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THE ADAPTIVE ABILITY OF CORNUS STOLONIFERA MICHX.
'KELSEYI' IN CHANGING ENVIRONMENT

Daniela BARTOSOVA KRAJCOVICOVA#, Viera SAJBIDOROVA

Slovak University of Agriculture in Nitra, Slovak Republic

Water represents one of the limiting environmental factors having impact on all the processes in plants. Water stress is considered
as the most significant cause of photosynthesis defects. Measuring fluorescence of chlorophyll a is one of the methods revealing
defects in the photosynthetic aparatus. The examination has been carried out on the plants Cornus stolonifera Michx. "KELSEYI’
cultivated in two different irrigation regimes (a regime with 40% substrate saturation and a controlling regime with 60% substrate
saturation). We have used a fluorometer HANSATECH FMS 1 to measure modulated fluorescence of chlorophyll a. A three-week
period of measurement was set between June and August during two years of experiments (2011 and 2012).The selected chlorophyll
fluorescence parameters F /F - maximum quantum efficiency of PSlI; ®PSII - effective quantum yield of PSII; R, — chlorophyll
fluorescence decrease ratio and NPQ - non-photochemical chlorophyll fluorescence quenching, proved to be insensitive to given
water deficit. Cornus stolonifera Michx. ‘KELSEY” appears to be a woody plant capable of water efficiency.
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Conditions for existence of woody plants in the urban
environment can be characterised as substantially changing
in comparison with those in the natural habitat. As a result,
it is crucial to carefully select the taxons capable of such
adaptation. This is the reason why most of the experimental
researches in the field of landscape architecture focus on
research in stress factors having impact on plants in the
urban environment. With regard to global warming, we
perceive a growing lack of water accessible for plants. The
purpose of our experiment is to verify the adaptation ability
of a selected woody plant in the conditions of water stress
in soil by using the method of chlorophyll fluorescence. It
is obvious that the changes in PSII activities are caused by
environmental stress (Repkova, 2004) and as a result, the
changes in the values of selected fluorescence parameters
provide us with information on the reaction and adaptation
abilities of plants in the conditons of environmental stress.
Cornus stolonifera Michx. 'KELSEYI” belongs among the less
demanding woody plants. It is mainly used as a ground-
covering woody plant.

Material and methods

The investigated plant material (Cornus stolonifera Michx.
‘KELSEYI') was obtained from a nursery (vegetatively
reproduction). Specimen are approximately five to six years
old. After the winter, the plants were replanted into the
substrate KlasmannTS3 standard + clay 20 kg/m3; pH 5.5-6 +
fertilizer 1 kg/m®and acclimatised under the foiled coverage
in standard conditions. After rooting, we set a different
irrigation regime based upon the content of water in the
substrate, which had been determined by a gravimetric
method. A half of the plants were irrigated by 60% water
capacity — a controlling variant and a half by 40% water
capacity — a variant with a lower level of substrate saturation
(in the pictures referred to as a stressed variant). A different
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irrigation regime was set through the whole vegetation
period from June to September in the years 2011 and 2012.
The specimen of the investigated cultivar were grown under
a plastic tunnel.

Chlorophyll fluorescence was measured in three plants
from each irrigation regime, i.e. three specimen from the
variant “control” and other three from the variant with
a lower level of substrate saturation. From each individual,
three leaves were chosen totally — one from the lowest
part, one from the middle and one from the top part of
the plant. Chlorophyll fluorescence was carried out on the
same three leaves in the morning hours. For measurement,
we made use of a fluorometer HANSATECH FMS 1 and the
software for data analysis MODFLUOR. We set a three-week
period between June and August in course of the two-year
experiment. In the year 2011, the measurements were
carried out on June 23, July 14 and August 4, 2011 and
in the year 2012, they were done on June 27, July 18 and
August 8, 2012. Modulated fluorescence of chlorophyll
a was triggered by measurement impulse on a shadowed
sample of a leaf. Within 20 minutes, the plants got adapted
to the dark, in the first year by way of leaf clips, in the second
year the clips were replaced by a dark chamber. Modulated
fluorescence of chlorophyll ais measured in accordance with
a given measurement protocole. It is done through an optic
cable with a thermic or a PAR sensor attached to a leaf clip
post to the period of blackout. The measurement protocole
modifies density and period of radiation of the sample by
intense pulse light. The measurement was carried out in the
radiation density of 895 umol m2s (the year2011) and 1515
pmol m?2 s7 (the year 2012). As a result, we obtained the
following fluorescence parameters: F /F - maximum
quantum efficiency of PSII; ®PSII - effective quantum yield of
PSlI; R, — chlorophyll fluorescence decrease ratio and NPQ -
non-photochemical chlorophyll fluorescence quenching.
The statistic significance of relations between the amount
of irrigation (40% and 60% of substrate saturation) and the
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selected fluorescence parameters - F,/F_, ®PSII, R, and NPQ,
was observed by way of a statistic programme STAT GRAPHIC
Centurion XV, a analysis of variance (ANOVA) and the Fisher
LSD homogeneity test on the level of significance a 0.05.

Results and discussion

In the years 2011 and 2012 we have tested sensitivity of
the selected fluorescence parameters - F /F - maximum
quantum efficiency of PSII; ©PSII - effective quantum yield of
PSII; R, — chlorophyll fluorescence decrease ratio and NPQ -
non-photochemical chlorophyll fluorescence quenching to
water deficit in the soil substrate. We discovered that the
water deficit on 40% of substrate saturation has little impact
on the selected fluorescence parameters, which proved low
sensitivity or high adaptation ability of the selected woody
plant to a given level of water deficit.

The main fluorescence parameter to be followed is
the maximum quantum efficiency of PSIl (F /F ), which
represents the maximum photochemical capacity PSII
(Tomekovd, 2010). Bjorkman and Demming (1987) as well as
Vanova and Kummerova (2006) consider such a parameter
as the main marker of a plant’s response to stress. Because
of the environmental stress, its values fall under the level
of 0.75 while the optimum is between 0.75 to 0.85. When
performing our own measurements, we found out that the
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values of maximum quantum efficiency of PSII (F, /F ) have
not changed depending upon the given irrigation regime
(Figure 1). The parameter F /F_appeared to be insensitive
towards water deficit in course of the two years, its average
values ranged from 0.75 to 0.85, which are typical for the
plants in optimal conditions. Our findings on a weak reaction
of F /F_to a relative low level of water deficit match the
results obtained by Naumann et al. (2007) in case of Myrica
cerifera L. a Phragmites australis (Cav.) Trin. ex Steud. On the
contrary, the influence of water deficit on a drop in values
of maximum quantum efficiency of PSlI (F, /F ) was proved
by Gallé and Feller (2007) pri Fagus sylvatica L. and Bauerle
et al. (2003) in case of Acer rubrum L. and Acer x freemanii E.
Murray.

Another parameter to be carefully observed is the
effective quantum yield of PSIlI (DPSIl) which represents
a real extract of active reaction centres of photosystem ||
when processing the absorbed solar energy (Schreiber,
2004). It is known that the values of ®PSIl fall due to
environmental stress. In the first year of experiment we have
observed a statistically-proven decrease in values of ®PSII
in the two irrigation regimes, which means that the plants
have not perceived a difference in the amount of irrigation
as a considerable limiting factor (Figure 2). Yet the period
of duration of water deficit had a substantial impact on the
decrease of ®PSII. In the second year, the values of ®PSII
of the two regimes have not changed at all, not even in
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Figure 1 Changes in the values F /F in particular years (the measurements carried out after 21, 41 and 63 days post to the
initial measurement) var S = stress variant — the variant with a lower level of substrate saturation, var K= controlling
variant
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Figure 2

Changes in the values ®PSIl in particular years (the measurements carried out after 21, 41 and 63 days post to the

initial measurement) var S = stress variant — the variant with a lower level of substrate saturation, var K= controlling

variant
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Figure 3 Changes in the values R, in particular years (the measurements carried out after 21, 41 and 63 days post to the initial
measurement) var S = stress variant - the variant with a lower level of substrate saturation, var K= controlling variant
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Figure 4

Changes in the values NPQ in particular years (the measurements carried out after 21, 41 and 63 days post to the

initial measurement) var S = stress variant — the variant with a lower level of substrate saturation, var K= controlling

variant

course of the period of observation. The results show low
sensitivity of this parameter in a given level of water deficit.
Thus, we are able to assume that the functionality PSIl was
not influenced. The similar results regarding a low reaction
of ®PSIl on drought were obtained by Gallé and Feller
(2007) in case of Fagus sylvatica L. and Munné-Bosch et al.
(1999) in case of Rosmarinus officinalis L. On the contrary,
Gallé and Feller (2007) observed a decrease in ®PSIl in the
conditions of water deficit in case of Quercus pubescens
Willd., as well as was revealed by Peguero-Pina et al. (2008)
in case of Quercus coccifera L.

The following fluorescence parameter to be observed
is a chlorophyll fluorescence decrease ratio (R, ). According
to Lichtenthaler (2000), it represents a crucial parameter to
react to environmental changes and thus it is considered
as the index of vitality of the photosynthetic aparatus.
Rfd represents a decrease in the intensity of fluorescence
from the maximum (F ) to fluorescence in the steady state
(F);R,=F,/F,whereF,=F -F (Hlizova, 2008). Under optimal
conditions, we can observe higher values of R, which reflect
a higher photosyntheticactivity and signalise the adaptation
ability of woody plants (Lichtenhaler et al., 2005). In the
opinion of Pukacki and Modrzynski (1998), plants under
optimal conditions reach the values of R, > 2.3 and under
the influence of abiotic factors the values fall. Lichtenhaler
and Rinderle (1988) state that the values of R, > 3 represent
high effectivity and speed of photosynthesis. Suboptimal
conditions cause the interruption of photosynthetic
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process and they are characterised by a higher intensity of
fluorescence and lower values of R, (Lichtenthaler et al,
1997). In case of individuals of a selected woody plant, we
have not observed any decrease in the values of R, within
the years of our experiment, the values R, were increasing,
which serves as a proof of a low value of water deficit in
a particular taxon, i.e. its resistance against the given water
content in the soil. The duration of water deficit substantially
influenced the increase in values of R, As a result, we can
say that water deficit have not influenced the plants to such
an extent that we might have reported a decrease in the
values R, due to a lower content of water in soil (Figure 3).

The last chlorophyll fluorescence parameter to be
observed is non-photochemical chlorophyll fluorescence
quenching (NPQ). Absorbed solar radiation profits from the
molecule of chlorophylle threefold. In optimal conditions,
the highest amount of radiation is used for photosynthetic
processes. Influence of environmental stress cause the most
of solar radiation to be used for creation of fluorescence
light or is dispersed into heat. The amount of dispersed
heat (NPQ) is considered as a certain protection mechanism
of a plant in an effort to remove excessive solar energy,
which otherwise might have resulted in destructing the
photosynthetic aparatus. The values of NPQ increase due to
the influence of environmental stress.

In course of the experiment, we have revealed
a considerable increase in the values of NPQ of the plants
in each irrigation regime, which proves that they had not
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suffered from water deficit (Figure 4). Duration of water
deficit had a substantial impact on the increase in the values
of NPQ. The parameter NPQ has not showed any difference
between the regimes as described by Gallé and Feller
(2007) in case of Fagus sylvatica L. Excessive dissipation of
heat characterised by an increase in the values of NPQ was
followed by Peguero-Pina et al. (2008) in case of Quercus
coccifera L. and Niinemets and Kull (2001) in case of Tilia
cordata Mill. and Populus tremula L.

Summary

In the years 2011 and 2012 we have tested the sensitivity of
selected chlorophyll fluorescence parameters (F,/F_, ©PSII,
R, NPQ) to the lack of water in the soil substrate on the
cultivar of woody plant Cornus stolonifera Michx. "KELSEY!".
Significant effect of water deficit set at 40% saturation of the
substrate to PSIl has not been confirmed. We experimentally
verified that the cultivar of woody plant is able to adapt to
water scarcity in soil.
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