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Abstract

Non-chemical treatments are an approach for improving seed germination. In order to evaluate the
effects of the magnetic field application on onion seed germination and seedling growth indices, a
guadrupole magnetic field system was designed and fabricated. It was also compared with a dipole
magnetic field system. In the quadrupole system, each coil consisted of three layers and the cores were
moved inside the coils. These arrangements make it possible to change the magnetic field intensity in
addition to input current setting. The experiments were conducted based on factors including the type
of system (bipolar and quadrupole), magnetic flux density (75, 150, 300 and 600 pT) and duration of
the field application (15, 30, 60 and 120 min). Germination percentage, germination rate, mean
germination time, seedling vigor index, shoot length, root length, fresh weight of shoot and root, fresh
weight of seedling, dry weight of shoot and root were measured. The results showed significant effects
on seed germination and seedling growth of onion. In most germination characteristics, the quadrupole
system had a better impact than the bipolar system. For many traits (except for weights), the increase
in field intensity degraded the traits. Quadrupole system that applied the magnetic field of 600 uT for
15 minutes, yielded 63% increase in the total seedling weight. Most of the germination traits were not
affected by exposure time. Further investigations are required for shorter exposure times compared to
used durations in this study.
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Introduction

The seed is a basis for crop production and
as the first consumption input has been an
undeniable role in the transmission of genetic
traits of the product. Even with the abundant
use of energy without the use of the proper
seed, it cannot be achieved to the maximum
yield and optimum performance. Many
techniques have been considered to improve
germination of seed or its properties such as
seed coating (Ranjbar and Kianmehr, 2017),
irrigation and nutrient treatments
(Feyzollahzaden et al.,, 2013), and
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optimization of threshing operation (Iranmehr,
2014). Stimulation of seeds using magnetic
fields is an inexpensive and nonchemical
treatment. A  magnetic field is an
environmental factor for living organisms that
affects biological processes in different ways.
Living cells contain electrical charges which
are produced by free ions or radicals. Magnetic
fields can influence cells via interaction with
ions and especially ferromagnetic materials,
like iron (Rajabbeigi et al., 2013). It may also
affect enzyme activity. The influence of the
static magnetic field, which is greater than
local geomagnetic fields, on seed germination
has been the topic of some research. Static or
continuous fields were generated by magnets
or direct current (DC). The effect of exposing
sunflower seeds to static magnetic fields of
125 mT and 250 mT for 1, 10, 20, 60 minutes,
24 hours or in a chronically way was
investigated during the germination process.
The mean germination time achieved for seeds
subjected to treatment was significantly less
than control (Carnobell et al., 2005). Tomato
seeds were magnetically exposed to magnetic
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field strengths (125 or 250 mT) for different
exposure time. The results showed a reduction
of germination time for magnetic treatments.
The germination parameters were lower than
control values and the germination rate for
treated seeds was higher than control
(Martinez et al., 2009). Germination and early
growth of wheat and bean were studied under
magnetic fields (4 or 7 mT) and osmotic
conditions. The application of magnetic fields
promoted the germination ratios of seeds
(Cakmak et al., 2010). Cucumber seeds were
exposed to stationary magnetic field strength
from 100 to 250 mT for 1, 2 or 3 h.
Germination-percentage  and  rate  of
germination increased by 18.5% and 49%,
respectively compared to unexposed seeds.
The magnetic field of 200 mT for 1 h showed
a significant influence on germination
parameters (Bhardwaj et al., 2012). Maize
seeds were treated by magnetic fields of 50,
100, 150, 200, and 250 mT for 1, 2, 3, and 4 h
for all field strengths. Results indicated that
the magnetic field significantly enhanced seed
performance in terms of percentage of
germination, germination speed and seedling
length compared to unexposed control. Field

application of 200 mT for 1h exposure gave
the best results among the various
combinations of field and exposure time
(Vashisth & Joshi, 2016). Since the method of
magnetic field application can be effective on
treatment results, in this study design and
implementation of a system was considered to
apply a magnetic field to onion seeds and the
results were evaluated.

Materials and Methods

Sample preparation

The onion seed used in this experiment was
from a yellow short day cultivar named Texas
early grano 502. Seeds were disinfected with
sodium hypochlorite (1.5%) for two minutes
and washed three times with distilled water,
and then the onion seeds were macerated with
mancozeb fungicide.
Magnetic field application systems

A bipolar system and a quadrupole system
were used to apply the magnetic field. Figure 1
shows the system for producing the bipolar
magnetic field used in this study (Zamiran et
al., 2013). The quadrupole magnetic field
system was designed and fabricated (Figure 2).

Fig.1. The system for producing the bipolar magnetic field

Design and fabrication of a novel magnetic field
system

Quadrupole system consisted of stationary
and movable retaining bases for keeping the
cores and windings, conductive insulation
(made of polytetrafluoroethylene) to avoid

contacting the aluminum core with the iron
body of the bases, cylindrical coils, central
aluminum core, seed position and direct
current power supply.
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Fig.2. Quadrupole magnetic field system

Lacquer-coated wire (200 micron diameter)
was used to form the coils. Each coil consisted
of three layers, that is, each coil contains three
input wires and three outlet wires. The first
layer consisted of 450 rounds, the second layer
had 650 rounds and in the third layer or the
outer layer 1150 rounds were used. Therefore,
the coil had 2250 rounds of copper wire and a
resistance of each coil was 31 Ohm. The
average diameter and the length of each coil
were 105 mm and 128 mm, respectively. The
purpose of wrapping coils with three layers
was to receive magnetic fields with different
intensities from each layer. So layers
generated specific field intensity considering
the input current. In order to have the
minimum field strength, the first layer should
be used, which has the smallest wire length as

well as second and third layers should be
applied to increase the magnetic flux density.
If the desired magnetic strength is higher than
the field strength of the third layer, it was
possible to obtain the maximum field strength
from the coil with layers connected in series.
In order to improve the magnetic field, a solid
aluminum core with a circular cross-section of
88 mm in diameter and a length of 300 mm
was used in the middle of each coil. It worth
noting that aluminum has paramagnetic
properties. The core was easily moved inside
the coil and, concerning the paramagnetic
properties of aluminum, the backward and
forward movement changed the magnetic field
so that, as the core moved in the direction of
the magnetic field, the intensity of the field
was increased. The output current of the power
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supply is 12 volts of direct current. The power
supply was able to produce four separate lines
of 220/12 Volt DC which will be input to each
coil and 500 W (Watt) active power. The
power supply consisted of four transformers
(12 Volt, 6 Amp), converting 220V to 12V.
This output current from the transformers was
also the AC, which is converted to DC using a
rectifier diode bridge. The input current to
each coil has the potential to produce a
maximum magnetic field with an intensity of
700 uT, which can be changed by increasing
the electrical current. The main purpose of
using direct current is to have a constant
magnetic field, while alternating current
causes variable magnetic field. Magnetic flux
density generated in each system was
measured using a three-axis digital Teslameter
(LMF-828 model, Lutron Company, Taiwan).
Seeds were subjected to magnetic fields at the
induction of 75, 150, 300 and 600 uT for 15,
30, 60 and 120 minutes. Control seeds were
kept without magnetic treatment. Treatments
were replicated three times and 25 seeds were
used for each replication.
Germination test

Seeds were placed on filter paper in Petri
dishes. Moisture content was provided by
adding distilled water. Petri dishes were sealed
with sterilized plastic bags and kept inside the
incubator at the temperature of 25 °C.
Germination of onion seeds lasted 13 days and
the number of germinated seeds was recorded.
Germination indices such as percentage, speed
and mean time of germination, root and shoot
length, fresh and dry weights of shoots and
fresh and dry weights of roots were measured.
The germination percentage (GP), germination

rate (GR), mean germination time (MGT) and
seedling vigour index (SVI) were calculated
separately using equation (1), (2), (3) and (4):
GP=100(Ng/Nr1) 1)
Where Ng is the number of germinated seeds
and Nt is the total number of seeds (Hoseyni
and Rezvani Moghadam, 2009).

GR=31L, > )
Where S; is the number of germinated seeds

per day, D; is the number of days, and n is the
number of counting days (Maguire, 1962).

IVIG_l_:AlDlJrAzDZerAnDn 3)
AR+ A

Where A is the number of seeds germinated at
time D and n is the total number of days until
the last day (Wang and Chang, 2003).

SVI = GPxL (4)
Where L is the mean seedling length (cm) and
GP is the germination  percentage
(Aboutalebian et al., 2005).

Five normal seedlings were selected from
each petri dish and length of root and shoot
and also the weight of fresh root and fresh
shoot were measured. The selected seedlings
were placed in an electric oven for 48 hours at
a temperature of 70 °C to reach a constant
weight and then dry weight was obtained.

Statistical analyses were performed using
SAS software. Factorial analysis of variance
(ANOVA) and Duncan tests were carried out
on data.

Results and Discussion

Results of factors affected on onion seed
germination parameters were shown in tables 1
and 2.

Table 1- Analysis of variance of magnetic field effect on some onion seed germination traits

Source df

Mean Square

GP GS MGT SVI Shoot L. Root L.

Type 1 326.34* 1259.16** 63.19** 12519.52 1127.51** 135.37*

Intensity 3  650.4** 195.26** 0.22 277130.63** 328.04* 212.13**
Time 3 216.84 44.62 0.15 13566.37 128.59 19.74
Type x Intensity 3 171.01 46.10 0.22* 91423.84** 827.90 13.40
Type x Time 3 132.12 9.04 0.07 30743.15 171.01 43.46
Intensity x Time 9 116.55 12.92 0.11 42830.36* 128.35 42.37
Type % Intensity x Time 9 125.97 30.69 0.17* 45423.69* 37.51 61.63

*: significant at the 5% level, **: significant at the 1% level, L.: Length
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Table 2- Analysis of variance of magnetic field effect on some onion seed germination traits

Mean Square

Source Shootwet W.  Shoot dry W. Rootwet W.  Root dry W. Total W.
Type 1 24193.50* 666.76** 4537.50** 63.37** 7776.00
Intensity 3 3785.03 18.79 446.40 6.79* 4656.46
Time 3 4205.42 17.09 1139.60 5.12* 3212.57

Type x Intensity 3 25793.19** 18.79 1283.42 7.68** 24975.53**
Type x Time 3 1277.97 24.82* 1331.28 13.74** 4617.25
Intensity x Time 9 3483.13 17.62* 505.70 2.47 5345.50
Type x Intensity x Time 9 5943.78 13.36 1083.60 1.71 9290.48

*: significant at the 5% level, **: significant at the 1% level, W.: Weight

Table 3- Means comparison of magnetic treatments and control for germination percentage,
germination rate and mean germination time of onion seeds

System Magnetic flux Exposure time GP GR MGT
type density(uT) (min) (%) (Seed Day™) (Da
15 69.337% 24617 7.57%"
30 77.33% 26.04° 7.71°01
75 60 73.33 20 21.90%°% 7.8400¢19
120 76.00° 27.50° 7.58%%¢1"
15 84.00° 25.42%° 7.80 "0
30 80.00%° 26.82%° 7.64 P01
Bipolar 150 60 70.67 2 21.96°¢C 7.79 Peceto
120 7600 abcd 21.OlaDCOET 7.93abcdet
15 73.33 0 19.63°™™ 8.03¢®
30 62.67° 16.43°™ 8.10%
300 60 65.33 20cce! 18.39%" 7.942000€!
120 60.00%' 19.40°% 7.76 "1
15 56.00° 13.94° 8.20"
30 70.67 18.53%" 8.00%e¢"
600 60 62.67° 15.86'" 8.20%
120 74.67 abcde 20.49[JCGETQ 7.94abcder
15 79.33%° 20.92%0°%T 7.85 P10
75 30 78.67% 21.39%0°% 7.65 01
60 77.33% 21,720 7.35%"
120 84.00° 21.11%°% 7.88 20"
15 64.67°% 20877 7.57%
30 72.00 %% 21.13%0c0 7.36%"
Quadrupole 150 60 79.33%¢ 2147200 7.65 Pt
120 76.67% 20.25°' 7.56%"%"
15 66.00 T 19.91°%™ 7.79 7<%
300 30 83.33% 22.0420¢ce 7.46""
60 62.67° 22,747 7.81 Pt
120 76.67 20,18 7.56%""
15 52.00 20,557 7.07"
600 30 62.67° 20.03°¢" 7.54°1"
60 65.33 abcdet 21.623DCUET 8. 12'rlDC
120 77.33 2152200 7.66 "1
Control 0 0 69.33 < 14.07° 8.42°
Effects of treatments on germination not observed for germination percentage
percentage, germination rate and mean compared to untreated seeds but germination
germination time of onion seeds were rate was significantly increased. The fastest

presented in Table 3. A significant change was germination was occurred using the bipolar
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system and 75 uT. A significant reduction of
mean germination time was observed. One of
the possible causes to explain the positive
effects of the magnetic field can be
paramagnetic properties of atoms found in
plant cells. Applying an external magnetic
field can spin the atoms in order of the
magnetic field. Magnetic properties of
molecules and their ability to absorb energy
and then changing the magnetic field to
transfer energy to other forms of energy as

well as other structures in plant cells, leading
to activate them (Zeidali et al., 2017).

The results presented in Table 4 showed a
significant impact of some magnetic fields on
seedling vigour index, length of shoot and root
of onion seeds. It seems the quadrupole system
with minimum intensity and treatment time
results in the highest value among other
treatments for these parameters. Length of
shoot and root were longer in the quadrupole
magnetic treatment and weaker fields.

Table 4- Means comparison of magnetic treatments and control for seedling vigour index, length of
shoot and root of onion seeds

System Magnetic flux Exposure time Root length
type density(uT) (min) SVi Shoot length (mm) (mm)
15 833.70%°€ 89.00™cderan 30.00°
30 964.20 ¢ 83.33¢0etan 42.33®
75 60 909.30 caet 90.67 0caetd 33.00%
120 883.90 2Pecet 80.33°"" 35.3370ce
15 1030.40%° 86.67 oo 35.33™¢E
30 96510 abcde 8600 abcdetgh 35.33abcde
Bipolar 150 60 908.80 2! 95,00 2cee! 32.67°
120 822.80 20t 79.33"" 29.00%"
15 885.10 % 82.67%" 38.00%C
30 718.30°" 86.00 2occeron 29.33¢0t
300 60 766.20°" 88.00 2ocderon 28.33%"
120 618.70" 73.67" 29.33%¢
15 632.40™ 87.33 Fcaeran 26.00°
30 897.10 2occet 95.00 2oceer 32.00°c
600 60 729.90%" 88.00 2ocderon 28.33%"
120 854.00 2occet 89,33 ancaeron 25.67°
15 1099.90° 104.007 44.00°
75 30 965.60 ¢ 99.67 20cce 35.670ce
60 1018.00 ** 103.33%® 38.00%
120 1053.90*° 100.33 cae 36.3320cce
15 782.00%% 96.00 e 34,007
30 797.50°%10 90.33 @eaety 29.00%"
Quadrupole 150 60 1048.90%° 101.00 2 40.67%°
120 8840 abcdet 9100 abcdeTg 34.67abcde
15 834.40 P 102.67®° 33.007
300 30 1075.30% 104.00° 35.00%°%
60 651.70" 85.00 2oceron 26.00°
120 900.80 2Pedet 93.00 ceet 34,00
15 539.90¢ 84,33 et 28.67%
600 30 656.70'" 81.00%"" 33.67°0ce
60 625.90'" 70.67" 31.67°®
120 84650 abcdet 83.67bcdetgh 33.67abcde
Control 0 0 689.20°™ 81.67%" 18.67"

Means of findings for the fresh and dry
weight of shoot and root were compared in
Table 5. It was demonstrated that the magnetic
treatment can increase these indices. Shoot

fresh weight was enhanced by 67% compared
to the control using optimum treatment. The
magnetic field not only causes the faster
penetration of water into the seed but also
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affects the speed of enzymatic reactions.
Water uptake in the first stage accelerates the
seeds swelling and their weight. This may be

associated with increased metabolism and
more water content in plants (Fischer et al.,
2004).

Table 5- Means comparison of magnetic treatments and control for the fresh and dry weight of
shoot and root of onion seeds

Root fresh

Magnetic flux  Exposure  Shoot fresh . Shoot dry Root dry
System type density (uT) time (min)  weight (ng) W(Pi:g)h t weight (ng)  weight (ng)
15 378.33"% 102.33% 10.33™" 5.33%n
30 360.33 "% 110.67 11.33°19" 5.67¢ oo
75 60 393.00 "% 96.67"¢ 12.33°" 5.00°5""
120 373.67"* 115.33%¢ 12.33°" 433"
15 302.337%® 87.33"™ 11.67°0" 5,33 0eton
30 426.33%°% 92.00° 14.00°%" 5.33 defan
Bipolar 150 60 392.67 e 96.00" 10.67"" 5.00°""
120 358.00 "% 83.67° 9.00%" 4.33""
15 352.67°% 110.67% 11.67°0" 5,33 0eton
30 349.67% 85.00° 13.67°%mn 5.00°5""
300 60 400.67%°% 94.33" 12.67%mN 5,33 defon
120 312.00° 88.33° 8.33" 4.00%"
15 401,67 85.67" 10.67™" 5.67°¢ %N
30 447 .00%°% 104.00% 10.67"" 5.67¢ ern
600 60 487.33%¢ 85.67" 11.00°™" 4.67°"
120 470.33% 127.67% 16.00"°% 3.33"
15 398677 74.00% 13,67 5.33 TN
75 30 429.33%c0e 80.67" 15.330cce! 5,33 defon
60 406.33%° 77.33¢ 14,339 4.67°"
120 422 33 3c0e 83.67° 15.330ce 6.67°!
15 416.00 2% 144.67° 18.00% 7.00°°%
30 406.00 e 78.33" 13.67°0emn 4.33'%"
Quadrupole 150 60 470.00 > 81.33" 20.00% 8.00™°
120 405.00 e 81.67° 16.67°% 8.00%°
15 427.00 2% 72.33% 18.00%« 7.67%
300 30 469,332 72.67% 18.67%¢ .67
60 529.00° 74.67% 20.00% 10.00°
120 42467 3¢ 78.33"¢ 19.00™° 7.67%¢
15 488.67® 127.00™ 14,33 5.33%n
600 30 339.00% 74.67% 12.67%"" 4.67°"
60 376.33"¢ 72.67% 22.33° 8.33%®
120 396.33 2 71.67% 18.67%¢ 5,676
Control 0 0 317.00° 61.00° 16.67°°% 6.33PC0eT

Comparison of seedling weights is
illustrated in Figure 3. Some treatments
significantly  increased  this  important
germination parameter. Quadrupole system
that applied the magnetic field of 600 uT for
15 minutes, yielded 63% increase in total
weight.

The magnetic field can have various effects
on plant metabolism according to application
style, intensity and environmental conditions
(Cakmak et al., 2010).

The low-frequency magnetic field (20 mT)
was induced to onion seeds at 10, 30 and 60
minutes. For the magnetic treatment of 60
minutes, an increase in energy of germination,
germination capacity, and the seedling length
was observed. The results were different for
two cultivars of onion (Holubowicz et al.,
2014). Exposure of dry onion seeds to low
frequency non-uniform magnetic fields (160
mT for 15 and 20 min) increased germination
compared to unexposed controls. The best
finding was found for 160 mT for 15 min (De
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Souza et al., 2014). Onion seeds were also
pretreated by the static magnetic field (0.03 or
0.06 T) for 30, 60 and 90 minutes. Exposed
seeds to 0.06 T with 30 minute gave the
maximum values of germination percentage,

germination rate, seedling length and seedling
dry weight (Hozyan et al., 2015). In present
research, weaker magnetic fields were used
than many similar studies.
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Fig.3. Effect of magnetic treatments on the seedling total weight
Conclusions investigations are suggested for shorter

It is concluded that the designed system
which was optimized to quadrupole has a

potential to improve germination seed.
Evaluation of the system with onion seed
showed significant results. In most

germination characteristics, the quadrupole
system had better effect than the bipolar
system. Generally, in many traits (except for
traits related to weight), the increase in field
intensity degraded the traits. Most of the
germination traits were not affected by
exposure time. Therefore short durations are
efficient regarding cost and time. Further
References

exposure times compared to used durations in
this study. Optimum magnetic treatments
should be determined for every product.
Investigation of the alternative current
utilization in this system is also suggested.
Meanwhile it may be useful to study the
combination of a magnetic field with other
treatments. Although the findings were
obtained by a laboratory system, it is also
possible to develop it in industrial technology.

Acknowledgements

The support of University of Jiroft is
appreciated.

1. Aboutalebian, M. A., F. Sharifzadeh, M. R. Jahansouz, A. Ahmadi, and M. R. Naghavi. 2005.
Effect of osmopriming treatments on speed of emergence, germination percentage, base
temperature of germination and seedling vigour index of some wheat cultivars (Triticum
aestivum L.). Agricultural Research Soil, Water and Plant 5 (1): 67-82.

Bhardwaj, J., A. Anand, and S. Nagarajan. 2012. Biochemical and biophysical changes

associated with magnetopriming in germinating cucumber seeds, Plant Physiology and

Biochemistry 57: 67-73.



Design, Fabrication and Evaluation of a Novel System ... 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cakmak, T., R. Dumlupinar, and S. Erdal. 2010. Acceleration of germination and early growth
of wheat and bean seedlings grown under various magnetic field and osmotic conditions.
Bioelectromagnetics 31: 120-129.

Carbonell, M., E. Martinez, and R. M. Flores. 2005. Influencia de campos magneticos
estacionarios de 125mT y 250 mT en la germinacion de semillas de girasol (in Spanish).
Ingenieria de Recursos Naturales y del Ambiente 2 (3): 34-39.

De Souza, A., D. Garcia, L. Sueiro, and F. Gilart. 2014. Improvement of the seed germination,
growth and yield of onion plants by extremely low frequency non-uniform magnetic fields,
Scientia Horticulturae 176: 63-609.

Feyzollahzadeh, M., A. Nikbakht, and A. Modarres Motlagh. 2013. Investigation of the Effects
of Irrigation and Nutrient Treatments on Biophysical and Biomechanical Properties of
Safflower Seed. Journal of Agricultural Machinery 3 (1): 58-70. (In Farsi),

Fischer, G., M. Tausz, M. Kock, and D. Grill. 2004. Effects of weak 16 Hz magnetic fields on
growth parameters of young sunflower and wheat seedlings. Bioelectromagnetics 25 (8): 638-
641.

Hotubowicz, R., L. Kubisz, M. Gauza, Y. Tong, and D. Hojan-jezierska. 2014. Effect of Low
Frequency Magnetic Field (LFMF) on the Germination of Seeds and Selected Useful
Characters of Onion (Allium cepa L.). Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 42
(1): 168-172.

Hoseyni, H., and P. Rezvani Moghadam. 2009. Effect of water and salinity stress in seed
germination on Isabgol (Plantago ovata). Iranian Journal of Field Crops Research 4 (1): 15-22.
(In Farsi).

Hozayn, M., A. Amal, A. EL-Mahdy, and H. M. H. Abdel-Rahman. 2015. Effect of magnetic
field on germination, seedling growth and cytogenetic of onion (Allium cepa L.). African
Journal of Agricultural Research 10 (8): 849-857.

Imanmehr, A. 2014. Effects of Drum Speed and Feed Rate on Damaged Wheat Grain during
Threshing Operation. Journal of Agricultural Machinery 5 (1): 184-190. (In Farsi).

Maguire, J. D. 1962. Speed of germination-aid in selection and evaluation for seedling
emergence and vigor. Crop Science 2 (2): 176-177.

Martinez, E., M. V. Carbonell, Florez, J. M. Amaya, and R. Maqueda. 2009. Germination of
tomato seeds (Lycopersicon esculentum L.) under magnetic field. International Agro Physics
23: 45-49.

Rajabbeigi, E., F. Ghanati, and P. Abdolmaleki. 2013. Physiologic responses of suspension-
cultured parsley cells to static magnetic field. Iranian Journal of Plant Biology 5 (15): 59-68.
(In Farsi).

Ranjbar, F., and M. Kianmehr. 2017. Review of some of Coating Seed Factors in Rotary Pan
Coater. Journal of Agricultural Machinery 8 (1): 31-41. (In Farsi).

Vashisth, A., and D. K. Joshi. 2016. Growth characteristics of maize seeds exposed to magnetic
field. Bioelectromagnetics. DOI: 10.1002/bem.2202.

Wang, P., and C. Chang. 2003. Detection of the low-germination-rate resting oospores of
Pythium myriotylum from soil by PCR. Letters in Applied Microbiology 36 (3):157-161.
Zamiran, A., V. R. Saffari, and M. R. Maleki. 2013. Seed Germination Enhancement of Zinnia
(Zinnia elegans) Using Electromagnetic Field. Journal of Ornamental Plants 3 (3): 203-214.
Zeidali, H., Z. Rostami, F. Darabi, H. Soheyli, Gh. Nabiyouni, and R. Naseri. 2017,
Germination and Growth of Wheat and Wild Oat Seedling as Affected by Different Intensities
and Times of Magnetic Fields. Biological, Environmental and Agricultural Sciences 2: 86-100.


http://www.academicjournals.org/journal/AJAR
http://www.academicjournals.org/journal/AJAR
http://ijpb.ui.ac.ir/?_action=article&au=185310&_au=Elham++Rajabbeigi
http://ijpb.ui.ac.ir/?_action=article&au=183344&_au=Faezeh++Ghanati
http://ijpb.ui.ac.ir/?_action=article&au=185311&_au=Parviz++Abdolmaleki
http://en.journals.sid.ir/JournalList.aspx?ID=13040

Journal of Agricultural Machinery Gl s pmilo 4y yis
Vol. 10, No. 1, Spring- Summer 2020, p. 1-10 /- 7777 Jde 0 AR sl Jloans ) 6 e 1e b

Y gz jd 4 pmablian Oldw Jlesl da dble S L5, 9 c5le (1 b
Sl ok oo adlae — (g5, 5lS

s *=Y \
o3y wbe a0 (Hs doe ¢ ol daw

WAV AN sl s gl
VAN 2[00 1 pdy Fu)b

2>

2 mbliae olie Jloel g1 oy n sl gy sladr s Siale dgme o)y Sl (S bt s oy, I edlita
B delio 3,50 abys ol b 5 08 4l 5 b (b o (punblie oo sl S, g alS 13, 5 4 il sloasls
Tt 0920 0 5 > bl din o sl (5315 i Sy g g YA ol g pa SN )lee 1S ad ey aibols 5 .08)5
oo sailobs 93 b ot inlojl 9 b daled 6399 by petd 3u)b | 4us 1 0gMe ¢ punndblize e ol uw el <l pl )b 1,
Clove s B e 5 oaB ) Al i Jals g2 5 Pl S5 4 b s M 2 B 3 516 gty ol
5l Bag yle oy dy90 (sl jadls gy (483 VWWe 5 5 e V) e Jlesl loj Gde g (Mudg e Fov g Vor N0+ VD) wyblise
F Uiy el Fojy dedle 5 ojy deddy) Jsb dedle Jib @i (adld (Giale oo bugle (Sl Copu (Sidle b
Sl ol 15, 5 il o pm3ls 55y 52 mdolite o 45 31> (5 ol S ooy el SiS (g 5 ety S g copalS
Slas A 3j90 10 Cawl atily (g e 3 Slos aalllas dyg0 (sla 2l jidy > laBgd dlebw 4y Cons (bablen alolw g atily Hlo sxe U
o4 daBd WO Gde 1) oMy Suo Foe cunbline lise a5 oo los i A Olas LialS 4 poxie o lise ol (iali8l 5 3a)
Jbee 4 w8 )5 L3 0w e Jlesl floj e )ul; cod Jidle Glas e 0,8 amalS g (o) FY Liljel cel o) Jlesl
sl (gy9p8 adllae pl 3 0l Jlosl loj 4 s Glare Jlosl ploj e ogad )3 yide (o) 2

sbsline (e ¢ oad Hloz wlols caoalS a3) oy Siale by i glS (sWejlg

Oyl by olRild (65 y9liS” 0uSED pitawgn Sle pwdits 09,5 byl ol IS a3 gal yEil> =
Ol eolton dig Leg olKiisly ¢S pungs ands @lio g (38 0aSuisly bkl =Y
Ol (i esbgime lsanl ol iaio g ale slatimgsy lojls (g5ygliS 0aSiimgsy kil —¥
(Email: M.dowlati@basu.ac.ir : Jsiue ot g —)
DOI: 10.22067/jam.v10i1.76370



