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Introduction 
 

In the last years both scientific and public communities have largely 
focused the attention on the potential effects of electromagnetic fields on 
living organisms and mainly on human health. To justify the increasing 
interest about electromagnetic radiation the even major use in the second 
part of XX century is to consider.  

So far, it is universally accepted that the exponential increase of 
biological systems exposure to non ionizing radiation (NIR) constitutes a real 
risk (Bitonti et al. 2006; Hood, 2004; Es’kov and Darkov 2003; Kalinin and 
Boshkova, 2003;  Blank and Goodman 2002; Piatti et al. 2002; Yano et al., 
2001). However, the occurrence of health effects and their nature remains up 
today a controversial argument. On the other hand, there are several lines of 
evidences that light therapy has several benefits in medical field (Fritz et 
al.), For instance, polarized light (PL) source is applied to help the process of 
wound healing, relieve or decrease the intensity of pain, and has bio-
stimulant effects when it is applied to the skin, acting on light-sensitive 
intracellular structures and molecules. It also can help to improve 
microcirculation, harmonize metabolic processes, reinforce the immune 
system, and stimulate regenerative and reparative processes of the entire 
organism (Fenyö et al. 2002, Kubasova et al 1995).  

In this context, it is even more necessary to extend the experimental 
approaches at cellular and molecular level in order to improve specific 
knowledge on the effects of this kind of radiation on living organisms. Sessile 
plants are highly sensitive organisms to evaluate the effects of environmental 
conditions on growth and development. Previous experiments conducted by 
authors on plant systems showed that  radio frequency fields (RF) can act as a 
stress factor for plant growth. Namely, irradiation at 1850 MHz of pumpkin 
seeds and corn kernels was able to induce a reduction on seedlings growth 
with respect to non irradiated control ones. Additionally, seedling roots were 
submitted to microscopic observation and a reduction of index in the cell 
division for irradiated seeds (approximately 40%) was detected (Oliva et al. 
2005).  

Based on the tightly relationship between light and plants growth and 
development, the present work aims to obtain some further insight into the 



 2

effects of NIR on these photoautotrophic organisms, due to the relevant 
implications for both scientific knowledge and economical and social effects.  
In this context, a set of experiments was conducted to investigate the 
influence of a long-lasting exposition to  both RF at 1850 MHz and polarized 
light source on roots elongation of corn kernels. The radical apparatus was 
chosen as a sensible parameter and the elongation of the roots was monitored 
as a function of time.  Mitotic index and length of metaxylem cells were 
estimated in root apex as an index of cell proliferation and cell expansion 
activity, respectively.  
 
 
 
Materials and Methods 
 
Radio frequency source 
The electromagnetic wave was produced by a signal generator (HP 8648C) 
working in the frequency range 100 kHz – 3200 MHz, and the irradiation is 
made at 1850 MHz through a RKB antenna. Preliminarily we verify that Petri 
dishes were transparent to electromagnetic field at 1850 MHz. 
 
Polarized light source 
Our exposure apparatus consists in a Bioptron compact III source. This system 
is a medical device with a specific optical unit emitting light that is similar to 
the part of the electromagnetic spectrum produced naturally by sun. The 
radiation is a polychromatic light; the wavelength is from 400 nm to 2000 nm, 
this means that it does not contain UV radiation. 
 
Treatments and cytological procedures 
Preliminarily, seeds of Zea mays L. were germinated in Petri dishes on 
moistened paper, at (22.0±0.5) °C in the dark. Seedlings three days-old, with 
a primary root about 1mm in length were selected and irradiated with a 1850 
MHz frequency or polarized light source. 

 
 Radio frequency 
Petri dish containing 30 seedlings were continuously irradiated for 96 h at 
1850 MHz frequency, generated by a RKB antenna. Petri dish was 34 cm 
distant from the antenna and was irradiated by a power density of 0.055 
W/m2. During the treatments the temperature was monitored and no increase 
of temperature was detected by using an infrared thermometer. Petri dish 
with control seedlings were maintained in the previously described 
conditions. Five separate replicates were performed. 
 
Polarized light  
Petri dish containing 30 seedlings was directly irradiated by a Bioptron source 
which originated a power of (0.72 ± 0.05) W. Petri dish was 10 cm distant 
from polarized light source and irradiation was carried out once a day for ten 
minutes for four days. Five separate replicates were performed. During the 
treatments the temperature was monitored and an increase of  (4.0 ± 0.1)° C 
was detected by using an infrared thermometer. Petri dish with control 
seedlings were maintained in the previously described conditions.  
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For each treatment, roots length were measured at different times. At the 
end of treatments (96h) 15 roots were excised and fixed in ethanol:acetic 
acid 3:1 (v/v) for 12 h. Thereafter plant material was washed, stained 
according to Feulgen procedure (Feulgen and Rossenback 1924) and squashed 
for mitotic index and chromosome aberrations analysis.   
Five roots for each replicates (n=25) were analyzed.  Mitotic index (% number 
of mitotic figures/ nuclei total number) was estimated by scoring 150 nuclei 
for each root.  Percentages of C-metaphases ( %  C-metaphases number / total 
metaphases number)  and chromosome aberrations (% aberrant mitotic 
figures/ total mitotic figures) was estimated by scoring 1200 nuclei for each 
root. On the same nuclear populations, the size of nucleus and nucleoulus  was 
evaluated by NIH Image analysis system.  
Other 15 roots were fixed in a 0.5 % (v/v) gluteraldehyde / 3% (w/v) 
paraformaldehyde mixture in PBS (135 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, 
8 mM K2HPO4, pH 7.2) at 4°C for 3 h and utilized for histological analysis. 
Roots were then dehydrated in an ethanol series, and embedded in Technovit 
8100. Longitudinal sections were cut at 3 µm intervals with a tungsten knife, 
mounted on slides, and stained with toluidine blue 0.1% (w/v) and periodic 
acid-Schiff’s reagent. Three roots for each replicates (n=15) were analyzed. 
Metaxylem cell length was measured from 500 to 3,000 µm from the junction 
between root apical meristem and root cap, on longitudinal median sections 
of each root.  Observations were made with a Leica DMRB microscope. 
 
 
Results and Discussion 
 

In figure 1 the mean value of root length, measured at different times 
during the treatment, in seedlings exposed to RF fields is compared to that of 
untreated control ones. It is evident an initial (24h) delay in root elongation 
of exposed roots, which is in agreement with our previous results (Oliva et 
al., Irradiation of vegetable seeds by non ionizing radiation at 1850 MHz, 
ICeMB Workshop – Bologna (Italy) 29/30 May 2005). However, after a long-
lasting treatment (96h) no significant differences (p<0.05) occurred, thus 
suggesting a  growth recovery capacity of exposed roots. 
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Fig. 1. Root length in seedlings exposed to a 1850 MHz frequency (RF) for 96 
hours and in control untreated seedlings (CTR). The results are the mean 
value of five replicates. 
 
 

By contrast in roots exposed to polarized light source (Fig. 2), at each 
time during the treatment, the mean value of root length was significantly 
higher in exposed seedlings with respect to control ones. 

 
Fig. 2.  Root length in seedlings exposed to a polarized light (PL) for 96 hours 
and in control untreated seedlings (CTR). The results are the mean value of 
five replicates. 
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Comparing  percent absolute difference in root length between exposed 

and control seedlings for both treatments (Fig. 3), we can observe how 
seedlings exposed to PL had a higher growth rate than RF ones.  
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Fig. 3.  Percent absolute difference in root length between PL and RF exposed 
seedlings. 

 
 
 
 

In plants, organ growth is assured by two distinct events, such as cell 
proliferation, which occurs at the level of meristematic tissues and cell 
expansion which precedes differentiation events (Webster and MacLeod, 
1996; Beemster and Baskin, 1998). Thus, in order to verify whether the 
behaviour of exposed roots was related to any changes in these development 
processes, mitotic index in root meristems and cell elongation along 
metaxylem cell lineage were evaluated in exposed and control seedlings.  

 It was evident that a significant reduction of mitotic index occurred 
after 96h exposition to both RF and PL as compared to CTR (Tab. 1). This 
result is consistent with either a repression of cell proliferation or a 
reduction of mitotic phases relative to interphase duration induced by 
treatments. Hence, measurements of cell cycle length are required to fully 
resolve the contribution of cell division to growth dynamic in exposed roots.  

However, in roots exposed to RF the decrease of mitotic index was 
accompanied by a significant increase of C-metaphases and chromosome 
aberrations  (Tab. 1, Fig. 4). All together these results strongly indicate that 
the progression into cell cycle was affected and overall DNA repair 
mechanisms were significantly impaired following RF exposure. By contrast, 
no aberrations were detected in PL exposed roots, suggesting a different 
effect of PL exposure on nuclear metabolic activity as compared to RF. 
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 % Mitotic 
index 

% 
Chromosomes 
aberrations 

% C-
metaphases 

RF 2.0  37.5 40.1 
CTRRF 10.0 - - 

PL 3.6 - - 
CTRPL 5.9 - - 

 
 
Tab. 1. Mitotic index, frequency of chromosomes aberrations and C-
metaphases evaluated in root meristem exposed to RF and PL for 96 hours 
and in CTR root. The results are the mean value of five replicates. 
 
 
 

 
 
 

 
 

 
Fig. 4. Anaphase in control root meristem. Anaphases showing different types 
of  chromosomes aberrations in root meristems exposed to RF 96 hours (b – i).    
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On the meristematic populations of RF-exposed roots measurements of 
nuclear and nucleolar area were also performed by image analysis (Tab. 2). In 
line with negative effects of RF on nuclear activity of root meristem, the 
mean value of nucleolar size was significantly higher in exposed than control 
roots, a feature which is known to characterize several stress conditions in 
plants (Mazzuca et al., 1997). 

 
 

 

 
Nuclear 

area (µm2) 
Nucleolar 
area (µm2) 

% 
nucleolar/nuclear 

area 
RF 77.7 ± 2.5 36.1 ± 1.4 46.5 

CTRRF 78.8 ± 2.7 25.8 ± 1.1 32.7 
 

Tab. 2. Nuclear and nucleolar area evaluated in meristematic cell populations 
of roots exposed to RF for 96 hours and in CTR roots. The results are the 
mean value of five replicates. 
 
 
 
 

Finally, metaxylem cell length was evaluated at 600 µm from the 
junction between root apical meristem and root cap in order to estimate the 
effects of treatments on cell expansion. As for RF is concerned, at the end of 
treatment (96h) metaxylem cells were (90±4) µm long and (58±3) µm long in 
exposed and control roots, respectively. These results, in agreement with our 
previous data (Bitonti et al., 2006), clearly show that RF exposure stimulated 
cell expansion. In this context, we may recall that polar transport of 
endogenous auxin (Beherens et al., 1985; Lee et al. 1984) and cytosolic 
variation of Ca 2+ (Pickard, 1985; Lee et al. 1983) in the root are related to 
intrinsic electric fields which occur around the root tip (Weisenseel and 
Meyer, 1997; Ryan et al., 1990). Based on the role played by both auxin and 
Ca 2+ on cell expansion, we suggest that RF may affect the pattern of intrinsic 
ionic currents by changing the movements of ions across plasma membrane 
(Stange et al., 2002), which in turn affect cell expansion.  It is worthy noting 
that, in our view, the stimulatory effect of RF on cell expansion is an 
important component of the absence of differences in root length between 
exposed and control roots, in spite of the detected alterations in 
meristematic activity. Work is in progress to evaluate metaxylem cell length 
in PL exposed roots. The goal is to verify whether and at which extent the 
promotion of root growth induced by PL exposure is related to the stimulation 
of cell expansion. 
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