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ABSTRACT

The potential modifying effect of the synthetic growth regulators Tidiazuron and poliamine diethilentriamine, applied
after gamma-irradiation stress on oats and triticale plants, was studied.

Pot vegetative experiments with spring oats, cultivar Hanza 152, and triticale, cultivar 7251, were carried out. The
plants were grown under controlled conditions and in the phase of stem extension they were irradiated with Cesium-
137 gamma rays, at a dose rate of 6 Gy (oats), and 4 Gy (triticale), and dose intensity of 2 Gy/min. On the day after
the irradiation the plants were sprayed with a radioprotector for the purpose of decreasing the radiation damage. Two
types of protectors were tested: tidiazuron and diethilenthriamine.

The irradiation of oats and triticale plants in the phase of stem extension caused stress, which was detected by the
disorganization of the cardinal physiological processes. The tested synthetic plant growth regulators reduced the
negative effect of the irradiation. The peroxidase activity and the lipid peroxidation were reduced, while the plant
productivity and the photosynthetic pigments were increased, both photosynthesis and transpiration activation were
increased. Independently of the similar effect of both of the substances, polyamine DETA was characterized with a
better modifying effect.

Key words: oats and triticale plants, gamma-irradiation stress, synthetic growth regulator, leaf gas-exchange,
photosynthetic pigments, enzymes.

PE3IOME

WscnenBan Oemie MoanuuupamusaT eheKT Ha CHHTETHYHMS pacTexeH peryinarop THIWa3ypoH M IOJIMaMHHA
JuerunentpuamuH. M3Benen Oelle BereTalMoHEH ChI0B OITUT C TIPOJIETEH OBEC, COPT XaH3a M TPUTHKale copT 72
51. Pactenusira 0sixa OTIVIeZIaH| IPU KOHTPOJIMPAHH YCIIOBUS U BBB (paza BpeTeHeHe 0sixa o00nbueHu ¢ rama-ipun (Cs-
137), no3a 6 Gy (oBec), u 4 Gy (TpuUTHKaJIE), IPU MOIITHOCT Ha f03aTa 2 Gy/min. Ha cieapamiust aeH Osixa TpeTUpaHU
C IMMOCOYCHUTE PACTEKHHU BEIIECTBA.

YeranoBeHo Oerre, 4e 00bYBAHETO HAa OBEC M TPUTHKAJIE NMPEAN3BUKBA CTPEC B PACTEHUsITA, KOWTO ce M3pa3siBa B
MOATUCKaHE Ha (PU3UOJIOTHYHKTE TIpoliecH. [IpriokeHnTe BelecTBa HaMalsIBaT HeraTUBHUS €(peKT 0T 00IbYBaHETO.
JlumuiHaTa nepoKCHIaNys 1 aKTHBHOCTTA Ha €H3MMa MepOKCH1a3a HaMaJIsBart, I0OKaTo POAYKTHBHOCTTA, CKOPOCTTA
Ha (OTOCHHTE3aTa M ChIBbPKAHUETO HAa (DOTOCHHTETHYHUTE MUTMEHTH C€ TOBHIIABA MPU TPETUPAHUTE PACTEHHSI.
HeszaBrcnmo OoT cXofHUS XapakTep Ha BellecTBara, MOJMaMUHbBT AUETHICHTPUAMUH CE XapaKTepusupa ¢ 1no-100bp
MomuduIHpant ePeKr.

KntouoBu AYMU: oBeC U TPpUTUKane, rama-pagmalnoHeH CTpec, CUHTETUYHU pPacTeXHWU perynaTtopu, JIMCTeH rasoo6MmeH,
(t)OTOCVIHTeTW'IHVI MUTMEHTH, eH3UMW.
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INTRODUCTION

The importance of the problem of the radioactive
contamination of agricultural products is determined by
the necessity to find ways of restricting and reducing the
effects of this phenomenon.

The irradiation of plants with high doses of gamma-rays
disturbs the synthesis of nucleic acids [8], proteins [14],
hormone balance [10], leaf gas-exchange [12], water
exchange, and enzyme activity [13]. The morphological,
structural, and functional changes depend on the intensity
and the duration of the gamma-irradiation stress.

In the case of moderate stress, the adaptability capacity
of the plants is preserved and the observed changes
are reversible. The plant growth regulators (auxines,
gibberellines, cytokinins, etc.) and their synthetic
analogues stimulate the plants physiological and
biochemical processes. This provides an opportunity to
use them as antidotes to different types of stress [1, 9].
There are only few studies on the effect of the synthetic
plant growth regulators and polyamines on plants, that
have already been subjected to gamma-irradiation stress
[11, 12, 13].

The potential modifying effect of the synthetic growth
regulator Tidiazuron and polyamine DETA, applied after
gamma-irradiated stress on oats and triticale plants, was
studied.

MATERIAL AND METHODS

Pot vegetative experiments with spring oats, cultivar
Hanza 152, and triticale, cultivar 7251, were carried out.
The plants were grown under controlled conditions and
in the phase of stem extension they were irradiated with
Cesium-137 gamma rays, at a dose rate of 6 Gy (oats),
and 4 Gy (triticale), and dose intensity of 2 Gy/min. On
the day after the irradiation the plants were sprayed with a
radioprotector for the purpose of decreasing the radiation
damage. Two types of protectors were tested: tidiazuron
(TDZ) and diethilenthriamine (DETA) in a concentration
of 10° M.

The experimental pattern included: control plants,
irradiated plants, irradiated and TDZ-treated plants,
irradiated and DETA-treated plants.

On the 15" day after the irradiation the leaf
gas exchange elements were determined by means of
a portable infrared gas analyzer LCA-4 (Analytical
Development Company Ltd., Hddesdon, England)
equipped with a PLCB-4 chamber. The plastid pigments
content was determined according to Lichtenthaler, [7].

For the purpose of measuring the lipid peroxidation,
the thiobarbituric acid (TBA) test, which determines
malondialdehyde (MDA) content, was applied [4].
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Peroxidase (POD; EC 1.11.1.7) activity was determined
according to Herzog and Fahimi [5]. The POD activity
was expressed as AA, g (FM) min.

The degree of the irradiation damage and protection was
recorded at the end of the vegetation period following
some productivity indexes: height, average grain
number, grain weight, productivity.

Three independent experiments, each with 5 repetitions
per treatment, were conducted. The results showed
similar tendencies. The present research provides data
from a single representative experiment. The significance
of the differences between control and each treatment
was analyzed by Student’s criterion [15].

RESULTS AND DISCUSSION

The results representing the changes in the parameters
of the leaf gas exchange in the control, irradiated and
recovered triticale plants are shown in Table 1.

It is evident that in the plants, irradiated in the phase
of stem extension, a tendency to slow down the leaf
gas exchange was observed. The photosynthesis rate in
triticale plants was suppressed by 31% and this inhibition
was stronger than the transpiration intensity —23%. In the
treated plants an increase of the photosynthesis rate was
observed, and in the case of TDZ treatment it reached
90%, while in the case of DETA treatment it was 85%.
The same tendency was recorded with respect to the
transpiration intensity.

The data obtained with regard to the oats leaf gas exchange
showed similar tendency. The transpiration intensity in
the irradiated plants was lower — 25%. For both TDZ and
DETA a recovery effect was recorded. After the DETA
treatment it remained only 2% below the control level.
There could be several reasons for the reduced
transpiration in the irradiated plants: reduction of the
photosynthetic leaf area, suppressed growth of the root
system, and the consequent disturbed water supply and
stomata cells closure.

The data on the condition of the stomata apparatus show
that in the irradiated plants the stomata conductance
suffered negative changes. The quick loss of water in the
leaf tissues caused hydro-passive stomata closure, aimed
at restricting the water loss. This, in turn, had negative
effect on the photosynthesis rate due to the restricted
access of CO, to the mesophyll cells. In the treated
plants, a tendency towards an increase of the stomata
conductance was observed, and in triticale it was with
20-25% above the control, while in oats, it was near the
control.

The functional activity of the photosynthetic apparatus
depends to a great extent on the content of and the
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Table 1. Effects of TDZ and DETA on the Net photosynthesis rate (Py -[pmol (CO,) m-2 s-1]). Transpiration
rate E- [mmol (H,0) m™ s']); Stomata conductance ( g -[mol m™s']) Chl “a” and “b”and Car (mg/g). All
parameters were measured 5 d after application. Means £ SE n=5 * P< 0.1. ** P<0.01. *** P <0.001.

Ta6muua 1. Edpexr na TDZ n DETA Bbpxy ckopoctTa Ha porocuntesara (Py -[umol (CO,) m-2 s-1]).
Tpaucrmpauusita E- [mmol (H,0) m™ s™']); Veruunara nposoammoct ( g -[mol m™ s']) u chappxanuero Ha

murmenTr Chl “a”

“b” Car (mg/g). Benukn nokaszarenu ca ot 5 uamepBannsi, £ SE n=5 * P< 0.1.** P

<0.01. *** P <0.001.

Parameters Py E gs Chl. “a” Chl. “b” Carotenoids
Triticale
Control 6.15+0.45 395+0.18 0.025 0.831+0.02 0.368+0.03 0.275%0.04
4 Gy 425+0.38** 3.05+0.15 0.020 0.845+0.02 0.37240.02 0.290£0.06
4 Gy+ TDZ 525+0.28 3.55+0.30 0.042 0.830+0.04* 0.355+0.01* 0.265%0.01**
4 Gy+ DETA 5.52 +0.26* 3.85+0.18 0.045 0.842+0.03**  0.370+0.03 0.260£0.02*
Oats
Control 6.55+0.55 3.85+0.15 0.060 0.855+0.01 0.37240.05 0.27840.02
6 Gy 495+0.18 295+0.15 0.045 0.820+0.04 0.37240.06 0.280%0.03
6 Gy+ TDZ 6.25+0.28* 3.75+040 0.056 0.842+0.05 0.32540.03 0.265+0.01**
6 Gy+ DETA 622 +0.35%* 3.65+021* 0.059 0.850+0.02** 0.375+0.02**  0.270+0.01**
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Fig. 1. Effect of TDZ and DETA on lipid peroxidation (LP-[nmol (MDA) g (FM)]) and peroxidase activity
(POD-[AA47 g (FM) min'] ) in gamma-irradiatiated plants of triticale and oats.

®urypa 1. Epexr na TDZ u DETA Bbpxy munuanata nepokcupaunus (LP-[nmol (MDA) g™ (FM)]) u
aKTMBHOCTTA Ha nepokcuaasata (POD-[AA4z g (FM) min'] ) B raMa-o6/rbueHy pacTeHHs TPUTHKANE H OBEC.

interaction between the photosynthetic pigments,
participating in the light reactions of the photosynthesis
itself. The results regarding the plastid pigments content
show that both TDZ and DETA were characterized with
a modifying effect in the irradiated triticale and oats
plants with respect to the three indexes — chlorophyll a,
b, and carotinoides (Table 1). Apart from stimulating the
pigments biosynthesis, they at the same time restricted
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their decomposition.

The results from the analysis of the lipid peroxidation
and the peroxidase activity are presented in Figurel and
show similar tendency in both plants.

It is evident that under the stress conditions the activity of
the antioxidizing enzyme peroxidase (60-70%, in oats and
triticale, respectively), as well as the lipid peroxidation,
were increased. The physiological role of the peroxidase
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Table 2: Effect of TDZ and DETA on the some parameters of the productivity in the
gamma-irradiated triticale and oats plants in the phase of stem extension.

Tabnmma 2: Edexr nva TDZ u DETA BBpxXy HSIKOM MOKa3aTeld Ha MPOLYKTHBHOCTTA
Ha TPUTHKAJE U OBeC, OOTBYCHHU BHB (pa3a BpeTeHEeHe.

Parameters Height of plants (cm) Number of Weight of Productivity (%)
grains/plant grains/plant(g)
Triticale
Control 56.93 £0.85 40.42+0.55 1.04+0.10 100
4 Gy 42.37 £0.62 27.20+0.72 0.70+0.09 43.75
4 Gy+ TDZ 52.17+0.82 ** 30.80+0.44** 0.75+0.05 53.9
4 Gy+ DETA 53.37£1.11%* 35.1140.25%** 0.924+0.02*%* 69.23
Oats
Control 58.38 +£0.43 35.73 £0.74 0.86 +0.04 100
6 Gy 38.05+0.50 25.45+0.78 0.51+0.02 40.90
6 Gy+ TDZ 41.20 £ 1.05%* 28.20 + 0.80** 0.65 £ 0.04** 53.99
6 Gy+ DETA 48.36 £ 0.60%** 30.08 £ 0.62%** 0.71 £ 0.03%** 71.70

** P<0.01; *** P<0.001

found expression in neutralizing the “harmful” oxygen
radicals which oxidize substances important to the
cells. The increased lipid peroxidation, as a reaction of
the plants to the gamma-irradiation, showed that free
oxygen radicals (ROS) were produced, which damaged
the cell membrane. After treatment with TDZ and DETA
a positive change occurred — the deviation amplitude
from the control decreased considerably for both
indexes. For the peroxidase it was 15-20%, and for the
lipid peroxidation — from 30 to 40%. The plant growth
regulators reduced ROS and decreased the peroxidase
intensity. This tendency was more clearly expressed in
oats. According to some authors, the greater the plant
radioresistance is, the greater the radiomodificator effect
is.

The results from the elements of productivity of triticale
and oats plants are shown in Table 2. It is evident that
severe gamma-irradiation received during the most
radiosensititive phase of the ontogenesis of the cereal
plants strongly reduced the basic indexes determining the
plant productivity. The irradiation suppressed the growth,
as a result of which, the height of the irradiated plants
was reduced.

The greatest level of reduction was observed with respect
to the number and weight of the grains per plant — they
were reduced with 33% (triticale), and 29% and 41%
(oats), respectively, in comparison with the non-irradiated
control plants. The gamma-irradiation in the phase of stem
extensions strongly affected the formation processes in
the raceme (cluster), as a result of which the productivity
was reduced considerably — with 56% (triticale) and 59%
(oats), in comparison with the control.
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According to some authors [2, 3], there is a certain
correlation between the radiosensitivity of the plants
during the different development phases and their
capacity for postirradiation recovery. According to
them, during the plants ontogenesis, the morphogenesis
phases, connected with the appearance of the generative
organs, are characterized with the lowest radioresistance.
The considerable decrease of the triticale productivity
as a result of the irradiation is an indicator of strong
suppression of the meiotic processes and of damage
of the generative organs, in case of impact during this
ontogenesis phase. The pretreatment of the plants with
TDZ and DETA increased considerably the height of
the irradiated variants. The number and weight of the
obtained grains were increased as well. As a result of
this, the productivity of triticale plants increased with 9%
(TDZ) and 25% (DETA), in comparison with the non-
treated irradiated variants. The application of DETA had
a similar effect on the productivity of oats. The obtained
results confirmed the already existing data about the
application of the synthetic growth regulators TDZ and
polyamine DETA as antidotes of gamma-irradiation
stress. They had positive effect on the damaged
physiological processes in the gamma-irradiated plants
and increased the productivity. The exogen applications
of them can partially compensate the endogen deficiency
of these substances [6].

CONCLUSIONS

The irradiation of oats and triticale in the phase of
stem extension caused stress in the plants, which found
expression in disorganization of the physiological

Journal of Central European Agriculture Vol 8 (2007) No 2



EFFECT OF TIDIAZURON AND DIETHILENTRIAMINE ON GAMMA-IRRADIATED OATS AND TRITICALE PLANTS

processes.

The tested synthetic plant growth regulators reduced the
negative effect of the irradiation.

This found expression in both photosynthesis and
transpiration activation, as well as in the increased
amount of the photosynthetic pigments. The peroxides
activity and the lipid peroxidation were reduced, while
the plant productivity was increased.

Independently of the similar effect of both of the
substances, polyamine DETA was characterized with a
better modifying effect.
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