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INFLUENCE OF TYPE UV-B RADIATIONS OF DIFFERENT
WAVELENGTHS REGARDING THE PHOTOSYNTHETIC ACTIVITY
DURING PLANT DEVELOPMENT OF ZEA MAYS L.
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ABSTRACT. In general, UV-B radiation causes a net inhibition of photosynthesis for a wide range of plants
(Tevini, 1993). From laboratory studies, this inhibition appears to result from a malfunction in the
photosynthetic cycle including PSII reaction centers perturbation (Stride et al., 1992). Stomatitis function, and
thus gas exchange at the leaf level is also affected (Teramura, 1990; Tevini and Teramura, 1989). In our
experiments we sought to answer the question whether treatment with UV-B radiation type, of different
wavelengths of 280-310 nm, has a stressful effect on plants by the appearance of changes in photosynthetic
activity, and if there are differences in this regard between controlled and treated plants. All measurements
were performed on days 1, 3 and 4 of treatment, at young plants; samples were consisting of leaves taken
from plants in which the 3" leaf was fully developed.
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INTRODUCTION

We analysed the effect on photosynthesis in
relation to certain wavelengths through measurements
of fluorescence induction rate, photosynthetic activity,
the intracellular concentration of carbon dioxide. All
analyses were performed on days 1, 3 and 4 of the
treatment, at the level of young plants at the 3-leaf
developed.

During measurement of chlorophyll fluorescence
photosynthesis system property is used by which the
pigment that absorbs light energy and traps it leaves in
three different ways. One of the ways is recovering
energy of photochemical reactions, during which the
photon energy is absorbed by chlorophyll and release
electrons, which are transferred into the protein
complex of PS II photochemical (photosystem II) and
then in PS I (photosystem I) (Leipner J., 1998).

Energy "surplus" of light trapped inside, ie energy
remaining after closing the reaction centres is
dissipated out in two ways: through heat that is less
quantifiable, through luminescence which is easier to
put out. The wavelength of this light is always greater
than the wavelength of light absorbed (Li X.P. et al.,
2000).

The difference between the wavelength of light
captured and of light released facilitates the
quantification despite the fact that pigment chlorophyll
fluorescence value compared to light irradiance is
relatively small. Knowing the values of irradiating
light, fluorescence emitted by plant its characterizing
well the function of photosynthesis. This is a simple
and effective method by which we can understand the
photosynthetic apparatus inside, functionality of
electron transport chain, the ratio between closed and
open reaction centres, and other features of the
photosynthetic system.

MATERIALS AND METHODS

During the test, after turning his head sample
reading and exposed in the dark is collected a level of
minimal fluorescence (F0), then with a high intensity
flashing light are closed the reaction centres, and in this
way measured a value (fm) fluorescence maximum. In
the next 5 minutes, the device releases photosynthetic
active light on the sample and from time to time use
also high intensity flashing light (flash type), thus
determining the amount Fm. Even before downloading
lights can measure the value Ft.

PS 1I efficiency can be calculated by the following
formula: jJPSII=(F m - Ft)/Fm

The factor (jPSII) is the value of light absorption of
chlorophylls and energy balance of the energy used in
photochemical reactions in the PSII, with reference to
the value of linear electron transport (J), more precisely
to the functioning of photosynthesis. Because of all
these properties, (j) PS II is used to calculate
photosynthetic capacity.

Determination of molar absorption photochemical
(qP) is based on the following formula:

qP = (F m - Ft)/(F m - F o) the value of
gP refers to the ratio of reaction centres open.

Frequently, the parameter Fv/Fm characterized the
actual performance of PSII, while all reactions are
open. The formula is:

Fv/Fm = (Fm - Fo)/Fm = JPS 1I/qP

Modifying the Fv/Fm is due to the change in molar
absorption efficiency of  non-photochemical
elimination. Maximum quantum efficiency of PSII is
defined by parameter Fv/Fm.

RESULTS AND DISCUSSIONS

According to the results it can be stated that for
most small wavelength values were measured lowest
values of the ratio Fv/Fm, to the group of plants
controlled throughout the treatment interval. Under the
effect of the treatment this parameter has increased
significantly compared with the controled group, for all

*Correspondence: Maria Orodan, "Vasile Goldis” Western University, Arad, 91-93 Liviu Rebreanu St., Arad, Romania,

Tel./Fax +40-(257)-228622, email: rosu.marcel-ar@ansvsa.ro
Article received: December 2012; published: February 2013



Orodan M., Turcus V., Osser G., Ardelean A.

three days of measurements. For day 3 and 4, at a
wavelength of 287nm were obtained values of Fv / Fm
significantly higher at treated plants compared to the
control group. All this suggests that the chemical
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Table 1. Maximum quantum efficiency of PSIl changes given by parameter of induction of fluorescence (Fv / Fm) at

Helga hybrid
Period of time Period of time
Period of time (day 3) (day 4)
Corn plants | Wavelength UV-B Parameter (Fv/Fm) (day 1)

Day 1 Day3 | Day 4
control 280nm 0,7 0,6 0,75
Helga 280nm 0.75 0.65 0.70
control 287nm 0,75 0,65 0,72
Helga 287nm 0,77 0,65 0,79 rr ** *
control 290nm 0,7 0,7 0,75
Helga 290nm 0,75 0,75 0,77 ** ** *
control 295nm 0,65 0,65 0,65
Helga 295nm 0,7 0,7 0,7
control 300nm 0,6 0,6 0,6
Helga 300nm 0,65 0,65 0,65
control 310nm 0,6 0,6 0,55
Helga 310nm 0,65 0,65 0,65

* significant values compared with the control group at P <0.05, 0.01 and 0.001 to corn plants, HELGA

Table 2. Maximum quantum efficiency of PSIl changes given by parameter of induction of fluorescence (Fv / Fm)

hybrid ZP471
Period of Period of Period of
Wavelength time time time
Corn plants UV-B Parameter (Fv/Fm) (day 1)) (day 3) (day 4)
Day 1 Day 3 Day 4
control 280nm 0,6 0,60 0,50
ZP471 280nm 0.65 0.60 0.50
control 287nm 0,65 0,62 0,60
ZP471 287nm 0,65 0,62 0,65 b ko ko
control 290nm 0,7 0,61 0,60
ZP471 290nm 0,75 0,65 0,63 . W .
control 295nm 0,65 0,65 0,6
ZP471 295nm 0,7 0,65 0,6
control 300nm 0,6 0,6 0,55
ZP471 300nm 0,65 0,6 0,5
control 310nm 0,6 0,6 0,5
ZP471 310nm 0,65 0,6 0,55

* significant values compared with the control group at P <0.05, 0.01 and 0.001 to corn plants, ZP471

Helga  hybrid photosynthetic  capacity s
significantly increased (***) 287nm UV-B and
distinctly significant (**) at 290nm (Table 1). Also
hybrid ZP471 is not notice the difference too much
compared to Helga (Table 2). No statistically
significant  differences observed to the other
experimental variants.

Photosynthetic capacity of plants under the
influence of different UVB wavelength does not
change dramatically after the 3rd day of treatment
influence the wavelength of 287nm or 290nm (Fig. 1
¢). Although both wavelengths have a clear influence

on the photosynthetic apparatus it can be observed the
different reaction of the two hybrids. Although in the
first day of treatment (Fig. 1.a, b) hybrid ZP471 has a
lower photosynthetic capacity that is activated on day 3
signs that plants are beginning to adapt to the new
conditions. A lower photosynthetic capacity may be
due to low stomatitis conductivity or to low capacity of
CO2 assimilation in leaves. Under the treatment this
parameter has increased significantly in the groups
treated versus control group. Value of the report Fv /
Fm obtained on the 3rd and 4th at the wavelength of
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287nm were significantly increased in treated

plants compared to control group (Fig. 1). I
In our experiments, as part of the research, we

examined how the wavelength affects photosynthetic

activity of plants in relation to intracellular

accumulation of CO2. Below are presented the results.

Corn plants treated with 287nm wavelength in many

cases have shown a significant increase in

photosynthetic activity compared with the control

group during the 3 days of complete measurements. I
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Fig. 1. Change in induction of photosynthesis compared
to the two hybrids included in the study after 24 h, 72 h
and 96 h of exposure

Table 3. Changing at hybrid Helga photosynthetic activity

Corn plants Wavelength The photosynthetic activity A(umol Period
UV-B CO,m?s<") Day
Day111 | Davy3 Day 4 1 3 4
Control 280nm 5 4.5 4.5
Helga 280nm 6 S5 4.5
Control 287nm 34 4.4 24
Helga 287nm 4.9 2.9 2.1 e e iy
Control 290nm 3.5 3.9 2.9
Helga 290nm 4.7 3.2 2.6 S S **
Control 295nm 34 4 24
Helga 295nm 4.2 4.0 2.4
Control 300nm 3.2 4.2 2.2
Helga 300nm 3.8 4.8 2.8
Control 310nm 3.0 4.80 2.8
Helga 310nm 3.5 4.5 3.5
* significant values from control at P <0.05, 0.01 and 0.001.
Table 4. Changing photosynthetic activity at hybrid ZP471
Wavelength The photosynthetic activity A (umol Period
Gl ki UV-B CO,m?s5) Day
Day 1 Day 3 Day 4 1 3 4
Control 280nm 4.5 3,5 3,5
ZP471 280nm 5 3,5 3,6
Control 287nm 3,8 2,8 2,5
ZP471 287nm 3,9 2,3 2,0 < e e
Control 290nm 3,7 3 2,8
ZP471 290nm 3,8 2,9 2,6 < < <
Control 295nm 3,6 3,2 3,0
ZP471 295nm 3,6 3,2 3,0
Control 300nm 3,5 3,15 3,1
ZP471 300nm 3,55 3,05 3,0
Control 310nm 3,45 3,00 3,0
ZP471 310nm 3,55 3,00 3,0

* significant values from control at P <0.05, 0.01 and 0.001
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Photosynthetic activity is increased at hybrid Helga
after the first day of treatment where the values are
statistically highly significant at a wavelength of 287
and 290nm. A more moderate growth of photosynthetic
activity recorded at hybrid ZP471 at the same
wavelengths indicating a higher tolerance of this
genotype at stress imposed (Table 3). Plant response
after 3 days of exposure to UVB is enhanced in both
hybrids and after 4 days normalize and even diminishes
sign that plants adapt to conditions (Table 4). Our data
indicate the direct effect of UVB on photosynthetic
capacity of plants that can be exploited through
selection of genotypes that show high productivity
(Fig. 3). Such strategies are currently looking to
increase productivity of agricultural plants can have
major socio-economic implications especially in poorer
areas.

CONCLUSIONS

Our data indicate the direct effect of UVB on
photosynthetic capacity of plants that can be exploited
through selection of genotypes that show high
productivity. Wavelength of 287 and 290nm were
increased photosynthetic capacity at hybrid plants
Helga mostly analysed.

The results indicate that low levels lengths
determined  through insignificant changes in
photosynthetic capacity of the low of the report Fv/Fm,
to control group during treatment plants. Energy
produced by photosynthesis is used to synthesize

% 12 s) under the influence of UVB at corn hybrids Helga and

photosynthesis is an important link of productivity
growth strategies and recent data shows that
photosynthesis is able to induce an increase in
production when other factors are not limiting during
the life cycle of the plant. Even the smallest net growth
rate can turn into a significant increase in biomass
production since carbon assimilation is integrated

throughout the period of plant growth and
development.
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