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Magnetic Treatment of Irrigation Water and
Snow Pea and Chickpea Seeds Enhances Early
Growth and Nutrient Contents of Seedlings

Harsharn S. Grewal and Basant L. Maheshwari*

School of Natural Sciences, University of Western Sydney, Penrith South DC,
NSW, Australia

The effects of magnetic treatment of irrigation water and snow pea (Pisum sativum L var.
macrocarpon) and Kabuli chickpea (Cicer arietinum L) seeds on the emergence, early growth and
nutrient contents of seedlings were investigated under glasshouse conditions. The treatments included
(i) magnetic treatment of irrigation water (MTW), (ii) magnetic treatment of seeds (MTS),
(iii) magnetic treatment of irrigation water and seeds (MTWS) and (iv) no magnetic treatment of
irrigation water or seeds as control treatment. A magnetic treatment device with two permanent
magnets (magnetic induction: 3.5-136 mT) was used for the above treatments. Seeds were sown
in washed sand and seedlings were harvested at 20 days. The results showed that MTW led to a
significant (P < 0.05) increase in emergence rate index (ERI; 42% for snow pea and 51% for
chickpea), shoot dry weight (25% for snow pea and 20% for chickpea) and contents of N, K, Ca, Mg, S,
Na, Zn, Fe and Mn in both seedling varieties compared to control seedlings. Likewise, there were
significant increases in ERI (33% for snow peas and 37% for chickpea), shoot dry weight (11% for
snow pea and 4% for chickpea) and some nutrients of snow pea and chickpea seedlings with MTS in
comparison with the controls. The results of this study suggest that both MTW and MTS have the
potential to improve the early seedling growth and nutrient contents of seedlings. Bioelectromagnetics
32:58-65,2011. © 2010 Wiley-Liss, Inc.
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INTRODUCTION

The response of biological systems to magnetic
fields have been reported by various researchers
[Goodman et al., 1983; Vakharia et al., 1991; Paradisi
et al,, 1993; Danilov et al., 1994; Alexander and
Doijode, 1995; Blank, 1995; Amayaetal., 1996; Duarte
Diaz et al., 1997; Moon and Chung, 2000; Reina et al.,
2001; De Souzaet al., 2006, 2008; Tenuzzo et al., 2006;
Chou, 2007; Florez et al., 2007; Trebbi et al., 2007;
Maheshwari and Grewal, 2009]. External electric and
magnetic fields influence both the activation of ions and
polarisation of dipoles in living cells [Moon and Chung,
2000]. Electromagnetic fields (EMFs) can alter plasma
membrane structures and functions [Paradisi et al.,
1993; Blank, 1995]. Goodman et al. [1983] reported an
alteration in the level of some mRNA in plants after
their exposure to EMFs.

A marked increase in the germination percentage
of lettuce seeds by treatment with a 10 mT stationary
magnetic field was observed by Reina et al. [2001].
Reina and Pascual [2001] reported that magnetically
treated seeds resulted in a significant increase in the
water absorption rate of lettuce seeds, and thus may
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have contributed to the increased germination percent-
age. In cereals and beans, the magnetic exposure of
seeds prior to sowing led to an improvement in
germination rate and early growth [Pittman, 1963a,b;
Pittman and Anstey, 1967]. Similarly, the magnetic
exposure of seeds by applying a stationary magnetic
field before sowing had a significant increase in
germination rate and seedling vigour in groundnut,
onion and rice seeds [Vakharia et al., 1991; Alexander
and Doijode, 1995]. Podleoeny et al. [2004] studied the
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impact of magnetic treatment by exposing broad bean
seeds to variable magnetic strengths before sowing and
observed beneficial effects on seed germination and
emergence. The seedling emergence was more regular
after the use of the magnetic treatment and occurred 2—
3 days earlier in comparison to seedlings in the control
treatment. The gain in crop yield resulting from the
magnetic treatment of broad bean seeds was attributed
to the higher number of pods per plant and the fewer
plant losses per unit area during the growing season
[Podleoeny et al., 2004]. In tomato, magnetically
treated tomato seeds improved the leaf area, leaf dry
weight and yield of tomato crop under field conditions
[De Souza et al., 2006].

The beneficial effects of magnetically treated
irrigation water have also been reported on germination
percentages of seeds [Hilal and Hilal, 2000; Morejon
etal., 2007]. Morejon et al. [2007] observed an increase
in germination of Pinus tropicalis seeds from 43% in
the control to 81% with magnetically treated water.
Furthermore, they observed a marked improvement in
seedling growth after germination due to the magneti-
cally treated irrigation water. Hilal and Hilal [2000],
working on tomatoes, pepper, cucumber and wheat
seeds, reported improvements in germination and
seedling emergence when magnetically treated water
and seeds were used. In particular, they observed that
the germination of pepper seeds was higher with
magnetically treated seeds compared to seeds with
magnetically treated irrigation water. Cucumber seeds
had the highest germination percentage when both
irrigation water and seeds were magnetically treated.
They also reported that tomato seeds responded more
favourably to magnetically treated irrigation water than
the magnetically treated seeds.

In general, the past studies have indicated that
there are some beneficial effects of magnetic treatment
on seed germination and seedling emergence. However,
there is no clear understanding yet as to the mechanisms
behind these effects and the changes that magnetic
treatment brings about in nutritional aspects of seed
germination and seedling growth. Magnetic treatment
of water has been reported to change some of the
physical and chemical properties of water, mainly
hydrogen bonding, polarity, surface tension, conduc-
tivity, pH and solubility of salts [Smikhina, 1981;
Srebrenik et al., 1993; Amiri and Dadkhah, 2006;
Otsuka and Ozeki, 2006; Chang and Weng, 2008].
These changes in water properties may be capable of
affecting the growth of plants. The purpose of this study
was to determine the effects of magnetic treatment of
irrigation water and snow pea and chickpea seeds on the
speed of emergence, early growth and nutrient content
of seedlings under glasshouse conditions.
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MATERIALS AND METHODS

Plant Material

Snow pea (Pisum sativum L.) of variety “Oregon
Giant” and Kabuli chickpea (Cicer arietinum L.) of
variety “Bumper” were used in this study. Since the
seeds were procured from reliable sources (snow pea
seeds from a nursery shop and chickpea seeds from a
chickpea breeder), the possibilities of genetic varia-
bility in the seeds were minimised. The moisture
content values of snow pea and chickpea dry seeds
at time of sowing were 8.2% (4+0.07) and 7.9% (£0.05),
respectively. The moisture content of seeds was
determined on an oven-dry basis, and a representative
sample of seeds from the same group of pots was used in
this study.

Magnetic Treatment

The magnetic treatment device, supplied by Omni
Environmental Group (Sydney, Australia), has a
magnetic induction in the range of 3.5-136 mT and
was used for the treatment of irrigation water and seeds.
The device consists of a 100 mm long polycarbonate
pipe with an internal diameter of 22 mm. It contains two
permanent magnets that are 50 mm in length, separated
by a distance of 24 mm. The arrangement of their north
and south poles and direction of the magnetic field
generated are shown in Figure 1. The permanent
magnets were made of Neodymium Ferrite Boron
(NdFeB), a rare earth material that generated a high
intrinsic coercive force. A static non-uniform magnetic
field was generated between the two permanent
magnets.

Dry snow pea and chickpea seeds were exposed
to four treatments. The following treatments were
applied: (i) magnetic treatment of irrigation water
(MTW), (ii) magnetic treatment of seeds (MTS), (iii)
magnetic treatment of irrigation water and seeds
(MTWS) and (iv) no magnetic treatment of irrigation
water or seeds as control treatment.

N
S

<Flow of water/sceds ]

Fig. 1. Magnetic device with two permanent magnets showing
their north and south poles, the direction of magnetic field gener-
ated, and water and seed flow between the two magnets.
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The values of the magnetic field intensity (By)
generated by the two magnets varied from 3.5 to
136 mT along the axis of the pipe (centre line). The
intensity was measured along the longitudinal and
cross-sectional directions of the pipe using a tesla meter
(Model 5070, Sypris, Orlando, FL). Figure 2 shows the
distribution of the magnetic field generated between the
two permanent magnets along the length and diameter
of the pipe. The peak value of the magnetic field
intensity (136 mT) was observed at the middle section
of the pipe (between 30 and 80 mm distance from the
beginning of the pipe length) with a trend of decreasing
values toward the end of the pipe length. Depending on
the distance along the pipe length, the values of the
magnetic field intensity also varied across the pipe
diameter, from 3.3 to 136, 3.2-94, 3.2-97 and 1.8—
118 mT at distances of 5, 10, 15 and 20 mm,
respectively, from one end of the pipe wall to the other
(Fig. 2). The magnetic inhomogeneity of the field (AB/
B.,) was very high (225%). The magnetic field intensity
gradient was initially positive along the x-axis
(10-30mm of pipe length) and increased sharply
(>4500 mT/m) between 20 and 30 mm length. The
gradient then decreased and the value was lower
(<2750 mT/m) along the length of 30—70 mm and
was negative afterward. The value of the negative
gradient was highest (>—6300 mT/m) between 80 and
90 mm length.

For the MTW, triple deionised irrigation water
was exposed to a static non-uniform magnetic field for
about 3s by passing water through the magnetic
treatment device with magnetic induction in the range
of 3.5-136 mT. To ensure adequate exposure to the
magnetic field, the water for magnetic treatment was
passed twice through the device. The magnetic treat-
ment of the water was under dynamic conditions
because there was a continuous flow of water at the
rate of 10ml/s through the device. For the magnetic
treatment of snow pea and chickpea seeds, the dry seeds

were passed twice through the magnetic treatment
device with an exposure of about 5 s during each pass. It
should be noted that the seeds passed through the device
smoothly when dropped into its funnel for the treat-
ment. Seeds for the control treatment were passed
through a tube without magnets.

Experiments in Glasshouse

Two glasshouse experiments, one for snow peas
and the other for chickpeas, were conducted in this
study. After magnetic treatment, snow pea and chickpea
seeds were grown in a washed sand medium for 20 days.
The sand was air-dried and passed though a 2 mm sieve,
and 100 g of this sand was placed in small plastic pots
(70 mm long and 50 mm diameter). The sand used was
analysed for its chemical properties (sand/water ratio of
1:5 for pH and EC). The sand had an average pH.5
value of 5.6, electrical conductivity (EC;.5) 10.8 pS/cm,
available P (Olsen P) 1.44 mg/kg, K (0.05M HCL-
extractable) 3.8 mg/kg and N (NO5-N) 0.8 mg/kg.

Both magnetically treated seeds and control seeds
were sown at a uniform depth of 20mm. Sixteen
uniform seeds of snow peas (224.33 £4.04 mg per
seed) and chickpeas (520.67+=5.13mg per seed)
were used in each experimental treatment. Plastic pots
were arranged in a completely randomised design, and
there were four replications per treatment with a total of
16 plastic pots. The experiment was performed blind
and the pots were randomly moved every day to have
unbiased results.

Glasshouse experiments, both for snow peas and
chickpeas, were conducted under controlled environ-
mental conditions with temperatures of 2042°C
during the day and 1542 °C during the night. The
relative humidity in the glasshouse varied between 50%
and 55% during the study period. There were about 11 h
per day of natural light available over the duration of
experiments. The glasshouse used in the study was
made of polycarbonate materials with automatic

Y-axis

X-axis

120-140
1100-120
W 80-100
= 60-80
= 40-60
m 20-40
m0-20

Z-axis

Fig. 2. Distribution of magnetic field intensity generated by the two magnets along the length and
diameter of the pipe in the magnetic treatment device. x-axis: distance along the length of the pipe in
mm); y-axis: magnetic field intensity in mT and z-axis: distance along the diameter of the pipe in mm.
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temperature and humidity control systems similar to
those used for growth chambers. There was an
automatic temperature control system on the air
conditioning unit of the glasshouse. An air thermometer
was installed in the glasshouse to monitor the temper-
ature during the study period.

Triple deionised irrigation water was used for
growing seedlings to avoid any nutrient use through
water, and ensure that the seeds were the main source of
nutrients for emerging seedlings. Measured volume
(15 ml/pot) of the water, with or without magnetic
treatment, was applied in each pot soon after sowing
according to the treatments described earlier. The
pots were weighed every day and irrigated with triple
deionised irrigation water to compensate the loss
of water through evaporation and transpiration. The
estimation of the amount of water applied in each pot
was based on the evapotranspiration loss between two
consecutive irrigations.

Growth Measurements

The number of seedlings emerged was counted
daily for each treatment during the entire duration of
the study for determining the emergence percentage.
The emergence rate index (ERI), which is a measure of
the speed of emergence, was calculated by a formula
given by Bartlett [1937]:

>0+ Ao A

nny

ERI = (1)

where x, x,, etc. are the number of seedlings emerged
on 1st, 2nd, etc. day after sowing, n is total number of
observations and n, is number of seeds planted per
treatment per replication. From this equation, the ERI
can be defined as the ratio of the sum of seedlings
emerged during the observation period to number of
observations and number of seeds planted per treatment
in each replication.

The emergence of seedlings was completed
within 10 days of sowing. However, irrigation was
continued for another 10 days to observe differences in
seedlings’ growth and vigour. The seedlings in both
experiments were then harvested for shoot and root dry
matter accumulation analysis. At harvest, seedling
shoots were separated from roots, and the sand was
washed off the roots using triple deionised water.
The harvested seedlings were dried in an oven at
65°C for 48h and weighed. These dried seedlings
were then analysed for nutrient concentration by
inductively coupled plasma (ICP), a method described
by Zarcinas et al. [1987]. The dried roots and shoots of
snow pea and chickpea seedlings were digested in nitric
acid, and these digested samples were used for
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simultaneous determination of P, K, S, Ca, Mg, Na,
Cu, Zn, Mn, Fe and B concentrations. Nitrogen
concentration of roots and shoots was determined by
an auto analyser. Seedlings’ nutrient content (nutrient
uptake) was calculated by multiplying the nutrient
concentration of seedlings with their respective dry
weight.

Statistical Analysis

All the data relating to seedlings’ emergence
percentage, emergence state index, dry weight and
nutrient content were subjected to one-way ANOVA
using Microsoft Excel. Since washed sand used as
growing medium in the study was homogenous, there
was very little variation between one replication and
another under each treatment. All data of different
attributes of snow peas and chickpea were observed to
have normal distribution based on the Kolmogorov—
Smirnov test [Massey, 1951]. Bartlett’s test was used to
test the homogeneity of variances. It was observed that
the variances were homogenous for all the data relating
to different attributes. In addition, Tukey’s test was
performed to differentiate the mean treatment values at
a probability of 0.05.

RESULTS

Water Properties

The pH and EC values of magnetically treated
irrigation water were significantly affected by magnetic
treatment. There was a significant (P < 0.05) reduction
in pH (from 5.75 to 5.71) and an increase in EC values
(from 0.991 to 0.995 puS/cm) with exposure of the water
to magnetic fields. However, there was no effect on N, P
and K contents of water (data not shown).

Seedling Growth

The results reveal a statistically significant
(P <0.05) increase (50%) in seedling emergence of
snow pea with MTWS treatment compared to the
control treatment (Table 1). However, there was a trend
of increased seedling emergence in snow pea for MTW
(20%) and MTS (10%) treatments, but the increase was
not statistically significant. In chickpeas, there was a
trend of improved seedling emergence with the MTW,
MTS and MTWS treatments, but the increase was also
not statistically significant.

The values of ERI for snow pea and chickpea
seedlings were significantly (P < 0.05) increased by
different magnetic treatments. MTW seedlings showed
an increase of 41.6% for snow pea and 51% for
chickpea, MTS seedlings showed an increase of 33.2%
for snow pea and 37.3% for chickpea, and MTWS
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TABLE 1. Effects of Magnetic Treatment of Irrigation Water and Seeds on Seedling Emergence (%) and Emergence Rate Index
(ERI) of Snow Pea and Chickpea Seeds (Number of Seeds for Each Treatment = 16)

Emergence % increase Emergence % increase  ERI snow % increase ERI % increase
Treatments (%) snow peas over control (%) chickpeas over control peas over control  chickpeas  over control
Control 62.5% 63.8% 0.375° 0.455*
MTW 75.0° 20.0 93.8 36.4 0.532° 41.6 0.688" 51.0
MTS 63.8" 10.1 81.3% 18.2 0.500° 332 0.625° 373
MTWS 93.8" 50.1 87.5* 273 0.688° 83.3 0.652° 432
SE 5.7 6.5 0.030 0.040
Tukey’s test S NS S S

SE, standard error; S, significant; NS, non-significant.

Superscripts a, b and ¢ indicate significantly different means at P < 0.05. In columns, means followed by the same letter did not show

significant differences (P < 0.05) based on SE and Tukey’s test.

seedlings showed an increase of 83.3% for snow pea
and 43.2% for chickpea, compared to the control
seedlings (Table 1). The highest increase in ERI
for snow pea (83.3%) was observed with MTWS
treatment.

Magnetic treatments led to a significant (P < 0.05)
increase in shoot dry weight of both snow pea and
chickpea seedlings (Table 2). Shoot dry weight
increased 7.8% for snow pea and 6.5% for chickpea
with MTWS, 11% for snow pea and 4.1% for chickpea
with MTS and 24.7% for snow pea and 19.8% for
chickpea with MTW, compared to the control. The
highest increase in seedling shoot dry weight of snow
pea (24.7%) and chickpea (19.8%) was observed with
MTW treatment. Also, the results indicate that there
was no additional advantage gained in terms of shoot
dry weight with MTWS compared with MTS for both
crops.

Root dry weight for snow pea seedlings was
significantly (P < 0.05) influenced by MTW and
MTWS treatments. There was an 11.6% increase in
root dry weight with MTW treatment while there was a
significant reduction (3.9%) in root dry weight with
MTWS, in comparison with the control treatment
(Table 2). However, root dry weight was unaffected by

MTS in snow pea, and by MTW, MTS and MTWS in
chickpea compared to the control.

The mean nutrient contents of both snow pea
(Table 3) and chickpea (Table 4) seedlings were
significantly (P < 0.05) influenced by MTW. In snow
pea seedlings, the MTW treatment resulted in a
significant increase in N (23%), K (14%), Ca (33%),
Mg (14%), S (13%), Na (33%), Zn (17%), Fe (15%) and
Mn (37%) contents when compared to the control
seedlings. However, the effects of the MTW treatment
were not significant for P, Cu and B contents of snow
pea seedlings. On the other hand, the MTW treatment
significantly increased P and Cu contents in chickpea
seedlings, in addition to significantly (P < 0.05)
increasing contents of N, K, Ca, Mg, S, Zn, Fe and
Mn (Table 4). The increase with the MTW treatment in
N, P, K, Ca, Mg, S, Zn, Fe, Mn and Cu contents in
chickpea seedlings were 17%, 11%, 16%, 14%, 18%,
11%, 14%, 12%, 18% and 12%, respectively.

Similar to the MTW treatment, the MTS treatment
also significantly (P < 0.05) increased the contents of
N, Ca, S,Zn, Fe and Mn in snow pea seedlings (Table 3).
The increases in the nutrients contents of these elements
in snow pea seedlings were 11%, 28%, 9%, 19%, 14%
and 25%, respectively. In chickpea seedlings, a

TABLE 2. Effects of Magnetic Treatment of Irrigation Water and Seeds on Mean Shoot and Root Dry Weights (mg/Plant) of
Snow Pea and Chickpea Seedlings 20 Days After Sowing (Number of Seedlings for Each Treatment = 8)

Shoot Shoot Root Root

weight, dry % increase  weight, dry % increase  weight, dry =~ % increase  weight, dry % increase
Treatments snow peas  over control  chickpeas  over control  snow peas  over control  chickpeas  over control
Control 62.3* 46.3" 38.62% 89.4*
MTW 77.6° 24.7 55.5¢ 19.8 43.11°¢ 11.6 90.8* 1.6
MTS 69.1° 11.0 48.2° 4.1 38.95% 0.8 89.8* 0.5
MTWS 67.1° 7.8 49.3° 6.5 37.10° -39 88.7° -0.7
SE 0.54 0.33 0.34 0.55
Tukey’s test S S S NS

SE, standard error; S, significant; NS, non-significant.
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TABLE 3. Effects of Magnetic Treatment of Irrigation Water and Seeds on Nutrient Contents (pg/Plant) of Snow Pea Seedlings
20 Days After Sowing (Number of Seedlings for Each Treatment = 8)

N P K Ca Mg S Na Zn Cu Fe Mn B
(ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/
Treatments plant) plant)  plant) plant) plant) plant) plant) plant) plant) plant) plant)  plant)
Control 3201% 579 1199* 36% 173% 267 146  4.67*  0.99* 10.72*  3.84*°  1.20°
MTW 3923¢ 621*  1372° 48 198° 302> 20.0° 548>  1.19*°  1229° 5265  1.43°
MTS 3563° 602*  1304*  46° 190* 291°  16.8*  556° 1.11*  1226°  481°  1.41°
MTWS 3469° 589%  1239° 42° 182° 2822 15.6°  5.44°  1.04*  11.39°  461° 1.26*
SE 47 11 32 1.8 4.1 6 0.8 0.10 0.05 0.28 0.09 0.06
Tukey’s test S NS S S S S S S NS S S NS

SE, standard error; S, significant; NS, non-significant.

significant (P < 0.05) increase with the MTS treatment
was observed (14%) only for Mg content. The MTWS
significantly increased the contents of N and Zn for
snow pea and Mg for chickpea seedlings. The inclusion
of the MTWS treatment did not have any additional
improvement in nutrient contents of snow pea and
chickpea seedlings when compared with the MTW
treatment.

DISCUSSION

Itis important to mention that the significant effect
of the MTW and MTS treatments on seedling growth
including ERI (reflecting speed of seedling emergence),
seedling shoot dry weight and nutrient content of both
snow peas and chickpeas indicate that the MTW and
MTS treatments have a potential to improve early
seedling growth. This improved growth may lead to an
early canopy cover and a better competition against
weeds, and thus more efficient use of nutrients and
irrigation water.

The results also reveal a greater beneficial effect of
the MTW treatment than MTS in both snow pea and
chickpea seeds in terms of increases in ERI and shoot
dry weight. These findings confirm the trends due to
MTS and irrigation water observed by Hilal and Hilal

[2000] for the germination and emergence of tomatoes,
pepper, cucumber and wheat seeds, and by Morejon et
al. [2007] for germination of Pinus seeds. Similar to our
results, Reina et al. [2001] observed a significant
increase in germination by exposing lettuce seeds to
magnetic fields. Podleoeny et al. [2004] also reported a
significant increase in seeds germination and emer-
gence by exposing broad bean seeds to variable
magnetic strengths before sowing.

According to Vallée et al. [2005], the magnetic
treatment could act on the gas bubble/water interface and
may lead to destabilisation of bubbles, thus disturbing the
ionic balance between the shell of adsorbed negative ions
and counter ions. In the present study, it is likely that such
interfacial effects through the gas bubble/water interface
are responsible for the remarkable effects of magneti-
cally treated irrigation water.

The reduction in pH and increase in EC in
magnetically treated water may be due to changes in
hydrogen bonding and increased mobility of ions.
Chang and Weng [2008] reported changes in hydrogen
bonding and increased mobility of Na* and CI~ ions
with exposure of water to magnetic fields. Several
researchers have also found changes in physical and
chemical properties of water such as hydrogen bonding,
polarity, surface tension, conductivity, pH, refractive

TABLE 4. Effects of Magnetic Treatment of Irrigation Water and Seeds on Nutrient Contents (jrg/Plant) of Chickpeas Seedlings
20 Days After Sowing (Number of Seedlings for Each Treatment = 8)

N P K Ca Mg S Na Zn Fe Mn Cu B
(ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/ (ng/
Treatments plant)  plant)  plant) plant) plant) plant) plant) plant) plant) plant) plant)  plant)
Control 2825* 3327 764> 29.8° 114* 180°  6.88*  3.52* 889  1.87° 098  1.06°
MTW 3292°  370° 887° 339"  135*  200°  7.14* 403"  991® 220° 1.10°  1.19°
MTS 2951* 3532 799*  29.9*  130° 178*  6.69* 378  880° 193  1.02*  1.12°
MTWS 2079*  354° 810  30.1*  128° 176  6.57* 3.82* 896 193"  1.00°  1.09°
SE 384 5.8 19.6 0.9 2.1 3.0 0.22 0.1 0.2 0.06 0.03 0.04
Tukey’s test S S S S S S NS S S S S NS

SE, standard error; S, significant; NS, non-significant.
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index and solubility of salts because of magnetic field
exposure [Smikhina, 1981; Srebrenik et al., 1993;
Amiri and Dadkhah, 2006; Otsuka and Ozeki, 2006;
Chang and Weng, 2008].

Although the changes induced in pH and EC in
magnetically treated irrigation water were small but
statistically significant, they resulted in accentuated
biological activity in seeds and consequently affected
the speed of emergence of seedlings. The significant
changes in pH and EC in magnetically exposed water
indicate that magnetic effects last for along time, the so-
called “memory effect of water.” Pang and Deng
[2008] found that the effect of magnetic treatment of
water does not disappear for some time and its intensity
of infrared absorption decreases gradually with
increasing time and finally acquires the same properties
as those of pure water.

It is worth mentioning that the significant effect of
MTS could also be attributed to greater absorption of
water by magnetically treated seeds. Reina and Pascual
[2001] and Reina et al. [2001] reported that magneti-
cally exposed lettuce seeds increased water uptake rate
and speed of emergence compared to untreated seeds.
The brief exposure of snow pea and chickpea seeds to
magnetic fields with high gradient of 225% may be
responsible for activations of enzymes and hormones
involved in the germination process and mobilization of
nutrients. As a result, there is probably an improvement
in the mobilization and transportation of nutrients to the
embryonic axis and a resultant increase in speed of
emergence and nutrient content of seedlings. The
confirmation of these mechanisms, whether there is an
activation of enzymes and hormone production within
seeds due to the magnetic treatment, is beyond the scope
of this study and warrants further research. The
noticeable enhancement of nutrient content of both
snow pea and chickpea seedlings derived from magneti-
cally treated seeds may be ascribed to the long-lasting
effects of magnetic fields on nutrient mobility in seeds,
which might lead to an increase in hormonal produc-
tion. Turker et al. [2007] found an increase in
gibberellic acid-equivalents (GAs), indole-3-acetic
acid and trans-zeatin hormones in the sunflower plant
as a result of magnetic exposure.

A significant increase in seedling emergence of
snow peas with MTWS treatment compared to the
control treatment is most likely attributed to the
application of a high gradient magnetic field to both
seeds and water. Furthermore, the high gradient resulted
in faster activations of enzymes and hormones during
the germination process, making the inactive embryo
grow.

The results of the current study demonstrate some
significant effects of magnetically treated irrigation
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water and seeds on seedling emergence, growth and
nutrient content of snow pea and chickpea seedlings
under glasshouse conditions. Although static, non-
uniform magnetic fields interact with deionised water
and seeds for brief exposure times, the results indicate
that the magnetic treatment of irrigation water and snow
pea and chickpea seeds led to a marked change in
physical and chemical properties of water, early
seedling growth and nutrient content of seedlings. It
seems that the combined effect of gradient and non-
uniform magnetic fields applied to water and seeds for a
brief exposure could induce significant changes that
could have an effect on late plant growth as an indirect
effect of the initial magnetic stimulation. However,
before the benefits of magnetic treatment can be
exploited for crop production, it will be important to
conduct field trials to understand the extent to which the
MTWS will be effective under field conditions.
Overall, the results of faster seedling emergence
and the significant increase in seedling shoot dry weight
and nutrient contents owing to the MTW and MTS
treatments has a potential practical significance,
particularly through better seedling establishment and
early vegetative growth. This may also enable the plants
to utilise the nutrients, water, atmospheric CO, and
radiation more effectively and influence crop yields.

CONCLUSION

The treatment of irrigation water and seeds with
non-uniform magnetic fields for a brief exposure
significantly increased seedling ERI and shoot dry
weight in both snow peas and chickpeas. The MTW
resulted in a significant (P < 0.05) increase in N, K,
Ca, Mg, S, Zn, Fe and Mn contents in snow pea and
chickpeas seedling. Similarly, the MTS also resulted
in an increase in N, Ca, S, Zn, Fe and Mn contents for
snow peas seedlings only. The MTW was more
effective than the MTS for seedling emergence and
seedling growth. There was no additional advantage
gained by treating both irrigation water and seeds for
any of the attributes of snow pea and chickpea
seedlings, except for a significant increase in seedling
emergence percentage of snow peas when compared
with the control. The obtained effects are mainly
attributable to the application of a high gradient
magnetic field to both seeds and water because the
exposure time was very brief.
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