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Tablel- Irrigation water characteristics

Parameter | EC(dS/m) SAR pH

Na(mg/l) K(mg/l) Ca(mg/l) Mg(@mg/l) DO(%)

Amount 2.65-2.9 1.05 7.2

0.08 8.2 4.67 89.6
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Table2- Variance analysis of germination

Var df CVvG MDG DGS Gl PG GR
rep 2 12.05 2.14 0.00003 0.002 6.58 0.85
Magnet's factor | 3 274.6™  78.04™ 0.0013™ 1.05" 101.45™  38.64™
Er 6 12.7 2.99 0.00004 .005 8.36 14
CV 11 17 9 14 16 13

**significant difference(P<0.01)
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Fig. 2- Means for Coefficient of germination rate (CVG)
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Table 3- Pearson Correlation of Germination Index

CVG MDG DGS Gl PG GR
1
CVG 0
.692" 1
MDG .013 0
-.670" -977" 1
DGS .017 .000 0
Gl -.886" -.654" .653" 1
.000 .021 .021 0
PG 224 594" -612" .033 1
484 .042 .034 .918 0
GR 877" 947" -913"  -826" 419 1
.000 .000 .000 .001 .176 0
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Var df FEP SER MTE MDE DES

rep 2 10.75 1.900 0.024 9.11 .00015
Magnet's factor | 3~ 39.55** 151 "™ 0.015**  5.35** 00009

Er 6 0.31 1.21 0.004 1.89 .00004

Cv 15 8 19 12 16

**significant difference(P<0.01), ns: Not Significant
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Fig 10- Means for Mean time of Seedling field emergence (MTE)
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Introduction

The water crisis is one of the greatest environmental challenges of present century, especially
in arid and semi-arid regions of the world, including Iran. Due to the increasing population, climate
change, and decreasing water resources, sustainable water management has become more
important than ever (IPCC, 2021). As a country with an average annual rainfall of less than 250
mm, Iran is struggling with a severe shortage of freshwater resources and increasing salinity of
groundwater and soil (FAO, 2020), this issue becomes important when we know that in the water
year 1403-1404 AH, the country's average rainfall was a low 147.7 (Iranian Water Resources
Management Company, 2025). This situation has directly affected the agricultural sector, which
consumes more than 90 percent of the country's water resources, and has jeopardized food and
environmental security (Ministry of Energy, Iran, 2022). In the southern regions of the country,
such as Ahvaz, the challenge of soil and water salinity has been exacerbated due to proximity to
the Persian Gulf and excessive extraction of groundwater aquifers, which limits the growth of many
agricultural and ornamental plants (Saeedi et al., 2019). One of the new approaches in water
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resource management and improving agricultural productivity is the use of magnetized water.
Magnetized water is water that has been passed through a magnetic field of a specific intensity and
duration.

Methodology

This research was conducted in 2025 in Ahvaz city in the Khuzestan Steel Company to
investigate the effect of magnetic water on the germination and seedling emergence of Zinnia
elegans. The statistical arrangement of this experiment was factorial and the salinity of the
irrigation water was 2.65-2.9 dS/m. The seed germination experiment was conducted by installing
a pair of magnets around a 16 mm tube in four treatments of 0, 2, 4, and 8 magnets and with a
dripper outlet and in plastic containers measuring 14 x 9 cm on a cotton bed and between two
pieces of laboratory filter paper and in three replications. Before starting the experiment, the seeds
were first washed for one minute in sterile water and distilled water. 50 seeds were placed in each
container containing filter paper and 10 ml of distilled water was added to each of them. The
containers were placed for 10 days with a light cycle of 14 hours of sunlight and 10 hours of
darkness at a temperature of about 25 degrees Celsius. Germinated seeds were counted daily, and
finally the following traits were calculated: final germination percentage (PG), germination index
(GI), germination rate (GR), daily germination speed (DGS), mean daily germination (MTG), and
coefficient of velocity of germination(CVG).

The seedling emergence experiment was also conducted in four treatments of 0, 2, 4 and 8
magnets in three replications in transplanting containers with 105 cells in a mixture of cocopeat
and perlite. For the seedling test, irrigation was applied until the soil was saturated. Irrigation was
done daily from the Karun River water source Table (1) to keep the seeds constantly moist. The
following criteria were used to assess the seedling's susceptibility to magnetized water (Table 2).

Tablel- Irrigation water characteristics
Parameter | EC(ds/m) SAR pH Na(mg/l) K(@mg/l) Ca(mg/l) Mg (mg/l)
Amount | 2.65-2.9 1.05 7.2 2.73 0.08 8.2 4.67

Table2- Germination and seedling presence Formulas
Formula No. Formula Name Formula Information

Ni - A
1 Percent of germination PG =~ X100 N!' number of Seed germination
N N: total seeds
2 Germination rate GR=Z(Ni/Di) N!f number of Seed germination
Di: day after start
STiNi T: counting day
3 Germination index Gl = Ni: number of Seed germination
S S: total seeds
. L FGP FGP: final germination percent
4 Mean daily germination MDG = e d: total days
1
5 Daily germination speed =—
Y9 p DGS VDG
6 Coefficient of germination VG = ZNi Ti: counting day
rate ~ INiTi Ni: number of Seed germination
7 Mean time of Seedling field MTE = Znd n: the number of Seedling presence
emergence ~ Zn d: the number of days from sowing
. N n: the number of newly emerged
Int .
8 Mean cla;:grSsﬁgémg field MDE = b seeds at time
g Zn t: the number of days from sowing
Daily Seedling field _
9 emergence rate DES = MDE
. FEP FEP: final germination percent
10 Seedling Emergence Rate SER = 5 D: total days

Results and Discussion
In this study, analysis of variance showed a positive and significant effect on germination
indices at the 1% level with the application of magnetic water. The CVG generally increased
A%



significantly with increasing number of magnet pairs and reached its highest value of 0.46 in the
8-magnet treatment, and have had 32% increase compared to the control treatment. There was no
significant difference in MDG of the control, two and four magnet treatments, but in the 8 magnets
treatment, a significant difference was shown at the 1% level with a value equal to 22, it has a 90%
increase compared to the control treatment (11.6). Comparison of the means for the DGS index
between the three treatments control, A2 and A4 with values of 0.087, 0.083 and 0.087 respectively
did not show significant change, but in treatment A8 it showed a significant difference and reached
its lowest level of 0.046. Gl in treatments A8 and A2 had the highest values (0.48 and 0.46,
respectively) and showed a significant difference with treatments A4 and especially the control.
The PG in the control treatment was much lower than in the magnetic treatments and had a
significant difference with the other treatments, so that it increased by more than 17 percent from
81 to 94 percent in the A8 treatment. Comparison of means in GR showed a significant difference
at the 1% level between treatment A8 and other treatments, and an increase of more than 100%
compared to the control treatment (Table3).

Examination of FEP of seedlings shows a significant increase in this criteria for seedling
production, reaching from 87% in the control treatment to 96% in the A8 treatment (10% growth),
and the two treatments A2 and A4 are at an equal level. No significant differences were observed
in the criteria of SER and DES in the four treatments, and therefore the seedlings are at the same
level in terms of the mentioned criteria. Interms of the MTE, a significant difference was observed
between the control treatment and the A8 treatment at the 1% level, from 2.88 to 3.03 (an increase
of 5.2%), and the A2 and A4 treatments did not differ significantly from the other treatments. The
MDE showed a significant difference with the application of different magnetic strengths and
showed a significant decrease from 17.47 to 14.48 (Table3).

Table 3- Means for criteria
Germination Seedling

CvG MDG DGS Gl PG GR | FEP = SER MTE MDE DES
Ao 0.35 115 0.087¢ 0.34¢ 80° 3.77° | 87.3* 17.5° 288" 175 0.0572
A2 0.28° 11.6° 0.083% 0.46° 89* 5.12° | 90° 172 291% 16.3% 0.062°

A4 0.31> 122 0.087¢ 0.38"° 91 5.9° | 90.7° 16.1* 2.99% 17.1® 0.059%
A8 0.46% 228  0.043° 0.48° 94 11.9%| 96° 162 3.02¢ 145> 0.07°

Factors

Conclusions

The results showed that with increasing magnetic strength, germination and seedling emergence
indices improved and reached their highest level in the treatment with 8 magnets (A8), so that the
percentage of germination in the A8 treatment increased by more than 17% and the final emergence
percentage increased by 10%. Also, in the A2 and A4 treatments, germination and seedling
emergence indices showed a significant increase compared to the control. Therefore, the use of
magnetized water can be recommended as an effective method to increase the germination
percentage and improve the initial establishment of plants in landscape and agriculture.
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