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Abstract: The  influence  of ultra high frequency  radiation in forestry  arbor seedlings was studied by  spec tra l 
me thod. Chlorophy ll pigm ent contents, ve ry  im portant for photosy nthesis phenomena , were  found to be  
dim inished in peduncula te  oak seedlings a fter da ily  exposure  tim es of: 1;2; 3; 4; 6 and 8 hours, a t ultra  high 
frequency  waves w ith 400 MH z frequency and 1 mW /cm 2 power density. N on-therma l e ffec t seem s to 
unde rline  the  puta tive m olecular and biochemica l m odifica tions that a re  supposed to be  induced in the  vege ta l 

ce ll by  e lec tromagne tic da ily  stre ss. 
 
 

INTRODUCTION 
There is a  significant am ount of lite ra ture reports conce rning the e ffec ts of sta tic  and variable 

magne tic  fie lds on gra ssy  plant spec ie s, espec ia lly  regarding seed germ ina tion or initia l growth stages 
(Ca rbone ll et a l, 2000, N am ba  e t al, 1995, P ie truszew ski, 1996, D aya l, and Shing, 1986, Ru zic , Je rman, 2002). 
Few  studie s w ere  focused upon the  germ ina tion of a rbor spec ie s seeds a fte r m agne tic  treatm ent (Ce lestino e t a l, 
2000, 1998, Ruzic  e t al, 1992, 1998) or upon the  photosy nthe tic  ac tivity  changes induced in y oung plantle ts 
exposed to elec trom agne tic  w aves (Lebedev e t a l, 1977, P hirke  e t al, 1996). I t seem s to be  a  significant lack of 
informa tion regarding ultra  high frequency  (UH F) w ave  influence  on arbor saplings. 
 
 

GOAL OF THE INVESTIGATION 
Forestry  tree s w ere  chosen for the investiga tion since  the supe rior biosphere  leve l is m a inly  affec ted 

by  cosm ic  elec tromagne tic radia tion and its protec tive role for the  re st of biosphe re  could be damaged by this 
ty pe  of a tmosphe re  pollution. The expe rimenta l investiga tion w as ca rried out on y oung seedlings since  vege ta l 
organism s in ea rly  ontogene tic  stages are  the  m ost sensitive  to externa l constra ints. 
 
 

MATERIAL AND METHOD 
Biological material. The expe rim enta l re sea rch was carried out on Quercus robur L. (peduncula te  

oak) seedlings grow n in labora tory. Se lec ted seeds, w ith uniform  genophond, (from  the  same  na tura l stand, w ith 
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high biologica l pa ramete rs, situa ted in the  hill region of Ia si c ity ), we re  stored and le t to ge rm ina te  in adequa te 
vesse ls conta ining na tura l soil from tha t ve ry fore st. A fter ge rm ina tion, vesse ls w ere  exposed to light (12 hours  
light/12 hours da rkness) and m a inta ined to constant tempera ture  (25 Ce lsius degree ). Seedlings (Fig. 1) have 
grow n this way  during four m onths in quasi-na tura l conditions of soil, w a ter and tem pera ture . Then a ssim ila tory 
pigm ents were  eva lua ted in the  seedling leaves, ana ly zing six replay s for both control and exposed sam ples. 
Exposure system. The frequency of the  exposure  fie ld w as of about 400 MHz. The  exposure fie ld was non-
modula ted. The  exposure sy stem used for the e lec trom agne tic  treatment of the  seedling sam ples consists in a 
transve rse  elec trom agne tic  (TEM) ce ll fed by a  UHF power gene ra tor connec ted to a  ce ll end while , at the  othe r 
end, the  ce ll was te rm ina ted on a  ma tched load. TEM sizes a re  large  enough to a llow  simultaneous exposure  of 
a suffic ient num ber of seedlings. It is m ade  by sta inle ss stee l and provided with sma ll holes regularly  distr ibuted 
on a ll the wa lls, so that a ir  and light can enter. Environmenta l conditions of constant tempera ture  (24 Ce lsius 
degrees) and hum idity w ere  kept for exposed sam ples and controls. Inside  the  TEM cell oak seedlings w ere 
exposed to continuous trave lling waves. Spectrophotometric assay. Seedling content of assim ila tory pigments 
was m easured, a t about 24 hours afte r  the  la st exposure  w as accomplished. Q uantitie s of 0.02-0.03 g picked up  
from seedling leaves w ere  crushed and acetone  solution (90%  in distilled w a ter)  was used for extrac tion 
according to standa rd procedure  of Meye r-Bertenra th, modified by Stirban and Fa rcas (Stirban, 1986). Sma ll 
aliquots of CaCO 3 and MgCO 3 were  added during extrac tion in orde r to avoid chlorophy ll transforma tion in 
pheophy tine. Ace tone  extrac t w as filte red through paper f ilte r  and quantita tively  transfe rred to coa ted bottle s of 
25 m l. A Metrohm  Herissau, spec trophotome te r, ty pe E-1009, with qua rtz ce lls of 1 cm  w idth was used. 
Com puta tion of chlorophy ll a (Chl a) , chlorophy ll b (Chl b)  and tota l carotenes pigment ( t.c .)  leve ls (m g 
pigm ent / 100 g green tissue ) were  pe rform ed by  means of usua l form ulae : Chla= (9.784E662-
0.99E644)100v/w ,Chlb=(21.426E644-4.65E662)100v/w ,t.c .=[4.695E440.5-0.268(5.134E662+ 20.436E644)]100v/w , 
where :,  E λ -  light extinc tion a t the  w ave length λ , w-green tissue  mass (g) and v-ace tone volum e  (ml). 

 
 

RESULTS AND DISCUSSIONS 

In Fig. 2 a the levels of assimilatory pigments in oak sapling leaves are 
represented. Av erag ed v alues obt ained from measurem ents carri ed out in  control and  
exposed samples, fo r every exposure time, are given. Statistic analysis was accomplished  
by t-test, two tailed, pai r type, for comparison o f control d ata s eries and every expos ed  
sample series. Chlorophylls situation in analyzed also in T able I. 
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         Fig. 1. O ak seedling grown in laboratory  
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It is visib le the diminution of both chlorophyll a and chlorophyll b levels in 
exposed samples in comparison to the control for all exposu re times tested inhere. In the 
range o f small exposure times, statistical significant modifications were obtained for both  
chlorophylls (t-statistical param eter ful fills the criterion: t<0.05) except for the s ample 
corresponding to exposure time equ al to 2 hours, where the UHF influence is not clearly  
distinguishable in comparison to the control. Other statistical non-signi ficant di fferences  
were recorded for higher exposure times: 6 h for chlorophyll b and 8 h fo r chlorophyll a  
(T able I). Chlorophyll b content modification in the sample corresponding to 3 h 
exposure is d escribed  by a t -value high er than th e limit of 0.05 but rather close to it  
(0.06). T he same situation appeared for carotene pigments in the sample corresponding to 
an exposure o f 3 h. Carotene pigment cont ent seems to be the less sensitive to  
electromagn etic field action, since only in two cases (for 1h and 8 h) we found statistical  
significant  modi fications. Logarithmic rep resent ation o f every pigment content v ersus  
exposure time (Fig.2 b-d) shows linear negative regression for chlorophylls contents  
while for carotene pigments a positive correlation was found. T hough correlation  
coeffi cients are rather poor in comparison to the unit (ideal theoretical case), these graphs  
suggested two distinct situations: inhibitory effect of UHF fields in chlorophylls and 
putative stimulatory effect in carot ene pigments. In  Figs. 3-5 we presented  the 
correlations between pai rs o f pigments. In the case of chlorophyll a and chlorophyll b 
(Fig. 3) the linear regression is rather clear - co rrel ation coefficient, R2, is over 0.8, i.e. 
close to the unit (ideal case)meaning a high degree o f exp erimental points grouping 
around the theoretical  straight line. So, we may say  that UHF treatment does  not affect  
very much the chlorophyll ratio in oak sapling leaves. In Fig. 4 a-b the correlation  
between chlorophyll a and carotene pigment content is showed. Since the points  
corresponding to exposures o f 6 h and 8 h  were eliminated, the v alue of the correlation  
coeffi cient, much under the unit when all points are considered, is almost equal to the 
unit after the elimination o f samples expos ed for 6 and 8 hou rs. T he elimination of these 
two points is consistent with the avoiding of the sample where the caroten e pigment  
content is slightly enhanced in comp arison to the control (for 6 h ) as well as o f on e 
sample with a carotene content almost equal to that o f the control (for 8 h). T he 
remaining points exhibit the sam e gen eral tenden cy of pigment content diminution after 
UHF treatment, i.e. the inhibitory effect on the photosynthesis. In Figs. 5a-b the same 
thing is revealed by the correlation between the chlorophyll b and caroten e pigments: the 
elimination of the two samples mentioned above, "arrang e" considerably better the points 
around the straight line theoretically calculated, sustaining the hypothesis o f a dominant  
inhibitory effect in all pigments. Indeed, when the same two samples are avoided (i.e. 6 h 
and 8 h) the correlation co effi cient is much  closer to the unit (R2=0.9322). We mention 
also that when the two samples are negl ected the g raph form Fig. 2d changes too, the 
slope sign being inverted - from the increasing tend ency we got the decreasing o f 
caroten e content to the exposure time increasing. However, stimulatory influence o f UHF  
waves should exist since thermal effect is charact eristic to high frequ ency waves [18-19 ] 
absorption in the matter, and even in the case o f a low power density, a slight warming of 
aqueous media from the vegetal tissues certainly occurred. 
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Fig. 2b. Logaritmic representation of 
chlorophyll a content versus exposure 
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Fig. 2c. Logarithmic representation of 
chlorophyll b  content versus exposure 
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Fig.  2d. Logarithmic representation of carotene pigment 
content vesus exposure time
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Consequently, a certain stimulation o f biosynthesis happen ed ev en for low po wer 

density, as in the present experiment. But an inhibitory influence o f UHF in the seedling  
cells may be also expected since only a putative non-therm al effect o f high frequen cy  
electromagn etic wav es can be related to the diminished content o f assimilatory pigments 
in most of the expos ed samples. In Fig. 6, where the sum o f all assimilatory pigments is 
represented, the dominance o f the inhibitory effect of UHF waves in all samples it is 
obvious - with the mention that for the exposure time o f 2 hours the diminution is the 
lowest. In Fig. 7 the ratios between pairs o f assimilatory pigment contents are given. T he 
most significant v ariation is the slight increase o f the chlorophylls ratio for all exposure 
times, ratio which represents an important criterion for any assumption reg arding  
photosynthesis. However the correlation co effi cient o f the reg ression line is not high  
(only 0.3), because of some values o f the pigment contents that do not represent  
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significant modi fications (see T able 1). So, we can see that UHF waves rather damag e 
the assimilatory pigment balance in the young seedlings o f this arbor sp ecies wh en  
repeated exposures occu r. T hermal effect, quite low in the case o f power density o f 1  
mW/cm2, is expected to caus e a slight increase o f temp erature in th e irradiated  samples  
(due to the dielectric rel axation o f water molecules), which is usu ally associat ed with a 
stimulation of biosynthesis, in this case the assimilatory pigment biosynthesis. But the 
decrease of assimilatory pigment levels may be rel ated to a non-thermal, speci fic, effect  
of micro wav es in living tissues, coexisting with the thermal one, and dominating 
especially for long exposu re time. The inhibitory action resulted from the non-thermal  
UHF waves effect, may consist in the perturbation o f ion chann els functions at the l evel  
of membrane structures from the cell. Mainly ion transport through chloroplast  
membranes can be invoked in this case, though ion channels of plasma membran e and  
other cytoplasmatic structures are also supposed to experience microwave action (Polk 
and Postow, 1996). Perturbation of ion transport may l ead to perturbations o f v arious  
biochemical reactions which are controlled by ion messengers (esp ecially calcium ions 
are known as intra-cellular messengers ); so, it is possible that biochemical reactions  
involved in the assimilatory pigment biosynthesis are delayed for the duration o f UHF  
wave action. 

Fig. 4a. Correlation between chlorophyll a 
and carotene pigments
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Fig. 4 b. Correlation between chlorophyll a and 
carotene pigments (except samples 

corresponding to exposures of 6h and 8 h)

y = 4.6897x - 26.786
R2  = 0.9732

70

90

110

130

150

170

25 27 29 31 33 35 37 39

carotene

ch
l a

 

Fig. 5a.  Correlation between chl b and carotene 
pigments

y = 0.1144x + 24.184
R2  = 0.1386

0

10

20

30

40

50

0 20 40 60 80 100 120
chl b

ca
ro

te
ne

Fig. 5 b. Correlation between chlorophyll b and 
carotene pigments (except samples 

corresponding to exposures of 6h and 8 h )
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Neverth eless, molecular effect o f UHF fi elds could occur at the level o f 
chlorophylls, mainly since th eir association with water molecul es is b ased on  relatively  
weak  forces  hydrogen  bonds with water molecules or ev en with other chlorophyll  
molecules. 

 

Fig. 6. Sum of assimilatory pigments
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By spectral analysis dimers, hydrated dimers and other oligomers of chlorophyll  

have b een identi fied in  chloroplast membranes wh ere assimilatory pigments are located  
(Chapados, C., 1985, Ballschmiter, 1969). So, possibly, their molecular stability is related 
to the coupling with wat er, and  cons ecutively, the destruction o f this coupling could  
damage ev en the integrity and fun ctions of chlorophyll molecules. Regarding ch emical  
bonds assuring pigment molecule primary structure, it is not impossible that 
electromagn etic fields are able to destroy them also, since recent studies demonstrated  
such de 

Table  I . Statistica l ana ly sis of a ssimila tory  pigm ent m odifica tions induced by  UH F exposure  
Exposure  time  (hours) 

0 (control) 1 2 3 4 6 8 
P igment 

17.17 6.73 8.32 7.89 17.32 16.29 3.42 Chlorophy ll a 

25.67 16.45 13.34 11.19 23.05 22.88 17.41 Chorophy ll b 

6.07 4.40 10.46 5.30 21.68 3.98 3.27 Ca rotenes 

Standa rd 

devia tion 

** n.s. ** ** ** n.s. Chlorophy ll a 

* n.s. *** * n.s. ** Chorophy ll b T 

pa ram e te r 

(t-test) 

 

* n.s. *** n.s. n.s * Ca rotenes 

*p< 0.01, **p< 0.05,  ***p= 0.06,  n.s.  =  non-significant, i.e . p> 0.05 
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We may conclude that the balance between the two types of in fluen ce o f UHF can  
have di fferent results. For the oak seedlings obtained as mentioned above and for the 
combination power d ensity-exposure procedure used in our experiments, the majority o f 
the samples seems to be negatively in fluenced. In other speci es, in seedlings of other ag e 
or prov enance, in other exposu re conditions, the results can  be different  since the 
complexity of biophysical and biochemical pro cesses from the living cell is tremendous.  
New experimental projects that we carri ed out on black locust saplings revealed the same 
trend of assimilatory pigment content decreasing except the smallest exposure time. 

 
CONCLUSION 
Pedunculate o ak seedlings, after repeated exposures to UHF fi elds with a 

frequ ency o f about 400 MHz and a power density of app roximately 1 mW/cm2, are 

characterized by modi fied v alues of assimilatory pigment levels. T he most remarkable 
change was recorded in chlorophyll a content where the t-test gav e the smallest t-values,  
indicating a signi ficant diminution in most of the samples. Carot ene pigments app eared  
as the less sensitive to the magnetic treatment since the highest t-values h ave been  
provided by the test o f st atistical significance. Actually, we app reciate that this is the 
result o f the overl apping of a thermal, stimulatory influence, and o f a non -thermal,  
inhibitory influence o f UHF absorption in the veg etal tissue, with different results in the 
biosynthesis of caroten e and chlorophylls. T he high degree o f complexity o f 
photosynthesis molecular basis is rev ealed  in the frame o f this experiment, further 
projects designed to get a deep er insight in the biophysical and biochemical mechanisms  
governing electromagnetic s ensitivity of young arbor plantlets being imperiously  
required. 
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