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Introduction

Plants have to deal with various complex types of interactions involving
numerous environmental factors such as temperature, light intensity, water
availability and soil composition. When the environmental factors extend beyond an
optimal range which is characteristic for a particular species, the plant will be
subjected to a varying level of stress. There are stress sensitive and resistant plants
based on the effectiveness of the protective responses caused by stress. The resistance
of the plant to withstand various stress factors plays a vital role for its growth and
development. The most important concept of agricultural plant breedings is to
gradually form stress resistant crops from stress sensitive cultivars. So breeding of
plants for tolerance to various environmental stresses drought, salinity, temperature
and desiccation needs proper understanding of physiological characteristics and
natural variations.

Growth and yield are functions of a large number of metabolic processes, which
are affected by environmental and genetic factors. Studies of growth pattern and its
understanding not only tell us how plant accumulates dry matter, but also reveals the
events which can make a plant more or less productive. The need to bridge the gap
between genotype and phenotype, correlate gene function, discover plant
performance, mechanisms and adaptations of plant responses to the environment
could be solved by using fast and high resolution plant phenotyping tools. Mining
natural variations of plant physiological growth and correlate aspects of agronomical
and morphological’ traits provides a powerful tool for optimising crop productivity.
Our approach was based on the prediction and characterisation of photosythetic and

phenotyping parameters which correlate with physiological trait characteristics. We



studied important plant physiological traits in drought, salinity, desiccation and

biomass production models along with natural variations.

Main objectives of the thesis

Our research group has been working for years in the development of a complex

stress diagnostic system which could be used for studying and characterising plant

growth and development under various stressfull conditions. Our primary interest here

was to correlate natural variations of physiological responses using photosynthetic

and phenotyping tools. By considering these main objectives, our aims were:

1)

2)

3)

4)

5)

To characterise key physiological and economically important traits ’biomass
and grain yield’using our complex stress diagnostic protocols.

To compare the yields of biomass and grain production based on the
phenotypic and photosynthetic parameters obtained during biomass
accumulation and grain filling period.

To evaluate prediction of biomass and grain yield based on the photosynthetic
measurements taken from ‘secondary leaves’ of vegetative phase and flag
leaf” of grain filling reproductive phase in sensitive and tolerant wheat
varieties under severe drought and salinity stress conditions.

To monitor the synergistic effects of drought and salt stress in various wheat
cultivars of different geographic origin. To explain the effects of high salt
stress on energy absorption and energy dissipation on the basis of various
parameters from fluorescence induction curves.

To deduce electron flow responses under desiccation and rehydration of the

resurrection plant Haberlea rhodopensis grown in different natural ecotypes.



6) To determine the photosynthetic efficacy of tetraploid willow plants for

enhanced growth and biomass production.

Methods
To address the above questions we chose methods that could connect
morphological, physiological and photosynthetic characteristics in plants.
Mechanisms and efficiency associated with photosystem 11, photosystem I, stomatal
and CO;, diffusion, light absorbance efficiency were correlated with physiological trait
parameters.
Specific methods used were:
» Fast fluorescence and P700 redox kinetics

Gas exchange measurements of CO, fixation rates
Light curves of electron transport responses in photosytem | and 11
Thermal imaging

Digital imaging
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Pigment, proline and relative water content determinations

Summary of findings

Our primary interest in the present work was to correlate natural variations of
physiological responses using photosynthetic and plant phenotyping tools. Our
correlations and characterisation can be useful for the breeders who could select the
varieties according to the stress resistance related beneficial properties plants. The
results obtained by the application of our low cost stress diagnostic system will also
be useful for taking precautionary measures against various stresses before visual

symptoms appear.



» Characterization of biomass and grain yield under severe drought

Non-invasive photosynthetic measurements provide highly useful tools for
making reliable predictions of physiological traits of wheat and other plants. Our
findings demonstrate that the agronomically highly important traits of biomass and
grain yield are not necessarily correlated in wheat and possibly in other cereal crops.
Therefore, phenotyping of biomass responses alone is not sufficient for predictions of
grain yield changes. As a consequence, phenotyping protocols should include grain
yield assessment when the aim is the optimization of grain yield and grain yield
stability under stress conditions.

Our results support the importance of cyclic electron flow in drought stress
tolerance. We can also conclude that changes in physiological parameters show
different responses to drought stress depending on the developmental stage of leaves
in the case of the studied two cultivars. Flag leaves, which serve as grain supporting
leaves show similar response in their CO, fixation, drought factor index, and electron
transport parameters as the grain yield, whereas the secondary leaves, which support
overall green biomass growth show similar responses as biomass accumulation. These
findings are warranted by the presented results for the Cappelle Desprez and

Plainsman V cultivars.

» Characterization of biomass and grain yield traits under salinity and
drought

The responses of wheat to different stress conditions have been analysed and

revealed differences in the effects of salt and drought stress in various wheat cultivars

from different geographical regions (Azerbaijan, Serbia and Austria).



The rate on net photosynthesis, measured by CO, gas exchange, was also
affected most significantly by the combination of salt stress and water limitation.
Accumulation of the osmoprotectant proline, was affected only to a small extent by
water limitation and salt stress when applied separately, but proline was induced
significantly by the combined application of the two stress factors. At the same time,
biomass and grain yield were significantly reduced in drought as well as drought plus
salt stress combination due to stomatal closure in the source region and decreased
carbon partitioning from the sink region, respectively. But the minor effect of salt
stress under well watered condition shows that agricultural crop loss due to salinity

could be prevented by providing normal irrigation.

» Electron transport responses in desiccating Haberlea ecotypes

Compared to the widely investigated, more common shade acclimated one, the
high irradiance acclimated ecotype of Haberlea rhodopensis performs more effective
protective mechanism in its photosynthesis. Under drought stress, the CEF is
enhanced together with constant thermal energy dissipation of the PSII, whereas
under severe desiccation, the PSII complex becomes inactive and acceptor-side
limitation factors start to inhibit the PSI function. Under rehydration, the
photosynthetic function recovers rapidly together with an increase in the CEF that
may contribute to the energy-dependent recovery processes in the metabolism. In
contrast, the shade ecotype showed these protective mechanisms only under severe
desiccation and upon rewatering, all the recovery processes proved to be slower
resulting in a significantly delayed restoration of the photosynthetic functions.

Therefore, growing conditions and acclimation processes on the natural habitat



strongly influence the desiccation tolerance of this homoiochlorophyllous resurrection

plant species.

» Photosynthetic efficiency of willows developed by genome duplication
Higher net CO, uptake rate and increased transpiration through leaves of tetraploid
willows plays a significant role in enhanced growth and biomass production for the
energy willow Salix viminalis L. Light response curves of PSI and PSII revealed
higher electron trnasport rates in the tetraploid leaves analyzed from plants grown
under both field and greenhouse conditions. Chlorophyll and carotenoid levels were
observed to be significantly higher in tetraploid willow genotypes grown in field
conditions, which substantiate the functional characteristics for photosynthetic

efficacy.

OSSZEFOGLALAS

Munkénk célja a novényi biomassza-nOvekedés jellemzése volt
fotoszintetikus merések és komplex fenotipizalasi megkdzelités alkalmazasaval. Az
altalunk felderitett 6sszefliggések és stresszindikatorok fontos alkalmazast nyerhetnek

fokozott stressztoleranciaval rendelkezé novényi vonalak kivalasztasaban.

» A biomassza és terméshozam jellemzése  buzandvényekben

szarazsagstressz alatt

A nem invaziv fotoszintézis mérési mddszerek hatékony eszkdzt biztositanak
a buza és egyéb névények fizioldgiai sajatsagainak jellemzésére. A Cappelle Desprez
és Plainsman V modell buzafajtakon végzett vizsgalataink eredményei azt mutatjak,

hogy olyan mez6gazdasagilag is fontos tulajdonsagok, mint a biomassza és



terméshozam nem  feltétlenul  fliggenek 6ssze a blzaban és  egyéb
gabonandvényekben. Ezért a biomassza-valaszok fenotipizaldsa dnmagaban nem
elegendd a termeéshozamban bekovetez6 valtozasok elérejelzésére. Ennek
kovetkeztében a fenotipizalasi protokolloknak tartalmazniuk kell a terméshozam-
felmérést is, ha a cél a hozam optimalizdldsa és stabilitds biztositasa

stresszkortlmenyek kdzott.

Az eredmények megerdsitik a ciklikus elektrontranszport-folyamatok
jelentdségét a szarazsagtlirésben. Azt is megéllapithatjuk, hogy az élettani
paraméterek valtozasai kiilonboz6 valaszokat mutatnak a levelek fejlettségi allapotatol
fliggben. A magfejlédést kozvetlenil meghatarozd zaszléslevelek élettani
jellemzéinek  (széndioxid-fix&cid, széarazsdgfaktor index, elektrontranszport
paraméterek) valtozasai Osszefliggést mutatnak a terméshozammal. Ugyanakkor a
maésodlagos levelek jellemz6i hasonld Gsszefiiggéseket mutatnak a zold biomassza

felhalmozédasanak tekintetében.

» A biomassza és terméshozam  tulajdonsagainak  jellemzése
buzandvényekben so- és szarazsagstressz alatt

A novényi stresszvalaszok komplex jelemzésére kifejlesztett modszer feltarta a
bluzandvényekben sO- €és szarazsagstressz altal okozott hatdsokban mutatkozd
eltéréseket a kiillonbozd foldrajzi teriiletekrdl (Azerbajdzsdn, Szerbia és Ausztria)
szarmazd fajtdk esetén. A nettd fotoszintézis mértéke, a Co2 gazcserét vizsgalva,
szintén érzékenynek mutatkozott a s6- és szarazsagstressz kombinaciojara. A prolin,
ozmotikus védé fehérje, felhalmozodasat a kiilon kiilon alkalmazott so- €s
széarazsagstressz nem befolyasolta szamottevden, ellenben amikor a két stresszfaktor
egyszerre volt jelen a prolin termel6dés jelentdsen nétt. A biomassza-produkcio és a

terméshozam jelentés csokkenést mutatott szarazsag esetén ¢és kombinalt so- €S



szarazsag stressz kortlményei kozott, aminek oka a sztomazéarddas miatt csdkkent
mértékii CO,-fixalas, illetve a csokkent mennyiségii szervesanyag-allokacio a magok
iranyaba. A megfeleld talajnedvesség mellett elhanyagolhatd hatast okozo sOstressz
arra utal, hogy megfeleld Ontozessel megel6zheté a talaj magas soOtartalma miatt

bekovetkezo termésveszteseg.

> Elektrontranszport véalaszok alacsony és magas fényintenzitdsokhoz
adaptalddott Haberlea dkotipusokban

A Haberlea rhodopensis ndvények rendelkeznek azzal a kolonleges
tulajdonsdggal, hogy viztartalmuk 95 %-anak elvesztése utan is képesek
fotoszintetikus és fizioldgiai aktivitasuk visszaallitasara. Eredményeink szerint a
gyakrabban vizsgalt és elterjedtebb arnyékos fényviszonyokhoz adaptalddott
Haberlea rhodopensis 0Okotipussal szemben a magasabb fényintenzitdsokhoz
akklimatizalédott Haberlea Okotipus sokkal hatékonyabb fotoszintézis védelmi
mechanizmusokkal  rendelkezik.  Széarazsagstressz ~ hatasara a  linearis
elektrontranszport folyamatok fokozatosan géatlodnak, ezzel péarhuzamosan a
fotoprotektiv ciklikus elektron transzport (CEF) hatékonysdga  megndvekszik.
Rehidratacié alatt a fényadaptalt 6kotipus esetén a fotoszintetikus funkciok gyorsan
visszaallnak hidratalt levelekre jellemzO értékekre. Ezzel ellentétben az
arnyékadaptalt dkotipus esetén a regeneracids lépesek lassabbnak bizonyultak, ami a

fotoszintetikus funkciok késleltetett visszaallitasat jelentette.

» Tetraploid energiafiiz fotoszintetikus hatékonysaganak jellemzése

A tetraploid fiizvonalak magasabb nett6 CO,-felvételérdl és level gazcsere-

értékeir6l Kimutattuk, hogy jelentds szerepet jatszanak a fas szaru Salix Viminalis



gyorsabb novekedésében és hatékonyabb biomassza-termelésében. A PSI és PSII
fotokémiai rendszerek hatékonysdga magasabb a tetraploid vonalak leveleiben a
kontroll diploid vonalakhoz képest mind szant6foldi, mind Uveghézi korilmények
kozott. A tetraploid fiz genotipusokban megfigyelheté klorofill- és karotinoid-
tartalom is lényegesen magasabb volt, mint a diploid kontrollban, ami a

fotoszintetikus hatékonysag funkcionalis alapjanak Iényeges eleme.
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