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ABSTRACT

The controlled magnetic stimulation of seeds of Leucaena leucocephala, 
which improves the plant development in several ways, is an important 
methodology to study the contribution of magnetism in the development 
of this legume in silvopastoral systems. Based on criteria for the treatment 
of plant material as defined in the literature, exposure was performed with 
homogeneous static magnetic field. The magnetic flux density (30, 62.5, 
125, 200 and 250) mT and the exposure time of seeds (0,5, 1, 3, 5, 10, 15, 
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20, 25, 30, 60) minutes were considered as exposure parameters. Root 
length, stem length and leaf mass were measured in order to determine 
the effect of magnetic field on plants 15 days after germination. An analysis 
of variance was applied to determine significant differences between 
treatments; in general, variables of plant growth from seeds stimulated 
magnetically were  increased, and significant differences were found to 
stem length for treatments 250 mT/15 min (70,9%) and for leaf mass the 
treatment 30 mT/10 min (63,2%) compared to the control group.

Key words: magnetic treatment, seeds, magnetobiology.

RESUMEN

Con la estimulación magnética controlada de semillas de Leucaena 
leucocephala, se busca afectar las plantas de manera que incremente las 
cualidades de las plantas en condiciones ambientales exteriores, como un 
apoyo importante del magnetismo en el desarrollo de las investigaciones 
sobre esta leguminosa forrajera en los sistemas silvopastoriles. Basados 
en criterios para el tratamiento de material vegetal definidos en la literatura, 
la exposición fue realizada con campo magnético estático homogéneo. 
Fueron consideradas como parámetros de exposición, la densidad de flujo 
magnético (30, 62.5, 125, 200 and 250) mT y el tiempo de exposición 
(0.5, 1, 3, 5, 10, 15, 20, 25, 30, 60) minutos. La longitud de la raíz, 
tallo y masas foliar fueron medidas para evaluar el efecto del campo 
magnético sobre plantas 15 días después de la germinación. Se realizó 
análisis de varianza para determinar diferencias significativas entre cada 
tratamiento; encontrando en general, un aumento en las variables para 
plantas provenientes de semillas estimuladas magnéticamente, diferencias 
significativas se hallaron en la longitud del tallo para el tratamiento 250 
mT/15 min (70,9%) y para la masa foliar el tratamiento 30 mT/10 min (63,2 
%) comparado con el grupo de control.

Palabras clave: tratamiento magnético, semillas, magnetobiología.

1. INTRODUCTION

Use of techniques involving physical factors could be an alternative to 
agriculture development. Techniques including plant’s exposition to laser 
radiation [1], ultrasound, microwaves, gamma rays [2, 3], electric field [4], 
magnetic field [5], ultraviolet-B radiation and, combination of latter with 
magnetic field [6] have been used.
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The investigation of magnetic field effects applied to agriculture has 
been used since 30’s, and its development has shown usefulness in the 
pretreatment of seeds, looking for improvement qualities in the germination 
and plant development [7]. This new technique has been used mainly in 
legumes, vegetables and cereals. However, there are gaps in the methods 
used and the consequence of these may have differences on the results, 
additional to this there is not unification of criteria and is difficult to generate 
extrapolation between researches.

Studies about effect of the magnetic field at different stages of plant growth 
are varied taking into account several factors involved in the experiments. 
Using specific magnetic stimulation on vegetable material could produce a 
response that achieves a better performance in environmental conditions 
and then a greater production with good quality, hence the different 
physicals, environmental, and biological characteristics involved must be 
clarified.

Although this is a subject that rises in some European countries, in the 
called agrophysics, there are few reports in Colombia [8, 9, 10]. Indeed, the 
study was conducted on the effect of pretreatment of seeds of Leucaena 
leucocephala with magnetic field, analyzing its behavior in the early days 
of growth.

2. MATERIALS AND METHODS

Seeds and Magnetic field
The Leucaena leucocephala seeds were obtained from Semicol Company 
(Colombia, Bogota), whose guaranteed germination percentage of 91%.

Magnetic field was generated by an electromagnet Phylatex (0 – 1.000 mT 
± 0,08 %), with pole pieces of circular area with diameter of 9 cm, a power 
supply Kepco ATE 75-15M automatically controlled was used.

The magnetic flux density was measured with a hall magnetometer, 
implemented from a FW Bell BH701 sensor.

Magnetic exposition
Based on criteria for the treatment of plant material as defined in the 
literature [11, 12], exposure was performed with homogeneous static 
magnetic field.
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For treatment of Leucaena leucocephala seeds were chosen, two 
independent variables, i.e., magnetic flux density (30, 62,5, 125, 200, 250) 
mT and time exposition (0,5, 1, 3, 5, 10, 15, 20, 25, 30, 60) minutes; 
combinations of factor generate 51 groups, taking into account a control 
group, without magnetic exposition; to each group were used 80 seeds.

Germination and growth
Immediately after exposition seeds were placed in rectangular trays which 
had a layer of absorbent paper, in this condition of germination seeds 
were 10 days and then, groups that presented 12 seed germinated were 
transplanted to plastic containers. The germination process and plant 
growth was carried out in nursery of Universidad Tecnológica de Pereira 
with no controlled environmental conditions. Measurements of stem 
length, root length, and plant mass were made on 6 plants 15 days after 
transplant.

Statistical analysis
Statistical analysis was performed using SPSS for Windows. To determine 
significant difference among the factors used and the dependent 
variables measured, analysis of variance between groups (ANOVA) was 
applied. Mean values were compared using the Bonferroni method with a 
significance level of 0,05, to detect differences between treated plants and 
control.

3. RESULTS AND DISCUSSION

Data were collected at 15 days after transplanting seedlings. Figures 1, 2 
y 3 shows the dependent variables stem length, root length and leaf mass 
respectively, related with applied exposure time and magnetic field.

In the figures, for some groups in the graph there is not continuity, because 
in the tenth day, at the time of transplanting the seedlings, the groups did 
not present the minimum specified for that purpose (12 seedlings).
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FIGURE 1. Root length of Leucaena leucocephala measured 15 days 
after transplanting seedling, including control group (Length ± 0,01mm)

FIGURE 2. Stem length of Leucaena leucocephala measured 15 days 
after transplanting seedling, including control group (Length ± 0,01mm)



Entre Ciencia e Ingeniería

44

FIGURE 3. Leaf mass of Leucaena leucocephala measured 15 days after 
transplanting seedling, including control group (Mass ± 0,01mm)

Root length
Despite the apparent increase in root length that can be seen in figure 1, 
it was  only found that the factor, magnetic field has a significant effect on 
root length (p<0,05), which is not the case to exposure time. Also it was 
observed an interaction between factors used. The group of 30 mT shows 
significant differences compared to control group. Multiple comparisons 
were performed to find out specific groups that showed significant 
differences. Finding that only occurs for the group of 250 mT /30 min with 
length of 53,98 mm compared with control group (143,53 mm).

Stem length
In the same way that for root length, only the groups defined by the magnetic 
field have a stem length means statistically different, also presenting an 
interaction effect between the factors. On average the groups that showed 
significant differences with respect to the control were (30, 62, 5, 125, and 
200) mT. From the multiple comparisons, were showed that the groups 
differ with respect to control (37, 15 mm) are:
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• To 30 mT groups with exposure times (0, 5, 5 and 20) minutes with 
lengths (46,59, 45,89 and 47,33) mm respectively.

• In the case of 125 mT, exposure times (10 and 25) minutes, with lengths 
(48, 77 and 46, 89) mm respectively.

• For 250 mT only differences were found in the 15 minutes of exposure, 
with a stem length of 52, 36 mm.

Leaf mass
For the leaf mass, the same way as for the other two dependent variables 
studied, the magnetic field had an effect on the average mass between 
groups, but in this case there is not interaction effect among variables. 
Again the flux density of 30 mT shows significant differences compared 
to control group. Specifically the treatment of 30 mT / 10 min with a mass 
average of 0, 49 g, compared with the control group (0, 31 g).

The root length is an important parameter in plant growth, because 
this structure function is holding the plant and sucking down water and 
minerals necessary for the maintenance of the plant [13]. Thus, increasing 
the root length might accelerate the growth of this legume and allow a 
greater number of nodes to increase the soil nitrogen-fixing.

The treatment 30 mT is a good starting point to improvement in the 
development of this plant; below this magnetic density an assumption 
concerning to dependents variables could not be correct, due to erratic 
behaviour between the used factors, as can be seen in figures 1, 2 and 3. 
On the other hand, the treatment of 250 mT is not an option in the search 
for improved applications of Leucaena leucocephala.

The increase in stem length and leaf mass that could be observed, partly 
corroborate the results shown for controlled magnetic stimulation in maize 
[14, 15] and barley [16], because all groups didn’t show an increase in 
measured variables in a uniform way or with a tendency as marked as seen 
in the above mentioned reports.

Unlike the tendency of previous studies, in which the magnetic field range 
and exposure time used are limited [5, 16], and others in which only one scan 
is performed with exposure times [15, 16, 17], this study aims at extending 
the range studied factors, in order to investigate the possible trend that 
may have the response curves for the different variables measured and, 
finding a precise dose for optimal response of plants exposed.
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4. CONCLUSIONS

Exposure of Leucaena leucocephala seeds to a static magnetic field before 
planting has a positive effect regarding to increase of the morphological 
variables studied, mainly for a flux density of 30 mT. But, there was a 
decrease of such variables to 250 mT exposures longer than 25 minutes.
Statistical analysis of the exposition factors effect, showed that is more 
important the level of magnetic flux density that the exposure time. But there 
is not a specific and decisive treatment to improve all variables measured. 
However, these results suggest a direction that must be considered in the 
future investigation, specifically in dose definition. 

REFERENCES

• [1] Podleśny, J., Misiak, L. and Koper, R. (2001). “Concentration of Free 
Radicals in Faba Bean Seeds after the Pre-sowing Treatment of the 
Seeds with Laser Light”, Int. Agrophysics. Vol. 15 pp. 185-189. 

• [2] Vasilevski, G. (2003). “Perspectives of the Application of Biophysical 
Methods in Sustainable Agriculture”, Bulg. J. Plant Physiol. Especial 
issue, pp. 179-186. 

• [3] Aladjadjiyan, A. (2007). “The use of Physical Methods for Plant 
Growing Stimulation in Bulgaria”, Journal of Central European 
Agriculture. Vol. 8, pp. 369-380. 

• [4] Costanzo, E. (2008). “The Influence of an Electric Field on the 
Growth of Soy Seedlings”, J. Electrost. Vol. 66, pp. 417-420. 

• [5] Podleśny, J., Pietruszewski, S. and Podleśna, A. (2005). “The 
Influence of Magnetic Stimulation of Seeds on the Formation of 
Morphological Features and Yielding of the Pea”, Int. Agrophycis. 
Vol. 19, pp. 61-68. 

• [6] Yinan, Y., Yuan, L., Yongqing, Y. and Chunyang, L. (2005). “Effect 
of Seed Pretreatment by Magnetic Field on the Sensitivity of 
Cucumber (Cucumis sativus) Seedlings to Ultraviolet-B Radiation”, 
Environ. Exp. Bot. Vol. 54, pp. 286-294. 

• [7] Galland, P. and Pazur, A. (2005). “Magnetoreception in Plants”, J 
Plant Res. Vol. 118, pp. 371-389. 

• [8] Vasquez, A., Gómez, M., Segura, B. and Rosales, A. (2006). “Efectos 



Universidad Católica de Pereira

47

de Campos Magnéticos en Material Orgánico”, Rev. Colomb. Fis. Vol. 
38, pp. 1307-1310. 

• [9] Venegas, A. and Londoño, H. (2006). “Efecto del Campo Magnético 
(b) sobre el Crecimiento de las Plantas”, Rev. Colomb. Fis. Vol. 38, pp. 
942-945. 

• [10] Torres, C., Días, J. E. and Cabal, P. A. (2008).”Efecto de Campos 
Magnéticos en la Germinación de Semillas de Arroz (Oryza sativa 
L.) y Tomate (Solanum lycopersicum L.)”, Agron. Colomb. Vol. 26, pp. 
177-185. 

• [11] Valberg, P. A. (1995). “Designing EMF Experiments: What is 
Required to Characterize “Exposure” ?”, Bioelectromagn. Vol. 16, pp. 
396-401. 

• [12] Pietruszewski, S., Muszynski, S. and Dziwulska, A. (2007). 
“Electromagnetic Fields and Electromagnetic Radiation as Non-
invasive External Stimulants for Seeds (Selected Methods and 
Responses)”, Int. Agrophysics. Vol. 21, pp. 95-100. 

• [13] Claude, A. (1996). Biología General (8th ed.). McGrawHill, 
Interamericana S.A C. 

• [14] Aladjadjiyan, A. (2002). “Study of the Influence of Magnetic Field 
on some Biological Characteristics of Zea Mais”, J. Environ. Prot. 
Ecol. Vol. 3, núm. 2, pp. 89-94. 

• [15] Flórez, M., Carbonell, M. V. and Martínez, E. (2007). “Exposure of 
Maize Seeds to Stationary Magnetic Fields: Effects on Germination 
and early Growth”, Environ. Exp. Bot. Vol. 59, pp. 68-75. 

• [16] Martínez, E., Carbonell, M. V. and Amaya, J. M. (2000). “A Static 
Magnetic Field of 125 mT Stimulates the Initial Growth Stage of 
Barley (Hordeum vulgare L.)”, Electromagn. Biol. Med. Vol. 19, pp. 271-
277. 

• [16] De Souza, A., García, D., Sueiro, L., Licea, L. and Porras, E. (2005). 
“Pre-sowing Magnetic Treatment of Tomato Seeds: Effects on the 
Growth and Yield of Plants Cultivated late in the Season”, Span J 
Agric Res. Vol. 3, pp. 113-122. 

• [17] Vashisth, A. and Nagarajan, S. (2008). “Exposure of Seeds to 
Static Magnetic Field Enhances Germination and Early Growth 
Characteristics in Chickpea (Cicer arietinum L.)”, Bioelectromagn. 
Vol. 29, pp. 571-578. 


