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ABSTRACT

In this research, some physiological properties of maize were investigated as a function of electric field intensity
and exposing duration. Maize seeds with initial 28%germination percentage were selected and exposed to electric
fields under different time durations. The experiments were conducted with four levels of electric fields (namely, 2,
4, 9 and 14 kv) and four levels of time durations (including 15, 45, 80 and 150 s) in the form of complete
randomized block design. After exposing the seeds to electric field, the physiological properties of seeds and
seedlings at the first stage of growth were evaluated in terms of seedling dry and wet weight, length of seedling,
length of leaf, length of stem, length of root, coefficient of uniformity, germination rate, mean germination time, and
germination percentage. At each test, three replications were accomplished and the mean values were calculated.
The results revealed that the effects of dectric field and exposing time duration on all of the physiological properties
of maize were statistically significant.
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INTRODUCTION

Maize with the scientific name of Zeais among tidest cultivated crops which ranks as one of thstmadely
grown food grain crop, serving as staple food fangnpeople in the world. It has been of importaimcthe life of
people since 4500 years ago [1]. World maize prodmichas increased from 615 million tones in 2001840
million tones in 2010. In Iran, maize is widely tuhted on an area of about 9 million hectare vethannual
production of about 22 million tones[2].In the madagriculture of the 21th century, increasing ity has been
paid to the productive growth of cultivated plamtsich are also environmentally safe. Studies cdroigt show that
the application of high quality, specially prepassid is an important, yet still underestimateeldyforming factor
in the cultivation of many species of agricultupédnts. Genetic modification (GM) of seeds has hgenfiormed to
produce special kinds of chemical compositiondanproducts. By doing the GM process, the desnatstwill be
changed and increased in the seeds and finallygemes and varieties are created. In the treatnfesgenls prior
consist mainly in treating the seed with variougroftals. These methods are recognized as harmfuthéo
environment because they are not selective in cesgewildlife although the agro-chemicals introédcare often
very efficient. Nowadays, with the proposal of tlagional use of agricultural land, greater impoceuts attributed
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to some physical methods of the pre-sowing treatraegseeds which are commonly regarded as beiegdtier to
the environment [3-5]. These physical factors ofbety modify the course of some physiological pss®s in the
seeds, which increases their vigor and contribttedhe improved development of the plant [6]. Expesof seeds
to electromagnetic (electric and magnetic) fielslsohe of the safe and affordable potential physicatsowing
treatments to enhance post-germination plant dpweémt and crop stand [7]. Special attention shbelg@aid to the
electromagnetic fields which can stimulate someg@sses occurring in the seeds and plants [8-1@dent years,
several studies have been accomplished by resesarthevaluate the effects of electric and magrfetids on the
viability of plants and biological commodities [91-17]. Enhancement of seed vigor and germinatfodifterent
species by treating seeds with magnetic or ele@gmetic fields has been confirmed by many scienfist-13, 18-
19]. Takac et al. showed that utilization of elenotagnetic fields increased the pepper yield to %4.8larinkovic
reported a 144.8% increase in potato yield as altre$ electric fields treatment [14-15]. Aladjcyatudied the
influence of static magnetic fields with an intépsf 0.15 Tesla on some biological properties afiza [17]. They
reported that the effect of magnetic field on geration percentage and root length was statisticidjgificant and
that the best time for exposing the seeds to thgnetic field was 10 minutes. Pal conducted a rebetw
investigate the effect of light and low frequencggnetic fields on microscopic fungi [20]. It wapoeted that the
magnetic fields could decrease the growth of furtgus0%. Vashisth and Nagarajan reported a 46-fit¥ease in
chickpea seed vigor, a 58-90% improvement in segdioot length and a 25-47% increase in seedliggagight
[21]. Onion and rice seeds exposed to a weak elmeiynetic field forl2h showed significantly increds
germination as well as shoot and root length ofilsegs [22]. Harichet al. also observed that seed treatment with a
magnetic field (10 T; 40h) increased plant heigegd weight per spike and subsequent yield of wiregis [23].
Exposure of maize seeds to a 150 mT magnetic Bdfdulated shoot development and led to an incréase
germination, fresh weight and shoot length of maizats [17]. Florezt al. reported that the germination and early
growth of maize seedlings were enhanced when seedsexposed to a stationary magnetic field [Bchéret al.,
reported that sunflower seedlings exposed to \@riagnetic fields showed small but significantreésses in total
fresh weight, shoot fresh weight and root freshghki while the dry weight and germination rates aerad
unaffected[24]. Growth of germinatédciafaba seedlings was enhanced by the application of pdreguency
magnetic fields (100 T), supported by an increasddtic index and 3H-thymidine uptake [25]. Aksenetval.
ascertained that electromagnetic field with thegdiency of 50 Hz stimulated imbibitions of wheat dseend
increased the length of seedlings by activatingrases[26]. Likholagt al. asserted that the influence of alternating
magnetic field with the frequency of 30-35 Hz andximum amplitude of about 30 mT on pea, sunflowst a
wheat seeds imbibing in water improved their geatiing [27]. Sirotinaet al. observed an enhanced formation of
lateral roots in millet after seed treatment witlwaak pulsating field (50 Hz) with the intensity 8fA/m[28].
Hitherto, little work has been reported on investign of effects of different duration of electfield on plant
seeds. Thus, the objective of this study was tduet@ the possible effect of stationary electrediintensity and
exposing time on germination of maize seeds astidtages of growth of the seedlings.

Fig. 1. Overall view of the electric field generato(A); Exposing maize seeds to electric field (B).
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MATERIALS AND METHODS

Experimental setup

Maize seeds with germination percentage of 28% wsmlected for conducting the experiments. Prior to
germination, seeds were disinfected with 3% Forefayde for 10 minutes and washed thoroughly withilldid
water. The electric field was applied to the sagslag a capacitive type electric field generatathwiariable field
intensity (Fig. 1). The diameter of plates andatise between the electrode plates of the eledglid wvas 25 cm
and 5 cm, respectively.

The intensity of the applied electric filed andoalbe safety of the operator during experiments eeesrolled using
a control panel (Fig. 2).

Fig. 2.Control panel of the electric field

At each test, 100 seeds were poured into polyatkeyimgs and subjected to the electric field reddtam the field

supplier. The samples were placed at a distanageket the electrodes in which a uniform electri¢dfifor the

required exposing duration was achieved. Four geeélfield intensity, including 2, 4, 9 and 14 kv/mnd five

levels of exposing time, namely 15, 30, 45, 80 460 s were selected to perform the tests. Afteingetind

establishment of primary conditions, each treatnveas replicated three times. After subjecting theds to the
electric field under described conditions, the slamigvere transferred to the Plant Science Laboratod kept in a
refrigerator with 4 °C temperature for further pioysgical assessments. The physiological analysis eonducted
on the treated seeds to determine the germinatidrgeowth specification according to InternatioBaled Testing
Association (ISTA) standards. The germination &pitests were carried out by covering the seedsgugiter-

papers and placing them in Petri dishes contaidistjjled water. The seeds were then placed invem an the dark,
at the constant temperature of 25 °C for a timeodeof 4-7 days. After the mentioned period, thenbers of
normal and abnormal seedlings were counted indhgkes. The germination percentage was calculasddion
normal seedlings. The normal seedlings from eaplicagion were randomly selected to measure shodtraot

length. Dry weight was also evaluated after dryihg specimens (10 seeds) for 72 hours at 76 °Cin@uhe

experiment, germinated seeds were counted on @ @&sled germinability was assessed by the finalutatime

percentage of germination at the end of the téstthis case, germination was considered only wienradicles
were longer than 2 mm.

Mean germination timeMG) was calculated according to the following form[#8]:

MG = Z (Nl- X 100)
= D,
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WhereD;is the number of days after starting the experimamdN; represents the total number of germinated seeds
on theith day.

The height of stem, length of leaf, and length edédlings were also measured during the first sta§sgsedlings
evolution.

Experimental design and statistical analysis

The tests were performed based on a factorial érpet. Totally, 20 treatments were conducted onlthsis of
completely randomised design. At each treatmermt, ekperiments were replicated three times and teeage
values were reported. The mean, standard deviatidrcorrelation coefficient of the physiologicaésfications of
maize seeds were determined using Microsoft Ex6&DXoftware program. The effects of electric figltbnsity
and exposing time on physiological characteristiese evaluated using analysis of variance (ANOV&)d mean
significant differences were compared using thstlsggnificant difference test at 5% significantdeusing SPSS
18 software (version 18, SPSS, Inc., Chicago, IEA)

RESULTS AND DISCUSSION

The results of statistical analysis revealed thatdffects of electric field intensity and expostilge and also the
interaction effect of the two factors on the phi@iical properties of maize seeds were signifi¢dable 1).

Table 1 — Analysis of variance indicating the effés of electric field intensity and exposing time omphysiological properties of maize seeds

Mean Squares of Dependent Variables

Source DF GP MG GS Cy Lro Lra S Ly Wi Wy
Field Intensity (A 4 9396*  167.60** 542.46** 0.70&** 6.55** 10.61* 12.38** 543 3.95%* 3.95
Exposing time (B) 4 63.28  167.60* 12.46* 1.53* 24.55**  39.45** 1.84 865 1297  12/97*
A*B 16 15.11¢ 119.7¢ 10.17¢ 0.48* 17.03 25.08¢ 1.08* 5.83" 10.18° 10.56"
Error 24 30.1% 128.¢ 11.32 1.8C 20.1¢ 32.01 1.5¢ 7.3z 11.1¢ 11.5¢

** Sgnificant on the 1% probability level, * significant on the 5% probability level, ns: not statistically significant. GP: Germination percentage, MG: Mean
germination time, GS: Germination speed,Uc: Coefficient of uniformity, Lro: Length of root, Lra: Length of radical, S: Leaf size, L,: Length of plant, W,: Wet
weight of plant, Wy: Dry weight of plant

The mean comparison of physiological propertiesafze seed considering individual effects of eledteld and
exposing time are presented in Table 2 and Taldespectively.

Table 2 — Comparison of means of physiological prapsties of maize seed at different electric fieldssing Duncan’s test method

Electric field
intensity (kv/m) GP MG GS G Lro Lra S Ly W W
0 28.00 251 34974 07 ¢ 1025:  353( 500 13781  613(  562¢
2 21.25b 354c 33.09d 086bc  957b  6.68b @39 1626b  7.64c  7.d4c
4 25.83 ab 7.25b 35.63 ¢ 1.00b 1050a  7.12b 9187 17.62a  7.83c  7.33¢c
9 27.83al 1121 48.36 ¢ 1.33¢ 935t  838: 253(  17.73:  893: 843
14 24.00 ab 1140a 40.68 b 1352 872c  860a 3l1d. 17.32a _ 828b _ 7.78b

Means followed by different | etters are significantly different from othersin the same column (P < 0.05).GP: Germination percentage, MG: Mean germination
time, GS: Germination speed, Uc: Coefficient of uniformity, Lro: Length of root, Lra: Length of radical, S: Leaf size, Ly: Length of plant, W,,: Wet weight of plant,
Wj: Dry weight of plant

Table 3 — Comparison of means of physiological pr@gties of maize seed at different exposing timesing Duncan'’s test method

Exposing time (s) GP MG GS Cy Lro Lra S Lp W, Wy
0 28.00 a 25d 3497 b 0.69d 10.80 a 3.53e .00 13.77c 6.13 e 5.63 e
15 24.33a 7.77 « 38.38 0.85 d 10.57 al 5.62 ¢ 2.94 ¢ 16.19« 6.90 ¢ 6.40 ¢
45 25.25a 8.07 bc 38.94a 1.16b 1025 b 712c 302. 18.00 a 7.76 c 7.26¢c
80 22.83 a 9.17 a 40.73 a 1.63a 7.90d 9.94 a @2.71 17.84a 9.13a 8.63 a
15C 26.53 8.391t 39.71 0.90 « 8.78 « 8.11t 2.07 16.90 | 8.90k 8.40t

Means followed by different letters are significantly different from othersin the same column (P < 0.05). GP: Germination percentage, MG: Mean germination
time, GS: Germination speed, Uc: Coefficient of uniformity, Lro: Length of root, Lra: Length of radical, S: Leaf size, Ly: Length of plant, Wi: Wet weight of plant,
W;: Dry weight of plant
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Mean germination time

Results of multiple ranges Duncan’s method indiddbat increasing the electric field intensity t&\@m caused an
increasing trend in the MG value. As shown in Bag, the highest value of MG was obtained in 9 kiritensity.

Increasing the exposing time resulted an increagbea value of MG. The highest MG was attributedh®e 80 s
exposing time (Fig. 3b).
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Fig. 3. Mean germination time of maize seed as arfation of: A) Electric field intensity, and B) Exposing time

Germination rate

The effects of electric field intensity and expagitime on theGS value are illustrated in Fig. 4. A significant
increase iNGSwas obtained with increasing the electric fieltbirsity from 2 to 9 kv/m and further increase ia th
field intensity caused a decrease58
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Fig. 4. Germination speed of maize seed as a furamiof: A) Electric field intensity, and B) Exposingtime

Coefficient of uniformity

The maximumC, was observed at 9 and 14 kv/m field intensitiasrdasing exposing time resulted an increasing
trend inC, value till 80 s level, while by increasing the egjpg time from 80 to 150 s, th&, value decreased (Fig.
5).
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Fig. 5. Coefficient of uniformity of maize seed aa function of: A) Electric field intensity, and B) Exposing time
Root length

The effect of electric field intensity on the lehgif root was statistically significant at the 1%olpability level
(P<0.01). With increasing the field intensity, th@dgh of root increased to an extent and then stadealecrease.
Increasing the exposing time caused the lengtbaifto be decrease. The highest decrease was kdlonghe 80 s
exposing time (Fig. 6).
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Electric field intensity (kv/m) Exposing time (s)
A B
Fig. 6. Root length of maize seed as a function @&) Electric field intensity, and B) Exposing time
Stem height

The effect of electric field intensity on the heigif stem is shown in Fig. 7. It can be observeat ttith increasing
the field intensity, the height of stem increased e highest increase belongs to the 14 kv/nmgitg
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Fig. 7. Stem height of maize as a function of: A)lEctric field intensity, and B) Exposing time

Leaf length

According to statistical analysis, the effect adatfic field on the length of maize leaf was sigaift at the 1% level
of probability. As shown in Fig. 8, increasing tfeld intensity from 0 to 4 kv/m resulted an incsean the leaf
length, whilst with further increase in the fieltensity the length of leaf started to decreaseartalso be seen that
with increasing the exposing time, the length af kends to decrease.
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Fig. 8. Leaf length of maize as a function of: A) Ectric field intensity, and B) Exposing time

Length of plant

As mentioned in previous sections, the length efnisand root increased with increasing the eleigld intensity.

Therefore, it can be expected that with increashegfield intensity, the length of plant increasé€his result is
illustrated in Fig. 9. The highest plant lengthnsidering the individual effect of electric fielditénsity, was
obtained at the 9 kv/m field intensity. A minor degse was observed in the plant length with inangathe field

intensity from 9 to 14 kv/m which was not signifitastatistically. The results also indicated theg kength of plant
increased with increasing the exposing time. Thghdst increase in plant length, considering théviddal effect

of evaluated factors, was obtained at the 45 ssrgdime.
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Fig. 8. Length of plant as a function of: A) Electic field intensity, and B) Exposing time

CONCLUSION

This research was performed to study the physio&gbroperties of maize seeds as affected by alefigld
intensity and exposing time. The physiological migs were evaluated in terms of plant dry weig), plant
wet weight W,), length of plant l(;), length of leaf I(;), length of stem§), length of root I,;), coefficient of
uniformity (C,), germination rate G@S), mean germination timeMG), and germination percentag&R). The
following conclusions are derived from the research

o The effects of electric field intensity and expasitime and also the interaction effect of the twotérs on the
physiological properties of maize seeds were sizdity significant.

o Results of multiple range Duncan’s method indicatexdt increasing the electric field intensity t&k®@m caused
an increasing trend in the MG value.

o A significant increase iGS was obtained with increasing the electric fieltbirsity from 2 to 9 kv/m and further
increase in the field intensity caused a decrea&sSi

0 The maximunC, was observed at 9 and 14 kv/m field intensitiesrdasing exposing time resulted an increasing
trend inC, value till 80 s level, while by increasing the esmg time from 80 to 150 s, ti&g value decreased.

o With increasing the field intensity, the length @fot increased to an extent and then started toedse.
Increasing the exposing time caused the lengtbaifto be decrease. The highest decrease was kdlonghe 80 s
exposing time.
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