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Abstract:  

The purpose of this study was to observe the effects of Electromagnetic Fields on the growth and 

photosynthesis of the Lima bean plant (Phaseolus lunatus). It was expected that the presence of an 

electromagnetic field would cause the plants to grow at a different rate than those exposed only to the 

natural fields of Earth, as well as affect their health. Plants were grown for a period of two months 

under an electric field of 400 V/m and a magnetic field of 1 mT, as well as a control group exposed to 

only the fields of Earth. All plants under an additional electric field failed to germinate. In addition, no 

significant difference in the height and physical characteristics of plants grown under a magnetic field 

and no field was observed. The health of these two plant groups is to be compared using their 

fluorescence emissions. 

Introduction: 

It is known that one of the effects of an electric field is to produce a force acting on a charged particle. 

This force is proportional to the field and the charge of the particle. The electric field in the lower 

atmosphere is approximately 100 V/m [Halliday, David, Robert Resnick and Jearl Walker. Fundamentals 

of Physics 9th Edition. John Wiley & Sons, Inc, 2011]. The tool usually used to produce an electric field is 

a parallel plate capacitor, which consists of two charged plates with opposite charges. This produces an 

electric field going from the positive plate to the negative plate. 

It is also known that the main effect of a magnetic field is to produce a force acting on a moving charged 

particle. The force exerted is proportional to the intensity of the magnetic field, as well as the speed and 

charge of the particle, and it is perpendicular to both the magnetic field and velocity of the particle, with 

direction given by the right hand rule. The Earth itself produces a magnetic field, and the intensity of the 

field at Earth’s surface is approximately      T [Halliday, David, Robert Resnick and Jearl Walker. 

Fundamentals of Physics 9th Edition. John Wiley & Sons, Inc, 2011]. 

The Lima bean plant (Phaseolus lunatus) is a fast growing plant, having a maturation period of 80 days 

for pole bean varieties [Weinblatt, Victoria. "Facts on the Lima Bean Plant." n.d. SFGate. 

http://homeguides.sfgate.com/lima-bean-plant-55939.html]. Other sources place the maturation period 

at 154 days ["Lima bean." n.d. folia. http://myfolia.com/plants/1917-lima-bean-phaseolus-lunatus].  

These plants are also very tall, with heights that can reach up to 3 m (Lima bean). 

http://homeguides.sfgate.com/lima-bean-plant-55939.html
http://myfolia.com/plants/1917-lima-bean-phaseolus-lunatus


The health of a plant can be also analyzed by looking at its fluorescence. When excited with blue or 

violet light, plants emit fluorescence in the form of red light. The intensity of this emission is an indicator 

of plant health; the more energy the plant uses for photosynthesis and other processes, the less 

fluorescence it will emit, and thus that fluorescence signal is an indicator of the health of the plant 

[Maxwell, Kate and Giles N. Johnson. "Chlorophyll fluorescence - a practical guide." Journal of 

Experimental Botany (2000): 659-668. Document]. We know that inside the membrane of the 

chloroplast there are bio-chemical reactions that involve a lot of electron transport that can be easily 

influenced by an external electric or magnetic field. The basis of chlorophyll fluorescence measurements 

is relatively straightforward [Chlorophyll fluorescence—a practical guide;    Kate Maxwell and Giles N. 

Johnson; Journal of Experimental Botany, Jan. 2000; 

http://jxb.oxfordjournals.org/content/51/345/659.long] 

Light energy absorbed by chlorophyll molecules in a leaf can undergo one of three fates: it can be used 

to drive photosynthesis (photochemistry), excess energy can be dissipated as heat or it can be re‐

emitted as light—chlorophyll fluorescence. These three processes occur in competition, such that any 

increase in the efficiency of one will result in a decrease in the yield of the other two. Hence, by 

measuring the yield of chlorophyll fluorescence, information about changes in the efficiency of 

photochemistry and heat dissipation can be gained. Although the total amount of chlorophyll 

fluorescence is very small (only 1 or 2% of total light absorbed), measurement is quite easy. The 

spectrum of fluorescence is different to that of absorbed light, with the peak of fluorescence emission 

being of longer wavelength than that of absorption. Therefore, fluorescence yield can be quantified by 

exposing a leaf to light of defined wavelength and measuring the amount of light re‐emitted at longer 

wavelengths. It is important to note, however, that this measurement can only be relative, since light is 

inevitably lost. Hence, all analysis must include some form of normalisation, with a wide variety of 

different fluorescence parameters being calculated. 

The following picture shows how light is absorbed, used for Photochemistry and Heat and then 

retransmitted in fluorescence form by Chlorophyll pigments in the plants leaves. [Remote sensing of 

terrestrial chlorophyll fluorescence from space: Christian Frankenberg, Joseph Berry, Luis Guanter and 

Joanna Joiner; 15 February 2013, SPIE Newsroom; https://spie.org/x92267.xml]    

 

http://jxb.oxfordjournals.org/content/51/345/659.long
https://spie.org/x92267.xml


The following two pictures show the wavelengths of absorption and fluorescence light as well the 

energetic electron transitions in the chloroplast membrane. [Introduction to Fluorescence Spectroscopy, 

Bio-WIKI; 

http://biologywiki.apps01.yorku.ca/index.php?title=Main_Page/BIOL_4160/Fluorescence_and_Reaction

_Centers]  

    

 

How to measure?  

[Chlorophyll a fluorescence measurements in plant biology; 

http://www.photosynthesis.ch/fluorescence.htm] 

The most useful and widely used chlorophyll fluorescence technique is the so-called quenching analysis. 

A typical measurement is shown in the next figure. A leaf is dark adapted for at least 15 min (depending 

on temperature) prior to the measurement. Upon the application of a saturating flash, fluorescence 

raises from the ground state value (Fo), which is the fluorescence determined in darkness by a weak 

measuring beam, to its maximum value, namely Fm. This measurement allows the determination of the 

maximum quantum efficiency of photosystem II (PSII) primary photochemistry, given as Fv/Fm. 

Upon subsequent application of constant illumination, a transient rise in fluorescence yield is observed. 

This is due to a lag phase before carbon fixation starts. Whilst electron transport starts within 

milliseconds upon illumination, carbon fixation needs first to be light-activated. Thereafter, upon the 

onset of photochemical and heat dissipation processes, the fluorescence yield is quenched and reaches 

a steady state value (F'). The application of a saturating flash of light allows the determination of the 

maximum fluorescence in the light-adapted state (Fm'). A decrease in Fm' as compared to Fm indicates 

the presence of non-photochemical quenching (NPQ). The difference between Fm' and F' reflects the 

photochemical part of fluorescence quenching which is expressed in the fluorescence parameter 

Fq'/Fm', also called Genty parameter. Finally, the minimum fluorescence in the light-adapted state (Fo') 

can be measured by applying a pulse of far red light. Knowing Fo', the photochemical efficiency factor 

(Fq'/Fv') and the efficiency of open PSII reaction centres (Fv'/Fm') can be calculated. 

 

http://biologywiki.apps01.yorku.ca/index.php?title=Main_Page/BIOL_4160/Fluorescence_and_Reaction_Centers
http://biologywiki.apps01.yorku.ca/index.php?title=Main_Page/BIOL_4160/Fluorescence_and_Reaction_Centers
http://www.photosynthesis.ch/fluorescence.htm


 

Perhaps the single most useful fluorescence parameter is the so called Genty parameter. The Genty 

parameter is calculated as: Fq'/Fm' = (Fm'-F') / Fm' where Fq'/Fm' has also been termed φPSII, 

DeltaF/Fm', (Fm'-Ft)/Fm' and (Fm'-Fs)/Fm'. 

A great practical advantage of Fq'/Fm' is the fact that for the calculation of this parameter only Fm' and 

F' are needed to be determined, both parameters can be measured in the light, i.e. no dark-adapted leaf 

material is needed. However, due to the fact that Fq'/Fm' is strongly affected by the light intensity 

precaution has to be taken especially during measurements under natural conditions where changes of 

the incident light intensity hardly can be avoided. Since Fq'/Fm' is theoretically proportional to the 

operating quantum efficiency of PSII photochemistry (afterwards called PSII quantum efficiency), as 

such, it is a measure of the proportion of the light absorbed by photosystem II that is used in 

photochemistry. The PSII quantum efficiency is affected by the level of electron acceptors, usually 

NADP+, available at the acceptor side of PSI. Consequently, Fq'/Fm' decreases in situations with limiting 

consumption of NADPH like for example at low internal CO2 concentration. Changes in Fq'/Fm' can be 

attributable to differences in the capacity for electron flux on the reducing side of PSII. 

It was expected that growing under a strong electromagnetic field would affect the growth of the plants 

when compared to plants grown under the natural fields of the Earth. This was expected as plants have 

many moving particles within them during their growth. Since some of these particles are charged due 

to various processes and reactions, they would be deviated from their trajectory, which could impede 

the plant growth by preventing it from growing normally and transferring those particles efficiently. This 

expectation is also justified by the vast number of chemical reactions that occur within plants during 

photosynthesis. These processes involve the exchange of charges (electrons), and it is reasonable to 

expect that exerting a stronger force on these electrons will alter the efficiency of the reactions. The null 

hypothesis used is therefore that there will be no significant difference in the growth and health of 

plants grown under different electromagnetic fields. 

Materials and methods: 

In order to test the hypothesis, a total of 18 plants were grown under 3 different settings; 6 plants were 

grown between a parallel-plate capacitor placed in the soil and were subject to a strong electric field of 



approximately 400 V/m, 6 plants were grown under the influence of a bar magnet oriented with the 

field of the earth so they were subject to a strong magnetic field, and 6 plants served as a control group 

and were grown under normal conditions, subject to the small electromagnetic fields of the earth. The 

Lima bean plant (Phaseolus lunatus) was chosen for its short maturation time and its tall height. The 

plants were bought as seeds and were grown in plastic cups for a time period of two months. The same 

soil was used for all plants, and the same quantity of water was given at regular intervals to all plants. In 

addition, the plants were all placed in the same area to grow to ensure minimal environmental bias in 

the results. They were all constantly kept under the same environmental conditions (temperature, light, 

humidity). We used an EPSO Power Supply from Physics E&M Lab to produce the Electric Field. The 

seeds and plants and supplied with water at regular intervals. During the eight weeks of study we 

constantly recorded the length of the plants, the dimensions, color and texture of the leaves and the 

color of the soil. 

The plant health for those grown under a magnetic field and the control were tested for fluorescence 

emissions when exposed to blue light. These emissions served as an indicator of the efficiency of 

electron transport and chemical processes in the plant, as well as intoxication. The results for the two 

groups are compared in order to analyze the effect of magnetic fields on the health of plants. 

Results:  

The following pictures show clearly the plants evolution during our studies from the very moment of 

planting the seeds to the last phase of our research. 

 

   



  

               

  



 

 

 

The next step was to go into the research of Photosynthesis using plant fluorescence. Our apparatus was 

made of several blue LED powered by a Double Power Supply, an orange-red optical filter (630 nm - on) 

to separate the fluorescence signal from the excitation light and a PASCO optical detector connected to 

our DATA STUDIO interface and program to plot the fluorescence signal vs. time. The following pictures 

show our setup and curves: 



 

 

 

 

Fluorescence analysis: 

Table 1. Measurements of the fluorescence yield for one plant grown under a magnetic field and two 

plants in the control group. The fluorescence yield was measured in voltage by data studio. 

 Magnetic Control1 Control2 

  
      0.029 0.081 0.023 

       0.011 0.026 0.009 

  
      0.060 0.175 0.068 

      0.62 0.68 0.61 

    1.07 1.16 1.96 

 



Calculations: 

               

               

       
  

    

  
  

             

      
      

    
  

    
 

  
  

             

      
       

 

The fluorescence curves are presented on the figures 1-3 bellow: 

 

Figure 1. Voltage vs time for control1. 

 

Figure 2. Voltage vs time for control2. 
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Figure 3. Voltage vs time for magnetic. 

Discussions and conclusions:  

No significant difference was observed between the plants grown under magnetic field and the free 

ones (left and middle side on the pictures) but the seeds under electric field didn’t grow up at all (right 

side in the pics). Many reasons were found as to why the plants under an electric field did not grow. 

Since the parallel plates were placed in the soil of the plants, it was hypothesized that the charge on 

each plate may have catalyzed chemical reactions in the soil, and this affected the seeds and prevented 

their germination. However, new seeds were planted in the soil where these plants died (without an 

electric field) and they sprouted normally, implying that either the soil was not the cause of death or 

that the soil reverted back to normal after the electric field was stopped. The pH of the soil is to be 

analyzed in the future to further support the notion that it was the electric field itself that killed the 

plants. 

It is obvious that Electric Field has done a big damage to the beans seeds but we don’t know yet if it was 

caused by a deterioration of the seed itself or the electro-chemical changes of the soil. Some authors 

have done extensive research on the alteration of soil under electric field action [Effects of electric 

fertilizer on soil properties by Wang Ya-kin and Wang Ji-hong; Chinese Geographical Science, Vol 14, 

2004;  http://link.springer.com/article/10.1007%2Fs11769-004-0011-5#page-2].  Since new seeds were 

planted in the old soil and they sprouted normally after a reasonable time we incline to come up with 

the conclusion that the electric field has done an important damage to the seeds not to the soil. 

Concerning the fluorescence studies, the Genty parameter is pretty much the same for the two groups 

while NPQ shows an anomaly between different samples of the same neutral group. We incline to 

conclude that magnetic field didn’t change the behaviour of photosynthetic apparatus but our lab 

equipment is clearly far from being appropriate for the study of chlorophyll fluorescence. The active 

signals are embedded in noise and the optical filters are not very accurate. A professional fluoro-meter 

is needed for future studies like the one presented in the next picture. 

[http://www.vsinstruments.com/os1.html]  
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 The next steps for future studies are: 1) Do a detailed chemical analysis of the soil before and after the 

experiment; 2) Place the electrodes outside the cup so that they can’t interact directly with the soil; 3) 

Place the electric field vertically (horizontal electrodes) to simulate the atmospheric electric field 

produced between the clouds and the ground; 4) Study the effect of alternating electric fields on the 

same plants. 

 

 

 


