of a MF affects the cell membrane structure, causing increased permeability and ion transport, which can affect metabolic pathways. Therefore, MF treatment involves plant growth. The MF affects stem length (wet and dry weight), roots (wet and dry weight), and leaf width of tomatoes in the vegetative phase, while in the generative phase, the MF affects the number of flowers and fruits per plant (De Souza et al., 2005). ). Increased plant growth due to a MF indicates that plants grow healthier. Healthy plants have the potential to be more resistant to Fusarium oxysporum  pathogen attack, so plants can still grow and flower.

The magnitude of the interaction force of MF with seed material depends on changes in the susceptibility and volume of seed material, MF, and MF gradient (Tao et al., 2020). Therefore, seed treatment was carried out in this study using MF, which changed with time and distance so that the resulting interaction force was more optimum. The optimum interaction style is expected to make tomato plants grow faster and more resistant to Fusarium oxysporum   pathogen attack.
This study aimed to find out the effect of changing magnetic fields on the time of emergence of sprouts, the number of germinated seeds, growth of stems, the time of initial emergence of flowers, and their resistance to attack by the pathogen Fusarium oxysporum .

Materials and Methods
Magnetic Field Source

The MF used to treat the tomato seeds was sourced from the Helmholtz coil. There are two Helmholtz coils used, and both are arranged parallel with a distance of 0.2 m between them. Each coil is then connected to a direct current source with a current that changes with time. The frequency of change is 100 Hz, resulting in an MF that varies with time with a frequency of change of 100 Hz.

Sample Preparation
The tomato seeds used as samples were the Timoty F1 variety produced by PT. East-West Seed Indonesia. Fusarium oxysporum isolates were obtained from the Southeast Asian Regional Center for Tropical Biology (SEAMEO BIOTROP) laboratory in Bogor. The weight of tomato seeds was chosen with almost the same weight, which is between 0.0025 - 0.0035 milligrams per seed. Samples were made into 12 groups, and each group had 20 seeds or replications.
Treat Using a Magnetic Field
Seeds that meet the criteria are soaked in distilled water for 15 minutes. Then the seeds were randomly grouped according to the treatment group and placed on a seedling tray filled with planting media. Treatment using MF was carried out with MFD from 0.0 mT to 0.5 mT. Each group was treated using MF for 10 minutes a day. The treatment was repeated for five days.
Planting

Seeds that have been sown and are seven days old from wetting are transferred to seedling polybags that have been filled with a mixture of soil and humus growing media in a ratio of 3:1. Plants are watered daily to maintain moisture. After the plants were 10 days old from transfer to seedling polybags, then the plants were transferred to 30 x 30 cm polybags filled with planting media. The planting medium used was a mixture of soil, manure, and roasted husks in a ratio of 1:1:1, which had been mixed evenly. Plants are watered once a day and every day in the morning. Plants were fertilized using NPK fertilizer once a week with a dose of 15 grams of NPK fertilizer dissolved in 5 liters of water, then poured 240 ml into each polybag. The planting site has an environmental temperature of 21-31oC and 79-82% air humidity.
Plant Infection with Fusarium oxysporum
Tomato plants were treated with a MF and grow roots; the following six sample groups were infected with the pathogen Fusarium oxysporum, which had been diluted to 10-7conidia/mL. Plant infection was carried out by root watering inoculation method using a micropipette of 1.0 ml per plant.
Statistical Analysis
Data on the time of emergence of germination, number of germination, growth of stems, and time of onset of flower emergence were analyzed using Analysis Of Variance (ANOVA) statistics to examine the difference in mean between treatment groups. The significance of the differences from each subsequent treatment was tested using Duncan Multiple Range Test (DMRT).
Results 
Sprouts Emergence Time
Table 1: Data on the emergence of sprouts and the number of germinated seeds
	Magnetic field
	Emergence time of sprouts
	Number of germinated seeds

	(mT)
	(hour)
	(%)

	 0.0 
	         71,38 ±1,07
	a
	              66,67 ±2,89
	a

	0.1 
	          55,65 ±3,01
	b
	              88,33 ±5,77
	b

	 0.2 
	          48,73 ±4,15
	b
	              95,00 ±5,00
	b,c

	 0.3 
	          28,80 ±1,20
	c
	            100,00 ±0,00
	c

	 0.4 
	          48,49 ±4,24
	b
	              91,67 ±2,89
	b,c

	 0.5 
	          50,97 ±4,05
	b
	              90,00 ±5,00
	b,c


Treatment using a MF at the time of seed germination can speed up the appearance of sprouts on tomato seeds. Table 1 shows that the seeds without MF treatment were 71.39 ± 1.07 hours after soaking, while the seeds treated with MFD 0.1 mT were 55.65 ± 3.01 hours. Treatment using MF with a flux density of 0.3 mT resulted in an optimum sprout emergence time of 28.8±4.15 hours after immersion or 42.59 hours faster than without MF treatment. Statistical analysis of the ANOVA test followed by the DMRT test results showed that the treatment using MF had a significant effect on the time of emergence of sprouts in tomato seeds with p( 0.05. Meanwhile, previous reports revealed that the treatment of alternating magnetic fields with magnetic flux densities ranging from 3 - 1000 G for 15 - 60 seconds accelerated the emergence of sprouts by about 1.1-2.8 times compared to untreated seeds (Iderawumi and  Friday, 2020 ).  The number and speed of germination of sunflower seeds increased by 5-9% when treated with MF 50-250 mT for 1 hour (Vashisth and  Nagarajan, 2010).

Number of Germinated Seeds
Table 1 shows the treatment effect using a MF on the number of germinating seeds. Without MF treatment, the number of germinated seeds was 66.67 ± 2.89%. Treatment using MF with 0.1 mT MFD made the number of seeds germinate as much as 88.33 ± 5.77%. Treatment using MFD of 0.3 mT made the number of seeds that germinated to the optimum, which was 100±0.00%. The statistical analysis results showed that the treatment used MFD 0.1 mT; 0.2 mT; 0.3 mT; 0.4 mT; and 0.5 mT had a significant effect (p(0.05) on the number of germinating seeds. A previous study reported that a 45 mT MF treatment for 15 minutes obtained the highest germination percentage, 92.2% (Kouchebagh and  Mirshekari, 2015). Different MF treatments generally increase the germination rate of pea seeds (Iqbal et al., 2012).
Plant Stem Growth 
Not Infected with Fusarium oxysporum

The MF treatment at the time of seed germination had an effect on stem growth so that the tomato stem height was different for each treatment group. Figure 1 shows tomato stem growth from 6 days to 30 days after planting into 30x30 cm polybags. The growth of tomato stems that were not treated with a MF was 43.27 ± 10.10 cm. Treatment using MF with an 0.1 mT MFD made tomato stems increase height by 53.51 ± 10.25 cm. Optimal stem growth occurred in seeds treated with 0.2 mT MFD, namely 65.28 ± 12.80 cm. The results of the statistical analysis showed that the treatment using an MFD of 0.2 mT had an effect of significant on the growth of tomato plant stems (p( 0.05), while the MFD was 0.1 mT, 0.3 mT, 0.4 mT, and 0, 5 mT the effect is not significant. Previous studies have reported that seeds treated with a MF experienced an increase in stem length and stem diameter (Gholami et al., 2010). Treatment of an extremely low-frequency MF with a MFD of 0.3 mT for 20 minutes made sesame stems 1.1 times higher than without treatment (Tirono et al., 2021).
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Fig. 1: Growth of stems at the age of 6-30 DAP due to MF treatment.

Infected with Fusarium oxysporum

Treatment using a MF during seed germination affects the growth of tomato plant stems infected with the Fusarium oxysporum pathogen. Figure 2 is a graph of tomato plant stem growth at the age of 6-30 days after being transferred to a 30 x 30 cm polybag and previously treated with a MF and infected with the pathogen Fusarium oxysporum. Plants not treated with a MF experienced a stem growth of 41.19±10.19 cm. The growth of stems of tomato plants treated using MFD of 0.1 mT was 46.29 ± 9.66 cm. Optimal plant stem growth occurred in plants treated with MF with a 0.2 mT MFD, 51.09 ± 7.93 cm. This growth indicates that the treatment using MF with a 0.2 mT MFD can still make tomato plants grow even though they are exposed to the attack of the Fusarium oxysporum pathogen. Statistical analysis showed that treatment using MF with an MFD of 0.2 mT had an effect of significant (p(0.05) on stem growth. A previous study reported that a 0.3 mT MF treatment on sesame seeds infected with Fusarium oxysporum wilt made the sesame stem height 1.85 times compared to no treatment (Tirono et al., 2021).
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Fig. 2: Growth of tomato stems aged 6-30 days with MF treatment during seeding and infected with Fusarium oxysporum after root growth.
Plant Stem Height Comparison
Figure 3 shows the stem height of tomato plants infected with Fusarium oxysporum and without infection. Plants infected with Fusarium oxysporum had lower stems than those not infected. The attack of the Fusarium oxysporum pathogen significantly reduced the growth of tomato plant stems, resulting in shorter stems. Treatment using a MF with a MFD of 0.1 mT and 0.2 mT could increase the growth of stems of plants infected with Fusarium oxysporum so that the stems were taller than plants that were not treated and not infected with Fusarium oxysporum. Plant height that was not treated with a MF and not infected with Fusarium oxysporum was 52.24 ± 10.65 cm, while the plant that was infected with Fusarium oxysporum and treated with a MFD of 0.1 mT and 0.2 mT was stem height, 53.19 ± 6.44 and 57.88 ± 8.89 cm, respectively. The 0.1 mT and 0.2 mT magnetic field treatments made tomato plants resistant to Fusarium oxysporum pathogen attack.
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Fig. 3: Stem height of tomato plants that were not infected and infected with Fusarium oxysporum at the age of 30 days after transplanting into polybag 30x30 cm.
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Fig. 4: The growth pattern of tomato stems aged 6-30 days due to 0-0.5 mT MF treatment.
Figure 4 shows the growth pattern of tomato plants at the age of 6-30 days, starting from the transfer of the plants to polybags measuring 30 x 30 cm and treated using a magnetic field. At 6-24 days, plant growth was not significantly different between those treated with a MF and those not treated.  At the age of 27-30 days, the growth of plants treated using MFD 0.2 mT was faster than other plants. While the treatment using MFD of 0.3 mT, 0.4, and 0.5 mT, plant height conditions until 30 days are almost the same as plants without treatment using a magnetic field. Therefore, 0.2 mT MFD has the potential to be used to accelerate tomato stem growth.

Infected with Fusarium oxysporum
Figure 5 shows the growth pattern of plants treated using a MF and infected with the pathogen Fusarium oxysporum.  At the age of 6-30 days, plant stems still grew, although slower than plants that were not infected with the Fusarium oxysporum pathogen. Treatment using MFD of 0.2 mT made plants grow faster at the age of 27-30 days compared to the group of plants treated using other MFD.  While treatment using MFD of 0.5 mT made plant stems grow slower than plants that were not treated using MF, which was as high as 47.3±7.55 cm at the age of 30 days, while without treatment was 48.08±9.23 cm. Therefore, a 0.2 mT MFD treatment made the plant maintain stem growth even though it was infected with the pathogenic Fusarium oxysporum disease.
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Fig. 5: The growth pattern of tomato stems aged 6-30 days due to MF treatment of 0-0.5 mT and infected with the pathogen Fusarium oxysporum
Flowering Time
Figure 6 is a graph of the effect of the MF on the time of emergence of tomato plant flowers, both infected and uninfected by the pathogen Fusarium oxysporum. The time of the initial appearance of flowers is calculated from the transfer to a 30 x 30 cm polybag. In plants without being infected with the pathogen Fusarium oxysporum, treatment using magnetic flux densities of 0.1 mT, 0.2 mT, 0.3 mT, and 0.4 mT had an effect of significant (p(.05) on the initial time of flower emergence from tomato plants. The initial time of flower emergence on plants without treatment using MF was 82±0.93 days, while those treated using 0.1 mT MFD was 74.30±4.40 days. The earliest time for the emergence of the fastest flowers occurred in tomatoes treated with 0.3 mT MFD, which was 66.7 ± 1.90 days or 15.3 days faster than without treatment using MF. The results of previous studies also reported that treatment of a 0.2 mT MF for 7 minutes 48 seconds accelerated the early appearance of flowers on tomatoes (Agustrina et al., 2018).
Plants infected with Fusarium oxysporum had a slower time of flower emergence than those without infection. However, MF treatment can speed up the initial time of flower emergence. Treatments using magnetic flux densities of 0.1 mT, 0.2 mT, and 0.3 mT could speed up the initial time of flower emergence, while treatments with magnetic flux densities of 0.4 mT and 0.5 mT could slow down the initial time of flower emergence, as shown in figure 6. The initial time of emergence of the earliest flowers occurred in seeds treated with 0,3 mT MFD, i.e., 76.9±1.46 days, while plants that were untreated with MF took 83.6±1.08 days. Therefore, the earliest time for flower emergence occurred from seeds treated with a 0.3 mT MFD, whether or not infected with the pathogen Fusarium oxysporum.
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Fig. 6: Time of emergence of flowers from tomato plants due to MF treatment.
Discussion
The use of time-varying MF with a frequency of 100 Hz for the treatment of tomato seeds during the growth process significantly affected growth from germination to flower appearance and the resistance of tomato plants to Fusarium oxysporum pathogen attack. The optimum of the time of emergence of germination and the number of germination occurred in the group of plants that received treatment with an MFD of 0.3 mT, namely 28.80 ± 1.20 hours of germination time and 100±0.00% of the number of germination. Optimum stem growth occurred in the plants that received treatment with MFD of 0.2 mT, 51.09 ± 7.93 cm, and 51.09 ± 7.93 cm, respectively, for plants that were not infected and infected with the Fusarium oxysporum pathogen. The fastest time to flower emergence occurred in plants that received treatment with MFD of 0.3 mT, both those infected with the Fusarium oxysporum pathogen and those not infected. The initial time of flower emergence was 66.7 ± 6.02 days and 83.6 ± 1.08 days, respectively, for those not infected with the Fusarium oxysporum pathogen and infected.
Treatment using MF causes polarization and shift of the water atoms used to soak the seeds so that the physicochemical properties of the water change, including decreased surface tension and increased viscosity (Cai et al., 2009). The ability of water to soak the seeds depends on the magnetic flux density. The previous report stated that seeds' mass absorption of water increased from 0.7 to 0.79 due to the treatment using stationary MF with a MFD of 0-10 mT for 8 hours (Reina et al., 2001). In addition, the MF treatment led to an increase in enzyme activity in the embryo (Braga Júnior et al., 2020). Changes in water absorption and increased enzyme activity in embryos caused the emergence of sprouts to change along with changes in the density of the applied magnetic field. It was also reported that the time of emergence of potato seed germination was faster, from 31.8 days to 14.0 days, due to the treatment using 150 mT MFD for 72 hours (Bahadir et al., 2020). This report is identical to the results of this study; namely, the MF treatment between 0.1 mT to 0.5 mT made the sprouting time faster.

After the seeds germinate, treatment with MF causes the lifespan of free radical ions to be longer because it induces an unpaired singlet-triplet electron transition which results in oxidative stress (Sahebjamei et al., 2007; Braga Júnior et al., 2020), resulting in cell reproduction, metabolism, cells, enzyme activity, and gene expression are affected (Belyavskaya, 2004). These conditions ultimately affect the stem growth of tomato plants so that the stem height varies depending on the applied MFD. This study found that the stem height of tomatoes that received treatment with MFD of 0.2 mT was 74.24 ± 12.19 cm, while those who did not receive MF treatment were 52.24 ± 10.65 cm at the age of 30 days after planting into the soil, Polybag measures 30 x 30 cm. Previous studies reported identical conditions, where treatment using MFD of 0.33T plant height increased from 4.18 cm to 5.25 cm when four weeks old (Fu, 2012). This study also found that the stem height of plants infected with the Fusarium oxysporum pathogen varied depending on the magnitude of the MFD applied during seed germination. This indicated that the 0.2 mT MF treatment increased the resistance of tomato plants to F. oxysporum pests. It has been reported that treatment using MF on seeds increased the occurrence of chemical reactions that had a positive effect on the photochemical activity of the plant, respiration ratio, and enzyme activity (Sahebjamei et al., 2007), thereby making the plant healthier.

Seed treatment using MF gave a very high stimulatory effect on cell propagation, development, and growth (Maffei, 2014) so that it could trigger faster flower emergence. Several previous studies also reported that giving MF treatment affected their productivity (Jamil et al., 2012; Aladjadjiyan, 2002) (Dardeniz and  Yalcin, 2007). Therefore, this study reported that treatment using a MF with a 0.3 mT MFD made plants flower faster, whether plants were infected with Fusarium oxysporum or not.
Conclusion
Seed treatment using a MF that changes with time at the beginning of growth affects the growth of tomato plants and their resistance to attack by the pathogen Fusarium oxysporum. Treatment with a MFD of 0.3 mT made the time of emergence of sprouts, the number of germination, and the time of flower emergence to be optimum. Treatment with a 0.2 mT MFD made tomato stem growth optimum even though it was infected with the Fusarium oxysporum pathogen. The attack of the Fusarium oxysporum pathogen on tomatoes made plants grow and flower more slowly, but with treatment using a magnetic field, the plants could still survive.
Acknowledgment
Funding for this research received assistance from the Directorate of Islamic Higher Education, Ministry of Religion of the Republic of Indonesia through research and community service institutions, State Islamic University of Maulana Malik Ibrahim, Malang. Therefore, we would like to thank the Minister of Religion and his staff and the research and community service institutions of the State Islamic University of Maulana Malik Ibrahim Malang.
References

Agustrina  R, E Nurcahyani,  B Irawan (2018). Tomato Generative Growth from the Seeds Exposed to 0,2 mT of Magnetic Field and Infected by Fusarium sp. Journal of Physics: Conference Series, 1116(5) : 0–7. 

Aladjadjiyan A (2002). Study of the Influence of Magnetic Field on Some Biological Characteristics of Zea Mais. Journal of Central European Agriculture 3(2): 89–94. 

Aladjadjiyan A  (2010). Influence of stationary magnetic field on lentil seeds. International Agrophysics 24: 4.

Ali S, MI Ullah,  A Sajjad, Q Shakeel, A Hussain (2021). Environmental and Health Effects of Pesticide Residues. January, 311–336. 

Bahadir  A, NK Sahin, R Beyaz, M Yildiz (2020). Magnetic field effect on breaking tuber dormancy, early sprouting, seedling growth, and tuber formation in potato (Solanum tuberosum L.). ScienceAsia46(5): 619. 
Belyavskaya NA (2004). Biological effects due to weak magnetic field on plants. Advances in Space Research 34(7) :1566–1574. 
Bennett  RS  (2012). Survival of Fusarium oxysporum f. sp. vasinfectum Chlamydospores Under Solarization Temperatures  Plant Disease 96(10) :1564–1568.

Bhandari R, N Neupane, DP Adhikari (2021). Climatic change and its impact on tomato (lycopersicum esculentum l.) production in plain area of Nepal. Environmental Challenges 4(April): 100-129. 
Braga Júnior RA, RL de Azevedo, RM Guimarães ,  LV Reis (2020). Magnetic field in coffee seed germination. Ciencia E Agrotecnologia 44:1–10. 
Cai R, H Yang, J He,  W Zhu (2009). The effects of magnetic fields on water molecular hydrogen bonds. Journal of Molecular Structure 938(1–3): 15–19. 

Dardeniz A, S Yalcin (2007). Influence of Low-Frequency Electromagnetic Field on the Vegetative Growth of Grape Cv. Uslu. Journal of Central European Agriculture 7(3): 389–396.

De Souza  A,  D García, L Sueiro, L Licea, E Porras (2005). Pre-sowing magnetic treatment of tomato seeds: effects on the growth and yield of plants cultivated late in the season. Spanish Journal of Agricultural Research 3(1): 113. 

Farahani-Kofoet RD, KWitzel, J Graefe,  R Grosch, R Zrenner (2020). Species-specific impact of Fusarium infection on the root and shoot characteristics of asparagus. Pathogens 9(6): 1–20

Florez  M., M Carbonell, , E Martinez (2007). Exposure of maize seeds to stationary magnetic fields: Effects on germination and early growth. Environmental and Experimental Botany 59(1) : 68–75. 

Fu E (2012). The effects of magnetic fields on plant growth and health. Young Scientists Journal 11: 38-41. 

Gholami A, S Sharafi, H Abbasdokht (2010). Effect of magnetic field on seed germination of two wheat cultivars. World Academy of Science, Engineering and Technology 38(X): 127–130.

Guner U, B Akbas, D Oksal, K Degirmenci (2009). Abiotic diseases of tomato plants (Lycopersicum esculentum L.) in ankara and eskisehir provinces. Acta Horticulturae 808(January) : 423–430. 
Hanssen IM, M Lapidot, Thomma BPH J (2010). Emerging viral diseases of tomato crops. Molecular Plant-Microbe Interactions 23(5): 539–548. 
Hedges LJ,  CE Lister (2007). Nutritional attributes of herbs. Crop and Food Research 1891: 89. 
Hozayn,M, AM Saeed, A Qados (2010). A Magnetic water application for improving wheat (Triticum aestivum L.) crop production. Agriculture and Biology Journal of North Americ 1 : 677–682. 

Huang XQ, T Wen, JB Zhang, L Meng, TB Zhu, LL Liu, ZC Cai (2015). Control of soil-borne pathogen Fusarium oxysporum  by biological soil disinfestation with incorporation of various organic matters. European Journal of Plant Pathology 143(2): 223–235. 

Iderawumi AM,  CE Friday (2020). Effects of Magnetic Field on Pre-Treament of Seedlings and Germination. Journal of Agriculture and Research 6(9): 9.

Ignjatov M, D Milosevic, Z Nikolic, J Gvozdanovic-Varga, D Jovicic, G Zdjelar, (2012). Fusarium oxysporum as causal agent of tomato wilt and fruit rot. Pesticidi I Fitomedicina 27(1): 25–31. 

Iqbal M, D Muhammad, Zia-ul-Haq, Y Jamil,  MR Ahmad (2012). Effect of pre-sowing magnetic field treatment to garden pea (Pisum sativum L.) seed on germination and seedling growth. Pakistan Journal of Botany 44(6): 1851–1856.

Jamil Y, Z Ul Haq, M Iqbal, T Perveen,  N Amin (2012). Enhancement in growth and yield of mushroom using magnetic field treatment. International Agrophysics 26(4): 375–380. 

Khan MIR, ATrivellini,  M Fatma, A Masood, A Francini,, N Iqbal, A Ferrante,  NA Khan (2015). Role of ethylene in responses of plants to nitrogen availability. Frontiers in Plant Science, 6(OCTOBER): 1–15. 

Kouchebagh SB, B Mirshekari (2015). Seed Germination and Yield of Tomato (Lycopersicum esculentum Mill.) as Affected by Physical Priming Techniques. J. Appl. Environ. Biol. Sci 5(2): 120–125. 

López-Zapata SP, DJ García-Jaramillo, WR López, N Ceballos-Aguirre (2021). Tomato (Solanum lycopersicum L.) and Fusarium oxysporum f. sp. lycopersici interaction. A review. Revista U.D.C.A Actualidad and Divulgacion Cientifica 24(1): 1–11. https://doi.org/10.31910/rudca.v24.n1.2021.1713

Maffei ME (2014). Magnetic field effects on plant growth, development, and evolution. Frontiers in Plant Science 5(SEP): 1–15. 

Michielse CB, M Rep (2009). Pathogen profile update: Fusarium oxysporum. Molecular Plant Pathology 10(3): 311–324. 

Pietruszewski S, K Kania (2010). Effect of magnetic field on germination and yield of wheat. International Agrophysics 24(3):297-302.
Reina  FG, LA Pascual, IA Fundora (2001). Influence of a stationary magnetic field on water relations in lettuce seeds. Part II: Experimental results. Bioelectromagnetics 22(8): 596–602. 

Sahebjamei H, P Abdolmaleki,  F Ghanati (2007). Effects of magnetic field on the antioxidant enzyme activities of suspension-cultured tobacco cells. Bioelectromagnetics 28(1):  42–47. 

Tao Q, L Zhang, X Han, H Chen, X  Ji,  X Zhang (2020). Magnetic Susceptibility Difference-Induced Nucleus Positioning in Gradient Ultrahigh Magnetic Field. Biophysical Journal 118(3): 578–585. 
Tirono, M., FS Hananto, Suhariningsih,  VQ Aini (2021). An effective dose of magnetic field to increase sesame plant growth and its resistance to Fusarium oxysporum  wilt. International Journal of Design and Nature and Ecodynamics 16(3): 285–291. 

Vashisth A,  S Nagarajan (2010). Effect on germination and early growth characteristics in sunflower (Helianthus annuus) seeds exposed to static magnetic field. Journal of Plant Physiology 167(2): 149–156. 

Widyastuti SM, M Christita, Harjono,  S Christanti (2014). The infection process of Fusarium subglutinans in Pinus merkusii Seedlings. Agrivita 36(2):134–145. 

