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A b s t r a c t. In order to increase maize productivity with
environmentally friendly techniques, the effect of electromagnetic
irradiation on seed vigour of maize hybrids, as well as the response
of each genotype were assessed. There were differences (p£0.05)
between hybrids and electromagnetic field doses for emergence
rate on the ninth day (VE9) and the dry mass of aerial part (PSP).
With 15 min of electromagnetic field, VE9 and PSP increased by
14.96 and 14.38%, respectively, compared to the control. With 3
min, VE9 in hybrids San Jeronimo and San Juan increased by 16
and 19%, respectively, and with 6 min only 4 and 9% with respect
to the control. In PSP, San Jeronimo grew by 16% with 3 min, and
San Juan by 21% with 9 min, in San Jose there was no significant
increment, compared to the control.
K e y w o r d s: corn hybrids, biostimulation, seed vigour,
emergence rate
INTRODUCTION

Food production worldwide is lower than required to
feed the population; especially in corn, with a production of
393.5 million t (FAO, 2007), there is a deficit. Therefore, it
is necessary to increase corn productivity by means of using
quality seed of improved and native varieties, which may
guarantee quick and uniform crop establishment (Zepeda et
al., 2009), and ecofriendly production techniques, which
will have a bearing on quantity and quality of maize grain.
In order to produce quality seed, production technologies are used, which in many cases cause damage to the environment and human health because of the indiscriminate use
of fertilizers and pesticides. An alternative to increase physiological seed quality as a pre-sowing treatment is the field
application and electromagnetic irradiation, which may
*Corresponding author’s e-mail: rzb0509@hotmail.com

have a positive effect on germination percentage and growth
rate (Pietruszewski et al., 2007); 4 to 6 min of diode laser radiation at 650 nm increased wheat seed germination by
45.31% in comparison to the control (Hernández et al.,
2008); likewise, Hernández et al. (2007) found that, at radiating corn seed with laser light at 10 mW cm-2 during 1 min,
establishment percentage was increased by 33%, and seedling dry mass by 14%, compared to the control. Irradiating
corn seed at an intensity of 20 mW cm-2 during one minute
also produced an increment of 43% in establishment percentage and 63% in seedling dry mass with respect to the control
(Hernández et al., 2006). Hernandez et al. (2009a) found that,
atradiating corn seed with magnetic flux density of 100 mT
during 7.5 min, in the corn hybrid CL-12 X CL-11, seedling
emergence rate was increased by 123.2%, and seedling dry
mass, 21 days after planting, by 30.1%, compared to the
control. In the CL-4 X CL-1 genotype it was found a negative biostimulation for seedling emergence percentage; and
in the CL-13xCL-1 genotype there was not any significant
effect. Likewise, Irradiating maize seeds genotypes with a diode laser with output power of 27.4 mW at 650 nm wavelength, also showed that, everyone genotype needed radiation parameters different to induce positive biostimulation
(Hernandez-Aguilar et al., 2009).
At treating tomato seed with stationary magnetic field,
germination percentage and rate improved (Martínez et al.,
2009). Likewise, Flórez et al. (2007), at carrying out experiments with maize seeds at magnetic induction levels of 125
and 250 mT, employing permanent magnets at different
times of exposure of the magnetic field, generally observed
©
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an increment in seedling height and mass. Irradiating maize
seeds at magnetic induction levels of 160 and 560 mT, also
produced an increment seed emergence rate and seedling
emergence, and on seedling dry mass on the 17th day with
respect to the control (Dominguez et al., 2010).
In order to increase corn productivity through environmentally friendly techniques, the electromagnetic radiation
effect on maize hybrid seed vigour as well as the response of
each genotype were evaluated. The hypotheses were:
– the electromagnetic radiation will positively stimulate
corn seed, which will result in quick and uniform seedling
establishment;
– the response of each maize variety will be different,
according to its particular genetic characteristics.
MATERIALS AND METHODS

The experiment was established in the Protected Horticultural Area of the University of Chapingo, Chapingo, Mexico.
Three maize hybrids were used, produced during the agricultural cycle spring-summer of 2007. The emergence rate
vigour test was used under greenhouse conditions and natural light cycle. The average temperature was 20°C, minimum temperature was 9°C and maximum temperature was
30°C. A loamy clay soil was used as the substrate. Eighteen
treatments were evaluated, product of the combination of
three corn hybrids (San Jeronimo, San Jose, and San Juan)
and 5 doses of electromagnetic radiation (3, 6, 9, 12, and 15 min
with 480 mT electromagnetic field intensity (B)), and a control,
in a complete randomised block design with four replications, the experimental unit consisting of 25 seeds. The seed
was irradiated with an automated implementation and controlled by a computer with which time and intensity parameters of the electromagnetic field, induced by a solenoid,
were conducted. The seed was placed in the coil centre to be
radiated, and sown and irrigated in 9 and 18 h, respectively,
after being radiated. Gauss/Teslameter model 5070 was
used to measure the intensity of electromagnetic field (B).
On November 22, 2008, the seed was sown, to this purpose, the furrows were given a layout of 10 cm distance
between each other, and 80 cm length; the seed was placed,

introducing the pedicel into the substrate, leaving the crown
outside, then it was covered with a layer of substrate of 5 cm,
and watered. It was irrigated every three days at the same
hour. The seedlings were extracted on December 13, 2008
(21th day after sowing). The assessed variables were:
– emergence rate at the end of the test (VE) and on the 9th
day (VE9); once the emergence initiated, every day at
10:00 a.m., counts were made until the number of seedlings remained constant, and VE was calculated with the
formula proposed by Maguire (Copeland and McDonald,
1995);
– establishment percentage (PE) based on the normal seedlings, present at the end of the trial;
– length of the aerial part of the seedling (LPA) was measured in cm, starting from root insertion point to the apex
of the largest leaf;
– dry mass of the aerial part (PSA) in grams after 72 h of
drying in an oven at 70°C. Only normal seedlings according to the ISTA rules (1993) were evaluated.
An analysis of variance was applied to the variables by
means of the PROC GLM procedure of the Statistical Analysis System (SAS, 1989), and for the variables whose mean
squares turned out to be significant, the Tukey multiple comparison test of means (a = 0.05) was used.
RESULTS AND DISCUSSION

Highly significant differences (p£0.01) were observed
among hybrids for percentage of establishment, emergence
rate on the ninth day, and length and dry mass of aerial part
of seedlings (Table 1), due to their particular genetic characteristics. The San Juan hybrid had the highest establishment percentage (PE), followed by San Jose, and 10.81%
higher than San Jeronimo. In spite of San Jeronimo hybrid
having the lowest establishment percentage with respect to
San Juan and San Jose, it had the highest emergence rate on
the ninth day, length, and seedling dry mass due to the fact
that the seed is larger by 100% than that of San Juan and San
Jose, and the amount of reserves for establishment and growth
was greater, since the kernel is totally floury. This agrees

T a b l e 1. Comparison of means of seed vigour in maize hybrids with electromagnetic radiation at pre-sowing
Hybrids

PE (%)

VE

VE9

LPA (cm)

PSA (g)

San Jose (G1)

93.83 a

2.74 a

2.58 a

20.25 b

2.43 b

San Juan (G2)

94.75 a

2.63 a

2.35 b

21.36 b

3.35 a

San Jeronimo (G3)

84.50 b

2.77 a

2.68 a

25.10 a

3.45 a

DMS (0.05)

3.41

0.15

0.23

1.23

0.23

Significant

*

NS

*

*

*

* Significant at 0.01%, means with the same letter in each column are statistically equal (DMS). PE – establishment percentage, VE and
VE9 – final emergence rate and on day 9 (number of seedlings on the day), PSA – seedling dry mass, DMS – minimal significant
difference.
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T a b l e 2. Comparison of means of electromagnetic radiation in seed of maize hybrids at pre-sowing
Time (min)

PE (%)

VE

VE9

LPA (cm)

PSA (g)

Control

90.16 a

2.56 b

2.34 b

23.08 a

2.78 b

3

89.66 a

2.78 ab

2.68 a

21.48 a

3.08 ab

6

92.66 a

2.75 ab

2.55 ab

22.66 a

3.13 a

9

92.00 a

2.74 ab

2.63 ab

22.17 a

3.25 a

12

89.33 a

2.61 ab

2.32 b

22.04 a

3.03 ab

15

92.33 a

2.82 a

2.69 a

21.97 a

3.18 a

DMS (0.05)

4.83

0.2235

0.32

1.74

0.33

Significant

0.59

0.15

0.08

0.52

0.11

Exposure time in electromagnetic field

Fig. 1. Emergence rate on day 9 of maize hybrid seed with electromagnetic field.

Germination (%)

with the results pointed out by Zepeda et al. (2002) who also
found differences among genotypes at assessing the physiological quality of two hybrids and one line.
Among electromagnetic radiation treatments, significant differences (p£0.05) for emergence rate at the end of
the trial and on the ninth day, and dry mass of seedling aerial
part (Table 2), were observed; with 15 min they increased by
10.15, 14.90, and 14.38%, respectively, compared to the
control, due to positive biostimulation of enzymatic activity
accelerating seed germination and seedling growth (Mietchen
et al., 2005). In establishment percentage no considerable
increment existed, but there was a tendency of improvement
with respect to the control, while in the length of seedling
aerial part no effect was observed whatsoever. Hernández et
al. (2006, 2007) and Dominguez et al. (2010) also observed
the increment of establishment percentage and dry mass of
seedling aerial part at radiating corn seed.
Regarding emergence rate on the ninth day (VE9)
(Fig. 1), with 3 min of electromagnetic irradiation in San
Jeronimo and San Juan hybrids, it increased by 16 and 19%,
respectively, whereas with 6 min, only by 4 and 9%, compared to the control; the San Jose hybrid, however, showed the
highest VE9 on the ninth day (2.8) with 6 min application of
electromagnetic field, and the lowest (2.2) with 12 min. Likewise, it was observed that in establishment percentage (Fig. 2)
San Jeronimo increased by 4.8% at 6 min of electromagnetic irradiation and diminished at 12 min. In San Juan hybrid,
it increased by 4.3% with an application of 9 min, on the other
hand, in San Jose a decrease of 5.3% was observed, but with
increasing time of exposure to the magnetic field it grew as
well. With respect to dry mass of seedling aerial part
(Fig. 3), the San Jeronimo hybrid presented an increment of
16% with 3 min of electromagnetic irradiation, whereas San
Juan had the highest increment (21%) with 9 min of irradiation; however, in the San Jose hybrid no significant increments were observed under electromagnetic field application, including a decrease with 12 and 15 min, compared to
the control, similar to the results obtained by Hernandez et al.
(2009) and Hernandez-Aguilar et al. (2009) in corns geno-

Speed emergency 9th days

Explanations as in Table 1.

Exposure time in electromagnetic field

Fig. 2. Establishment percentage of maize hybrid seed with electromagnetic field. Explanations as in Fig. 1.
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Fig. 3. Dry mass of seedling aerial part of maize hybrids with
electromagnetic field.

types. This was due to positive or negative biostimulation in
enzymatic activity during germination and seedling growth
(Mietchen et al., 2005), and to the difference between the
structural components and kernel size.
CONCLUSIONS

1 Electromagnetic irradiation applied as a pre-sowing
treatment increases corn seed vigour through emergence
rate, establishment percentage, and dry mass of seedling
aerial part, according to the combination of radiation intensity and time and the genotype.
2. The response of each genotype to electromagnetic
radiation (combination of intensity and time) is different
according to the particular characteristics of the genetic
material.
REFERENCES
Copeland L.O. and McDonald M.B., 1995. Principles of Seed
Science and Technology. Chapman and Hall Press, New
York, USA.
Dominguez P.A., Hernandez A.C., Cruz O.A., Ivanov R., Carballo
C.A., Zepeda B.R., and Martínez O.E., 2010. Influences
of the electromagnetic field in maize seed vigor. Rev.
Fitotec. Mex., 33(2), 183-188.

Flórez M., Carbonell M.V., and Martínez E., 2007. Exposure of
maize seeds to stationary magnetic fields: effect on germination and early growth. Environ. Exp. Botany, 59, 68-75.
FAOSTAT, 2007. Agriculture, Fisheries, Forestry, Nutrition.
November, http://faostat. fao.org/default.aspx/, Rome, Italy.
Hernández A.C., Carballo C.A., Artola A., and Michtchenko A.,
2006. Laser irradiation effects on maize seed field performance. Seed Sci. Technol., 34, 193-197.
Hernández A.C., Carballo C.A., and Domínguez P.A., 2007.
Effects produced by magnetic treatment to the maize seed.
Tecnología Química, 4, 115-117.
Hernandez A.C., Dominguez P.A., Carballo C.A., Cruz O.A.,
Ivanov R., López B.J.L., and Valcarcel M.J.P., 2009.
Alternating magnetic field irradiation effects on three genotype maize seed field performance. Acta Agrophysica, 170, 7-17.
Hernández A.C., Mezzalama M., Lozano N., Martínez O.E.
and Domínguez P.A., 2008. Optical absorption coefficient
of laser irradiated wheat seeds determined by photoacoustic
spectroscopy. Eur. Phys. J., 153, 519-522.
Hernandez-Aguilar A., Dominguez-Pacheco A., Cruz-Orea A.,
Ivanov R., Carballo-Carballo A., Zepeda-Bautista R.,
and Galindo-Soria L., 2009. Laser irradiation effects on
field performance of maize seed genotypes. Int. Agrophysics, 23, 327-332.
ISTA, 1993. International rules for seed testing. Seed Sci. Technol., 21, 280-288.
Martínez E., Carbonell M.V., Flórez M., Amaya J.M., and
Maqueda R., 2009. Germination of tomato seeds (Lycopersicon esculentum L.) under magnetic field. Int. Agrophysics, 23, 45-49.
Mietchen D., Jakobi J.W., and Richter H.P., 2005. Cortex reorganization of Xenopus laevis eggs in strong static magnetic fields. BioMagnetic Res. Technol., 1-6.
Pietruszewski S., 2007. Electromagnetic fields and electromagnetic radiation as non-invasive external simulations for seeds.
Int. Agrophysics, 21, 95-100.
SAS/SAT, 1989. User’s Guide. Cary, NC, USA.
Zepeda B.R., Carballo C.A., Alcantar G.G., Hernandez L.A.,
and Hernandez G.A., 2002. Effect of foliar fertilization on
yield and seed quality of corn single crosses. Revista
Fitotecnia Mexicana, 25, 419-426.
Zepeda-Bautista R., Carballo-Carballo A., Muñoz-Orozco A.,
Mejia-Contreras J.A., Figueroa-Sandoval B., GonzálezCossio F.V., and Hernandez-Aguilar C., 2009. Protein,
tryptophan and structural kernel components in corn (Zea
mays L.) hybrids cultivated under fertirrigation. Agrociencia, 43, 143-152.

