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Abstract

The experimental material consisted of leaves obtained from 6- and 2-year-old alfalfa plants. 
Samples were obtained from a field experiment. One day prior to sowing, seeds were stimulated  
using He-Ne laser light with a surface power density of 6 mW∙cm-2 – free-fall exposure (L) repeated 
three times; alternating magnetic field with 30 mT induction and 30 s (P) exposure time;  
and a combination of laser light and magnetic field (L+P). The results of the stimulation treatments 
were referenced to non-stimulated samples (control – K). The obtained values of fluorescence lifetime 
varied from 8.98 to 12.90 ns (t1) and from 3.84 to 5.14 ns (t2). The physical factors applied caused  
an extension of the lifetimes (t1 and t2), as well as an increase in the chlorophyll a and carotenoid content 
in 6-year-old cv. Radius leaves, as compared to the control. Contrary observations (i.e., a decrease  
in the aforementioned indicators) were made for cv. Ulstar (old). In the case of magnetic field stimulation, 
the longest fluorescence lifetimes, the highest concentrations of chlorophyll a and carotenoids were noted 
for cv. Radius (old). The content of chlorophyll a was significantly higher in young Lucerne than in older 
plants.
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Introduction

In recent years, many various techniques of pre-
sowing material improvement have been practically 
applied, including a number of physical methods (e.g., 
laser light irradiation, magnetic field treatment, etc.) [1-
4]. The positive effects of electromagnetic stimulation 
on seeds have been reported in various plant species, 
where it facilitated an improvement in germination, 
plant growth and development, as well as yield level and 
quality [5-9].  

Alfalfa (Medicago sativa L.) is a perennial plant from 
the Fabaceae family. It is grown mainly for fodder [10], 
but it is also used as a human dietary supplement in the 
form of protein-xanthophyll concentrate (PX) and leaf 
extract EFL, both approved under Regulation (EC) No. 
258/97 of the European Parliament and of the Council 
[11]. Alfalfa is characterised by very high nutritional 
value due to the presence of full-value protein and high 
carotenoid content. In addition, it has the ability to fix 
atmospheric nitrogen through symbiosis with rhizobia, 
which adds to its ecological value. Global alfalfa 
cultivation covers an area of approximately 32 million 
hectares [12-15]. In the regions where it is cultivated, 
problems are reported in many areas with regard to the 
growth and production of the Medicago species, largely 
in relation to global warming and long-term droughts 
occurring in many regions of the world [16]. 

Seed germination, emergence uniformity, and plant 
growth and development rates are key determinants of 

yield efficiency [17]. Alfalfa is a heliophyte, therefore 
light has a particularly strong effect on the intensity of its 
photosynthesis and its chlorophyll content [18-19]. Plant 
chlorophylls are mainly chlorophylls a and b, typically 
occurring at the approximate ratio of 3:1 [20]. The 
content of chlorophylls in seeds changes with the degree 
of their maturity [21]. Light plays an important role in 
the processes of photosynthesis, i.e., the conversion 
of solar energy into chemical energy to be stored and 
used by the plant in the course of its development [22]. 
Solar radiation (400-700nm) is the active photosynthetic 
radiation absorbed by chlorophylls a and b as well as 
carotenoids found in the photosynthetic antennae. From 
the same, energy is transferred to the reaction centres of 
photosystem II and photosystem I (PSII and PSI). The 
pigments absorb only a portion of the energy, as required 
to initiate the photochemical reactions involved in 
photosynthesis [23]. The remaining energy is converted 
into heat and emitted in the form of infrared and far 
infrared radiation (chlorophyll fluorescence) [24]. 

One of the techniques currently gaining popularity 
among researchers involves chlorophyll fluorescence 
measurements, which can be good indicators of the 
intensity of photosynthesis in plants [25]. Fluorescence 
is the emission of photons occurring due to the 
transition of electrons from the excited state (S1) to their 
baseline energy (ground state (S0). Fluorescence lifetime 
is defined as the average time of transition between the 
excited state and the ground state [26]. Fluorescence 
analyses are performed not only to test the efficiency 

Fig. 1. Scattering plot with Histogram for correlation between fluorescence lifetime and Chl a.
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of photosystems, but also to provide an indicator of the 
physiological status of a plant organism [24, 27]. 

Plants are subjected to a variety of stress-inducting 
factors such as: high or low temperatures, high levels of 
insolation, water deficit, draught, non-optimal salinity, 
the presence of heavy metals, urbanization, etc. [28-
40]. The method allows for an assessment of the 
overall physiological status of plants, particularly for 
the purposes of optimising storage conditions of, e.g., 
vegetables, fruits, or flowers, as well as estimating yield 
ripeness for the purposes of consumption or processing  
[24, 27]. Chlorophyll fluorescence measurements allow 
researchers to detect/analyse plant changes under 
conditions of, e.g., stress, which is extremely useful 
in the context of both plant selection/breeding and 
environmental protection. However, it should be noted 
that this method provides no information as to the 
nature of the stress factor. 

The aim of the study presented herein was to 
determine the effects of stress caused by electromagnetic 
stimulation of seeds on the content of photosynthetic 
pigments and the chlorophyll fluorescence lifetime 
measured in the extracts of alfalfa and hybrid Lucerne 
leaves (from both old and young plants). So far, there 
have been few studies concerning the effects of 
applying electromagnetic stimulation to the seeds of 
perennial plants from the Fabaceae family. The idea 
of the study was to compare the concentration of 
photosynthetic pigments and the length of chlorophyll a 
fluorescence lifetimes in 6-year-old alfalfa cv. The data 
were compared and analysed by correlation matrix and 

two-way ANOVA analysis. Significant correlations were 
obtained for all pigments and fluorescence lifetime. 
Ulstar and hybrid Lucerne cv. Radius plants with those 
observed in young, 2-year-old plants (in both cases 
grown from seeds subjected to stimulation before 
sowing). 

Material and Methods

The experimental material consisted of leaves of  
6- and 2-year-old alfalfa plants of two cultivars: 
Medicago sativa L. cv. Ulstar and Medicago x varia 
T. Martyn cv. Radius. Samples were collected from the 
third regrowth, at the onset of flowering, from a 2013 
field experiment. The field experiment was conducted 
using the method of randomised blocks in four replicates 
(on plots with an area of 2 m2), at the Experimental 
Farm of the Department of Plant Production Technology 
and Commodity Science, University of Life Sciences, 
(51°13’21.9“N, 22°37’55.85”E), on soil classified as good 
wheat complex (soil quality class III a). 

Alfalfa seeds with the moisture content of 12% 
were subjected to electromagnetic stimulation prior 
to sowing, respectively in 2008 and 2012, under the 
following treatment regimens: He-Ne laser light with 
surface power density of 6 mW∙cm-2 – free-fall exposure 
(L) repeated three times; alternating magnetic field 
with 30 mT induction and f 30 s (P) exposure time; 
and a combination of laser light and magnetic field 
(L+P). Non-stimulated seeds were used as the control 

Fig. 2. Scattering plot with histogram for correlation between fluorescence lifetime and Carotenoid.
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(K). Stimulation with He-Ne laser light was conducted  
using an apparatus constructed by Koper and Dygdała 
[41], whose primary component is an He-Ne laser with 
the wavelength of 632.8 nm. Seeds were irradiated 
with the laser beam during free fall. Magnetic field 
stimulation involved the use of an electromagnet.  
The structure and operating principle of the 
electromagnet was described by Muszyński et al. [42]. 
The process of stimulation was conducted one day prior 
to sowing. 

Chlorophylls and carotenoids were isolated from the 
leaves in darkness with the use of acetone containing 
0.01% w/v BHT (butylated hydroxytoluene) to prevent 
oxidation. UV-Vis spectra were measured using a double 
beam Carry Bio 300 spectrophotometer, while pigment 
concentrations were calculated on the basis of the 
procedure described by Lichtenthaler and Buschmann 
[43]. 

Fluorescence lifetimes were analysed in the extract  
of alfalfa leaves. Fluorescence lifetime measurements 
were made with the use of Chronos BH 
spectrofluorometer (ISS, USA) in time domain. For 
sample excitation, a 478 nm laser diode was used, 
with the impulse duration of 74 ps and output power 
of 103 mW. The dispersing medium was milk solution 
diluted with deionised water. The fluorescence signal 
was acquired with the H7422P-50 photomultiplier 
(Hamamatsu, Japan) used as the detector. The signal 
levels from the sample and the dispersing solution 
were maintained at a similar level. Instead of an 
emission filter, a monochromator adjusted to 673 nm 

was used, which corresponds to the maximum of level 
of chlorophyll a fluorescence. A 2 mm wide entrance 
slit was used to direct the light from the sample to  
the monochromator, while an exit slit of the same width, 
placed behind the monochromator, directed the light 
beam to the photomultiplier. During the measurements, 
the collimator of light emitted by the sample was set to 
the magic angle (54.7 degrees) to avoid additional effects 
on the signal from anisotropy and rotational diffusion of 
sample molecules. Fluorescence decay curves were fitted 
using Vinci2 software supplied by the manufacturer of 
BH. Measurements were conducted in a 10 mm quartz 
cuvette at room temperature. 

Data Fitting

Fluorescence decay curves are a combination of 
three elements: (1) the function of sample response to 
exciting light (fluorescence), (2) the shape of exciting 
impulse, and (3) instrument function characteristic  
of a given instrument. The shape of exciting impulse 
(2) and instrument function (3) form the IRF signal 
(Instrument Response Function), which is the signal 
obtained once the exciting light passes through the 
dispersing medium – in our case the milk solution.  
The Vinci2 software automatically applies the 
contribution of the IRF function to the do total signal 
from the sample. The best results are obtained when 
the intensity of signals from the sample and from the 
dispersing solution is similar. The response signal from 
the sample is a composite of several (or one) exponential 

Fig. 3. Scattering plot with Histogram for correlation between fluorescence lifetime and Chl b.
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functions whose exponents are used to calculate the 
fluorescence lifetime. 

If fluorescence decay is a combination of several 
exponential curves, the reported result includes not 
only the calculated lifetimes (each exponential curve 
corresponds to a given lifetime), but also the percent 
contribution of the individual lifetimes to the signal as 
a whole, i.e., so-called fractions, which in turn can be 
correlated to the number of molecules with respective 
fluorescence lifetimes present in the solution. The 
goodness of fit of the theoretical curve to experimental 
data is expressed by the fitting parameter. It should 
be as close to 1 as possible but not lower than the same. 

The results obtained were analysed statistically 
using  STATISTICA 13.1 software. In order to assess 
the significance of differences of obtained values, results 
used two-way variance analysis (ANOVA) with POST-
HOC Tukey test. For all variables, the significance level 

of p<0.05 was adopted. Statistical differences were 
analysed between the respective cultivars, physical 
factor and lifetime t1. All values were tested for normal 
distributions by Levene’s test (Fig. 5). As we can see 
in Table 3, all three variables have essential influence 
(p<0.05). The combination of two-way interactions were 
examined for the independent variables: interaction of 
“Cultivar x Physical Factor” (Fig. 4).

The correlation coefficients presented in Table 4 
show the highest correlation coefficients, ranging from 
0.763 to 0.799. Positive coefficients between fluorescence 
lifetime and pigments explain the direction of the 
relationship. Scatter plots show correlation between two 
variables: lifetime and chlorophyll a (Fig. 1), lifetime 
and chlorophyll b (Fig. 3) and lifetime and carotenoids 
(Fig. 2). The regression equations and lines are shown in 
Figs 1-3. The best-fit regression was obtained as linear 
correlation. The coefficient for fluorescence lifetime 

Table 1. Fluorescence lifetimes in extract from leaves in relation to electromagnetic factors, cultivar, and old and young alfalfa plants 
(ns).

Cultivar Physical factor t1 t2 f1 f2

Radius,old

C 8.98a ±0.38 3.84a ±0.15 0.44a ±0.04 0.56a ±0.04

L 9.43a ±0.26 4.01a ±0.08 0.42a ±0.03 0.58a ±0.03

F 9.84b ±0.16 4.17b ±0.09 0.43a ±0.01 0.57a ±0.01

L+F 9.63a ±0.34 4.09b ±0.04 0.41a ±0.02 0.59a ±0.02

Ulstar, old

C 11.17a ±0.81 4.60a ±0.19 0.40a ±0.04 0.60a ±0.04

L 9.93b ±0.45 4.19b ±0.10 0.42a ±0.03 0.58a ±0.03

F 10.41b ±0.54 4.36b ±0.14 0.43a ±0.04 0.57a ±0.04

L+F 10.50a ±0.30 4.39b ±0.12 0.42a ±0.02 0.58a ±0.02

Radius, young

C 11.17a ±0.12 4.65a ±0.04 0.44a ±0.01 0.56a ±0.01

L 11.90b ±0.44 4.82a ±0.09 0.41a ±0.02 0.59a ±0.02

F 11.00a ±0.44 4.55a ±0.11 0.43a ±0.02 0.57a ±0.02

L+F 10.47b ±0.32 4.38b ±0.13 0.43a ±0.03 0.57a ±0.03

Ulstar, young

C 12.53a ±0.85 4.97a ±0.20 0.43a ±0.05 0.57a ±0.05

L 11.19b ±1.29 4.61b ±0.37 0.46a ±0.09 0.54a ±0.09

F 12.90a ±0.53 5.14a ±0.10 0.41a ±0.03 0.59a ±0.03

L+F 10.87b ±0.12 4.53b ±0.05 0.44a ±0.01 0.57a ±0.01

Mean, Radius 10.30a ±1.00 4.31a ±0.34 0.43a ±0.01 0.57a ±0.01

Mean, Ulstar 11.19b ±1.03 4.60a ±0.32 0.42a ±0.02 0.58a ±0.02

Mean, old alfalfa 9.99a ±069 4.21a ±0.24 0.42a ±0.01 0.58a ±0.01

Mean, jung alfalfa 11.50b ±0.85 4.71b ±0.25 0.43a ±0.02 0.57a ±0.02

Symbols: C – control, L – stimulation with He-Ne laser light with surface power density of  6 mW∙cm-2 – irradiation three times in 
free fall, F – stimulation with alternating magnetic field with induction of 30 mT and exposure time of 30 s, L+F – combination of 
laser light and magnetic field.
Chl a – chlorophyll a, Chl b– chlorophyll b, Chl a+b – sum of chlorophyll a and b, Chl a/b – ratio of chlorophyll a to b, 
Car – carotenoids.
a→b different letters in column – statistical differences between control and factors of electromagnetic stimulation,  
between cultivars and between young and old alfalfa. Same letters – no statistical differences.  ± standard deviation.
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(either lifetime and chl b) is in this case close to the 
correlation.

Results and Discussion

It is well known that the effect of stress has a 
negative influence on the growth process of plants. 
Representative examples of environmental stressors 

experienced by plants can include rapid change 
of climate (drought, temperature, wind, change of 
insolation) and soil conditions (enzymes in structure 
of soil), tainted air, heavy metal, noise, etc. [30-34] 
Therefore, leaves are important markers to determine 
the conditions of plant growth. 

Alfalfa leaves contain chlorophylls and carotenoids, 
which emit fluorescence at various wavelengths. 
Chlorophyll fluorescence in leaves is an indicator of the 

Table 2. Content of photosynthetic pigments in extract from leaves in relation to electromagnetic factors, cultivar, and old and young 
alfalfa plants (µg∙g-1).

Cultivar Physical factor Chl a Chl b Chl a+b Chl a/b Car

Radius, old 

C 1239.70a

±19.27
417.56a

±8.04
1657.26a

±27.28
2.97a

±0.01
241.51a

±8.23

L 1270.24a

±199.65
393.05a

±59.15
1663.29a

±258.77
3.23b

±0.03
283.59a

±57.22

F 1528.75b

±152.31
500.81b

±46.80
2029.56b

±198.83
3.05b

±0.04
319.49b

±44.24

L+F 1278.05a

±5.03
417.31a

±5.38
1695.36a

±9.89
3.06b

±0.03
278.69a

±9.20

Ulstar, old

C 1739.15a

±136,24
578.48a

±42.74
2317.63a

±178.90
3.00a

±0.02
354.28a

±33.98

L 1297.42b

±23.58
408.08b

±9.65
1705.50b

±33.23
3.18b

±0.02
255.46b

±1.21

F 1569.80b

±27.73
513.82b

±1.62
2083.62b

±27.99
3.10a

±0.05
319.72a

±12.59

L+F 1589.52a

±105.88
524.18a

±38.28
2113.70a

±144.15
3.03a

±0.02
359.38a

±35.28

Radius, jung

C 1901.23a

±2.65
645.12a

±2.82
2546.35a

±3.22
2.95a

±0.01
349.80a

±11.28

L 1748.15a

±102.01
543.15b

±33.56
2291.30a

±133.79
3.22b

±0.07
411.09b

±31.59

F 1503.72b

±202.33
487.16b

±64.58
1990.88b

±266.83
3.09b

±0.02
305.87a

±38.75

L+F 1370.78b

±85.45
449.43b

±25.04
1820.21b

±110.47
3.05b

±0.02
296.42b

±17.68

Ulstar, jung

C 1912.97a

±15.01
637.70a

±8.55
2550.67a

±22.46
3.00a

±0.03
443.83a

±23.36

L 1697.96b

±22.10
538.46b

±5.70
2236.42b

±17.66
3.15b

±0.07
382.22b

±14.28

F 1935.38a

±32.00
612.97b

±9.23
2548.35a

±28.46
3.16b

±0.09
409.53b

±3.50

L+F 1537.56b

±24.22
490.71b

±4.16
2028.27b

±26.31
3.13b

±0.04
314.45b

±16.30

Mean, Radius 1480.08a

±241.05
481.70a

±82.84
1961.78a

±322.62
3.08a

±0.10
310.81a

±51.35

Mean, Ulstar 1659.97a

±209.45
538.05a

±72.79
2198.02a

±281.44
3.09a

±0.07
354.86a

±59.07

Mean, old alfalfa 1439.08a

±189.76
469.16a

±68.50
1908.24a

±257.66
3.08a

±0.09
301.52a

±43.67

Mean, young alfalfa 1700.97b

±212.76
550.59b

±74.12
2251.56b

±285.39
3.09a

±0.09
364.15b

±55.55
Explanations as in Table 1
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efficiency of photosynthesis, which can vary between 
respective plans for variety of reasons, e.g., due to 
environmental factors [44]. 

The study determined the mean lifetimes of two 
forms, t1 and t2, obtained from the tested sample, as 
well as the respective percentages of the same, f1 and 
f2, relative to the applied electromagnetic stimuli, 
particular alfalfa cultivars, and the number of years 
since the stimulation (old and young plants, respectively 
6 and 2 years old) (Table 1). The mean fluorescence 
lifetimes observed in the study varied, for t1 between 
8.98 and 12.90 ns, and for t2 between 3.84 and 5.14 ns, 
at the respective ratios: f1 from 40 to 46% and f2 from 
54 to 60%. For cv. Radius (old plants) longer decay  
times were noted for all the combinations of 
electromagnetic stimulants relative to the relevant 
control treatment, with the longest mean times t1 and t2 

observed for the alternating magnetic field treatment. 
The increase was significant and amounted to 9.6% and 
8.5%, respectively. In the case of cv. Ulstar (old plants), 
the opposite was observed, i.e., a  reduction of the 
relevant durations. 

Sowinska et al. [45] studied mean lifetimes in 
relation to the time of day, and the values varied within 
the range of 0.42 to 1.21 ns for poplar and, relative to 
the width of the camera slit, 0.54 to 0.62 ns (poplar), 
0.42 to 0.54 ns (pine), and 0.20 to 0.83 ns (Catalpa – 
an ornamental tree). In another study the authors 
analysed the fluorescence lifetimes in healthy and 
contaminated tobacco leaves and reported the presence 
of three fluorescence lifetimes in any given leaf, e.g., 
for a healthy leaf these were t1 = 0.33 ns , t2 = 0.73 ns, 
and t3 = 3.02 ns. The share of time t3 was very small 
(0.002) in relation to the other times. Overall, the mean 
fluorescence lifetimes, depending on the filter used at 
a given wavelength, varied between 0.07 and 0.559 ns 
[46]. 

The study analysed the changes of fluorescence 
lifetimes in winter wheat leaves inhibiting the activity 

Fig. 4. Estimated marginal means of effect of interaction between cultivar and physical factor.

Fig. 5. Normal probability plot of lifetime t1.

Table 3. ANOVA results for the responses studied in the 2 
factorial model.

Source Sum of 
squares

Mean 
square F-test p-value

Cultivar 37,273 12,424 41,61 0,000000

Physical Factor 3,529 1,176 3,94 0,016861

Cultivar x Physical 
Factor 12,066 1,341 4,49 0,000722

Error 9,554 0,299
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of the herbicide. A significant extension of the lifetimes 
was observed with the reported value of 2000 ps when 
compared to 560 ps in the control group. Extension 
of fluorescence lifetimes was also observed in other 
combinations, depending on the factor used [47]. 

Chlorophyll a is the main pigment responsible for 
photosynthesis, while chlorophyll b and carotenoids 
are accessory pigments. A decrease in chlorophyll 
concentration may result in diminished photosynthetic 
activity, which in turn may adversely affect the rate 
of plant growth [48, 49]. The intensity of fluorescence 
depends on the current number of excited chlorophyll 
molecules. A decrease in fluorescence intensity  
may be related to the participation of solar energy 
in metabolic reactions or the processes of energy 
dissipation in the form of heat [27]. Table 2 presents 
the photosynthetic pigment content of the leaf extract 
relative to the respective electromagnetic factors, 
cultivars, and age of alfalfa plants. Concentrations of 
chlorophyll a varied between 1239.70 µg∙g-1 (C, Radius, 
old) and 1935.38 µg∙g-1 (P, Ulstar, young). Notably, the 
highest content of chlorophylls a and b was observed 
after alternating magnetic field stimulation in alfalfa 
cv. Radius – old, where the same increased by 23% 
and 20%, respectively, relative to the control group. 
With the exception of cv. Radius (old plants), in most of 
the remaining treatments, a decrease was noted in the 
concentration of chlorophylls a and b, and carotenoids, 
as compared to the control. In the case of carotenoids, 
the most significant increase, by about 32% relative 
to the control, was noted in cv. Radius, old, samples 
subjected to alternating magnetic field stimulation, 
similarly to chlorophylls a and b. In a study by Sujak et 
al. [14], the reported content of chlorophylls a and b and 
of carotenoids in alfalfa subjected to physical factors 
was varied and included both positive and negative 
relative to the control. An increase in the content of 
those pigments was noted only in the case of cv. Legend 
under all stimulation treatments. 

Depending on light intensity, the concentrations of 
chlorophylls (a, b, a+b) in fern leaves varied from 1.14 
to 1.50 mg∙g-1, from 0.64 to 0.96 mg∙g-1, and from 1.78 
to 2.47 mg∙g-1, respectively [50]. A study on old and 
young Arabidopsis thaliana ecotype Columbia plants 
conducted by Nozue et al. [51] revealed higher levels 
of chlorophyll a, b, and a+b in mature plants, when 
compared to their younger counterparts. 

A higher content of chlorophyll a was noted in 
cv. Ulstar compared to cv. Radius, but the difference 

was not significant. On the other hand, a significant 
difference was found between old and young alfalfa 
plants, with the young alfalfa returning decidedly 
higher concentrations of chlorophyll a when compared 
to the old plants. In a study on the effect of a constant 
magnetic field on the content of chlorophyll a in lupine, 
an increase of 28% was reported relative to the control 
[52]. 

The content of total chlorophylls in soybean after 
the application of particular growth regulators as well 
as relative to the respective cultivars, developmental 
stages or years, varied from 638 to 1578 µg∙g-1 f.m, and 
the corresponding levels of carotenoids varied from 323 
to 991 µg∙g-1 f.m [53].

Under saline stress, chlorophyll a and b as well as 
carotenoid content in bean was significantly reduced 
[54]. Phosphorus deficiency caused a reduction of the 
chlorophyll concentration in soybean, but did not affect 
the level of carotenoids [46].

Other stimulating factors (chemical), such as, e.g., 
salts, caused an increase in the chlorophyll content of 
white clover leaves [55] and certain alfalfa cultivars 
[12]. In another study, no significant increase in the 
chlorophyll content of alfalfa leaves was noted after 
exposing the whole plant to microwave irradiation 
[56]. Asghar et al. [57] conducted an experiment on 
the impact of various magnetic field parameters and 
laser light on the content of chlorophylls (a, b, a+b), 
and reported a significant increase in that pigment’s 
concentration under all studied treatments, relative to 
the control. 

The ratio of chlorophyll a to chlorophyll b was 
approximately 3:1, irrespective of cultivar or plant  
age (old and young plants). The content of carotenoids 
was notably higher in cv. Ulstar as compared to  
cv. Radius. The level of that pigment was also 
significantly higher in young alfalfa when compared to 
older plants. 

In a study by Huang et al. [50], the a/b chlorophyll 
ratio was estimated to vary between 1.56 and 1.80, 
depending on light intensity. Nozue et al. [51] observed 
that the a/b chlorophyll ratio for Arabidopsis thaliana 
ecotype Columbia was ca. 3.5 for young plants, and 
approx. 2.8 for old plants. 

Leaf ageing causes a decrease primarily in 
chlorophyll a levels [58]. In the study presented herein 
a similar correlation was observed. In old plants, the 
content of chlorophyll a decreased significantly relative 
to young plants, irrespective of other factors. 

In old cv. Radius plants an increase in mean 
fluorescence lifetimes was observed (Table 1), 
accompanied by elevated chlorophyll a content 
(Table 2) relative to the control,  regardless of the 
applied combinations of physical factors, although 
the differences were significant only in the case of 
alternating magnetic field treatment (P). In the case of 
cv. Ulstar (old plants), the opposite was observed (i.e., 
the parameter decreased). The obtained results in terms 
of fluorescence lifetimes in old cv. Radius plants clearly 

Table 4. Correlation coefficients.

t1

t1 1

Chl a 0,798576

Chl b 0,763122

Car 0,782439
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indicated good condition of the plants, as well as their 
high resistance to stress factors [23, 27].

Light plays a vital part in the growth and  
development of plants, but as observed in a study by 
Ma et al. [59], increased insolation of rice leaves had 
a negative effect on the process of photosynthesis. 
Excessive sunlight causes irreparable damage to the 
plant [28, 59]. 

To recapitulate, the variable content of photosynthetic 
pigments is conditioned by numerous stress-inducing 
factors (draught, excessive insolation) [28, 60] as well 
as, primarily, the plant species as such and the local 
climate [19]. 

Conclusions

1. The electromagnetic stimulation applied in 
the study had an effect on the duration of mean 
fluorescence lifetimes. In the case of cv. Radius 
plants, old, the observed decay times were shorter 
relative to cv. Ulstar, old, and young alfalfa plants. 
Under the effect of electromagnetic stimulation, 
an increase was achieved in terms of the mean 
fluorescence lifetimes and chlorophyll a content 
in old cv. Radius plants relative to the control, 
which confirms the good physiological status of the 
analysed plants. 

2. Electromagnetic factors significantly differentiated 
the concentrations of chlorophylls a and b between 
the particular cultivars, as well as between young and 
old plants. An increase in chlorophyll a concentration 
due to physical factors was observed only in old cv. 
Radius plants. 

3. An increase in chlorophyll b content (by ca. 20%) 
was observed only under the alternating magnetic 
field treatment in old cv. Radius plants. 

4. The chlorophyll a to chlorophyll b ratio varied 
between 2.95 and 3.23. Compared to the control 
treatment, the electromagnetic factors caused an 
increase in the value of that ratio in the studied 
cultivars.  

5. Under the effect of physical seed stimulation, a 
significant increase in carotenoid content was 
observed only in cv. Radius plants (old) stimulated 
with electromagnetic field, while under the remaining 
treatments, the stimulating factors caused a decrease 
in carotenoid concentration. The 2-year-old plants 
were generally characterised by significantly higher 
carotenoid content when compared to 6-year-old 
plants. 
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