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The Laboratory of Plant Physiology at LIH was established on 16" of April, 1988. From
the beginning the striving was to create the modern scientific base and an actual topic for
the researches. Today there is established the phytotron complex with 10 climate chambers,
experimental greenhouses and vegetative field. The laboratory is provided with automatic
equipment for analysis of plant physiological processes, there are high-performance liquid and
gas chromatography systems and other analytical equipment.

The following main scientific directions were formed in laboratory: plant morphogenesis,
flowering initiation, ecophysiology, photophysiology and plant productivity physiology.
The main subjects of Plant Physiology laboratory are designed for the development of plant
flowering initiation theory and for investigations of plant morphogenesis. The model of flowering
initiation in wintering and biennial plants was developed in the laboratory (P. Duchovskis). The
mechanisms of photo and thermo induction, evocation and flower initiation and differentiation
are investigated. The role of phytohormones, carbohydrates and other metabolites is analysed in
these processes (P. Duchovskis, G. Samuoliené, A. Urbonavicitte, G. Sabaj eviené, A. Kuril¢ik).
The possibility to understand and manipulate the processes of plant growth and development
permits to intensify the technologies in horticulture.

The photophysiological investigations are carried out on purpose to design the new
generation semiconductor lamps for plant irradiation in greenhouses, phytotron and for in vitro
R. Ulinskait¢). The parameters of such lamps can be very easily changed or programmed, thus
allows to control plant photosynthetic, photomorphogenetic, phototropic processes and to affect
the trend of plant metabolic processes. These works are carried out together with physics of
Vilnius University (prof. A. Zukauskas). The significant results presumed to attract the private
capital for the patent of these data and for the expanding of new plant irradiation technology
business. The offset company UAB HORTILED was established.

Very important direction of our investigation is the influence of unfavorable natural and
anthropogenic factors on plant physiological and biochemical indexes. Also it is important
to determine the tolerance rate and adaptivity for various stresses and concurrent capacity in
conditions of volatile climate and environmental pollution (A. Brazaityté, J. Sakalauskaité,
the complex works, which are carried out with other institutions of agricultural and biological
profile. The final goal of these investigations is to formulate the recommendations for the
stability increasing in agriculture and forestry, rural and forest ecosystems.

The physiological investigations of field vegetables and other crop and garden plants are
expanded in our laboratory (A. Brazaityté, J. B. Sik&nianiené, G. Sabajeviené, P. Duchovskis). It
allows to notice on time the variation of photosynthetic parameters and to control these processes



by technological means on purpose to improve plant productivity and quality of production.

It was published over 500 scientific publications, whereof 250 in international, Lithuanian
and foreign publications. There was defended 1 degree of habilitated doctor and 4 doctoral
degrees.

Currently there are working tree research workers, two technicians and six PhD students
are studying in the laboratory of plant physiology.
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Introduction. The methods of plant physiology play an important role solving
theoretical problems and these of the applied agriculture. The knowledge of the
physiological regularities of plants allows solving the questions of plant production
quality. The main problems, which were solved in recent decades by the physiologists of
LIH increasing the efficiency of agriculture were as follows: plant morphogenesis and
flowering initiation (Duchovskis, 1995, 1996, 1998, 2000, 2004, 2006; Duchovskiené,
1996, 2000; McCall, Brazaityt¢ 1997; Bandaraviciené et al., 1999; Duchovskiené
et al., 1999, 2000, 2004; Duchovskis et al., 20002, 2000°, 2003, 2004; Sik$nianiené
et al., 2000,; Siksnianiené, 2002, 2005, 2006; Samuoliené et al., 20052, 2005°, 20062,
2006°, 2006¢, 2007, 2008; Samuolien¢, 2007), the physiology of plant productivity
(Brazaityté, 1996, 1998, 1999, 2000; Celkiené, 1998, 1991; Brazaityje, Jankauskiene,
2000; Tarvydiené et al., 20042, 2004°; Baranauskis et al., 2005; éabajeviené et al.,
2005, 2006°, 2007; Sik$nianiené et al., 2006, 2007; Tranavi¢iené et al., 2007), and plant
production quality (Karitonas et al., 1996, Rubinskien¢ et al., 2006), optimization of
photophysiological processes (Brazaityté et al., 1994, 2004, 2006; Jankauskiené et al.,
2001, 2002; Bliznikas et al., 2004; Samuoliene et al., 2004, 2006¢; Tamulaitis et al.,
20042, 2004, 2005; Ulinskaité et al., 2004; Grishenkova et al., 2006; Urbonavicitté
et al., 20072, 2007° Kuril¢ik et al., 2007, 2008), resistance to ecological stress and
adaptivity (Duchovskis, 1998 Gelvonauskis et al., 1999, 2000; Duchovskis et al.,
2001, 20037, 2005, 2006, 2007; Brazaityté et al., 2001, 2005, 2007; Bashmakov et al.,
2005, 2007; Rakleviciené et al., 2005; Juknys et al., 2006; Sakalauskaité et al., 2006?,
2006°; Urbonavidiuté et al., 2006°, 2006°; Baranauskis et al., 2006; Ramaskevi¢iené
et al., 2006; Sabajeviené et al., 2006 Lukatkin et al., 2007; Juozaityté et al., 2007;
Sakalauskiené et al., 2007, 2008), the increase of seed growing efficiency and seed
quality (Staselis et al., 1996, 1999; Orentiené et al., 1998, 2000; Duchovskis et al.,
2001; Siksnianien¢ et al., 2006).

Productivity of plants and the desirable quality indices realize themselves in
ontogenesis. Therefore, it is very important to learn to control plant physiological
parameters in the different stages of growth and development. The theory of plant
flowering initiation created in Plant Physiology Laboratory of LIH formed the basis
for the control of plants morphogenesis by technological means in the desirable
direction (Duchovskis, 1995, 1996, 2000, 2004; Duchovskiené, 2000; Siksnianiené,
2002; Samuoliené, 2007).

Very important investigations are carried out in order to optimize photosynthetic
indices of field and vegetable crops and orchards. They allow establishing the
possibilities to increase plant productivity by technological means and to improve
production quality (Brazaityté, 2000; Tarvydiené et al., 20042, 2004°; éabajeviené
et al., 2005, 2006, 2007; Tranavi¢iené et al., 2007; Sik§nianiené, 2006, 2007).



When the energetic expenditures increase, the problem of the improvement of
greenhouse plant growing technologies becomes more and more actual. Scientists of
laboratory participates in the national project of high technology program PHYTOLED.
The lamps made on the basis of the semiconductor illuminators (LED) present unique
possibility to coordinate the optimal light spectrum, flux, photoperiod and frequency
of impulses for the effective control of photosynthesis, morphogenesis and quality
parameters for every plant variety (Samuoliené et al., 2004, 2006¢; Tamulaitis et al.,
20042, 2004°, 2005, Urbonaviciateé et al., 20072, 2007°; Kuril¢ik et al., 2007, 2008).
The new technical possibilities in the field of plant irradiation gave a big impulse to
expand the photophysiological investigations of the greenhouse plants.

During the recent decades the problems of the influence of climate and
anthropogenic environmental factors on plants become still deep relevant. They are
connected with the disintegration of ozone layer of stratosphere, increase of the flux
of ultraviolet rays, the rise of temperature. Ecophysiological works are conducted at
the laboratory from 2000 (Duchovskis et al., 2003). It is intend that these results will
influence the development of the conception of the ecological agriculture and will form
the basis for the creation of the strategy of plant selection in the future.

Lately the significant progress in biology and technique allowed the creation
of automatic plant investigation systems, which help physiologists to realize the
conception of “conversation with the plant”. This field in plant physiology is called
phytomonitoring (Rrazaityté, 1996, 1998, 1999, 2000; Brazaityté¢, Duchovskis,
1999; Brazaityté, Jankauskiené, 2000; Duchowski, Brazaityté, 2001). Methodology
and equipment of phytomonitoring allow the conducting of investigations in vivo,
without plant injures, in dynamics, at the same time observing several necessary
parameters of plant and its environment.

The aim of the investigation was to present the trends of physiological scientific
works, carried out at LIH and connected with the increase of the efficiency of
horticulture and the improvement of production quality.

Object, methods and conditions. Ontogenetic aspect of investigations is
characteristic to all works of laboratory. Method of vegetation experiments (Zurbicki,
1974), morphophysiological method (Kynepmasn, 1977), methodology and methods
of phytomonitoring (Ton, 1996; Uneaunkuii et al., 1997), methods of liquid
chromatography (Fernandez-Orozco et al., 2003; Wang et al., 2003) are applied
in the laboratory on a large scale; spectrophotometric methods for various indices
(I'aBpunenko, Xeiranmosa, 2003; Ragane et al., 2006; Janghel et al., 2007;) and the
other substances were investigated.

There was established the phytotrone complex with 10 climate chambers,
experimental greenhouses, vegetative and ex sifu fields at the laboratory. Besides the
equipment characteristic to the Plant Physiology Laboratory, the investigations were
conducted with the unique automatic plant investigation systems “Ekoplant-11"" and
“LPS-3”. There are two systems of chromatography of liquids with fluorescence,
diode array and refractive index detectors and gas chromatographer with MS at the
laboratory.

Morphogenesis and flowering initiation of plants. The
control of plant morphogenesis is important for the technological aspects. Moreover,
the acceleration of the change of plant generations in phytotrons, greenhouses, climate



chambers, the other installations of the artificial climate allows accelerating significantly
the selection process. The investigations of plant ontogenesis are intensively carried
out in Plant Physiology Laboratory of LIH. The new plant flowering initiation theory
was created (Duchovskis, 1995, 1996, 2000, 2004; Duchovskieng, 2000; Siksnianiene,
2002; Samuoliené, 2007). According to this theory, the stages of flowering initiation
are as follows:
Flowering induction — evocation — flower initiation — gamete initiation —
destruction of flowering stimulus

On the basis of this theory the new conception about the character of two periods
—flowering induction and evocation of wintering plants was created. According to this
conception, the first flowering induction period under natural conditions is stipulated by
photoperiod (photoinduction period) and realizes itself in leaves through phytochrome
system. The metabolites of this period are transported to the apical meristems and as a
result of their activity the expression of organogenesis genes of inflorescence axis occurs
(the first evocation stage). The first evocation period ends at the complete development
of inflorescence axis (III organogenesis stage according to F. Kuperman (1977)).
The second flowering induction period is conditioned by low positive temperatures
(thermoinduction period) and occurs in the growth apex. The stimulus of the second
flowering induction stage de-blocks the genes of the second evocation period. The
morphological expression of evocation period is the development of the elements of
inflorescence axis (IV" organogenesis stage). Dependently on the type and degree of
development of the wintering plant, these processes may occur in autumn, winter, but
most often — in spring. The first and the second periods of flowering induction may
occur together (in the II™ organogenesis stage) or in consecutive order (in the 1™
and III" organogenesis stages), or thermoinduction period may pass even earlier than
photoinduction period, but the periods of evocation pass only in consecutive order
(Duchovskis, 2000).

Lately a lot of attention is paid to the role of pigments photosynthetic system,
system of phytohormones, sugars and other metabolites, also on the light spectrum and
flux in the different periods of flowering initiation (Samuoliené et al., 2005%°, 2006,
2007, 2008; Samuoliené, 2007).

These works are good theoretical basis to control the plant growth and development
and to create the methods of the accelerated growing of plant generations under the
conditions of the artificial climate.

Plant productivity and quality realizes itself in ontogenesis. Plant requirements
to the environmental factors and the elements of nutrition differ in ontogenesis.
Investigations showed that it is possible to optimize the growth factors in the different
periods of development by technological means (Brazaityté, 1998; Tarvydiené et al.,
2004>; Zebrauskiené et al., 2001).

Photophysiological investigations. The photophysiological
investigations are carried out on purpose to design the new generation semiconductor
lamps for plant irradiation in greenhouses, phytotrone and for in vifro cultivation
systems (Bliznikas et al., 2004; Brazaityté et al., 2004, 2006; Samuoliene et al., 2004,
2006¢; Tamulaitis et al., 2004¢, 2004°, 2005; Ulinskaité et al., 2004; Grishenkova et al.,
2006; Urbonaviéitte et al., 20072, 2007°; Kuril¢ik et al., 2007, 2008). The parameters
of such lamps can be very easily changed or programmed, thus allows to control plant



photosynthetic, photomorphogenetic, phototropic processes and to affect the trend of
plant metabolic processes. These works are carried out together with physics of Vilnius
University (prof. A. Zukauskas). The significant results presumed to attract the private
capital for the patent of these data and for the expanding of new plant irradiation
technology business. The offset company UAB HORTILED was established.

Physiology of plant productivity. In recent years a lot of attention is paid to the
investigation of photosynthetic parameters of field crops (Brazaityté, 1998; Tarvydiené
et al., 2004*%; Siksnianiené et al., 2006, 2007; Tranavi&iené et al., 2007) and orchards
(Sabajevien¢ et al., 2005, 2006°, 2007). These investigations allow to notice the factors
during vegetation timely, which reduce the productivity and quality and to optimize
them by technological means.

Methodology of phytomonitoring allows effectively observe plant physiological
parameters during vegetation and control them by the technological means. This
presents the opportunity operatively to correct the technologies of growing and to
obtain more and qualitative production. This methodology of investigation especially
justified itself in the closed systems of growing, for example, in greenhouses, where
there is an opportunity to control more parameters of growing. Especially good results
were obtained with tomatoes and cucumbers in greenhouses (Brazaityte, 1996, 1998,
1999, 2000; Brazaityté at al., 1999; Uselis et al., 2007).

Ecophysiological investigations. The laboratory participates in the ecophysiological
projects of the national program of priority trends. The aim of these investigations
was to establish plant reaction on the stress of ozone, CO,, temperature, heavy metals,
acidity of substratum, UV-B and their complex influence, to reveal the possibilities of
plant adaptation and competition in the background of the increased environmental
stress and to prevision plant growing strategy for the nearest decades.

Many stress factors arouse homeostasis mechanisms and plants become more
resistant to the additional stress. Nevertheless, in different cases, the stress influence
on the environmental factors sums up (Duchovskis et al., 2003*; Brazaityté et al., 2005,
2006, 2007; Baranauskis et al., 2006; Sakalauskaité, 2006%, 2006°; Sakalauskiené et al.,
2007, 2008). Plant sensitivity to the different stress factors isn’t the same (Bashmakov
et al., 2005; Brazaityté et al., 2006; Juknys et al., 2006). Weeds most often are more
resistant to the environmental pollution, what helps them to compete for nutrients and
light (Kavaliauskaité et al., 2005). We hope that the results of these investigations will
allow modelling the strategy of agriculture plant selection for the nearest decades.

The applied physiological investigations may effectively contribute to the plant
productivity enlargement and quality improvement.

In laboratory there was published over 500 scientific publications, whereof 250
in international, Lithuanian and foreign journals. There was defended 1 degree of
habilitated doctor and 4 doctoral degrees.

Currently there are working tree research workers, two technicians and six PhD
students are studying in the laboratory.

Gauta 2008 04 02
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SODININKYSTE IR DARZININKYSTE. MOKSLO DARBAIL 2008. 27(2).
DvideSimt mety moksliniy ieSkojimy augaly fiziologijos srityje

P. Duchovskis

Augaly fiziologijos laboratorija LSDI jkurta 1988 m. balandzio 16 diena. Nuo pat pradziy
buvo siekiama sukurti §iuolaiking moksling baz¢ bei aktualig tyrimy tematika. Siuo metu prie
laboratorijos ikurtas fitotroninis kompleksas su 10 klimato kamery, eksperimentiniais Siltnamiais,
vegetacine aikstele. Laboratorija apriipinta automatinémis augaly fiziologiniy procesy tyrimo,
skysciy ir dujy chromatografijos sistemomis, kita analitine jranga.

Laboratorijoje susiformavo tokios svarbiausios mokslinio darbo kryptys: augaly
morfogeneze, zydéjimo iniciacija, ekofiziologija, fotofiziologija, augaly produktyvumo
fiziologija. Svarbiausios laboratorijos temos skirtos augaly zydéjimo iniciacijos teorijos bei
morfogenezes tyrimams plétoti. Laboratorijoje sukurtas ziemojanciy, dvime¢iy ir daugiameciy
augaly zydéjimo iniciacijos modelis (P. Duchovskis). Tiriami foto- ir termoindukcijos,
evokacijos, ziedy iniciacijos ir diferenciacijos mechanizmai, fitohormony, angliavandeniy ir
kity medziagy vaidmuo $iuose procesuose (P. Duchovskis, G. Samuoliené, A. Urbonaviciiite,
G. Sabajeviene, A. Kuril¢ik). Galimybeé pazinti ir valdyti augaly augimo ir vystymosi procesus
sudaro puikias prielaidas intensyvinti sodininkystés ir darzininkystés technologijas.

Siekiant sukurti naujos kartos puslaidininkes lempas augalams Svitinti Siltnamiuose,
in vitro kultivavimo sistemose bei fitotronuose vykdomi fotofiziologiniai tyrimai (P. Duchovskis,

Sviesos parametrai lengvai kei¢iami bei programuojami, o tai leidzia valdyti augaly fotosintezés,
fotomorfogenezés, fototropinius procesus bei veikti augaly metaboliniy procesy kryptinguma.
Sie darbai vykdomi su Vilniaus universiteto fizikais (prof. A. Zukauskas). Pasiekti reik§mingi
darbo rezultatai leido pritraukti privaty kapitalg Siems rezultatams patentuoti bei naujam augaly
Svitinimo technologijos verslui plétoti. [kurta dukteriné jmoné UAB HORTILED.

Svarbi tyrimo kryptis — nepalankiy gamtiniy ir antropogeniniy veiksniy poveikis augaly
fiziologiniams ir biocheminiams rodikliams, ju tolerancijos ribos ir adaptyvumas jvairiems
stresams bei konkurencinis pajégumas besikeiciancio klimato ir aplinkos tar§os salygomis
(A. Brazaityté, J. Sakalauskaité, S. Sakalauskiené, G. Samuoliené, A. Urbonavicitité,
G. Sabajeviené, P. Duchovskis). Tai kompleksiniai darbai, kurie vykdomi su kitomis Zemés
tkio ir biologinio profilio institucijomis ir kuriy galutinis tikslas — parengti rekomendacijas
zemes ir misSky tkiui agro- ir misky ekosistemy tvarumui didinti.

Laboratorijoje plétojami lauko darzoviy ir kity augaly pasélio bei sody fiziologijos tyrimai
(A. Brazaityte, J. B. Siksnianiené, G. Sabajeviené, P. Duchovskis). Jie leidzia laiku pastebéti
pasélio fotosintetiniy rodikliy kitima ir veikti Siuos procesus technologinémis priemonémis
siekiant didesnio augaly produktyvumo ir geresnés produkcijos kokybés.

Per 20 darbo mety laboratorijoje paskelbta daugiau kaip 500 moksliniy publikacijy, i$ ju
250 tarptautiniuose, Lietuvos ir uzsienio recenzuojamuose leidiniuose. Apgintas 1 habilituoto
daktaro ir 4 daktaro disertacijos moksliniam laipsniui igyti.

Siuo metu laboratorijoje dirba 3 mokslo darbuotojai, 2 laborantai bei studijuoja 6
doktorantai.

Reik$miniai ZodZiai: augaly streso fiziologija, fitomonitoringas, fotofiziologija, Zydéjimo
iniciacija.
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