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ABSTRACT: 

The purpose of this study was to observe the effects of static electromagnetic fields and beta 
radiation on the growth and photosynthesis of lima bean plants (Phaseolus lunatus). In a recent study 
done by the Vanier College Student Research Center, it was shown that a strong electric field, close to 
the atmospheric one during a storm, drastically affects the growth of lima beans and that a strong 
magnetic field superposed on the Earth’s natural magnetic field doesn’t affect the growth and 
photosynthesis of those plants (Purcarus, Beaumier, & Bulgarea, 2014). 

A new eight-week experiment was done in order to reinforce or challenge the previous 
results, with the addition of a study on the effects of radioactivity on the growing plants and their 
health. Four populations of the same plants were grown under different stress conditions such as a 
strong electric field (about 300 V/m), zero electric field (the samples were grown in a Faraday cage), zero 
magnetic field (the Earth’s magnetic field was cancelled using an artificial magnet with a magnetic 
strength vector equal in magnitude and opposite in direction), and beta radioactive sources placed near 
the seeds. A control group under no stress was also grown for comparison. The health of these plant 
groups was compared using their fluorescence emissions. The results showed that electric fields and 
radioactivity disturb plant growth and health, while magnetic fields enhance them. The significance of 
these findings is also discussed. 

INTRODUCTION: 

The lima bean plant (Phaseolus lunatus) is a fast growing plant, with a maturation period of 80 
days for pole bean varieties (Weinblatt). 

The health of a plant can be analyzed by looking at its fluorescence. When excited with blue, 
far red 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 the fluorescence signal is an indicator of the health of the plant 
(Maxwell & Johnson, 2000). It is known that, inside the membrane of the chloroplast, there are bio-
chemical reactions that involve a lot of electron transport, and these can easily be influenced by an 
external electric or magnetic field or beta radiation, which is a form of high-energy electron emission as 
well. The basis of chlorophyll fluorescence measurements is relatively straightforward (Maxwell & 
Johnson, 2000). 

Light energy absorbed by chlorophyll molecules in a leaf can undergo one of three fates: it 
can be used to drive photosynthesis (photochemistry), it can be dissipated as heat, or it can be re-
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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 to 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. 

MATERIALS & METHODS: 

In order to test the hypothesis, a total of 20 plants were grown under 5 different settings 
(see pictures below). 1) 4 plants were grown between a parallel-plate capacitor, placed outside the cups 
to prevent the contamination of the soil, and were subject to a strong electric field of approximately 300 
V/m; 2) 4 plants were grown under the influence of a bar magnet oriented opposite to the field of the 
earth so that they were subject to a zero magnetic field in the area of seeds; 3) 4 plants were grown 
with a beta radioactive source near the seeds; 4) 4 plants were grown under a Faraday cage and were 
subject to a zero electric field; 5) 4 plants served as a control group and were grown under normal 
conditions, subject to the natural 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 paper 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 in order to ensure minimal environmental bias in the results. They 
were all constantly kept under the same environmental conditions (temperature, light, humidity). An 
EPSO Power Supply from the Physics E&M Lab was used to produce the electric field. During the eight 
weeks of study, the length of the plants, the dimensions, color and texture of the leaves and the color of 
the soil were recorded. 

After sufficient growth, the health of these plant groups was determined using a professional 
WALZ JUNIOR PAM FLUOROMETER, recently acquired by Vanier, to study photosynthesis parameters via 
fluorescence emission. Measurements were taken twice on each plant, on two different leaves. The 
results for the five groups are compared in order to analyze the effects of electric and magnetic fields 
and radioactivity on the health of plants.  

PAM (Pulse Amplitude Modulation) fluorimeters, as many conventional fluorimeters, use 
filter combinations which prevent the fluorimeter’s excitation radiation from reaching the photo-
detector. Different from conventional devices, the PAM fluorimeters measure only the fluorescence 
resulting from an evenly pulsed measuring beam: the fluorescence caused by continuous radiation is not 
measured. This permits the use of continuous radiation to manipulate the fluorescence yield in 
photosynthetic membranes and to carry out the so-called saturating pulse analyses. 
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Figure 1. Typical PAM fluorescence curve measurements for Saturating Pulse Analysis. AL, actinic light; 
D, dark; SP, saturating pulse; FR, far-red illumination (GmbH, 2007, p. 43). 

The fluorescence parameters under study are the following: 

𝑭𝒐  = Basic fluorescence yield (relative units) recorded with low measuring light intensities. 

𝑭𝒎  = Maximal chlorophyll fluorescence yield when photosystem II reaction centers are closed by a 
strong light pulse (relative units). 

𝑭𝒗
𝑭𝒎

 =  (𝐹𝑚−𝐹𝑜)
𝐹𝑚

; Maximum photochemical quantum yield of photosystem II. 

𝑭 𝒐′  = Minimum fluorescence level during a treatment; 𝐹𝑜′ fluorescence levels are attained after a 
saturating pulse during a dark interval in which PS I is selectively driven by far-red light to quickly drain 
off intersystem electrons, and thus to open PS II reaction centers. 

𝑭𝒎′  = Maximum fluorescence levels during a treatment. Induced by applying saturating light pulse 
which temporarily closes all PS II reactions centers. 

𝑭′ = Level of the fluorescence curve (Ft) during treatments and shortly before a saturating pulse is 
applied. 

To quantify photochemical use and non-photochemical losses of absorbed light energy, 
fluorescence quotients have been derived which use as data input the relative fluorescence yield 
measurements introduced above, as shown in the following table.  
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Table 1. Fluorescence quotients available in Junior PAM instrument software (GmbH, 2007, p. 45).

 

The last four coefficients are described in more detail since significant differences were 
noticed in their values for different groups of plants under study: 

qN and NPQ are parameters of non-photochemical quenching: Both parameters are associated with 
non-photochemical quenching of excitation energy by thylakoid lumen pH- and zeaxanthin-dependent 
processes. They are characteristic to the light adapted state of chlorophyll pigment.  

Y(NO) and Y(NPQ) are yields of non-photochemical quenching: Based on lake-type organization of 
photosynthetic antennae, Kramer et al. (2004) derived the parameter Y(NPQ) to quantify the fraction of 
excitation energy which is dissipated as heat via photo-protective mechanisms. The yield of all other 
non-photochemical losses is given by the parameter Y(NO). Finally, the yields of photochemistry and 
non-photochemical losses equal 1. 

RESULTS & DISCUSSIONS: 

Pictures and measurements of the height of plants were taken every week resulting in the 
following observations: 

1) All plants inside the Faraday cage grew faster than the others. 
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2) Three out of four plants grown under an additional strong static electric field failed to 
germinate, which partially confirms the previous results obtained at Vanier. 
3) Three out of four plants grown under zero magnetic field failed to germinate. 
4) All four plants grown near a radiation source failed to germinate. 
5) Three out of four control plants grew adequately. 
6) New seeds were planted in the cups containing the soil previously irradiated by beta sources. All 
four plants grew normally, suggesting that the radioactivity affected the seeds rather than the soil. 
7) The following pictures taken in the week six of the studies confirm the previous statements: 

 

Figure 2 (above):  On the right side, four samples stressed by an external electric field. In the middle, 
four samples placed in cups where terrestrial magnetic field was cancelled. On the left, two control 
samples in natural conditions. 
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Figure 3 (above): On the right side two more control samples. In the middle, the Faraday cage. On the 
left side, the four samples containing a radioactive source near the seeds. 

The following table presents the fluorescence and photosynthesis parameters recorded at 
the end of the study. All living plants from all groups were subject to fluorescence measurements. The 
numbering used in the column heading stands for the number of the plant, with A and B standing for 
different leaves. Averages and standard deviations were also calculated, and the averages of the 
different groups of plants were compared to the control group using percent difference. 

Table 2. Fluorescence and photosynthesis parameters recorded for the control group plants. 

 
9A 9B 10A 10B 11A 11B Average St. Dev. 

Fo 364 362 332 361 364 469 375 48 
Fm 1572 1561 1660 1586 1657 1939 1663 142 
Fv/Fm 0.768 0.768 0.800 0.772 0.780 0.758 0.774 0.014 
qP 0.667 0.703 0.625 0.516 0.515 0.416 0.574 0.109 
qL 0.392 0.424 0.310 0.286 0.259 0.207 0.313 0.082 
qN 0.474 0.407 0.332 0.611 0.524 0.584 0.489 0.107 
NPQ 0.676 0.513 0.367 1.073 0.809 1.013 0.742 0.277 
Y (NPQ) 0.221 0.175 0.146 0.351 0.293 0.370 0.259 0.093 
Y (NO) 0.327 0.341 0.398 0.327 0.361 0.366 0.353 0.027 
F 514 532 660 519 599 709 589 82 
Fm' 938 1032 1214 765 916 963 971 148 
PAR 128 128 128 128 128 128 128 0 
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Y (II) 0.452 0.484 0.456 0.322 0.346 0.264 0.387 0.089 
ETR 24.3 26.0 24.5 17.3 18.6 14.2 20.8 4.8 
Fo' 302 321 327 288 301 352 315 23 
 

Table 3. Fluorescence and photosynthesis parameters recorded for the plants under zero magnetic field. 

 
8A 8B Average St. Dev. 

Fo 254 342 298 62 
Fm 1202 1574 1388 263 
Fv/Fm 0.789 0.783 0.786 0.004 
qP 0.670 0.575 0.623 0.067 
qL 0.315 0.290 0.303 0.018 
qN 0.162 0.416 0.289 0.180 
NPQ 0.172 0.525 0.349 0.250 
Y (NPQ) 0.070 0.206 0.138 0.096 
Y (NO) 0.411 0.393 0.402 0.013 
F 494 618 556 88 
Fm' 1026 1032 1029 4 
PAR 128 128 128 0 
Y (II) 0.519 0.401 0.460 0.083 
ETR 27.9 21.6 24.8 4.5 
Fo' 232 312 272 57 
 

Table 4. Fluorescence and photosynthesis parameters recorded for the plants under an external electric 
field. 

 
1A 1B 2A 2B 4A 4B Average StDev 

Fo 642 419 500 265 398 450 446 124 
Fm 1905 1668 1763 976 1133 1622 1511 370 
Fv/Fm 0.663 0.749 0.716 0.728 0.649 0.723 0.705 0.040 
qP 0.667 0.687 0.628 0.577 0.680 0.663 0.650 0.041 
qL 0.428 0.408 0.346 0.241 0.416 0.415 0.376 0.072 
qN 0.487 0.421 0.290 0.142 0.144 0.465 0.325 0.157 
NPQ 0.841 0.583 0.348 0.228 0.199 0.657 0.476 0.258 
Y (NPQ) 0.266 0.194 0.147 0.103 0.091 0.228 0.172 0.070 
Y (NO) 0.317 0.334 0.423 0.454 0.456 0.347 0.389 0.063 
F 603 557 745 443 517 563 571 101 
Fm' 1035 1054 1308 795 945 979 1019 169 
PAR 128 128 128 128 128 128 128 0 
Y (II) 0.417 0.472 0.430 0.443 0.453 0.425 0.440 0.020 
ETR 22.4 25.4 23.1 23.8 24.4 22.8 23.7 1.1 
Fo' 387 331 411 185 316 352 330 79 
 

Table 5. Fluorescence and photosynthesis parameters recorded for the plants under zero electric field. 

 
13A 13B 14A 14B 15A 15B 16A 16B Average St. Dev. 
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Fo 295 204 448 488 418 437 349 478 390 99 
Fm 1141 484 1474 1421 1299 1491 940 1547 1225 362 
Fv/Fm 0.741 0.579 0.696 0.657 0.678 0.707 0.629 0.691 0.672 0.050 
qP 0.585 0.566 0.705 0.705 0.771 0.635 0.810 0.705 0.685 0.085 
qL 0.327 0.355 0.518 0.524 0.565 0.381 0.639 0.496 0.476 0.110 
qN 0.433 0.079 0.623 0.546 0.395 0.477 0.313 0.540 0.426 0.170 
NPQ 0.557 0.085 1.100 0.806 0.498 0.748 0.356 0.848 0.625 0.318 
Y (NPQ) 0.221 0.053 0.320 0.277 0.175 0.253 0.138 0.268 0.213 0.087 
Y (NO) 0.396 0.620 0.291 0.343 0.351 0.337 0.387 0.317 0.380 0.103 
F 452 300 429 488 456 503 364 490 435 70 
Fm' 733 446 702 787 867 853 693 837 740 137 
PAR 128 128 128 128 128 128 128 128 128 0 
Y (II) 0.383 0.327 0.389 0.380 0.474 0.410 0.475 0.415 0.407 0.050 
ETR 20.6 17.6 20.9 20.4 25.5 22.0 25.5 22.3 21.9 2.7 
Fo' 253 188 315 363 334 302 287 345 298 56 
 

Table 6. Percent difference between the fluorescence and photosynthesis parameters of different 
groups of plants and those of the control group. 

  
Control 
Group Zero Magnetic Field External Electric Field Zero Electric Field 

  Average 
Averag
e % difference 

Averag
e 

% 
difference 

Averag
e 

% 
difference 

Fo 375 298 20.60 446 18.74 390 3.81 
Fm 1663 1388 16.51 1511 9.10 1225 26.34 
Fv/Fm 0.774 0.786 1.51 0.705 9.00 0.672 13.18 
qP 0.574 0.623 8.51 0.650 13.36 0.685 19.45 
qL 0.313 0.303 3.35 0.376 20.02 0.476 51.96 
qN 0.489 0.289 40.86 0.325 33.53 0.426 12.88 
NPQ 0.742 0.349 53.02 0.476 35.83 0.625 15.78 
Y 
(NPQ) 0.259 0.138 46.79 0.172 33.87 0.213 17.82 
Y (NO) 0.353 0.402 13.77 0.389 9.95 0.380 7.62 
F 589 556 5.58 571 2.97 435 26.08 
Fm' 971 1029 5.94 1019 4.94 740 23.84 
PAR 128 128 0.00 128 0.00 128 0.00 
Y (II) 0.387 0.460 18.76 0.440 13.60 0.407 4.98 
ETR 20.8 24.8 18.90 23.7 13.61 21.9 4.96 
Fo' 315 272 13.70 330 4.81 298 5.33 
 

As shown in table 6, percent differences between the photosynthesis parameters of the 
control group and the zero electric field group go up to 51.96%. Between the control group and the zero 
magnetic field group, the greatest difference is 53.02%. Between the control group and the external 
electric field group, the difference is as high as 35.83%. In all 3 cases, the parameter which changed the 
most between groups was the NPQ parameter, representing the non-photochemical quenching. 
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CONCLUSIONS: 

 

The results show the importance of a magnetic field to this kind of plants, as increasing the 
Earth’s magnetic field did not affect the plants (Purcarus, Beaumier, & Bulgarea, 2014) but a zero 
magnetic field prevented most growth. The fact that one of the four plants in that group grew can be 
explained by an incorrect placement of the magnet which wouldn’t cancel the Earth’s field completely. 
The non-photochemical quenching parameters qN and NPQ of this particular plant show a reduction of 
close to 50% compared to the control group, suggesting that its photosynthetic apparatus is dissipating 
more energy into heat and non-chemical activities. This result is of paramount importance because it 
confirms that less magnetic field in the environment of the plant damages the health of its 
photosynthetic apparatus. 

The results show the opposite results regarding the electric field, as the presence of an 
external electric field impeded the growth of the plants whereas the cancellation of all electric fields 
stimulated them to faster growth. The non-photochemical quenching parameters qN and NPQ of the 
plants under high electric field stress also show a significant reduction compared to the control group, 
thus reinforcing the previous statement and the results of previous research (Purcarus, Beaumier, & 
Bulgarea, 2014). 

The results show that beta radiation was very disruptive to plant growth, as expected. Beta 
radiation is a high energy electron radiation, and it has a large amount of possible bad interactions with 
the electron transport in the Thylakoid membrane of the Chloroplast organelle. 

Further studies will be done at the Vanier College Student Research Center to supplement 
this research. Another Faraday cage was built, using a lower mesh diameter and black paint job, in order 
to reject cell phone radiation and prevent excessive light reflection which can disturb the results. 
Confirmation of the results will lead to real life applications in the farming area, as suggested by 
Professor James Pan from the Vanier College Physics Department and Andy Fuchs, Vanier College 
Technician. Greenhouses can be equipped with Faraday cages to cancel the static terrestrial electric field 
and additional devices can be added to augment the magnetic field in the greenhouses. 

In addition, the results show that a serious consideration of magnetic fields is necessary for 
future space colonization missions, as not all planets create their own magnetic field. They also show 
that strong electric fields can pose a danger to living organisms like plants. In addition, they shows that 
the lack of an electric field seems to benefit the plants. Given that the world we live in is immersed in 
electric fields from various sources, this could be an important area of further research as electric fields 
could also affect the growth and health of humans and other animal beings. 
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