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Abstract:  
 

The purpose of this experiment was to determine how the fluorescent emission of the lima bean plant (Phaseolus lunatus) 

would react when grown in different environments. The specific environments that were chosen were a zero electric field, non-

magnetic field and an environment in which pesticide was grown with the plants. This specific project is also meant to further 

analyse the results of the experiments produced by the Vanier College Research Program. In this previous study by Craciun and 

Singh (2014), it is demonstrated that a non-magnetic environment will inhibits the growth and photosystem of the plants. As well 

the zero electric field environment will have positive effects on the growth and photosystem of the plant. This new experiment 

analysed these variables and as well the affect that pesticides may have on the growth of these plants and the creation and 

development of home-made Flourometer that will be used for the study of fluorescence of plants and human skin. This consisted 

of four main groups of plants that were placed in different environments. These environments consisted of a controlled population 

(allowed to grow normally), a population surrounded by a Faraday’s cage (to cancel the electric field), a population was surrounded 

by an anti-magnetic shielding (cancel magnetic fields) and finally a population that was continuously given emulsifiable concentrate 

0.01% pyrethrins pesticide. Using fluorescent spectroscopy, the overall health of the plant was compared. The results demonstrated 

that the non-magnetic, zero electric field and pesticide environment inhibited the growth of the plants. In addition, the development 

of a custom fluorometer, using various Arduino and LED components, is touched upon. 

 

 

 

   
 

 

 



INTRODUCTION:  

 

For this experiment, the plant that will be used are lima beans (Phaseolus Lunatus) due to its ability to grow quickly in a 

short period of time (Weinblatt). The main objectives of this lab is to determine the effect of the fluorescence emission of these 

plants when they are bred in specific environments. The environments in which the plants will be bred in for this experiment are a 

zero electric field environment (created with the use of a Faraday’s cage), a non-magnetic environment (created with anti-magnetic 

shielding) and finally an environment in which pesticide are grown with the plants.  The main aspect of this experiment is 

principally based around the idea fluorescence emission of plants. By analysing the fluorescence, the overall health of a plant can 

be determined. This is due to the fact that a larger quantity of fluorescence emission is dissipated when there is an excess of high 

energy electron in the chlorophyll pigment. In a photosynthetic system (specifically photosystem II), the sunlight energy (in the 

form of photons) are used to bring the electrons in the plants to a higher energy level. At this level, the energy will be used by the 

electron transport chain to produce ATP and glucose, two of the essentials for life in eukaryotic organism. (Freeman, Harington, 

Sharp 2014.) However when there is a greater yield of emission, this is an indication that the majority of the energy is not being 

used for the photosystem, and therefore the plant can be considered as unhealthy. Fluorescence spectroscopy is the process of 

analysing the fluorescence emission of a particular plant. The different intensities and frequencies of the fluorescences emission 

provide an overall understanding of the photosystems property and overall health. (Rohacek K., Bartak M, 1999) 

Analysis:  

  

 The data was accumulated over a period of roughly four weeks. Several notable observations should be addressed (see 

Appendix for data). Firstly, in two out of the three cases (Control and Faraday's Cage) the majority of the plants did not grow. 

While this may have simply been due to a poor choice in soil, it could also be due to the non-ideal conditions of the plastic cups in 

which the plants were grown. As all three groups of N=20, respectively, were kept under the same conditions, however (with 

temperature, light exposure, moisture, etc. all kept the same), this can be considered as a Control variable, and, therefore, does not 

significantly impact the results of the experiment. Interestingly, the Magnetic Shielding of the plants actually lead to the most 

numerous plant growth (12 out of 40), as well as the highest average plant height (see Table 2.4).  However, while the number of 

plants grown is larger, it can be seen from Table 2.5 that there is a significant difference between the average effective 

photochemical quantum yield of Photosystem II (PhS II), Y(II), as well as the non-photochemical fluorescence quenching 

parameter, NPQ. This is extremely relevant, as the significant reduction of Y(II) for the Magnetic Shielding Group (85.06%) 

indicates that, despite their number, their PhS II are, on average, much less productive than that of the Control group. The PhS II, 

used to oxidize H2O to form electrons, protons and oxygen gas (O2), is an important part of photosynthesis. A lesser photochemical 

yield is, therefore, very indicative of a lesser plant health overall, as well as a lesser photosynthetic efficiency and competency 

(Adams-Demmig, Barbara et al., 1989). Equally, the larger NPQ value for Magnetic Shielding (68.24% difference) indicates that 

a notable quantity of energy from the photosynthetic structures are being lost in the releasing of heat and other non-chemical 

activities. This, once again, is indicative of a reduction in the overall photosynthetic efficiency of the Magnetic Shielding Group, 

as a more efficacious photosynthetic structure would be capable of absorbing the most solar energy possible and converting it into 

glucose (chemical energy), for example.  

  

 These findings are, in fact, consistent with another study on Lima bean plants and fluorescence conducted by Craciun 

and Singh (2014) under very similar conditions. The % difference between values of NPQ (53.02%) was comparable to the one 

calculated here. This experiment was, however, conducted with a much larger sample size, and, accordingly, an even larger 

difference was observed, strongly supporting the hypothesis that magnetic fields damage the efficiency of photosynthesis in Lima 

bean plants. While the exact reason for the discrepancy in results is unclear, some studies show that exposure to weak magnetic 

fields (such as the Earth's natural one which was canceled by the magnetic shielding), in fact, "improved seed coat membrane 

integrity and reduced the cellular leakage and electrical conductivity [of these seeds]" (Vashitsh & Nagarajan, 2010). This reduction 

in cell leakage could possibly indicate a more efficient photosynthetic process, although the correlation is unclear and further tests 

would need to be conducted in order to confirm this. Another plausible explanation is provided by Aladjadjiyan (2002), who 

observed that chloroplasts seem to have paramagnetic properties; that is, the atoms inside them are affected by a changing of the 

magnetic field they are accustomed to. Logically, eliminating the magnetic field these plants have evolved to live in would likely 

(and, in fact, seems to) decrease their efficiency of these chloroplasts to photosynthesize. 

  



   In comparing the data of the Faraday's Cage Group (no electrical field) to that of the Control Group, it can be seen that 

the results are, in fact, quite similar to that of the Magnetic Shielding Group.  Both the Y (II) and NPQ factors showed a large 

difference, with the Y (II) value in the Faraday's Group being much lower, and the NPQ value much higher. This would result in 

similar effects as discussed in the above paragraph, but likely for different reasons. The fact of the matter is that these results are 

difficult to analyze without very further research and much more advanced resources unavailable in this study. As Costanzo (2008) 

states, the effect of electrical fields on plants has been an area of constant debate amongst the biological community in recent years. 

In fact, many times, experiments conducted under similar conditions produce different or even contradictory results. While previous 

research conducted at Vanier College on the matter by Craciun and Singh (2014) indicated that a canceling of electrical fields has 

a positive effect on plant growth (the opposite of what can be seen from the data presented here), the small sample size used in that 

experiment perhaps lead to a phenomena in the results. The experiment performed in this study, with a significantly larger number 

of plants, will be focused upon as having more accurate results. The exact explanation of this phenomena is highly complex and 

out of the scope of this study; in fact, it has not yet been fully determined by any scientific group, as discussed above. A possible 

reason, however, could be related to the importance of the presence of an electrical field that the Lima bean plants are naturally 

accustomed to; the many phospholipid membranes present in these plant cells, which are naturally polarized, are very much 

influenced by the presence of the Earth's electrical field. By eliminating this field, this drastically effects the polarization of these 

membranes, particularly the ones in chloroplasts, which are involved in photosynthesis. This change in polarity subsequently leads 

to a change in orientation of fatty acids, proteins (particularly enzymes, whose proper orientation and shape are integral for their 

proper functioning) as well as many other complex macromolecules present (Isobe et al., 1999). Natural proton, electron and ions 

channels and transport chains (such as the photosystems), which are equally vital to photosynthesis and other metabolic processes 

(such as cellular respiration) would also get disrupted, very probably leading to the negative results obtained in this experiment. 

While this explanation is consistent with observations made by other sources already cited such as Isobe et al. (1999), it is in no 

way a conclusive one. A large amount of research, resources and effort would be needed to continue to study the effects of the 

Earth's EMF fields on plant growth and photosynthetic efficiency. Being able to draw conclusive results would perhaps provide a 

model upon which more research could be done in order to, for example, increase macroscopic agriculture yield worldwide, which 

could prove to be incredibly helpful. This could also be applied to recreational plant growth and the selling of commercial products 

utilizing this technology. As well, perhaps research on the effects of EMF fields on plants could be further extended, in the future, 

to other life forms, perhaps heterotrophic ones, such as mammals or birds, or other photosynthetic ones, such as some protists. 

 

 In analyzing the data from the second part of this experiment, between a second Control (similar conditions as Control 

1) and a group being weekly administered a liquid-spray spray emulsifiable concentrate 0.01% pyrethrins pesticide Bug B Gon® 

in their watering supply, it is clear that there are notable differences between nearly all of the fluorescent parameters (see Table 

2.5). For the sake of brevity, however, only the most significant differences will be discussed herein. The largest percent 

difference from the Control 2 group was seen in the non-photochemical quenching parameters of qN and Y(NPQ), with a 

sizeable value of 69.72% larger for the Pesticide group. This is interesting due to the fact that this larger value in the Pesticide 

group indicates that they are, in fact, dissipating less energy in the form of heat and other non-chemical processes (Klughammer 

& Schreiber, 2008). As such, they are, in effect, more 'efficient' at absorbing light into the pigments of their photosystems, which 

could be connected to a more efficient photosynthesis. Importantly, however, it must be noted that out of approximately 40 

possible leaves, only 23 sprouted for the Pesticide group; out of those 23, only 16 provided meaningful fluorescence data (the 

others, due to their very low value of F, could not provide a complete report). Comparatively, in Control 2, 26/40 leaves sprouted, 

with all of them providing relevant fluorescence data. This is perhaps indicative of the concept that this Pesticide is indeed 

detrimental to the initial growth and germination of the seeds, yet, if they manage to survive its effects, it will, in fact, increase 

their growth and health compared to  that of an unaffected group. Such an observation about the detrimental effects of Pesticide 

on the health of germinating seeds is supported by Gange et al. (1992), who associated these detrimental effects to the blocking 

of certain enzyme pathways involved in germination. As 7 out of the 23 of the Pesticide plants which grew were very unhealthy 

(due to very weak fluorescence parameters), yet the ones that grew had, in fact, a much higher average size than any of the other 

groups (see Table 2.4), it can be gleaned from this the likelihood of the previous observation. In terms of the overall better health 

of the successful Pesticide plants, a possible explanation could be that certain chemicals in the pesticide stimulated the growth of 

the surviving plants moreso than simply water in the Control 2 group, although this is very unlikely. The improbability of this is 

due to the fact that experiments show that many emulsifiable concentrate pesticide, such as the one used in this experiment are, in 

fact, phytotoxic to certain plants (possibly, the lima beans, although this cannot currently be determined for certain) (Spiers et al., 

2008).  The possibility, as discussed in the section containing the Earth's EMF, of a fluke or phenomena is also quite possible, 

and, as such, it would be beneficial to conduct this test again under the same circumstances to compare results. A further study of 

the effects of pesticide on plants, although already quite extensive in the scientific community, would certainly benefit many, as 

they are widespread and extremely popular in the commercial, agricultural sector. Overall, a firm understanding of autotrophs, 



and the vital process of photosynthesis that supports all life on Earth, is a fruitful pursuit that should certainly be followed up on 

in further experiments and studies of this type.   

 

 

For the creation and development of a  custom flourometer, which will be used for the study of fluorescence of plants 

and human skin experiment, the development of the instrument took place in three stages. The stages included the calibration of 

the source of light based on LEDs of different colors and optical filters, creation of a power supply for the LEDs, based on the 

Arduino Micro-controller in order to produce pulse width modulation and pulse amplitude modulation and testing the excitation 

source in an integrating sphere using optical fibers. (Specifics in coding found on Figure 1.0) LEDs are current driven devices. It 

means that its light intensity is based on the amount of current supply to it. For this experiment, it is important to have a way to 

control the current that will pass through the LED to ensure that the LEDs operates in its maximum intensity. Having a constant 

current value to power the LEDs lessen the variability of the light intensity output. This project occurred by first designing a current 

limiter circuit. The current limiter is use to control the current supply to power up the LEDs. Then the LEDs circuit are set up and 

their voltage and current are checked with the use of a Multi-meter to ensure that LED current outputs are correct. Finally the three 

different stages are set up. The first stage consist of the calibration of the source of the light based on the LEDs of specific colors 

and optical filters. The result for this are present on Table 2.8. For the second stage, the power supply for the LEDs are created. 

These are based on an Arduino Micro-controller in order to produce pulse width modulation and pulse amplitude modulation. The 

Arduino code is specified in Data 1 and the effects of the these different frequencies are found on Graph 1.1-1.5. Finally for stage 

3, the LEDs are tested by trying different set ups configuration to achieve the right amount of excitation of light source. These 

configurations included LED in front of the excitation optical fiber while the light sensor is at the other end of the fiber and detecting 

the amount of light intensity output, LED in front of the excitation optical fiber and is connected to the sphere while the light sensor 

is at the bottom hole of the sphere detecting the light intensity output, LED in front of a lens then focus to the optical fiber while 

the light sensor is at the other end of the fiber and detecting the amount of light intensity output. The use of lens in tests 3 and 4 is 

to focus the light directly to the Optical Fiber and see if the concentrated light will give a higher light intensity output. All the 

outputs are based out of 100% light intensity output. As well there are the LED in front of a lens then focus to the optical fiber and 

the other end of the fiber is connected to the sphere while the light sensor is at the other end of the of the bottom hole of the sphere 

and detecting the amount of light intensity output. LED is connected at the bottom of the Integrating Sphere and the Light Sensor 

is at one of the ends of the sphere and finally where the LED is connected at the bottom of the Integrating Sphere and the Optical 

Fiber is connected to one of the end of the sphere while the light sensor is connected to the other end of the optical fiber detecting 

the light intensity output. (Refer to Photo 2.5-2.8) 

 

 

Conclusion 
 

The results of the experiment concluded that a non-magnetic field, zero electric field and pesticide treated soil has a 

negative effect on the growth and the fluorescent emission of the lima bean plants. These results were determined with the help of 

fluorescent spectroscopy. This is the process of emitting fluorescent signal into the chlorophyll pigments of a plant, and capturing 

the reemitted signal. The reemitted signal provided data in which the overall state of the plant was determined.  For future 

development, there would be a greater focus on trying to apply more factors to the experiment, to determine what their specific 

effect on the growth and health of the plants might be. These factors could include allowing the plants to be grown is an induced 

magnetic field that surpasses the earth’s magnetic field, to determine whether plants can survive in an enriched magnetic 

environments. However, the most favoured would be a greater study into the chloroplast molecules of plants and other species to 

have a greater understanding of how it works and the variable that can be manipulated to increase the photosynthetic activities. As 

well as further development to the homemade fluorometer.  

 
 



Appendix: 

Table 2.1: Table containing the calculated fluorescence parameters regarding the Control Group of Lima bean plants 

(N=20). Note that 9 grew.  

 

 

 
 

 

 

Table 2.2: Table containing the calculated fluorescence parameters regarding the Faraday's Cage Group of Lima bean 

plants (canceled electrical field, N=20). Note that 6 grew.  
 

 Plant 1 2 3 4 5 6 Avg StanDev 

F 467 523 619 490 369 258 454.3333 125.77069 

Fm' 579.5 622 715.5 582.5 510 409 569.75 103.57739 

Fv/Fm 0.6555 0.8395 0.833 0.828 0.837 0.8035 0.799417 0.0716836 

qP 0.3365 0.2435 0.2095 0.242 0.418 0.536 0.330917 0.1264624 

Fo 234 141 153 122.5 124 118 148.75 43.801541 

Fm 760.5 878.5 909.5 717.5 759 576.5 766.9167 119.65384 

qN 0.2105 0.449 0.3835 0.3415 0.465 0.376 0.370917 0.0913583 

qL 0.162 0.1 0.085 0.0955 0.195 0.27 0.15125 0.0724636 

PAR 128 127.5 127.5 128 128 128 127.8333 0.2581989 

Y (II) 0.217 0.1595 0.136 0.162 0.277 0.371 0.220417 0.0895971 

ETR 11.7 8.55 7.3 8.7 14.9 19.9 11.84167 4.8092013 

NPQ 0.326 0.417 0.272 0.228 0.484 0.391 0.353 0.0955154 

Y (NO) 0.5945 0.594 0.679 0.6825 0.4885 0.4555 0.582333 0.0943963 

Y (NPQ) 0.1885 0.2465 0.185 0.1555 0.2345 0.1735 0.19725 0.0356283 

         
 
 
Table 2.3: Table containing the calculated fluorescence parameters regarding the Magnetic Shielding Group of Lima 

bean plants (canceled magnetic field, N=20). Note that 12 grew. 
 

 Plant 1 2 3 4 5 6 7 8 9 Avg StanDev 

F 279 294 542.5 533.5 417 529.5 443.5 301 455.5 421.72222 106.9997 

Fm' 425 380.5 680 670.5 539.5 640 575 428.5 585.5 547.16667 112.1166 

Fv/Fm 0.827 0.8335 0.8175 0.8105 0.8235 0.815 0.836 0.8275 0.827 0.8241667 0.008441 

qP 0.5145 0.3505 0.312 0.301 0.345 0.2545 0.3355 0.444 0.3345 0.3546111 0.078379 

Fo 107.5 95.5 186.5 176 132.5 155 136 92.5 149 136.72222 33.60163 

Fm 613 572 1021 929.5 757.5 848 815.5 537 860 772.61111 166.9328 

qN 0.384 0.4635 0.465 0.396 0.429 0.355 0.413 0.3525 0.446 0.4115556 0.042917 

qL 0.2445 0.154 0.1365 0.1215 0.152 0.0935 0.136 0.2085 0.1445 0.1545556 0.04555 

PAR 127 127.5 127 128 127.5 127.5 128 127.5 127 127.44444 0.390868 

Y (II) 0.3645 0.2355 0.204 0.204 0.2275 0.1775 12.45 0.2975 0.222 1.5980556 4.069875 

ETR 19.45 12.6 10.85 10.95 12.2 9.5 12.45 15.9 11.85 12.861111 3.027765 

NPQ 0.1825 0.256 0.2655 0.222 0.2235 0.2005 0.223 0.142 0.241 0.2173333 0.038143 

Y (NO) 0.453 0.5085 0.5305 0.574 0.549 0.622 0.545 0.5605 0.537 0.5421667 0.046131 

Y (NPQ) 0.1825 0.256 0.2655 0.222 0.2235 0.2005 0.223 0.142 0.241 0.2173333 0.038143 



 Plant 1 2 3 4 5 6 7 8 9 10 11 12 Avg StanDev 

F 309.5 441 451 439 337 542 372.5 401.5 334 501 521 748.5 449.83
3 

120.504
5 

Fm' 441 558 552 571 461 693 526.5 566 463.5 614.5 618.5 848 565.13
6 

115.465 

Fv/Fm 0.806 0.819
5 

0.818 0.805 0.841
5 

0.832 0.823 0.821 0.84 0.832
5 

0.836 0.645 0.8099
6 

0.05382 

qP 0.4115 0.309
5 

0.277 0.368
5 

0.412 0.319
5 

0.466 0.374 0.459
5 

0.291 0.298
5 

0.211
5 

0.3498
75 

0.07493
02 

Fo 121.5 109.5 136 50 102 169 150.5 205 99 127 141 408.5 151.58
33 

85.8010
86 

Fm 624 606 677 268.5 644 1008 849 1145 621 758 858.5 1032 757.58
33 

228.166
68 

qN 0.375 0.230
5 

0.401  0.384
5 

0.438 0.522
5 

0.535
5 

0.349 0.327 0.451 0.051 0.3695
45 

0.13022
24 

qL 0.17 0.123 0.115 0.153
5 

0.175 0.131 0.245 0.096
5 

0.194
5 

0.115
5 

0.108 0.074
5 

0.1417
92 

0.04570
35 

PAR 128 127.5 128 128 127.5 127.5 128 128 127 128 127 128 127.70
83 

0.37960
14 

Y (II) 0.2945 0.214 0.183
5 

0.262 0.288
5 

0.217
5 

0.295 0.259
5 

0.331 0.206 0.157
5 

0.155
5 

0.2387
08 

0.05549 

ETR 15.85 11.5 9.85 14.1 15.45 11.65 15.85 16.65 17.65 11.05 8.4 8.35 13.029
17 

3.14870
73 

NPQ 0.418 0.098
5 

0.351
5 

-
0.355
5 

0.358
5 

0.464
5 

0.609 1.295
5 

0.317 0.232
5 

0.389 0.209 0.3656
25 

0.36207
85 

Y (NO) 0.473 0.728
5 

0.604
5 

0.49 0.523
5 

0.537
5 

0.438 0.350
5 

0.507
5 

0.644 0.606
5 

0.697 0.5500
42 

0.10528
05 

Y (NPQ) 0.2075 0.057
5 

0.212 0.136 0.188 0.245 0.267 0.34 0.161
5 

0.15 0.236 0.147
5 

0.1956
67 

0.06992
24 

 

Table 2.4: Table containing the average height (m) of each group of Lima bean plants which grew.  
 

Parameter Average height (m) 

Control 1 (N=9) 0.300111 

Magnetic Shielding (N=6) 0.324273 

Faraday's Cage (N=12) 0.257333 

Control 2 (N=16) 0.271000 

Pesticide (N=13) 0.521461 

 
 
Table 2.5: Table containing average parameters of each Group, including controls for both the electromagnetic and 

pesticide portion of the experiment, as well as the % difference from Control to other respective Groups.  
  

 

Control 1 
group 
average 

Magnetic 
Shielding 
Average 

% 
difference 
from 
Control 1 

Faraday's 
Cage 
Average 

% 
difference 
from 
Control 1 

Control 2 
group 
average 

Pesticide 
Average 

 % difference 
from Control 
22 

F 421.72 449.833 6.67% 454.3333 7.73% 669.7273 543.6875 -18.82% 

Fm' 547.17 565.136 3.28% 569.75 4.13% 770.7727 604.1875 -21.61% 

Fv/Fm 0.82417 0.80996 -1.72% 0.799417 -3.00% 0.804864 0.8195 1.82% 

qP 0.35461 0.349875 27.70% 0.330917 -6.68% 0.226955 0.27925 23.04% 

Fo 136.72 151.5833 10.87% 148.75 8.80% 198.4157 169.25 -14.70% 



Fm 772.61 757.58 -1.95% 766.9167 -0.74% 1041.818 905.75 -13.06% 

qN 0.41156 0.36955 -10.21% 0.370917 -9.88% 0.196682 0.333813 69.72% 

qL 0.15456 0.14179 -8.26% 0.15125 -2.14% 0.080318 0.110625 37.73% 

PAR 127.44 127.71 0.21% 127.8333 0.31% 127.4545 127.1875 -0.21% 

Y (II) 1.5980 0.23871 -85.06% 0.220417 -86.21% 0.164227 0.198875 21.10% 

ETR 12.861 13.029 1.31% 11.84167 -7.93% 8.790909 10.61875 20.79% 

NPQ 0.21733 0.36563 68.24% 0.353 62.43% 0.321909 0.366813 13.95% 

Y (NO) 0.54217 0.55000 1.44% 0.582333 7.41% 0.700227 0.587875 -16.05% 

Y (NPQ) 0.21733 0.19567 -9.97% 0.19725 -9.24% 0.135545 0.21325 57.33% 

  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Leaf  1 2 3 4 5 6 9 11 12 14 15 16 

F 852 372 648 324 308 252 249 634 644 1367 931 1232 

Fm' 917 540 754 422 412 358 359 740 732 1395 1044 1282 

Fv/Fm 0.788 0.824 0.826 0.82 0.803 0.748 0.828 0.83 0.8 0.796 0.797 0.797 

qP 0.109 0.361 0.201 0.301 0.382 0.341 0.453 0.161 0.176 0.03 0.165 0.06 

Fo 300 116 151 101 108 27 82 0.146 180 345 333 386 

Fm 1415 658 869 561 547 107 476 857 899 1692 1641 1897 

qN 0.465 0.142 0.265 0.291 0.38 -2.888 0.383 0.073 0.305 0.316 0.477 0.452 

qL 0.041 0.073 0.07 0.089 0.174 0.064 0.211 0.021 0.063 0.01 0.064 0.022 

PAR 127 127 127 127 127 127 127 127 128 127 128 128 

Y (II) 0.071 0.311 0.141 0.232 0.252 0.296 0.306 0.143 0.12 0.02 0.108 0.039 

ETR 3.8 16.6 7.5 12.4 13.4 15.8 16.3 7.6 6.5 1.1 5.8 2.1 

NPQ 0.543 0.219 0.153 0.329 0.328 -0.701 0.326 0.158 0.228 0.213 0.572 0.48 

Y (NO) 0.602 0.565 0.746 0.578 0.563 2.355 0.523 0.74 0.716 0.808 0.567 0.649 

Y (NPQ) 0.327 0.124 0.113 0.19 0.185 -1.651 0.171 0.117 0.164 0.172 0.325 0.312 

[Type a quote from the document or the 

summary of an interesting point. You can 

position the text box anywhere in the document. 

Use the Text Box Tools tab to change the 

formatting of the pull quote text box.] 

Table 2.6: Table containing the calculated fluorescence parameters for the Control 2 Group (N=20). Note that 16 grew, and those with outlier 
fluorescence parameters (F<100) were not included. 



 

17 18 19 20 21 22 23 24 25 26 Average StanDev 

323 735 669 953 550 956 282 975 957 521 669.7273 319.5124 

453 866 734 1015 693 1049 401 1092 1045 654 770.7727 299.742 

0.802 0.798 0.827 0.808 0.821 0.79 0.836 0.801 0.787 0.78 0.804864 0.02013 

0.433 0.221 0.137 0.095 0.284 0.134 0.433 0.131 0.087 0.298 0.226955 0.125076 

150 253 160 248 162 342 95 321 292 213 198.4157 106.3815 

758 1255 925 1292 903 1631 580 1615 1372 970 1041.818 455.8219 

0.507 0.408 0.382 0.373 0.321 0.461 0.433 0.308 0.062 0.411 0.196682 0.683613 

0.205 0.082 0.053 0.036 0.098 0.05 0.193 0.026 0.003 0.119 0.080318 0.061402 

128 127 128 128 128 128 128 127 128 127 127.4545 0.49793 

0.287 0.151 0.089 0.061 0.206 0.089 0.297 0.107 0.084 0.203 0.164227 0.093029 

15.4 8.1 4.8 3.3 11.1 4.8 16 5.7 4.5 10.8 8.790909 4.965051 

0.673 0.449 0.26 0.273 0.303 0.555 0.446 0.479 0.313 0.483 0.321909 0.264229 

0.426 0.586 0.723 0.738 0.609 0.586 0.486 0.604 0.698 0.537 0.700227 0.37299 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.287 0.263 0.188 0.201 0.185 0.325 0.217 0.289 0.218 0.26 0.135545 0.395558 

  Leaf  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Average StanDev 

F 799 698 984 622 783 627 768 755 445 316 921 235 257 144 199 146 543.6875 281.3276 

Fm' 989 850 1091 711 861 761 852 128 515 412 1036 345 351 233 290 242 604.1875 312.8415 

Fv/Fm 0.808 0.795 0.825 0.819 0.793 0.806 0.825 0.817 0.84 0.827 0.784 0.842 0.827 0.85 0.819 0.835 0.8195 0.017948 

qP 0.141 0.26 0.146 0.125 0.13 0.255 0.156 0.114 0.206 0.368 0.167 0.47 0.403 0.53 0.448 0.549 0.27925 0.151668 

Fo 266 270 274 157 227 187 226 215 107 93 367 77 85 43 68 46 169.25 95.32215 

Fm 1385 1320 1566 868 1099 964 1288 1178 668 538 1698 488 492 286 375 279 905.75 455.751 

qN 0.176 0.443 0.433 0 0.314 0.323 0.492 0.115 0.394 0.413 0.482 0.431 0.428 0.309 0.339 0.249 0.333813 0.134516 

qL 0.001 0.099 0.053 0 0.044 0.096 0.063 0 0.081 0.176 0.063 0.222 0.185 0.239 0.196 0.252 0.110625 0.08514 

PAR 127 127 127 127 128 127 127 128 127 127 128 127 127 127 127 127 127.1875 0.390312 

Y (II) 0.14 0.179 0.098 0.125 0.091 0.176 0.099 0.114 0.136 0.233 0.111 0.319 0.268 0.382 0.314 0.397 0.198875 0.102141 

ETR 7.5 9.5 5.2 6.7 4.9 9.4 5.3 6.1 7.3 12.4 6 17 14.3 20.4 16.7 21.2 10.61875 5.437166 

NPQ 0.491 0.553 0.435 0.221 0.276 0.267 0.512 0.383 0.297 0.306 0.639 0.414 0.402 0.227 0.293 0.153 0.366813 0.130476 

Y (NO) 0.577 0.529 0.628 0.717 0.712 0.65 0.596 0.641 0.666 0.587 0.542 0.482 0.522 0.503 0.531 0.523 0.587875 0.071776 

Y (NPQ) 0.283 0.292 0.274 0.158 0.197 0.174 0.305 0.245 0.198 0.18 0.347 0.199 0.21 0.115 0.155 0.08 0.21325 0.070393 

Table 2.7: Table containing the calculated fluorescence parameters regarding the Pesticide Group of Lima bean plants (N=20). Note that 13 grew, and those with 

outlier parameters (F<100) were not included  

 



 
 

 
 
 
Table 2.8: Table containing the data from the calibration of different source of light based on LEDs of different colours and optical filters 

 LED Calibration 

Non-Calibrated    

LED Filters Light Intensity (%) Voltage Output (V) 

White Red  92 4.6 

 
 

   

White Green 43 2.18 

White Blue 60 3 

Red Red 98 4.8 

Green Green 70 3.4 

Blue Blue 98 4.8 

Calibrated    

LED Filters Light Intensity (%) Voltage Output (V) 

White Red  43 2.18 

White Green 43  



 
 
 
 
 
 
 
 
 

 
 
 
 
 
Table 2.9: Table containing the results of the different configuration of excitation light source for stage 1 of construction of fluorometer 

 

Test Part 

2 

Test 1: Use Excitation end Optical Fiber 

(without lens) 

100% 

Test 2: Use Excitation end Optical 

Fiber and the Sphere (no lens)  

Current  

 x1 x10 x100 x1 x10 x100   

UV 1.1 12 93.8 0  0 21a  

Blue 4.7 47 93.9 0 0.2 2.9 60a  

Green 3.3 36 93.9 0  1.5 60a  

Red 3.6 36 93.9   1.6 60a  

White 8.4 81 93.9  0.2 3.4 60a  

 Test 3: Use lens after LED and Use 

Excitation end Optical Fiber  

Test 4: Use lens after LED and Use Excitation end Optical Fiber 

and the Sphere 

UV 0.06  0.83   0   

Blue 4 45 93.9   0.9   

Green 2.5 27 93.9   0.6   

Red 3.2 33 93.9   0.7   

White Blue 43  

Red Red 43 2.19 

Green Green 43  

Blue Blue 43 2.15 



White 5.5 58 93.9   1.3   

Test Part 

3 

Test 5: LED directly connected at the bottom 

hole of the Sphere 

Test 6: LED directly connected at the 

bottom hole of the Sphere and the 

Optical Fiber is connected at one of the 

end of the sphere 

  

LEDs x1 x10 x100 x1 x10 x100 Light Sensor Intensity 

Multipliers 

(x1,x10,x100) UV 0 2 18   0.4 

Blue 2 21 93.9   5.4   

Green 1.3 14 93.9   2.7   

Red 8 81 93.9   7.2   

White 4.1 42.4 93.9   7.3   

 

 

 
 

   
Graph 1.1-1.5:    Graph contain depiction of the different frequencies of pulse width modulation and pulse amplitude modulation produced by LED power supply based on 

the Arduino Micro-controller for stage 2 of construction of fluorometer  

 

 

 

 

 

 

 

 

 

 



 

Graph 1.1 

 

 

 

Graph 1.2 

 

 

 
Graph 1.3 
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Graph 1.4 

 

 

 
Graph 1.5 
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Photo 2.1: Control 1 Group (Left) and Faraday's Cage Group (Right) at week 0. Note that N=20 for each.  

 
 

 
 
Photo 2.2: Magnetic Shielding Group (Center) at week 0. Note that N=20, with N=10 in each identical shield. 



Photo 2.3: Control 1 Group (Left), Faraday's Cage Group (Center) and Magnetic Shielding Group (Right) after 

approximately 1.5 weeks. Note that N=20 for each. 
 
 

 
Photo 2.4: : Control 1 Group (Left), Faraday's Cage Group (Center) and Magnetic Shielding Group (Right) after 

approximately 2.5 weeks. Note that N=20 for each. 
 
 



 
Photo 2.5:  Depiction use of excitation end of optical fibers (test 1) and excitation end optical fibre and the sphere (test 2) (no 

lens) for stage 3 of construction of homemade fluoremeter 

 

Photo 2.6:  Depiction use of use lens after LED and Use Excitation end optical fibre (test 3) and use lens after LED and use 

excitation end optical fibre and the Sphere (test 4) for stage 3 of construction of homemade fluoremeter 

 
 



 

 
Photo 2.7:  LED directly connected at the bottom hole of the sphere (test 5) for stage 3 of construction of homemade 

fluoremeter 

Photo 2.8:: LED directly connected at the bottom hole of the Sphere and the Optical Fiber is connected at one of the end of 

the sphere (test 6) for stage 3 of construction of homemade fluoremeter 

 
 



 

Figure 1.0: Arduino code specifics (Note, not original code. It came from an open sourced code at git.hub and Arduino forum. 

 
**Arduino Code:  

 

#include <PWM.h>  

//use pin 11 on the Mega instead, otherwise there is a frequency cap at 31 Hz 

int led = 11;                // the pin that the LED is attached to 

int brightness = 0;         // how bright the LED is 

int fadeAmount = 5;         // how many points to fade the LED by  

int32_t frequency = 50; // to change the value of the frequency (in Hz) 

void setup() 

{ 

  //initialize all timers except for 0, to save time keeping functions 

  InitTimersSafe();  

 

  //sets the frequency for the specified pin 

  bool success = SetPinFrequencySafe(led, frequency); 

  //if the pin frequency was set successfully, turn pin 11 on 

  if(success) { 

    pinMode(11, OUTPUT); 

    digitalWrite(11, HIGH);     

    Serial.begin(9600); 

    Serial.println(13); 

  } 

} 

void loop() 

{ 

  //use this functions instead of analogWrite on 'initialized' pins 

  pwmWrite(led, 200); //this will output the light intensity with the specific frequency.  

  //this loop only turns on the light with the specific light intensity with a specific frequency 

} 
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