



Enhancement of Salinity Tolerance in Pomegranate Cuttings (Punica granatum L.) using Magnetized Water 


.

ABSTRACT 
	Salt stress is a major constraint limiting the successful propagation and establishment of crop plants, particularly in arid and semi-arid regions. In crops such as pomegranate (Punica granatum L.) cv. Bhagwa, salinity adversely affects rooting, growth, and physiological processes in cuttings, ultimately reducing survival and productivity. Magnetized water has recently emerged as a promising eco-friendly technique that can alter the physicochemical properties of water, thereby enhancing nutrient uptake and plant growth under stress conditions through improved water absorption, ion balance, and metabolic activity. In this context, the present study aimed to evaluate whether magnetized irrigation water can mitigate salinity stress while improving growth and morphological, root, and physiological characteristics of pomegranate cv. Bhagwa. The experiment was conducted using a factorial completely randomized design (FCRD), involving two types of irrigation water and four levels of salinity. Observations were recorded on growth parameters, leaf morphology, root characteristics, and physiological traits such as SPAD chlorophyll index, relative water content (RWC), and electrolyte leakage (EL). The results indicated that magnetized water treatment was more effective than normal water in enhancing vegetative growth, leaf and root development, and physiological performance. The highest values for growth parameters, including number of leaves, number of shoots, cutting height, and leaf area, were recorded under magnetized water treatment combined with the lowest salinity level (W₂S₁). Under magnetized water irrigation, physiological parameters reflected improved stress tolerance, as evidenced by increased SPAD values and RWC, along with reduced electrolyte leakage. In contrast, normal water irrigation at the highest salinity level resulted in the lowest growth and physiological performance throughout the study. Overall, magnetized water treatment reduced the adverse effects of salinity on plant growth through its interaction with irrigation type. The interaction between irrigation type and salinity demonstrated that magnetized water partially alleviates salt stress by improving plant water status, chlorophyll content, and membrane stability.
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1. INTRODUCTION 

Pomegranate (Punica granatum L.; Family: Lythraceae) it is often referred to as ‘Super fruit’ due its nutritional and medical value contains a significant quantity of rich antioxidants particularly punicalagins polyphenols, and essential nutrients including Vitamin C, K, and potassium (Viswanath et al., 2019). It assists in anti-inflammatory, cardiovascular protective, and possibly anti-cancer properties. India is the largest producer of pomegranate with approximately 3 million tons followed by China and Iran (Pienaar and Barends-Jones, 2021).
Pomegranate grows well in arid and semi-arid areas, though the irrigation water is influenced by salinization (Liu et al., 2020) several treatments are available to prevent salt stress, including the administration of phytohormones, agrochemicals, and soil amendments, as well as biological ways to alleviate osmotic pressure, damaging ion accumulation, and nutrient deficits (Ondrasek et al., 2022). A possible non-chemical method for lowering salt in agriculture is magnetized water, especially when irrigation water is under certain conditions. By moving water via magnetic fields, it modifies physical properties including surface tension viscosity, ion mobility, reduced Na⁺ uptake, improved K⁺/Na⁺ ratio and improved osmotic adjustment, enhancing soil infiltration, root penetration, and salt leaching from the rhizosphere, which reduces osmotic stress and promotes nutrient intake. Studies suggest it boosts germination, biomass, chlorophyll, and yields (Elhindi et al., 2020; Hamza et al., 2025).
Pomegranate is considered a moderate saline-tolerant fruit crop with a threshold limit of 4-6 dSm-1. During initial phases, during growth through cuttings, it exhibits sensitivity to saline conditions, it inhibits root elongation by affecting cell division, and elevates Na⁺ absorption, leading to oxidative damage and mortality rates up to 30-40%. Therefore, the research study explores the effect of magnetic water treatment on pomegranate cuttings under different saline water circumstances. The study intends to find affordable environmental methods that improve pomegranate production in areas affected by salt through the assessment of different factors, which include morphological and growth measurements.

2. material and methods 

The present study influence of magnetized water on early development of hardwood cuttings in pomegranate cv. Bhagwa. for salinity tolerance was conducted at the Karunya Institute of Technology and Sciences, Coimbatore, Tamil Nadu - India during 2025 to 2026. Hardwood cuttings of 15-20 cm height with 3-4 nodes were taken from healthy plants of pomegranate cv. Bhagwa maintained at the North farm of Karunya Institute of Technology and Sciences. The basal end of the cuttings was treated with plant growth regulators i.e,1000 ppm IBA and cuttings were planted in polybags 5х7 inch size filled with growing media containing mixture of soil, sand and FYM in (1:1:1). Irrigation was carried out using two water sources: normal water obtained directly from a borewell and magnetized water supplied through a magnetized water treatment unit. The irrigation was applied uniformly to maintain adequate moisture levels throughout the experimental period. For the magnetized water treatment, a GMX 800 magnetic device was used, providing a maximum magnetic flux density of 1,600 Gauss, and the water was exposed to the magnetic field for a duration of one hour.
The morphological and physiological characteristics were recorded during the experiment. The number of leaves and number of shoots per cutting were counted manually at each observation interval. The height of the cuttings was measured from the base to the apical tip using a measuring scale and expressed in centimetres (cm). Leaf morphological features such as leaf length and leaf breadth were measured using a ruler by taking the distance from the base of the lamina to the tip for length and the largest horizontal section of the leaf for width. Leaf area was determined using a leaf area meter. For root parameters, the cuttings were carefully removed from the rooting media and cleaned lightly to eliminate adhered soil particles. The number of primary and secondary roots were counted manually. Root length was measured from the base of the stem to the tip of the longest root using a measuring scale and represented in centimetres (cm), while root diameter was measured at the middle region of the primary root using a digital vernier calliper and expressed in millimetres (mm). Physiological parameters were also examined during the investigation. Chlorophyll concentration was measured using a SPAD meter (SPAD 502 Plus) by obtaining measurements from fully grown leaves and expressed as SPAD values. Relative Water Content (RWC) was determined by recording fresh weight (FW) of leaf samples immediately after collection, followed by soaking the leaves in distilled water for four hours to obtain turgid weight (TW), and then drying the samples in a hot air oven at 70°C until it reaches constant weight to obtain dry weight (DW). RWC was determined using the formula (1). 
 -----------(1)
By submerging leaf discs in distilled water and using a conductivity meter to measure the first electrical conductivity (EC₁), electrolyte leakage was examined to assess membrane resilience. After the samples were boiled to release all of the electrolytes, the final conductivity (EC₂) was calculated using the formula (2) below and expressed as a percentage.
-------------- (2)
The statistical analysis used in the experiment was FCRD (Factorial CRD), Factor A – Type of water that includes magnetised water and normal water, and Factor B - Salt concentration that includes 40 mM, 60 mM, 80 mM, and control which made x 4 factorial i.e. 8 treatments and 3 replicates total experimental units are 24, analysis was done using Statistical Package for Social Sciences (SPSS). 
Table.1. Experimental factors and treatment levels used in the study on the effect of magnetized water and salinity on plant growth parameters.
	Factors
	Treatments
	Levels

	Factor: A

	Type of water
	Normal water (W1) 

	
	
	Magnetized water (W2)

	Factor: B

	Saline water
	Control 0 mM NaCl (S1)

	
	
	Saline water 40 mM NaCl (S2)

	
	
	Saline water 60 mM NaCl (S3)

	
	
	Saline water 80 mM NaCl (S4)



3. results and discussion

3.1. GROWTH PARAMETERS
Table. 2. Effect of magnetized water and different salt concentrations on growth parameters (number of leaves, number of shoots and height of cuttings) of pomegranate hardwood cuttings at 30, 60 and 90 DAT.
	Treatments
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT

	
	Number of leaves
	Number of shoots
	Height of cuttings (cm)

	Factor A – Type of Water

	W1
	30.66b
	29.83b
	28.83b
	3.10b
	3.16b
	3.00b
	18.90
	20.33a
	21.7b

	W2
	32.58a
	32.16a
	31.83a
	4.00a
	4.25a
	4.41a
	19.35
	20.81b
	22.63a

	SE (d)
	0.29
	0.18
	0.236
	0.23
	0.18
	0.11
	0.06
	0.17
	0.11

	CD 5%
	0.46
	0.39
	0.5
	0.5
	0.39
	0.25
	0.13
	0.37
	0.24

	Factor B – Salt concentration at various level

	S1
	34.33a
	34.16a
	34.50a
	4.50a
	4.83a
	5.50a
	20.55a
	22.2a
	24.48a

	S2
	32.50b
	31.83b
	31.16b
	3.83ab
	4.16b
	4.50b
	19.30b
	21.2b
	22.75b

	S3
	31.00c
	30.16c
	28.83c
	3.16bc
	3.33c
	3.00c
	18.50c
	19.3c
	21.10c

	S4
	28.66d
	27.83d
	26.83d
	2.83c
	2.50d
	1.83d
	18.16d
	19.6c
	20.50d

	SE (d)
	0.31
	0.26
	0.236
	0.33
	0.26
	0.16
	0.08
	0.24
	0.16

	CD 5%
	0.66
	0.55
	0.5
	0.70
	0.55
	0.35
	0.18
	0.52
	0.34

	Interaction Effect (A× B)

	W1S1
	33.66
	32.33
	32.40a
	4.33
	4.33
	5.00b
	20.2b
	22.7ab
	24.36a

	W1S2
	31.67
	30.66
	30.33b
	3.33
	3.66
	4.00c
	19.0d
	20.7c
	22.4c

	W1S3
	29.66
	28.67
	27.10d
	2.66
	2.66
	2.33e
	18.3f
	18.7f
	20.5f

	W1S4
	27.67
	26.69
	25.10e
	2.33
	2.00
	1.33f
	18.1g
	19.9d
	19.9g

	W2S1
	35.10
	34.90
	32.11a
	4.66
	5.33
	6.33a
	20.9a
	23.7a
	24.6a

	W2S2
	33.33
	32.45
	30.66b
	4.33
	4.66
	5.00b
	19.6c
	21.7b
	23.1b

	W2S3
	32.34
	31.66
	29.67bc
	3.66
	4.00
	4.00c
	18.7e
	19.9d
	21.7d

	W2S4
	29.65
	29.10
	28.66c
	3.33
	3.01
	2.66d
	18.23fg
	19.3e
	21.1e

	SE (d)
	NS
	NS
	0.555
	NS
	NS
	0.167
	0.088
	0.249
	0.162

	CD 5%
	NS
	NS
	1.777
	NS
	NS
	0.353
	0.187
	0.529
	0.343


(W1 - Normal water, W2 - Magnetized water, S1 - Saline water control, S2 - Saline water 40 mM, S3 - Saline water 60 mM, S4 - Saline water 80 mM, DAT - Days After treatment, NS – Non-Significant)
Note: Values are mean of replicates. Means followed by different letters within a column are significantly different at P ≤ 0.05 according to the Critical Difference (CD) test. “NS” indicates non-significant differences at the 5% level of probability.
3.1.1. NUMBER OF LEAVES
From Table. 2. W₂ produced more leaves than W₁ during all observation intervals. At 30 DAT, 60 DAT and 90 DAT, W₂ produced 32.58, 32.16 and 31.83 leaves plant⁻¹, respectively, whereas W₁ recorded 30.66, 29.83 and 28.83 leaves plant⁻¹. The W₂ treatment resulted in more leaves because it improved water absorption, reduced surface tension and improved nutrient mobility. The plant grows better when it obtains sufficient water because its cells can sustain higher turgor and it can undertake metabolic operations that lead to new leaf growth. Similar findings were reported by Surendran et al. (2016) and Hasan et al. (2019) who observed that irrigation with magnetized water significantly increased plant growth parameters including leaf number due to improved water use efficiency and nutrient uptake. Likewise, Putti et al. (2023) reported that magnetically treated water enhanced vegetative growth and leaf development in lettuce plants.
The interaction between magnetized water irrigation and salt content was non-significant at 30 and 60 DAT, showing that the combined influence of both parameters was not prominent at early growth stages. However, the interaction impact was substantial at 90 DAT. At 90 DAT, the highest number of leaves was observed in W₁S₁ (32.40) and W₂S₁ (32.11) which were statistically at par, while the lowest number of leaves was recorded in W₁S₄ (25.10) followed by W₁S₃ (27.10). The results suggest that greater salinity paired with non-magnetized water reduced number of leaves, whereas irrigation with magnetized water assisted with alleviating the damaging impacts of salt to some extent. Magnetized water may improve plant tolerance to salinity by boosting water absorption, nutrient transport, and photosynthetic efficiency, consequently allowing greater vegetative development under saline conditions. Similar interaction effects between magnetized irrigation water and salt were documented by Abedinpour and Rohani. (2017) and Zhou et al. (2021), who observed better plant growth and leaf development when crops were treated with magnetized water under saline conditions.
3.1.2. NUMBER OF SHOOTS
The type of irrigation water together with salt concentration showed significant effects on shoot formation throughout the different growth stages which occurred at 30, 60 and 90 DAT. The data presented in Table. 2. indicate that plants which received magnetized water irrigation produced more shoots than those which received regular water irrigation. At 30, 60 and 90 DAT, magnetized water (W₂) recorded 4.00, 4.25 and 4.41 shoots, respectively, but normal water (W₁) produced comparably lower values of 3.10, 3.16 and 3.00 shoots. The increase in shoot quantity under magnetized water may be attributed to improved water qualities such as lower surface tension, higher nutrient solubility and increased absorption of critical nutrients by plant roots, which ultimately stimulates vegetative growth. Surendran et al.,2016 and Putti et al.,2023 reported similar results because they found that magnetic treatment of irrigation water improved plant growth parameters which included shoot development and biomass accumulation. The plants which received magnetically treated saline water irrigation exhibited better shoot growth and physiological activity according to Liu et al. (2020).
The interaction effect of irrigation water and salt concentration was found to be non-significant at 30 and 60 DAT, significant at 90 DAT. The W₂S₁ treatment which used magnetized water at its lowest salt concentration produced the highest number of shoots which reached 6.33, while the W₁S₄ treatment which used normal water at its highest salt concentration produced the lowest number of shoots which reached 1.33. The results show that magnetized water provides a boost to plant growth through the development of shoots which occurs even in conditions with high salt levels. The treatments W₂S₂ and W₂S₃ showed enhanced shoot output when compared to their matched normal water treatments, which demonstrates that magnetic water assisted to decrease the negative effects of salinity on plant development. Elhindi et al. (2020) and Zhang et al. (2022) observed similar results, as they discovered that irrigation with magnetized water led to better plant growth results and increased plant ability to withstand saline environments through better water and nutrient access.
3.1.3. HEIGHT OF CUTTINGS
The height of cuttings showed a strong relationship with irrigation water type and salt concentration during plant development at three intervals which were 30 days and 60 days and 90 days after treatment are shown in Table. 2. The results showed that plants which received magnetized water irrigation reached greater cutting height than plants which received normal water irrigation. The height of cuttings reached 19.35 cm under magnetized water (W₂) at 30 DAT while normal water (W₁) with a height of 18.90 cm. The same pattern occurred at 60 DAT in magnetized water treatment a height of 20.81 cm which exceeded the height of 20.33 cm that normal water produced. The maximum height of cuttings reached 22.63 cm under magnetized water at 90 DAT while the minimum height of 21.70 cm occurred under normal water.
The increased cutting height under magnetized water may be attributed to improved water absorption, enhanced nutrient mobility, and stimulation of physiological processes in plants. The presence of magnetized water produces two effects which lead to better plant nutrient and water absorption that promote plant growth and stem development. Surendran et al. (2016) reported similar results in their research demonstrated that magnetic irrigation water treatment improved both plant growth and crop yield measurements. A study by Putti et al. (2023) demonstrated that magnetized water treatment produced better spinach growth and nutrient absorption which resulted in taller plants. Liu et al. (2020) observed that plants which received magnetically treated water for irrigation showed both increased shoot growth and biomass accumulation.
          The interaction between irrigation water and salt concentration showed a significant effect at all observation points. The highest cutting height of the interaction treatments occurred in W₂S₁ which used magnetized water with the lowest salt concentration and resulted in cutting heights of 20.9 cm, 23.7 cm and 24.6 cm at 30, 60 and 90 days after treatment respectively. The minimum cutting height was found in W₁S₄ which used normal water with the highest salt concentration and resulted in cutting heights of 18.1 cm and 19.9 cm at the different measurement intervals. The results demonstrate that magnetized water enables plant growth improvement in saline environments. Also, showed that W₂S₂ and W₂S₃ treatments produced greater cutting heights than their respective normal water treatments because magnetized water reduced salinity negative effects on plant growth.
         The present study results confirm that using magnetized water for irrigation results in increased plant growth and better saltwater resistance in plants. The study by Elhindi et al. (2020) found that plants which received magnetized saline water demonstrated increased vegetative growth and flowering because the treatment improved their ability to absorb water and receive nutrients. Zhang et al. (2022) showed that magnetic water treatment helps plants grow better because it protects them from salt stress during saline irrigation.
3.2. LEAF MORPHOLOGICAL PARAMETERS
Table.3. Effect of magnetized water and different salt concentrations on leaf parameters (Length of the leaf, Breadth of the leaf, Leaf Area) of pomegranate hardwood cuttings at 30, 60 and 90 DAT.
	Treatment
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT
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	Leaf Length (cm)
	Leaf Width (cm)
	Leaf area (cm2)

	Factor A – Type of Water

	W1
	5.39b
	5.43b
	5.34b
	1.03b
	1.04b
	1.03b
	4.88b
	5.72b
	6.15b

	W2
	6.00a
	6.10a
	5.89a
	1.11a
	1.17a
	1.17a
	5.37a
	6.35a
	6.77a

	SE (d)
	0.16
	0.04
	0.04
	0.02
	0.006
	0.01
	0.03
	0.02
	0.02

	CD 5%
	0.34
	0.09
	0.10
	0.05
	0.01
	0.02
	0.06
	0.04
	0.04

	Factor B – Salt concentration at various level

	S1
	6.10
	6.23a
	6.09a
	1.06
	1.20a
	1.23a
	6.125a
	7.20a
	7.70a

	S2
	5.67
	5.82b
	5.74b
	1.08
	1.14b
	1.12b
	5.30b
	6.35b
	6.85b

	S3
	5.53
	5.65c
	5.50c
	1.06
	1.07c
	1.05c
	4.67c
	5.45c
	5.85c

	S4
	4.48
	5.36d
	5.30d
	1.06
	1.01d
	0.99d
	4.41d
	5.10d
	5.45d

	SE (d)
	NS
	0.06
	0.06
	NS
	0.008
	0.01
	0.04
	0.02
	0.02

	CD 5%
	NS
	0.13
	0.14
	NS
	0.01
	0.04
	0.09
	0.06
	0.06

	Interaction Effect (A× B)

	W1S1
	6.15
	5.98b
	5.95b
	1.05
	1.20ab
	1.21ab
	5.80
	6.95b
	7.45b

	W1S2
	6.13
	5.61c
	5.64d
	1.04
	1.10e
	1.08d
	5.10
	6.15d
	6.65d

	W1S3
	5.95
	5.20d
	5.23e
	1.03
	0.97f
	0.96e
	4.46
	5.05g
	5.45g

	W1S4
	5.85
	4.95e
	4.90f
	1.02
	0.89g
	0.88f
	4.16
	4.75h
	5.05h

	W2S1
	6.31
	6.48a
	6.23a
	1.15
	1.21a
	1.26a
	6.45
	7.45a
	7.95a

	W2S2
	6.18
	6.04b
	5.85bc
	1.13
	1.18bc
	1.16bc
	5.50
	6.55c
	7.05c

	W2S3
	6.25
	6.11b
	5.78bcd
	1.13
	1.16c
	1.15c
	4.86
	5.85e
	6.25e

	W2S4
	6.27
	5.78c
	5.69cd
	1.1
	1.14d
	1.11cd
	4.66
	5.45f
	5.80f

	SE (d)
	NS
	0.09
	0.096
	NS
	0.012
	0.027
	NS
	0.04
	0.041

	CD 5%
	NS
	0.19
	0.20
	NS
	0.025
	0.056
	NS
	0.09
	0.087


(W1 - Normal water, W2 - Magnetized water, S1 - Saline water control, S2 - Saline water 40 mM, S3 - Saline water 60 mM, S4 - Saline water 80 mM, DAT - Days After treatment)
Note: Values are mean of replicates. Means followed by different letters within a column are significantly different at P ≤ 0.05 according to the Critical Difference (CD) test. “NS” indicates non-significant differences at the 5% level of probability.
Plants that irrigated with magnetized water (W₂) show superior leaf structure development compared to plants with normal water (W₁) are shown in Table. 3. Leaf length from 5.39 cm under normal water conditions to 6.00 cm under magnetized water conditions occurred at 30 days after treatment. The 60 DAT results showed similar advancements with a comparison of 5.43 cm to 6.10 cm and 90 DAT results showed a comparison of 5.34 cm to 5.89 cm. The leaf width results followed the same pattern because plants from magnetized water treatment developed wider leaves with measurements from 1.11 to 1.17 cm while normal water treatment produced leaves that measured from 1.03 to 1.04 cm. The application of magnetized water irrigation resulted in a major increase of leaf area for the plants. The plants that received magnetized water treatment showed leaf area measurements of 5.37 6.35 and 6.77 cm2 at 30, 60 and 90 days after treatment while the plants that received normal water treatment showed leaf area measurements of 4.88, 5.72 and 6.15cm2. The results demonstrate that magnetized water treatment promotes leaf growth and increases total plant development. The improved physical characteristics of magnetized water lead to better water absorption and nutrient access and chemical processes in plants which result in better leaf development and plant growth. The application of magnetized water enables plants to absorb nutrients more effectively because it reduces the size of water clusters and enhances the flow of ions within the water. The research findings align with multiple recent studies. Surendran et al. (2016) reported that magnetic treatment of irrigation water improved plant growth parameters including leaf area and biomass. Putti et al. (2023) found that lettuce plants treated with magnetized water showed marked improvement in both leaf area and vegetative growth. Olowolaju and Adelusi. (2021) reported that cowpea plants showed increased leaf length, width and leaf area when they received irrigation with magnetically treated water.
            Salt concentration levels established a strong impact on leaf morphological characteristics. The lowest salt level (S₁) produced the highest leaf length, width, and leaf area at all growth stages. Leaf length at 60 DAT reached 6.23 cm under S₁ because it decreased as salt concentration increased to 5.36 cm under S₄. At 60 DAT leaf area decreased from 7.20 cm² under S₁ to 5.10 cm² under S₄. Higher salinity levels cause reduced leaf growth because osmotic stress plus ion toxicity create barriers that stop cell expansion and photosynthesis plus nutrient absorption. High salt concentrations also reduce leaf expansion by affecting cell turgor pressure and metabolic processes. The research results match the findings of Liu et al. (2020) and Guo et al. (2022) which show that salinity stress decreases leaf area and all other vegetative growth parameters because it prevents plants from taking up water and causes physiological problems. 
The study resulted that water treatment processes combined with different salt concentrations demonstrated that magnetized water treatment solutions could reduce salinity damage to leaf development. The combination W₂S₁ (magnetized water with lowest salt level) produced the highest values for all leaf parameters, including leaf length (6.31–6.48 cm), leaf width (1.15–1.26 cm), and leaf area (6.45–7.95 cm²). The lowest values recorded under W₁S₄ (normal water with highest salt concentration) showed the least performance. The research demonstrates that magnetized water increases plant ability to survive salty environments because it boosts their capacity to take up water and move nutrients. The findings are supported by earlier research studies. Selim et al. (2019) reported that magnetized irrigation water improved wheat growth under drought and salinity stress. Elhindi et al. (2020) found that magnetized saline water helped Calendula plants to grow better and develop their leaves because it increased water availability while decreasing salt stress impact.
3.3. ROOT PARAMETERS
Table. 4. Effect of magnetized water and different salt concentrations on root parameters (Number of primary roots, Number of Secondary roots, Root length, and Root diameter) of pomegranate hardwood cuttings at 90 DAT.
	
	90th DAT
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	Number of primary roots
	Number of Secondary roots
	Root length (cm)
	Root diameter (mm)

	Factor A – Type of Water

	W1
	9.90b
	23.28b
	11.65b
	0.73

	W2
	10.71a
	24.35a
	12.44a
	0.74

	SE (d)
	0.05
	0.18
	0.18
	NS

	CD 5%
	0.11
	0.38
	0.40
	NS

	Factor B – Salt concentration at various level

	S1
	11.63a
	26.73a
	14.83a
	0.83

	S2
	10.60b
	24.98b
	12.90b
	0.75

	S3
	9.85c
	22.60c
	10.70c
	0.73

	S4
	9.15d
	20.95d
	9.76d
	0.63

	SE (d)
	0.07
	0.25
	0.26
	0.02

	CD 5%
	0.15
	0.54
	0.56
	0.04

	Interaction Effect (A× B)

	W1S1
	11.50b
	26.90a
	14.76a
	0.82

	W1S2
	10.20d
	24.30c
	12.70b
	0.75

	W1S3
	9.30f
	22.30d
	10.53c
	0.73

	W1S4
	8.60g
	19.63e
	8.63d
	0.62

	W2S1
	11.67a
	26.56a
	14.90a
	0.83

	W2S2
	11.00c
	25.66b
	13.10b
	0.75

	W2S3
	10.40d
	22.90d
	10.86c
	0.74

	W2S4
	9.70e
	22.26d
	10.90c
	0.64

	SE (d)
	0.105
	0.362
	0.379
	NS

	CD 5%
	0.223
	0.768
	0.803
	NS


(W1 - Normal water, W2 - Magnetized water, S1 - Saline water control, S2 - Saline water 40 mM, S3 - Saline water 60 mM, S4 - Saline water 80 mM, DAT - Days After Treatment)
Note: Values are mean of replicates. Means followed by different letters within a column are significantly different at P ≤ 0.05 according to the Critical Difference (CD) test. “NS” indicates non-significant differences at the 5% level of probability.
The results showed that plants received better root development through irrigation with magnetized water than through normal water irrigation. Plants that received magnetized water irrigation (W₂) showed higher root development with 10.71cm primary roots 24.35cm secondary roots and 12.44cm root length. The water treatment did not create any significant changes to root diameter measurements.
           The physicochemical changes which occurred in water through magnetized water irrigation led to improved root characteristics of plants. The process of magnetization decreases the size of water clusters while it decreases surface tension which results in better water absorption by plant tissues and greater nutrient distribution to the root zone. The process results in the development of plant roots which extends their reach into the soil. The research conducted by Yi et al. (2023) discovered that magnetically treated irrigation water resulted in significant improvements to root length and root surface area and overall root development of crops which were cultivated in saline conditions. The application of magnetized water results in better nutrient uptake by plants and better physiological functions which together support the growth of plant roots.
3.4. PHYSIOLOGICAL PARAMETERS
Table.5. Effect of magnetized water and different salt concentrations on physiological parameters (SPAD, Relative water content, Electrolyte Leakage) of pomegranate hardwood cuttings at 30, 60, 90 DAT.
	Treatment
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT
	30th DAT
	60th DAT
	90th DAT
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	SPAD
	Relative water content (RWC)
	Electrolyte Leakage (%)

	Factor A – Type of Water

	W1
	25.93b
	24.79b
	22.81b
	85.14b
	81.86b
	74.25
	11.76a
	15.78
	16.80a

	W2
	26.85a
	26.17a
	25.16a
	86.25a
	84.87a
	77.09
	10.96b
	14.39
	15.04b

	SE (d)
	0.21
	0.20
	0.14
	0.37
	0.27
	0.33
	0.23
	NS
	0.063

	CD 5%
	0.45
	0.42
	0.31
	0.80
	0.58
	0.71
	0.50
	NS
	0.13

	Factor B – Salt concentration at various level

	S1
	27.94a
	27.17a
	27.27a
	88.44a
	87.67a
	81.77
	10.28c
	12.01b
	11.85d

	S2
	26.87b
	26.73b
	25.35b
	87.27b
	85.06b
	76.48
	11.05b
	15.02a
	14.50c

	S3
	25.52c
	24.93c
	23.21c
	85.64c
	81.63c
	73.74
	12.24a
	16.30a
	17.10b

	S4
	25.24c
	23.08d
	20.13d
	81.43d
	79.11d
	70.70
	11.88a
	17.01a
	20.33a

	SE (d)
	0.30
	0.28
	0.20
	0.53
	0.38
	0.47
	0.33
	0.94
	0.09

	CD 5%
	0.64
	0.60
	0.43
	1.1
	0.82
	1.00
	0.71
	2.00
	0.19

	Interaction Effect (A× B)

	W1S1
	27.02
	26.70bc
	26.64b
	87.55
	85.26c
	79.02b
	10.73
	12.34
	12.50g

	W1S2
	26.06
	26.30c
	24.10c
	86.55
	83.64d
	77.79cd
	11.50
	15.91
	15.30e

	W1S3
	25.77
	24.56d
	21.93d
	82.75
	81.19ef
	72.99e
	12.8
	17.01
	18.20c

	W1S4
	24.93
	21.60e
	18.60e
	80.7
	77.37g
	69.21f
	12.3
	17.85
	21.40a

	W2S1
	28.90
	27.65a
	27.90a
	89.33
	90.09a
	84.52a
	9.83
	11.69
	11.22h

	W2S2
	27.66
	27.16ab
	26.62b
	88.32
	86.48b
	77.17c
	10.6
	14.13
	13.70f

	W2S3
	25.33
	25.30d
	24.50c
	85.52
	82.07e
	74.50d
	11.68
	15.59
	16.50d

	W2S4
	25.73
	24.56d
	21.66d
	82.17
	80.85f
	72.18e
	11.73
	16.17
	19.26b

	SE (d)
	NS
	0.403
	0.293
	NS
	0.551
	0.672
	NS
	NS
	0.127

	CD 5%
	NS
	0.855
	0.621
	NS
	1.167
	1.425
	NS
	NS
	0.269


(W1 - Normal water, W2 - Magnetized water, S1 - Saline water control, S2 - Saline water 40 mM, S3 - Saline water 60 mM, S4 - Saline water 80 mM, DAT - Days After treatment)
Note: Values are mean of replicates. Means followed by different letters within a column are significantly different at P ≤ 0.05 according to the Critical Difference (CD) test. “NS” indicates non-significant differences at the 5% level of probability.
3.4.1 SPAD VALUES
The magnetized water treatment approach for plant irrigation showed positive impacts on SPAD measures during all growth cycles of the plants. The SPAD value at 30 DAT reached 26.85 after using magnetized water irrigation whereas normal water treatment exhibited a value of 25.93. At 60 DAT the numbers improved from 24.79 to 26.17 and at 90 DAT the values increased from 22.81 to 25.16 as shown in table 5. The SPAD rise shows that magnetized water system boosted plant chlorophyll levels and photosynthesis production. Plants obtain nitrogen and magnesium nutrients by magnetized water irrigation which plants need for their chlorophyll synthesis process. Hasan et al. (2019) observed that magnetized water irrigation caused plants to develop higher chlorophyll fluorescence and SPAD values in their investigation. Liu et al. (2020) observed that grapevine seedlings exhibited enhanced chlorophyll levels when they were irrigated with magnetically treated salty water compared to ordinary water. The lowest salt concentration (S₁) gave the highest SPAD values which dropped as salinity levels climbed. The SPAD values fell from 27.94 at S₁ to 25.24 at S₄ and from 27.27 at S₁ to 20.13 at S₄. Higher salinity levels produced SPAD declines because chlorophyll levels declined and nitrogen absorption capabilities became compromised due to osmotic and ionic stress conditions.
An interaction effect existed between water quality and salt concentrations since it produced various SPAD outcomes during plant growth evaluation which happened at three points (30, 60, and 90 DAT). The plants under proper watering circumstances (W₂) achieved higher SPAD results than those under normal irrigation settings (W₁). The W₂S₁ treatment gave the best SPAD outcomes among all treatment combinations which recorded values of 28.90, 27.65, and 27.90 at 30, 60, and 90 DAT. W₁S₄ yielded the lowest SPAD results which showed values of 24.93, 21.60, and 18.60 because the plants had significant chlorophyll loss from their exposure to both water deficit and high salinity conditions. SPAD values drop because salinity and water stress generate conditions which slow down chlorophyll formation while boosting the breakdown of photosynthetic pigments. Salinity stress causes plants to lose chlorophyll and diminish their ability to photosynthesize because it induces both ionic imbalance and osmotic stress. The research by Sahin et al. (2018) and Mahlooji et al. (2018) indicated that chlorophyll index values reduced when plants encountered both salinity and drought stress because their photosynthetic systems were affected. The research by Pour-Aboughadareh et al. (2019) demonstrated that drought conditions caused wheat seedlings to have SPAD value reductions which suggested their photosynthetic functions had decreased. The results of this investigation reflect the findings of Abdelkader et al. (2024) which indicated that lettuce plants have lower chlorophyll content under conditions of combined salt and drought stress.

3.4.2. RELATIVE WATER CONTENT 
Magnetized water also enhanced leaf water content. The plants that received magnetized water irrigation demonstrated RWC values of 86.25% at 30 DAT and 84.87% at 60 DAT and 77.09% at 90 DAT, while the normal water irrigated plants showed RWC values of 85.14% at 30 DAT and 81.86% at 60 DAT and 74.25% at 90 DAT. The higher RWC value demonstrates that plants possess better water management abilities which lead to better hydration of their cells because magnetized water helps plants absorb and distribute water throughout their tissues. The study conducted by Khosrojerdi et al. (2023) showed that magnetized water treatment resulted in increased relative water content and maintained physiological stability of the plants under saline conditions. The study conducted by Esmaillou et al. (2025) demonstrated that using magnetized water for irrigation resulted in better water conditions for apple saplings who experienced salt stress. The same pattern appeared in the RWC measurements. The plants under S₁ achieved their highest RWC values which ranged from 88.44 to 87.67% while S₄ produced the lowest RWC values which ranged between 81.43 and 70.70%. Salinity stress decreases plant water absorption because it creates osmotic stress which prevents roots from absorbing water, leading to decreased RWC.
The interaction between irrigation and salinity levels created a major effect on relative water content. The highest RWC values occurred when adequate irrigation combined with lower salinity levels. W₂S₁ showed the highest RWC value at 30 DAT with 89.33% and at 60 DAT with 90.09% and at 90 DAT with 84.52%, which demonstrated better plant water status during the optimal environmental conditions. The lowest RWC value for W₁S₄ showed 80.70% at 30 DAT, 77.37% at 60 DAT, and 69.21% at 90 DAT which indicated that plants experienced severe water shortage with osmotic pressure problems because of limited irrigation in combination with high salinity. Salinity stress causes RWC to decrease because plants experience two effects which prevent water intake: osmotic pressure and decreased soil water availability. Salinity disrupts the ability of plants to maintain water equilibrium which results in their cells losing water and experiencing lower turgor pressure. Chauhan and Sanadhya. (2019) showed that mustard plants experience combined drought and salinity stress which causes their leaf relative water content to decrease. The researchers discovered that increasing salinity levels created osmotic stress which reduced RWC because plants could not absorb water. Singh et al. (2022) showed through their research that higher RWC levels must be maintained by plants to keep their physiological activities operating successfully in saline environments. The proper amount of irrigation functions as a vital mechanism to decrease salinity driven water stress because it preserves both plant water content and cell turgor pressure.
3.4.3. ELECTRICAL LEAKAGE (%)
Plants showed better protection against cell membrane damage when they received irrigation with magnetized water. The first measurement showed EL at 11.76% for normal water but it decreased to 10.96% with magnetized water at 30 DAT. The research findings show that irrigation with magnetized water results in lower electrolyte leakage which indicates better membrane protection and decreased oxidative damage to plants. The research study reveals that magnetized water enhances stress resistance through its ability to maintain stable cell membranes. Akrimi et al. (2023) obtained similar findings when they showed that magnetically treated saline water minimized electrolyte leakage in potato plants. The research conducted by Abdelraouf and Abdelaziz. (2020) indicated that groundnut plants demonstrated greater membrane preservation and decreased electrolyte leakage after getting magnetized water irrigation. The research found that higher salinity levels lead to greater electrolyte leakage from the system. The highest EL values were recorded under S₄, reaching 20.33% at 90 DAT, while the lowest values occurred under S₁ (10.28–11.85%). The increase shows that salt-related oxidative stress and ion toxicity have caused damage to the cell membranes.
The measurement of electrolyte leakage serves as a critical test which determines how well membranes maintain their integrity when exposed to stressful situations. The two factors of irrigation and salinity levels interacted with each other to produce different effects on electrolyte leakage throughout various phases of plant development. The W₂S₁ treatment showed the least electrolyte leakage results which reached levels of 9.83 11.69 and 11.22 percent because it maintained proper irrigation and low salinity conditions which protected membrane integrity. The W₁S₄ treatment showed the highest electrolyte leakage results which reached 12.30 17.85 and 21.40 percent because it combined water deficit conditions with high salinity levels which caused extreme membrane damage. The stress conditions which lead to increased electrolyte leakage create cell membrane damage because they produce oxidative stress and ion toxicity problems. The high salt concentrations in plant tissues create sodium ion overload which results in membrane structure destruction and increased permeability. The research conducted by Cha-Um et al. (2010) demonstrated that oil palm seedlings experienced increased electrolyte leakage under salt stress because their membranes sustained damage. The study conducted by Ors et al. (2021) demonstrated that tomato plants experienced increased electrolyte leakage because they faced both salinity and drought stress conditions which caused severe cellular damage. The study by Khan et al., (2024) proved that both salinity and drought stress conditions raise electrolyte leakage because they cause oxidative stress and lipid peroxidation in plant membrane systems.

4. Conclusion

The current study showed that using magnetized water for irrigation resulted in better growth and root development and physiological functions of pomegranate plants during their growth from cuttings which they cultivated in saltwater environments. The use of magnetized water led to improved plant growth because it increased both leaf and shoot production and cutting height while showing enhancements in leaf size measurements which included leaf length and breadth and total leaf area. The application of magnetized water for irrigation resulted in positive effects on root parameters which include primary root count secondary root count and root length measurement. The physiological study revealed that plants exposed to magnetized water demonstrated increased stress resistance through elevated chlorophyll content (SPAD values) and relative water content which resulted in decreased electrolyte leakage and improved membrane stability during salty conditions. The higher salt concentration levels caused all growth and physiological functions to decrease because osmotic pressure and toxic ions restricted water absorption and disrupted normal cell activities. Magnetized water irrigation reduced these harmful effects while supporting better plant growth throughout all salinity levels. The combination of magnetized water with either non-saline or low saline conditions produced optimal results through the treatment combinations which tested most parameters except for normal water at maximum salinity level which resulted in the weakest growth along with poor physiological outcomes. The study results reveal that magnetized water may enhance plant growth by improving their capacity to absorb water and nutrients while maintaining critical physiological functions and lowering harm caused by salt. The deployment of magnetized irrigation water offers an environmentally sustainable and affordable technique to increase salinity tolerance and expedite initial plant growth.

5. FUTURE STUDY

Future research should investigate the molecular pathways through which magnetized water reduces salinity stress in pomegranate plants. The research requires to conduct gene expression studies which involve testing stress-responsive genes SOS1 and HKT1. The research requires field trials which will test different pomegranate varieties across multiple soil types in Tamil Nadu's salinity-prone areas. The combination of magnetized water with biochar or silicon amendments will improve long-term tolerance according to research which finds that advanced devices can optimize magnetic field strengths for wider agricultural uses.
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