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INTRODUCTION
Mineral deficiency is a major challenge facing the world population. About 40% of the world population which is about 2 

billion people suffers from anemia, while 1 out of every 5 people in the world is at risk of zinc deficiency [1]. However in developing 
countries, majority in Africa, this problem is more severe. In Sub Saharan Africa and Indian sub continental almost 90% of 
expectant mothers have anemia. Kenya, being one of these countries faces the same problem, 35% of children under 5 years 
are stunted while 4% are underweight and 1 out of 10 children are born with low birth weight. The cost of these nutrition problem 
has a profound cost implications on Kenya which include: 2.5% drop in adult income due to childhood anemia, impaired cognitive 
development which affects the country’s productivity and deaths [2].

Magnetic field exposures to seeds, irrigation water and plants have an effect on the plants that result from them. These 
changes include an alteration in germination time [3-5] germination percentage for seeds [6-8] and faster growth in early growth 
stages for seeds exposed to magnetic field [9-11]. Irrigation water and exposure of magnetic field to plants have also shown to alter 
the growth and nutritional value of the yield of plants [12-14]. Exposure of magnetic flux density of magnetic flux density of 10, 50, 
100 mT and exposure time of 0, 30, 60, 180, 240 and 360 min had an increased concentration of calcium, iron, potassium 
and sodium in date palm [13]. However, most studies have focused on the effect of magnetic field on plants in its early stages of 
growth, there is therefore a need to investigate the effect of magnetic field on the elemental composition on spinach’s elemental 
composition after exposure on its whole lifespan.

The main theories that have been used to explain how magnetic fields affect plants are the ion Cyclotron theory [15,16], Radical 
pair mechanism [17,18] and the magneto hydrodynamics [19]. Among the three theories, the ICR theory tends to explain the effect of 
magnetic field on the elemental composition of plants. ICR theory asserts that exposure of magnetic field to plants that resonates 
with certain ions can accelerate their entry into the cells, and thereby increase the concentration of such elements into plants 
and also lead to some morphological changes in plants due to accumulation of such elements [20,21]. According to ICR theory there 
ought to be a matching between the frequency and magnetic flux density according to the following formulae [22].
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ABSTRACT

Spinach plants were exposed to magnetic field from germination up 
to maturation, a period of 60 days. The levels of magnetic flux density were 
0.5, 1.0, 1.5 and 2.0 mT while exposure time was 10 minutes, 30 minutes 
and 60 minutes. After 60 days the concentration of iron, calcium, potassium, 
sodium, magnesium and calcium was analyzed using Atomic Absorbance 
spectrophotometry. The data was analyzed using excel. Magnetic flux density 
from (0.5-2) mT and exposure time of (10-60) minutes has a significant effect 
on elemental composition elements in the leaves of spinach.
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Where f is the frequency of magnetic field used, q is the ionic charge, m is the mass of an ion and B is the magnetic 
flux density. The ICR theory has been validated by experiments that have used the theory and gotten results that support it. 
Examples are the exposure of Arabidopsis thaliana to magnetic flux density of 65 µT at a frequency of 16Hz led to an increase 
in the concentration of calcium ions [23]. However this theory has been contradicted by the fact that experiments that have used 
magnetic field and frequencies other than those advocated by ICR and have led to an alteration of the elemental composition in 
plants [24,25].

The main important factors to determine how magnetic field affect plants are the frequency, time of exposure. And magnetic 
flux density and the type of magnetic field [26-29]. This study explores the effect of static magnetic field because earlier studies have 
shown that static magnetic field is more beneficial or results to more positive results as compared to alternating magnetic field 
[30-33]. The magnetic flux density of (0.5-2) mT has been chosen because theoretically, magnetic flux density increases the amount 
of triplet states and its important to study how such an effect will have on the concentration of elements in spinach [34-37].

MATERIAL AND METHODS

 Study site and sowing seeds and management practices 

A strict pot experiment was carried out in a greenhouse at Egerton University (00 22, 11.0” S, 350 55’ 58.0” E). The test 
plant was Fordhook Giant Swiss Chard, a variety of spinach, which is well adapted to local environmental conditions. Pots were 
filled with 2 kg of soil then seeds without visible defect, insect damage and malformation were selected and sown at 4 seeds 
per pot. After emergence thinning was done on the criteria of the health of the seedlings to remain with two seedlings per pot. 
Phosphorus (P) application was 112 kg/ha, nitrogen quantities was applied at a rate of of 224 kg/ha. Watering was done twice 
a day, in the morning and evening, and the quantity used depended on the age and the field capacity of the soil. The experiment 
was designed to stimulate conditions of growth identical to those in natural surroundings.

 Exposure to magnetic field

The magnetic flux density was generated by the Helmholtz coils system. The Helmholtz coil system consists of 2 coils, each 
formed by 1000 turns of 1 mm copper wire, with a mean diameter of 260 mm and thickness of 25 mm as shown in Figure 1. The 
coils were placed co-axially and placed at a distance of 130 mm from each other. The coils were connected to a power source 
and current was adjusted to get the required magnetic flux density. When current passes through the coils, a vertical magnetic 
field was generated in the center of the coil. The plants were placed at the center of the coil to be exposed to the magnetic field. 
Magnetic flux density was measured by a Digital Gauss meter with a Hall probe.

 Figure 1. The schematic representation of the magnetic flux density exposure designs showing the arrangement of Helmholtz coils.

Experimental design and treatments

The potted spinach plants were exposed to various levels of magnetic flux density and duration daily for 60 days continuously. 
The treatments were imposed on the plants after emergence. The experimental design was a Completely Randomized Design 
(CRD) with 12 treatments. The treatments were made up of two variables, the magnetic flux density applied at four levels and 
duration treatment at three levels (Table 1). Each treatment consisted of four plants so that there were three replicates.
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Table 1. Types of Treatment with respect to magnetic flux density.

Time 10 minutes 30 minutes 60 minutes
Magnetic flux density Control Control Control

 0.5 mT Treatment 1 Treatment 2 Treatment 3
 1.0 mT Treatment 4 Treatment 5 Treatment 6
 1.5 mT Treatment 7 Treatment 8 Treatment 9
 2.0 mT Treatment 10 Treatment 11 Treatment 12

Digestion procedure and measurement of the concentration of elements

The leaves were crushed, grinded in a mortar. Dry ashing method was adopted by placing the properly dried sample into 
the versatile crucible overnight in an electric muffle furnace maintaining the temperature between 400-440°C. This ashing was 
done to destroy all the organic material from the sample. The ash was removed from crucible and dried in desiccators. A 1 gm 
of ash was taken and digested using conc. HNO3, H2SO4 and HClO4 in the ratio of 10:6:3. Digested ashes was stored in sterilized 
bottles and used for the determination of Ca, Zn, Mg, Fe, Na, and P by flame atomic absorption spectroscopy. Then using the 
standard curves, the concentration of these elements were obtained for Potassium concentration, Sodium concentration, Zinc 
concentration, Magnesium concentration, Calcium concentration as shown in Figures 2-6 respectively. The actual concentrations 
of elements in the samples was worked out from the results that will be obtained from AAS read Black method [38].

RESULTS

 Figure 2. Potassium concentration. 

 Figure 3. Sodium concentration.
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 Figure 4. Zinc concentration.

 Figure 5. Magnesium concentration.

Figure 6. Calcium concentration.
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DISCUSSION
This study shows that there are specific trends in mineral concentration for each element in spinach after exposure of 

spinach to magnetic field. For potassium, there is a slight change in mineral concentration after exposure to magnetic field, 
however there is a remarkable increase for (0.5 mT, 10 minutes) and (1.5 mT, 30 minutes). Sodium ions tend to increase with 
increase in both time and magnetic flux density, however, however there is an inhibitory effect as the amount is less the control 
except for (1.5 mT, 60 minutes). There is an increase in zinc as time of exposure decreases from 2.0 mT towards the control, 
however there is a remarkable increase in (1.5 mT, 10 minutes), (1.5 mT, 30 minutes) and (1.5 mT, 60 minutes). There is also a 
general increase in the content of magnesium with increase in time and magnetic flux density and (1.5 mT, 10 minutes) has the 
highest concentration. Between (1.0 mT, 10 minutes) and (0.5 mT, 60 minutes) there is an increase in calcium concentration.

This study confirms the conclusions from the ICR theory that there are “windows” when magnetic field is exposed to plants. 
The term “windows” has been used to refer to specific combinations of magnetic flux density and time of exposure that give rise 
to specific responses. In this case there specific combinations that have given rise to remarkable increase in concentration of 
each element. This study therefore puts forward that the above combinations are the “windows” for increasing concentration of 
elements in spinach plants after exposure to magnetic field. Other studies have proposed that there are “windows“ include, an 
increase in calcium ions in the brain when exposed to magnetic field of certain frequency, time and time of exposure [39].

According to the Ion cyclotron theory, specific intensities and frequencies of magnetic field can only give rise to an increase 
elemental composition in cells [40]. This theory has been contradicted with results that have used static magnetic field, this study 
is one of them. However there are elements of this theory that are confirmed by study: Those specific ions will respond differently 
to magnetic field, in terms of accumulation in plants, this is evident by the variation in concentration of different elements.

Although time of exposure has been reported to be a variable in the exposure of magnetic field to plants, the trend is always 
ignored. There is a particular trend that emerges when magnetic field is exposed to plants, when using time as a variable for 
specific parameters, in this study, elemental concentration. This trend is specific to each element. Magnetic flux density has an 
effect on elemental composition of spinach. 

However, the changes in the elemental composition can also be explained by the principle of magneto hydrodynamics. 
Magnetic field increases the surface tension of water and this has an effect on the absorption of ions from the soil and thereby 
affects the accumulation of elements in plants [41,42].

Exposure of spinach to magnetic field can therefore be used as a way to increase the minerals in spinach and as a result 
this solves mineral deficiency in developing countries. However there is need for further studies to investigate mechanisms of how 
magnetic fields affect biological systems.
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