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Abstract: In this study, sorghum seeds were exposed to a static magnetic field strength 125 mT for different
periods of time (0, 3, 6 and 9) hour, after magnetic treatment, the seeds were immediately irradiated with UV-C
radiation at 254 nm for different periods time (0, 30 and 60) minute. The selected germination and growth
seedling were Percentage of germinated seeds, a speed of germination, seedling and root length, and the
number of leaves.Results showed that the magnetic treatment of sorghum seeds showed a significant effect on
all germination and seedling growth parameters, where the 6-hour magnetic treatment showed the significant
positive effect on all studied parameters except roots length.The highest value of germination speed and
seedling length showed in magnetically treated seeds of 6 hours with a significantly positive effect which
increased by 40.50%, 44.94%, respectively compared to control treatment.The treatment for 6 hours showed a
significant positive effect on germination percentage which increased by 34.77%, 34.78% compared to a 3 and
9-hour respectively, and in number leaves by 14.38% compared to 9 hours while the lowest value of all
parameters studied showed by exposing seeds to 9 hours compared to untreated seed. In UV-C irradiated seeds
the results showed no significant effects on germination percentage and the length of the roots seedling, while
showed a significantly negative impact on speed germination, seedling length and the number of leaves. The
results also showed no significant in combined effect between a magnetic field and UV-C in all studies
characteristics except the characteristic about the length of the roots seedling.Where the untreated seeds to the
magnetic field with the exposure time 60 minutes of UV-C, gave the highest value with an increase (84.65%)
compared with the exposure time 60 minutes to UV-C with the exposure time 9 hours to a magnetic field. The
obtained results show that the magnetic field and UV-C radiation may have a positive or negative significant
effect on selected germination parameters, which have dependent on the applied exposure time, and we
suggested using 6 hours of treatment as the best value for enhancing germination and growth seedling of
sorghum.
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I. Introduction

A seed of sorghum (Sorghum bicolor L.Moench) is the fifth most important cereal crop for food
security in the world after wheat, maize, rice and barley due to their high nutritional quality. Furthermore the
long life cycle of the Sorghum crop it could contribute more to food supplies than at present (Dahlberg et al.,
2011).

The influences of physical factors are the seeds treatment with a magnetic field and electromagnetic
waves, particularly ultraviolet and microwave radiation, laser irradiation as well as the ultrasound and ionizing
radiation. There are several studies related to some physical treatments and their interaction on the seed
germination and growth of some plants. Kouchebagh et al. (2014) found that the use of some physical factors
(ultrasound, gamma, beta, laser irradiation and magnetic field) on the germination and growth of sunflower
seeds gave the highest germination rate of seeds when treated with magnetization and the lowest germination
rate when treated with ultrasound.Dziwulska-Hunek A., et al. (2013) observed that the radiation of amaranth
seeds with the interaction of laser light and magnetic field induced a significant decrease of the germination in
the pot experiment. Aguilar et al. (2015) found that the effects of magnetic, electric and electromagnetic fields
on the germination and growth of corn Seeds gave the best germination results. Naeem et al. (2013) observed
that okra plants were more resistant to Ultraviolet and microwave radiation than corn plants.

One of the most important factors for seed plant treatment is the effect of magnetic and ultraviolet
radiation as a single or combined treatment for the germinating seeds and plant growth enhancement, which
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appears to have been used by little scientists. Y. Yao et al. (2005) found that the magnetic treatment had the
positive effect on plant growth of cucumber seeds, while UV-B radiation gave a negative result, as well as found
the seedling growth was significantly decreased by the interaction treatments of UV-B irradiation and magnetic.
Elfadil and Abdallah (2013) found out the effect of magnetized water on the Dura Sorghum plant has a positive
effect, while light stress and UV gave a significant negative impact.

The magnetic field as a single treatment was used widely as the subject of different research studies as
positive effects to improve and acceleration the germination process of seeds and growing plants. (Carbonell et
al. ,2000; Aladjadjiyan,2002; Florez et al., 2007; Gholami et al.,2010; Martinez et al. , 2017) found a positive
growth response to the static magnetic field ranging between 50 and 250 mT at different periods of time in rice,
wheat, maize and barley seeds, and also (Pittman,1977; Kordas,2002; Sagan and Abd El Baset,2015 ) was
found to increase crops and yield of yield.

As well as, some studies reported that the magnetic field has a negative effect on germination process
of seeds and growing plants. Martinez et al. (2009) were found a significantly reduced in the mean germination
of tomato seeds when exposed to a magnetic field ranging between 125 and 250 mT at different periods of time.
A negative impact was obtained by Matwijczuk et al. (2012) for most of the indicators characterizing for
sunflower seed germination and plant growth with magnetic field activity and magnetically treated water.
Muszynski et al., (2009) show that a negative and positive effect on germination and seedling growth when
durum wheat seeds exposed to the low-frequency magnetic field.

Also, the UV-irradiation as a positive and negative effect in a single treatment has been studied by
many scientists. Rupiasih and Vidyasagar (2016) showed that a stimulated in the seed germination when wheat
seeds exposed to UV-C radiation. Peykarestan and Seify (2012) showed that percent germination and the rates
of growth of sprouts of red bean seeds were inversely related to the UV irradiation doses. Torres et al., (1991)
was found that the percentage of normal seedlings of sunflower reduced when seeds exposed to UV-C radiation
from 5 to 60 min. Siddiqul et al., (2011) observed that an increment in shoot weight, shoot length, root length,
root weight and leaf area of groundnut and mung bean when seeds exposed to UV-C radiation for 10, 15, 30 and
60 minutes period.

Because of the little information available about the combined effect of ultraviolet and magnetic
radiation on sorghum seeds, the purpose of our study is to measure some of the germination properties and grow
seedlings under the combined effect of UV-C and magnetic field.

Il. Materials and methods

Seeds of sorghum (Sorghum bicolor L. Moench) selected for uniform size and shape, were soaked for
2hour in distilled water. Following soaking, seeds were placed in the glass tube and magnetically exposed to the
static magnetic field of about 125 mT for different time periods (0.0, 3, 6 and 9) hour, 0.0 as untreated seeds
(control). The magnetic field determined by gaussmeter produced by Nv.Ltd, India, unit type Nv621. After
magnetic treatment, the four sets of magnetic seeds were immediately irradiated separately with UV-C of about
254 nm at different period of exposure for (0.0, 30 and 60) min, 0.0 as untreated seeds (control). The UV-C
irradiation provided by a lamp for second wind 4pin model (ZW6S 15W). Ordinary plastic pots, 10 cm in inner
diameter, were filled with 500 g of homogeneous soil. In each pot seven of sorghum seed was planted at a
constant depth of about 1cm. The germination seed was observed, after four days of planting. The number of
germination seed was counted every day, until the tenth day when there were no more germinated seeds. After
germination had completed some germination and growth seedling parameters were recorded as follows:
The percentage of germination (G %) represents the total number of seedlings at the end of the test after ten
days, calculated as follows:

Speed germination (S.G) calculated as described in the Association of Official Seed Analysts (AOSA1983) by
the following formula:

The seedling length determined from the point below the sorghum to the top of Seedling, and roots length
determined from the point below the sorghum to the end of the tip of the root.A mean number of leaves
calculated by the following formula:

Total number of leafs
mean number of leaves =

Total number of normal seedlings
All tests were carried out in the department of agricultural machinery and equipment, in the laboratory of
physics, Agriculture College, University of Basrah. The statistical analyses were used in the experiment study,
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according to completely randomized design, with three replications, each pot represents one replicate. The
results analyzed with SPSS with three replicates. After testing the data distribution, the variance analysis
(ANOVA) was used to test the main effects of UV-C radiation, magnetic field, and their interaction. The mean
values compared according to L.S.D. test at the level 0.05 for each of the treatments and their interaction.

Results
Germination percentage:

The results presented in Table.lare shown a significant difference in a percentage of germination of the
sorghum seeds exposed to the magnetic field. The highest value of percentage germination (98.41) was in 6-
hour exposure compared with all treatments and had a significant difference compared with 3 and 9-hour
exposures (73.02) and (73.01), respectively with increased by (34.77%) and (34.78 %), respectively. While the
lowest values were in 3 and 9-hour exposures and were found a significant negative impact with reduced by
(17.95%) and (17.96%), respectively compared to control treatment (89).In UV-C irradiated seeds in the same
Table, the results of mean comparison showed no significant effect in germination percentage. Also, in the
interaction effect of magnetic field and UV-C radiation on seeds of sorghum plant failed to cause a significant
differential effect between all treatments.

Table 1.Effect of sorghum seed treatment by the magnetic field and UV-C radiation and effect of their
interactions on the percentage germination seeds (G %).

magnetic field exposure UV-C radiation exposure time (min) Mean
time(hr.) Control 30 60
Control 90.48 90.47 85.71 89
3 80.95 71.43 66.67 73.02
6 95.24 100 100 98.41
9 76.19 76.19 66.67 73.01
Mean 85.72 84.52 79.76

L.S.Dg 05 (magnetic) =14.83, L.S.Dg g5 (uv-c radiation) =N.S, L.S.Dg o5 (interaction) =N.S
L.S.Dyos=Least significance difference at probability 5%; N.S=Non-significance

Speed germination:

According to the present results of speed germination (S.G %) of magnetically treated sorghum seeds in Table 2,
the highest value (6.14) was given in 6-hour exposure and had significant positive effect with increased by
(40.50%) compared to control treatment (4.37). While in lowest speed germination (2.90) was observed in seeds
which exposed for 9-hour with reduced by (33.63%) compared to control treatment. Also, in the same Table, the
results indicated that UV-C radiation had significant negative impact on speed germination, in addition to the
lowest value (3.49) was given in 60-minute exposure with reduced by (27.44 %) compared to control treatment
(4.81). Also, in the same Table, the results of interaction treatment seeds with a magnetic field and UV-C
radiation as shown in Table (2) showed that no significant differences in the speed germination between all
treatments.

Table 2.Effect of sorghum seed treatment by the magnetic field and UV-C radiation and effect of their
interactions on the speed germination of seeds (S.G

magnetic field exposure time(hr.) UV-C radiation exposure time (min) Mean
Control 30 60

Control 4.95 4.88 3.28 4.37

3 4.10 2.58 2.94 3.21

6 6.33 6.68 5.42 6.14

9 3.85 2.55 2.31 2.90
Mean 4381 4.17 3.49

L.S.Dg 05 (magnetic) =0.99, L.S.Dg o5 (uv-c radiation) =0.84, L.S.Dg o5 (interaction) =N.S
L.S.Dyos=Least significance difference at probability 5%; N.S=Non-significance

Seedling length:

Table 3, shown an increase in seedlingsorghum length in magnetically treated seeds which exposed for
3 and 6 hours compared to the control.The highest value of seedling length (17.48) was in 6-hour exposure
compared with all treatments and had a significant difference compared with untreated seeds and (3, 9) hour
exposures with increased by 44.94% and (42.11%, 95.96%), respectively. While in lowest seedling length (8.92)
was observed in seeds which exposed for 9-hour and had significantly reduced effect compared with all
treatments.In UV-C test, the results of seedling length in the same Table indicated that UV-C radiation treated
seeds gave a negative impact in all various exposure time compared to untreated seeds (14.60). As well as, 60
minute exposure time had the lowest seedling length (11.09) which reduced by (24.04%) compared to control.
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Also, the results of interaction treatment seed showed that there were no significant differences changes in the

seedling length between all treatments.

Table 3.Effect of sorghum seed treatment by the magnetic field and UV-C radiation and effect of their

interactions on the seedling length (cm)

magnetic field exposure UV-C radiation exposure time (min) Mean
time(hr.) Control 30 60
Control 12.89 13.22 10.07 12.06
3 12.25 10.29 14.37 12.30
6 20.93 17.81 13.69 17.48
9 12.35 8.17 6.23 8.92
Mean 14.60 12.37 11.09

L.S.Dg g5 (magnetic) =2.917, L.S.Dg g5 (uv-c radiation) =2.526, L.S.Dy o5 (interaction) =N.S
L.S.D0.05=Least significance difference at probability 5%; N.S=Non-significance

Root length:

Data presented in Table.4 showed that the magnetically treated seeds gave asignificant negative impact on root
length of sorghum seeds in all various exposure time except in 6 hours when compared to the control (18.22).
Where in 3 hours (14.96) and 9 hours (12.67) magnetic treatment gave a significantly negative impact compared
with untreated seeds, which reduced by (17.89%) and (30.46%) respectively.In UV-C irradiated seeds in the
same Table, the results of mean comparison showed no significant effect in root length of sorghum seeds
between all treatments. The results in the same table also indicated a significant interaction between the magnetic
field and UV-C treatment, where 60 minutes of UV-C and untreated magnetic seeds gave the highest effect on
root seedling length (19.13) with an increase (84.65%) compared with 60 minute of UV-C and 9houre magnetic
(10.36).

Table 4.Effect of sorghum seed treatment by the magnetic field and UV-C radiation and effect of their
interactions on the root length (cm)

magnetic field exposure UV-C radiation exposure time (min) Mean
time(hr.) Control 30 60
Control 17.01 18.51 19.13 18.22
3 15.09 14.40 15.40 14.96
6 18.61 18.61 17.21 18.14
9 16.54 11.11 10.36 12.67
Mean 16.81 15.66 15.52

L.S.Dg 5 (magnetic) =1.80, L.S.Dg g5 (uv-c radiation) =N.S, L.S.Dg o5 (interaction) =3.13
L.S.Dgos=Least significance difference at probability 5%; N.S=Non-significance

Number of leaves:

According to results of number leaves in Table.5, the 3 and 6-hour magnetic exposures on sorghum seeds gave
the highest effect (4.24) with significant differences compared to Shour (3.63) which increased by 14.38%.The
9-hour exposure seeds gave the lowest values of number leaves (3.63) and had a significant negative impact
compared to untreated seeds (4.04) with reduced by (11.29%).In UV-C irradiated sorghum seeds in the same
Table, the results of leaves number were, in general, less than the corresponding values of untreated seeds
(4.29).While the results of interaction treatment seed showed that there were no significant differences changes
in the number of leaves between all treatments.

Table 5.Effect of sorghum seed treatment by the magnetic field and UV-C radiation and effect of their
interactions on the number of leaves per plant

magnetic field exposure UV-C radiation exposure time (min) Mean
time(hr.) Control 30 60
Control 4.09 4.10 3.93 4.04
3 4.39 411 4.22 4.24
6 4.50 4.23 4 4.24
9 4,19 3.45 3.27 3.63
Mean 4.29 3.98 3.85 X

L.S.Dy 05 (magnetic) =0.26, L.S.Dg g5 (uv-c radiation) =0.23, L.S.Dy g5 (interaction) =N.S
L.S.Dgos=Least significance difference at probability 5%; N.S=Non-significance

I11. Discussion
Effect of sorghum seed magnetic field treatment ongermination and growth seedling:
Magnetic field treatments are beingused in agriculture to improve thegermination and growth
seedling.In this research, general results showed that the magnetically treated sorghum seed gave the significant
effect on all germination and growth seedling parameters studied, where the best period to expose the seeds
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recorded in 6 hour treated seeds in all measurements parameters compared with untreated seed, except root
length.These results are consistent with results of Soheil Karimi et al. (2017) where authors found that the best
germination percentage appeared when exposing the seeds of sweet corn for 6 hours to a static magnetic field of
150 mT. Also, these results might be parallel to the results of Mousavizadeh et al., 2013 where authors found
that an increase in germination percentage when exposing the seeds of Lettuce for 1, 6 and 12 hours to both
static magnetic field of 125 and 250 mT.Several authors found an increase in the germination percentage seeds
as a positive response to various static magnetic fields for different periods exposure times in rice, wheat, maize
and barley seeds (Martinez et al.,2017; Florez et al., 2007 and Carbonell et al., 20000).Also, other authors found
to increase the germination percentage of cumin seeds (Samani et al.,2013) and in lentil seeds (Asgharipour and
Omrani, 2011).

In speed germination test the highest value was found in 6 hour treated seeds which had a significant
positive effect. These results might be consistent with results of previous studies authors which found an
increase in the speed germination as a positive response to various static magnetic fields for different periods
exposure times in cumin seeds (Samani et al.,2013).And also, these results might be consistent with results of
Vashisth and Nagarajan (2008) in chickpea seeds and Hozayn et al.(2015) in onion seeds.

Also, in this study, the highest effect on seedling length was found in 6 hours magnetic treated with a
significant positive effect. Several authors found an increase in the seedling ofcumin, Lettuce and Lentil seeds
exposed to a different static magnetic field (Samani et al.,2013, Mousavizadeh et al., 2013 and Asgharipour and
Omrani, 2011).While Vashisth and Joshi, 2017 found an increase in the seedling length, a speed of germination
and percentage germination of maize seeds exposing for 1, 2, 3, and 4 hours to static magnetic fields in a
strength of 50, 100,150, 200, and 250 mT.

Results of root length in present study gave a significant negative impact on root length in all various
exposure time except in 6 hours when compared to untreated seeds. These results might be found agreement or
non-agreement with several studies authors. Several authors found an increase in the length of the roots of
cumin and Lettuce seeds exposed to a different static magnetic field (Samani et al., 2013, Mousavizadeh et al.,
2013), while ljaz et al. 2012 found that the magnetic treatment exposure gave a negative impact on root length
of wheat seedlings

As well as, the results of present study gave the highest values of leaves number were observed in 3
and 6 hours in magnetically treated seeds. These results might be agreement with that obtained by Tahir and
Karim (2010) where authors recorded the increase in a leaves number of magnetically treated chickpea seeds.

The mechanism of magnetically treated seeds on seeds germination and seedling growth has been
proposing by some researchers, including different theories of biochemical and physiological processed.The
ionic properties theory is one of the mechanisms which might be explained by the abilities of a magnetic field to
influence the structure of cell membranes which causes the increasing ion transport in the ion channels and their
ionic currents density across the cellular membrane. As a result, the magnetic field affects the abilities of
cellular tissues to absorb water and magnetic energy inside the cell and thus leading to make biological changes
in the organism (Aladjadjiyan, 2010, Matwijczuk, 2012). Another possible theory was reported by some authors
relates to the activities of some enzymes in magnetically exposed seeds which leads to enhanced germination
and seedling growth. Samani et al. 2013 observed an increase in germinating of magnetic field treated cumin
seeds as a consequence of increased activity of three enzymes, amylase, dehydrogenase, and protease.

Also, Kataria et al. 2015 have found that the higher activities of hydrolytic enzymes in magnetical
soybean and maize seeds which might be responsible for increased seeds germination and seedling length.

While Mousavizadeh et al. 2013, have found an increase in peroxidase activity of lettuce seeds under
the best time 1 to 6 hours of exposure of seeds to a magnetic field which can be lead to quick the germination
seeds and growth seedling.The biochemical mechanism might be occurring in magnetically treated seeds during
germination, where shine et al.,2012 reported an increase in reactive oxygen species (ROS) production by
soybean treated seeds in a static magnetic field.

Effect of sorghum seed UV-C radiation treatment on germination and growth seedling:

It seemed from our results the effect of sorghum seeds treatment with the UV-C radiation showed no
significant effects on germination percentage and the length of the roots seedling, while showed a significant
negative impact on speed germination, seedling length and the number of leaves.

Results of seed germination and growth seedling of sorghum seeds in the present study might be found
agreement or non-agreement with several studies authors.Peykarestan and Seify 2012 did not find any
significant effect on the germination percentage of bean seeds irradiated with 220 to 400 nm UV-C rays, while
Siddiqui et al. 2011 found a significant increase in germination of mung bean seeds irradiated with UV-C rays
for 30 minutes.Naeem et al. 2013 reported that reduced on germination percentage of okra seeds irradiated with
253.7nm UV-C rays for 30 and 60 min, while Rupiasih and Vidyasagar 2014 observed a stimulation in the
germination percentage of wheat seeds treatment with UV-C rays for up to 180 min. Rupiasih and Vidyasagar
2016 observed decreasing in seedling (shoot and root) growth rate of wheat seeds irradiated with UV-C ray at
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all exposure periods compared to control. Also, Peykarestan and Seify 2012 observed a decrease in shoot and
root length of both seeds of Sayad and Derakhshan after UV-C ray at all exposure periods compared to non-
irradiated.Whereas Siddiqui et al. 2011 found the highest values with UV-C treated seeds in root length of
groundnut seeds and shoot length of mung bean seeds.

It is well known that UV-C exposures can lead to the formation of reactive oxygen species (ROS),
which are responsible for causing oxidative stress and secondary damage in a plant cell (Saxena et al., 2011;
Maharaj, 2015). In addition to, the antioxidants and peroxidase enzyme activities were well known involved in
the mechanisms of inhibition of free radicals which formed in UV irradiation treated seeds (Peykarestan et al.,
2012 and Rogozhin et al., 2000). Further data show that biochemical parameters mechanism associated with
UV-C as lipid peroxidation and proline enzymes might be involved in resistance and effectiveness of irradiation
dose (AboulFotouh et al., 2014).

The combined effect of treatment seeds by UV-C radiation and magnetic field on germination and
growth seedling:

The results showed no significant in combined effect between a magnetic field and UV-C in all studies
characteristics except the characteristic about the length of the roots seedling. The combined effects of magnetic
fields with other types of radiation have become a subject of interest by several studies.Conger et al. 1966 found
that no significant effect on the seedling growth of combined treatment barley seeds between a magnetic field
and X-radiation, whereas Yao et al. 2005 found that a decrease significant on the seedling growth of combined
treatment cucumber seeds between a magnetic field and UV-B radiation. Also, Asghar et al. 2016 found that
soybean seed treatments with laser and magnetic field have a potential to enhance soybean biological
characteristics.

The combination mechanism of seed magnetic field treatment with UV-C radiation on germination and
growth seedling was unknown, but some authors suggested different mechanism about the combination of
treated magnetic seeds with some physical factors.Kuzin et al., 1986 suggested that the action of a magnetic
field on the level of free radicals causes stimulation of plant seedling, which parallels to that caused by low-level
ionizing of gamma radiation exposure. Asghar et al., 2016 reported that the specific activity of enzymes such as
protease, amylase, catalyst, superoxide dismutase, and peroxides during germination and early growth of
soybean under the effect of both laser and magnetic pre-sowing treatments.

V. Conclusion:
1- Magnetic sorghum seeds treatments of 125 mT strength and especially in the exposure of 6 hours gave the
best results in all measurements of germination parameters, except root length.
2- The treatment of UV-C radiation showed no significant effects on germination percentage and the length of
the roots seedling, while showed a significantly negative impact on speed germination, seedling length and the
number of leaves.
3- The combination of magnetic field treatment and UV-C radiation had no significant effect on all studies
characteristics except the characteristic about the length of the roots seedling.
4- Further experiments are needed to obtain additional results related to combined exposures of magnetic fields
with other physical factors treatments as microwave, laser radiation and ultrasound for another crop plant seeds
to give best results.
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