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ABSTRACT
The experiment was conducted to study the varietal performance of French bean (Phaseolus vulgaris L.) and the impact of magneto-priming on their seeds by exposing the seeds to a magnetic field strength of 200 mT for 60 minutes on the terrace of the Shri Vaishnav Institute of Agriculture, Shri Vaishnav Vidyapeeth Vishwavidyalaya, Indore during the rabi season of 2022. Treatment with magnetic fields improved germination-related parameters like, germination %, hypocotyl length, root length and weight of seedling of French bean seeds under laboratory conditions. Improvement over untreated control was 15–25 % for germination percent, 16-50 % for hypocotyl length, 5–28 % for root length, 2-44 % for weight of seedling, 27-40% for leaf area, 0-15 % for plant height, 10-44% for leaf fresh weight, 5-45% for stem fresh weight, 6-35% for root fresh weight, 9-43% for total fresh weight, 6-36% for leaf dry weight, 7-38% for stem dry weight, 6-18% root dry weight, 2-34% for total dry weight respectively. further explored for their effect on plant growth like leaf area, plant height, leaf fresh weight, stem fresh weight, root fresh weight, leaf dry weight, stem dry weight and root dry weight content under field conditions. Among different growth parameters, leaf area, plant height, leaf fresh weight, stem fresh weight, root fresh weight, total fresh weight, leaf dry weight, stem dry weight, root dry weight and total dry weight showed maximum enhancement in 1-month-old plants. We report here the beneficial effect of pre-sowing magnetic treatment for improving germination parameters and biomass accumulation in French bean. 
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INTRODUCTION
	In the modern agriculture of the 21st century, increasing attention has been paid to the productive growth of cultivated plants which are also environmentally safe. Studies carried out show that the application of high quality, specially prepared seed is an important, yet still underestimated, yield-forming factor in the cultivation of many species of agricultural plants. In the treatment of seeds prior to sowing, chemical methods are frequently applied which consist mainly in treating the seed with various chemicals. These methods are recognised as harmful for the environment because they are not selective in respect of wildlife although the agro chemicals introduced are often very efficient. Nowadays, with the proposal of the rational use of agricultural land, greater importance is attributed to some physical methods of the pre-sowing treatment of seeds [3,5,7,10,12] which are commonly regarded as being friendlier to the environment. These physical factors often only modify the course of some physiological processes in the seeds, which increases their vigour and contributes to the improved development of the plant [1,2,11]. Special attention should be paid to the magnetic field which can stimulate some processes occurring in the seeds and plants [6,8,9]. So far only limited research has been conducted on this issue concerning mainly cereals and root crops. This problem may be very important for legume cultivation because these plants are characterised by their low and rather variable seed yield over the years [4]. The aim of the research undertaken was to determine the influence of the magnetic treatment of seeds on the
development and yield of the French bean under experimental plot conditions.

MATERIALS AND METHODS
	The seeds of French bean (Phaseolus vulgaris L.) were collected from the premier Institute of India. The experiments were conducted on the terrace of the Shri Vaishnav Institute of Agriculture, SVVV, Indore during November 2022 to December 2022 under the ambient environmental conditions. Plants were watered daily until the end of experiments. The seeds of uniform size and shape were sown in plastic pots (30 cm x 30 cm) filled with a mixture of thoroughly soil, sand and farm-yard manure in the proportion of 2:2:1 by volume. An electromagnetic field generator ‘‘Testron EM- 20’’ with variable horizontal magnetic field strength (50–500 mT) with a gap of 5 cm between pole pieces was fabricated (Academy of Embedded Technology, New Delhi, India). French bean seeds were exposed to a static magnetic field of 200 mT (1 hrs.) in a cylindrical shaped sample holder of 42 cm3 capacity, made from a non-magnetic thin transparent plastic sheet. Hundred visibly sound, mature healthy seeds held in the plastic container were placed between the poles of the electromagnet under a uniform magnetic field for treatment by the procedure described by Vashisth and Nagarajan. Growth parameters such as shoot length, root length, plant height, leaf area, fresh weight, and dry weight were studied in 1-month-old plants. Shoot length was measured from the soil line to shoot tip. Separate the root from the top (cut at soil line) and record the root length for each plant. The plant height was measured from ground level to the tip of the plant at 30 days after sowing. The plant height was measured with the help of metre scale and average was computed and expressed in centimetres. The area of the leaf was taken by press in the leaf on millimeter graph paper and tracing the exact outline. The fresh weight of seedlings was measured with the help of electronic balance and average was computed and expressed in gram. For dry weight determination, plant parts were dried in an oven at 650 C for 24 hrs and average was computed and expressed in gram. 

Statistical analysis
Standard error of mean (S.Em.)
It is the measure of the mean difference between sample estimate of mean (`x) and the population parameter (μ) i.e. it is the measure of controlled variation present in a sample and is denoted by S.Em.
S.Em.  MSe/ r       
Where,
MSe = Mean error variance
r = Number of replications

RESULTS AND DISCUSSION
	Among the 12 varieties of french bean, the germination % of Arjun increases by 50 %, followed by Malgudi (25 %), and Suguni (14.28 %) for treated seeds compared with the control at a dose rate of 200 mT/1hr.	The hypocotyl length was recorded highest of 9.88 cm in the control whereas 11.15 cm in magnetic treatment. Among the 12 varieties of french bean, the hypocotyl length of Arjun increases by 137.12 %, followed by Falguni (131.48 %), Arka Suvidha (49.64 %), Funkundi (32.15 %), Arka Arjun (16.10 %), Serengeti (12.85 %), Poorva (11.24 %) and Arka Komal (5.54 %) for treated seeds compared with the control at a dose rate of 200 mT/1hr. The root length of the young plant was a maximum of 10.68 cm in the control whereas 11.22 cm in magnetic treatment. The control and magnetic treatment of the twelve French bean varieties are shown in Table 1.





Table 1: Impact of magneto priming on French bean seeds under laboratory conditions.
	Varieties
	Germination %
	Hypocotyl length (cm)
	Root length (cm)
	Weight of seedling (g)

	
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.

	Arka Suvidha
	100
	100
	2.80
	4.19
	5.63
	5.96
	0.90
	1.15

	Arka Komal
	100
	90
	3.79
	4.00
	10.33
	7.00
	1.18
	1.23

	Arka Sharath
	100
	90
	4.18
	3.73
	10.65
	7.83
	0.80
	0.92

	Arka Arjun
	100
	90
	4.16
	4.83
	10.68
	11.22
	0.77
	0.88

	Phule Suyash
	100
	100
	2.89
	1.21
	4.38
	4.10
	1.26
	0.85

	Suguni
	70
	80
	6.90
	5.42
	4.20
	4.60
	1.00
	0.78

	Falguni
	80
	40
	2.61
	5.45
	5.42
	3.70
	0.51
	0.73

	Funkundi
	90
	60
	2.27
	3.0
	2.74
	3.50
	0.65
	0.66

	Serengeti
	100
	80
	9.88
	11.15
	12.25
	6.65
	0.74
	0.83

	Poorva
	80
	60
	5.96
	6.63
	10.47
	7.71
	0.70
	0.64

	Arjun
	40
	50
	1.67
	3.96
	3.17
	3.98
	0.57
	0.60

	Malgudi
	80
	100
	3.18
	2.70
	8.88
	4.59
	1.06
	1.04

	Mean
	86.66
	78.33
	4.19
	4.68
	7.40
	5.90
	0.84
	0.85
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	 5.27
	 6.01
	0.72 
	0.71 
	0.99 
	0.66 
	0.21 
	0.05 



	
	Varieties
	Leaf area (cm2)
	Plant height (cm)

	
	Control
	M.T.
	Control
	M.T.

	Arka Suvidha
	41.91
	39.67
	40.66
	29.25

	Arka Komal
	59.16
	47.91
	47.60
	39.66

	Arka Sharath
	26.48
	33.66
	35.83
	35.83

	Arka Arjun
	44.00
	61.71
	38.16
	43.83

	Mean
	42.88
	45.73
	40.56
	37.14

	SEm±
	6.68 
	6.07 
	2.54 
	3.09 


	The root length of Funkundi increases by 27.73 % followed by Arjun (25.55%), Suguni (9.52%), Arka Suvidha (5.86%) and Arka Arjun (5.05 %) at a dose rate of 200 mT/1hr for treated seeds compared with the control. Weight of seedling among the 12 varieties of french bean, the weight of seedling of Falguni increases by 43.13 %, followed by Arka Suvidha (27.77 %), Arka Sharath (15.00 %), Suguni (14.28 %), Serengeti (12.16 %), Arjun (5.26 %), Arka 

Table 2: Impact of magneto priming on French bean seeds under pot conditions (Field) at 30 days.


Komal (4.23 %), and Funkundi (1.53 %), for treated seeds compared with the control at a dose rate of 200 mT/1hr.



	The leaf area was recorded maximum of 59.16 cm2 in the control whereas 61.71 cm2 in magnetic treatment. Among the 4 varieties of french bean, the leaf area of Arka Arjun increases by 40.25 % followed by Arka Sharath (27.11 %) for treated seeds compared with the control. The plant height of Arka Arjun was observed 38.16 cm in the control whereas 43.83 cm in magnetic treatment. Among the 4 varieties of french bean, plant height of Arka Arjun increases by 14.85 % for treated seeds compared with the control. 

Table 3: Impact of magneto priming on French bean seeds under pot conditions (Field) at 30 days
	Fresh matter partitioning (g/plant)

	Varieties
	Leaf
	Stem
	Root
	Total

	
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.

	Arka Suvidha
	8.12
	8.90
	5.86
	5.03
	0.48
	0.40
	14.46
	14.33

	Arka Komal
	13.03
	9.23
	8.60
	8.10
	0.65
	0.69
	22.28
	18.02

	Arka Sharath
	8.45
	12.15
	4.48
	6.46
	0.47
	0.55
	13.40
	19.16

	Arka Arjun
	8.36
	9.29
	5.83
	6.13
	0.32
	0.43
	14.51
	15.85

	Mean
	9.49
	9.89
	6.19
	6.43
	0.48
	0.51
	16.16
	16.84

	SEm±
	1.17
	0.75
	0.86
	0.63
	0.06
	0.66
	2.05
	1.08



	
	Among the 4 varieties of french bean, leaf fresh weight of Arka Sharath increases by (43.78 %) followed by Arka Arjun (11.12 %) and Arka Suvidha (9.60 %) for treated seeds compared with the control at a dose rate of 200 mT/1hr. Among the 4 varieties of french bean, stem fresh weight of Arka Sharath increases by (44.19%) and Arka Arjun (5.14 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr. The root fresh weight was recorded highest of 0.65 g in the control whereas 0.69 g in magnetic treatment. Among the 4 varieties of french bean, the root fresh weight of Arka Arjun increases by 34.37 %, followed by Arka Sharath (17.02 %) and Arka Komal (6.15 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr. Among the 4 varieties of french bean, the total fresh weight of Arka Sharath increases by 42.98 %, followed by Arka Arjun (9.23 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr.




Table 4: Impact of magneto priming on French bean seeds under pot conditions (Field) at 30 days

	Dry matter partitioning (g/plant)

	Varieties
	Leaf
	Stem
	Root
	Total

	
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.
	Control
	M.T.

	Arka Suvidha
	1.17
	1.37
	0.72
	0.39
	0.14
	0.08
	2.03
	1.84

	Arka Komal
	2.14
	2.29
	1.22
	1.30
	0.18
	0.19
	3.54
	3.78

	Arka Sharath
	1.41
	1.92
	0.55
	0.76
	0.14
	0.13
	2.10
	2.81

	Arka Arjun
	1.35
	1.43
	0.71
	0.65
	0.11
	0.13
	2.17
	2.21

	Mean
	1.51
	1.75
	0.80
	0.77
	0.14
	0.13
	2.46
	2.66

	SEm±
	0.21 
	 0.21
	 0.14
	 0.19
	 0.01
	 0.02
	 0.38
	 0.42



	The leaf dry weight was recorded highest of 2.14 g in the control whereas 2.29 g in magnetic treatment. Among the 4 varieties of french bean, leaf dry weight of Arka Sharath increases by (36.17 %) followed by Arka Suvidha (17.09 %) Arka Komal (7.07 %) and Arka Arjun (5.92 %) for treated seeds compared with the control at a dose rate of 200 mT/1hr. The stem dry weight was showed maximum of 1.22 g in the control whereas 1.30 g in magnetic treatment. Among the 4 varieties of french bean, stem dry weight of Arka Sharath increases by (38.18%) and Arka Arjun (6.55 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr. The root dry weight was recorded highest of 0.18 g in the control whereas 0.19 g in magnetic treatment. Among the 4 varieties of french bean, the root dry weight of Arka Arjun increases by 18.18 % followed by Arka Komal (5.55 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr. The total dry weight was observed maximum of 3.54 g in the control whereas 3.78 g in magnetic treatment. Among the 4 varieties of french bean, the total dry weight of Arka Sharath increases by 33.80 % followed by Arka Komal (6.77 %) and Arka Arjun (1.84 %) respectively for treated seeds compared with the control at a dose rate of 200 mT/1hr.

Growth of 1-Month-Old Plants
Twelve French bean varieties seeds treated with 200 mT magnetic fields for 60 min showed an increase in hypocotyl length, root length, weight of seedling, leaf fresh weight, stem fresh weight, root fresh weight, total fresh weight, leaf dry weight, stem dry weight, root dry weight, total dry weight, leaf area, germination % and plant height at 1-month sampling (Table 1, 2, 3 and 4). 
CONCLUSIONS
The results allow the following conclusions to be presented: 
1. The germination of French bean seeds increases by 15–25 % at a dose rate of 200 mT/1hr. for treated compared with the control. 2. The hypocotyl length of the French bean seeds increases by 16-50 % at 200 mT/1hr. for each group compared with the control. 3. The root length of the French bean seeds increase by 5–28 % at a dose rate of 200 mT/1hr. 	for each group compared with the control.  4. The weight of seedling of the French bean seeds increase by 2-44 % at a dose rate of 200 mT/1hr. for each group compared with the control. 5. The leaf area of the French bean increase by 27-40 % at a dose rate of 200 mT/1hr. for each group compared with the control.  6. The plant height of the French bean increase by 15 % at a dose rate of 200 mT/1hr. for each group compared with the control. 7. The leaf fresh weight of the French bean increase by 10-44% at a dose rate of 200 mT/1hr.  for each group compared with the control. 8. The stem fresh weight of the French bean increase by 5-45% at a dose rate of 200 mT/1hr. for each group compared with the control. 9. The root fresh weight of the French bean increase by 6-35% at a dose rate of 200 mT/1hr. for each group compared with the control. 10. The total fresh weight of the French bean increase by 9-43% at a dose rate of 200 mT/1hr. for each group compared with the control. 11. The leaf dry weight of the French bean increase by 6-36% at a dose rate of 200 mT/1hr. for each group compared with the control. 12. The stem dry weight of the French bean increase by 7-38% at a dose rate of 200 mT/1hr. for each group compared with the control. 13. The root dry weight of the French bean increase by 6-18% at a dose rate of 200 mT/1hr. for each group compared with the control. 14. The total dry weight of the French bean increase by 2-34% at a dose rate of 200 	mT/1hr. for each group compared with the control. 15. A magnetic field with a dose rate of 200 mT/1hr. has a strongest positive effect.
	Magneto-priming not only shows good results under the controlled condition of laboratory but also improves germination and crop establishment under ex-situ circumstances. Higher and quicker uptake of water through seeds treated with magnetic field resulted in early protrusion of radicle and coleoptile. This kind of priming technique creates uniform crop stands and also invigorate seeds for adverse atmospheric situations. Every crop requires dissimilar intensity of magnetic field with different exposure duration from each other. Standardization of optimum strength and time is necessary for better results in the case of both laboratory and on farm condition. Use of magnetic field on the commercial level is bit questionable but with the help of proper management seeds can be treated with magnetic field.
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