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Drought stress is one of the most important environmental factors in reduction
of growth, development and production of plants. In our study, in order to simulate
water deficit induced by osmotic stress, different concentrations of polyethylene
glycol (PEG) 6000 were used: 10 %, 20 % and 40 %. The goal of the investigation is
to establish the growth and physiological response of annual flowers (Callistephus
chinensis L. and Helichrysum bracteatum) to drought. Seedlings from Callistephus
chinensis L. and Helichrysum bracteatum react individually on the simulated
drought stress, using PEG in controlled (in vivo) conditions — the detected water
deficit varies between 49.9 % to 63.12 % — at 40 % PEG. Changes were identified
in the seedling growth, cell membrane stability and the RWC in plant tissues,
corresponding to the stress duration and increase of the PEG concentration. The
usage of 40 % for 6 days was the maximum admissible for the seedlings from
Callistephus chinensis L. and Helichrysum bracteatum, based on the low percentage
of plants which regained their development.

Key words: Callistephus chinensis L., Helichrysum bracteatum, polyethyleneglycol
(PEG), water deficit, relative water content (RWC, %), conductivity.

According to the climatic forecasts, rainfalls in Southeast Europe, are
expected to increase in winter and decrease during the warm months of the
year in the 21st century. The results from a number of projects show that this
is also true for the Balkan Peninsula (CC-WARE, 2014; CC_WaterS, 2012;
CECILIA, 2011). The established decrease of precipitation as well as the
increase of air temperature range has led to the deterioration of the climatic
conditions in Bulgaria. According to the results of CC-WARE and the River
Water Management Plan 20162020, there is a permanent drought tendency
in the area [15, 24]. The climate change causes stress on the plants that
reduces the growth, development, and yield and production quality.

Drought stress is one of the most important environmental factors in reduction
of growth, development and production of plants [17]. Each studied genotype
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reacts differently to water stress, and even within one species there is a significant
change in tolerance to drought [8]. The research on the physiological mechanisms
of plant resistance in laboratory conditions gives an opportunity to monitor the
specific response of the plants to one of the impact factors [2].

The use of PEG allows to recreate the necessary osmotic potential i.e. the
to simulate soil drought [18, 19, 26, 28]. Water deficiency in plants occurs
due to the inaccessibility of water due to the reduced osmotic (aqueous)
potential of the nutrient medium containing dissolved PEG. In this way,
the drying of the plants is simulated, and the high molecular weight of the
polymer impedes its entry into the tissues [7].

Several authors report that studies have been conducted on the physiological
and adaptive response to simulated water deficiency in vivo and in vitro
conditions on ornamental plants [3, 4, 16, 21, 23, 29, 30, 31]. Relative water
content (RWC) was used as a measure of drought. This index may be useful
for determining the plant leaf water status. The following indicators have been
used to identify the water status of plants and disrupt the organization and
composition of cell membranes: growth, relative water content (RWC) [12,
20, 29] and increased electrolyte loss, established by conductometry [10].
Scientific studies on the response of annual flowers to water deficit are limited
[11]. The work is mainly concentrated in botanical gardens.

The group of annual ornamental species, also known as "summer" flowers,
are the main crops for planting parks and gardens, and for cultivation for cut
flowers. They are the most affected by high temperatures and water scarcity
because they are grown in open areas, their blooms coincide with summer
heat and the root system is shallowly located.

Callistephus chinensis (L.) Nees and Helichrysum bracteatum (Venten.)
Willd. are plants in the family Asteraceae [ 5, 25]. They are annual ornamentals
plants grown in gardens and are important for the floriculture industry for
production cut flowers. The purpose of the investigation was to establish
the growth and physiological response of the annual flowers (Callistephus
chinensis and Helichrysum bracteatum) to drought.

Materials and methods. The study was conducted at the Institute
of Ornamental and Medicinal Plants -Sofia with annual flowers — aster

(Callistephus chinensis), genotype from the Princess group and helihrizum
(Helichrysum bracteatum) — Asteraceae.
The trials were carried out on plants grown from seeds sown in March.
The seedlings used in the experimental production were in the 5—6 leaf stage.
Water stress was simulated by polyethelene glycol (PEG) with molecular
weight (MW) 6000 (Duchefa Biochemie, Netherlands). Water was used as
control in our experiments.
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The seedlings were placed in tubes, which are pre-allocated with 50 ml of
water (control) and aqueous solution causing stress, including PEG (10 %, 20 %
and 40 %), 10 for each concentration and control in 3 replicates.

The exposure duration was six days. In in vivo research, growth was
expressed as the percentage of seedlings’ weight increase after being
cultivated for a certain period (6 days) on 10 %, 20 %, and 40 % PEG,
compared to the initial weight. The membrane damage rate was defined by
the electrolyte leakage from leaves with accounting for conductivity after
stress and was expressed as puS/g fresh weight.

The relative water content (RWC) was measured simultaneously with
electrolyte leakage and calculated by the following formula:

RWC % = (fresh weight — dry weight) / (turgor weight — dry weight) x
100 — according to Turner’s method [27].

The water deficit (WD) was expressed by the following formula:
WD % =1-RWC.

After the stress period plants were transferred to clean water to establish
their capacity for recovery.

The data was analyzed for significance by means of the t-test using
GraphPad Prizm software. The results were statistically significantly
different at P < 0.05 (*), P < 0.01 (**), P < 0.0001 (***) and non-
significances, as respectively, compared to the control.

Results and discussion. Data of this investigation showed that the
negative effect of drought, was reflected in the parameters that indicated the
plants’ water status.

The reported water deficit ranged from 19 % in the control plants to
49.9 % (40 % PEGQG) for the Callistephus, and from 17.5 to 63.12 % for the
Helichrysum (fig. 1). According to the concept of [9], dehydration causing
plant deficiency up to 30 % is considered as mild or moderate stress.

Research showed that in our experimental setting the plants were stressed
in higherr concentrations of PEG. This was reflected on the results obtained
for the plant’s physiological indicators.

As a comparison, water deficit on Tagetes patula var. ‘Usmivka’ was studied
in two experiment variants: 1% in pots in a greenhouse — with reduced watering
regime and 2" in test tubes in laboratory conditions, using different PEG
concentrations. Maximum water deficit (72 %) in plant tissues was reported in
pots, watered once a week, as well as with the usage of 40 % PEG with duration
of 6-day stress period. This corresponded to the highest index of electrolyte
leakage and RWC in plant tissues and reduced plant growth [30, 31].
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Fig. 1. Water deficit (%)
in the plant tissues of Callistephus chinensis L. and Helichrysum bracteatum
at different PEG concentrations and stress duration 6 days

The water content in the total weight of the flowers reaches about
80 %. For the construction of 1 g dry matter flowers use 300 to 800 g of
water. The most sensitive to water shortages are the periods of growth and
flowering [1]. The results show that depending on the applied concentration
of polyethylene glycol, the values of the monitored parameters also change.

With PEG concentration increasing and stress time prolonging, the
leaf relative water content continued to decline. Data in fig. 2 revealed
that addition of PEG affected significantly the growth of seedlings from
Callistephus and Helichrysum.

The seedling grown in the control environment increased their size
slightly to 110.1 +2.1 % for Callistephus and 88.9 +5.8 % for Helichrysum.
With the increasing the PEG concentration, growth decreased proportionally
in all tested varieties with statistical significance of P < 0.0001 *** (fig. 2).

Growth inhibition was found in the both ornamental species, but lower
value was recorded for Helichrysum — 22 %. Compared to the control sample,
the decrease was 60 %.

The same tendency was found in 7agetes ‘Usmivka’ variety. With the
increasing of PEG concentration in culture medium, the growth of the
explants in vitro decreased proportionally. At concentration of 30 % and
40 % PEG the growth was below 50 % compared to the control [31].

When comparing the results of RWC, simulated drought reduces the
RWC in plant cells in the both studied ornamental species — Callistephus
and Helichrysum (fig. 3).
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Fig. 2. Growth of Callistephus chinensis L.
and Helichrysum bracteatum at different PEG concentrations
and stress duration 6 days
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Fig. 3. Relative water content (RWC %)
of Callistephus chinensis L. and Helichrysum bracteatum
at different PEG concentrations and stress duration 6 days

The measured values of relative water content (RWC %) show high
percentage of water content in the tissues of the control plants — 80—-82 %. The
lowest values of % RWC in plant tissues were obtained at 40 % PEG for both
Callistephus and Helichrysum, 50.05 % and 42.6 %, respectively. Different
plant species may have the same RWC values with different amounts of water
in their leaves due to the difference in turgor weight and dry weight according
to [6]. Changes in the RWC were probably caused due to the structural
functional changes ensuring the adaptation of plants to drought.
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Studies on the drought resistance of Amaranthus plants show that
in the control plants, the RWC kept a high rate of tissue water content.
For instance, the RWC of A. tricolor was between 83 % and 92 % and
86—94 % in Amaranthus cruentus. Stress had caused a significant change in
the reported values, and this indicator in Amaranthus tricolor decreased up
to 58 % and for 4. cruentus up to 60 % [23].

The disturbances in the cell membranes due to the action of the high
concentration of PEG, are reflected in the increase of the measured
conductivity values, which for the Callistephus reach up to 1 203 uS/g FW
and for the Helichrysum 1 674 uS/g FW (fig. 4).
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Fig. 4. Electrolyte leakage of Callistephus chinensis L.
and Helichrysum bracteatum at different PEG concentrations
and stress duration 6 days

There is a very significant positive correlation between membrane
permeability and stress level. This effect was increased as drought stress levels
enlarged according to [14]. In this connection, many studies have pointed that
the cell membranes are the initial sites of the stress injury and are damaged
drastically by environmental stress [22]. Leakage will vary in relation to the
membrane’s abilities to take up and retain solutes and thus will reduce changes
in both membrane potentials and membrane permeability [13].

Simulated drought in vitro, using different concentrations of polyethylene
glycol 6 000 (10 %, 20 %, 30 % and 40 %), induced changes in Tagetes
cell membranes. Highest electrolyte leakage rates were recorded at 6th day
4625 +£521 uS/g FW at 40 % PEG [31]. After a period of stress on the PEG
concentration, Callistephus and Helichrysum seedlings were placed for
recovery in water. The transfer of the plants after 6 days from PEG solutions
to pure water, showed a resumption of growth of 100 % for the plants that
were placed at lower concentrations of PEG. For those that were in 40 %
PEG solutions, single plants regained their development. The seedlings of
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Callistephus chinensis L. showed better adaptive response. The percentage
of plants that regained their development was 18 %, while Helichrysum
bracteatum regained only 10 %.

A similar response was observed in the long-term stress period of 6 days
in vitro, unfavorable affected the Tagetes explants. Only 10 % recovered
plants were obtained at 40 % PEG and no rooting was recorded [31].

Conclusions. The obtained results form a guideline for screening
ornamental species for abiotic stresses like drought.

Changes were observed in the seedling growth, cell membrane stability
and the RWC in plant tissues, corresponding to the stress duration and the
PEG concentration increasing.

Callistephus chinensis L. and Helichrysum bracteatum react
individually on the simulated drought stress, using PEG (10 %, 20 % and
40 %) in controlled (in vivo) conditions. The detected water deficit varies
from 49.9 % to 63.1 % — at 40 % PEG.

The growth of the seedling proportionally decreased with the increase of
polyethylene glycol concentration from 10 % to 40 % and the growth was
below 50 % at 40 % PEG vs. the control sample.

The usage of 40 % of PEG, used for 6 days was the maximum admissible
for the seedlings from Callistephus chinensis L. and Helichrysum bracteatum,
which was based on the low percentage of plants, regained their development.
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MN3YYEHUME BJIUSHUS 11231-6000
HA POCT U ®U3NOIOT'NMYECKHUE ITAPAMETPBI ACTPBI
(CALLISTEPHUS CHINENSIS) U BECCMEPTHUKA
(HELICHRYSUM BRACTEATUM)
B YCJIIOBUSAX IN VIVO

3anpsinosa H. I.

Huemumym 0ekopamusHuIxX u 1eKapCmeeHHbIX pacmeHuil,
2. Cogus, Hezosan, boneapus, e-mail: nadejda_zaprianova@abv.bg

Crpecc OT 3aCyXu SIBISIETCS] OAHUM U3 BaXKHEHIINX (PaKkTOpOB OKpysKaromen
Cpelbl, BRIPaXKAETCs B CHUKCHUH POCTa, Pa3BUTHUS U IPOU3BOACTBA PACTCHHI.
B namewm uccienoBaHun Ut MOACTHPOBAHHUS 1e(DUIMTA BOJIBI, BHI3BAHHOTO OCMO-
THYECKHUM CTPECCOM, UCIIONB30BAIMCh pPa3Hble KOHIICHTPAIUHU MOIUATHICHIITHKO-
15 (II9T7) 6000: 10 %, 20 % u 40 %. Llens nccnemoBanns — yCTAHOBUTH POCTOBBIE
MIPOIIECCHl U (PU3NOIOTHIECKYIO PEaKIHio ofHONeTHUKOB (Callistephus chinensis
L. u Helichrysum bracteatum) na 3acyxy. Caxenust Callistephus chinensis L. n
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Helichrysum bracteatum npOsSBISIFOT HHIUBHAYAIbHYIO PEAKIINIO HA UMATHPYEMBIH
CTpecc OT 3aCyXH, MOZIeTIMpyeMoi uctonb3oBanueM 1317 B KoHTponmpyeMsIX (in vivo)
YCIOBUSIX — 0OHapyKEeHHBIN euuuT Boasl Bapeupyet oT 49,9 no 63,1 % — npu
40 % I12T". bpim BbIsIBICHBI U3MEHEHUSI B POCTE MPOPOCTKOB, CTAOMIIBHOCTH KIIETOU-
HBIX MEeMOpaH M OTHOCHTEIEHOM coziepkannu Bonbl (OCB, %) B TKaHSIX pacTeHWI,
COOTBETCTBYIOLINE NPOIOJDKUTEIIBHOCTH CTPECca U YBEINUCHHUIO KoHeHTpauuu 1101
HUcrnionbzoBarmne 40 % I12I" B Tedenune 6 qHEl ObIIO MaKCHMAJIBHO JTOMYCTUMBIM IS
npopocTroB Callistephus chinensis L. w Helichrysum bracteatum, 0CHOBBIBAsICb Ha HU3-
KOM TIPOLIEHTE PacTEHMI, BOCCTAHOBUBILIMX CBOE Pa3BUTHE.

Knroueevie cnosa: Callistephus chinensis L., Helichrysum bracteatum, monu3Tu-
nenrmukonb (PEG), nedumut Boasl, oTHOCHTENBbHOE conepkanue Boubl (OCB),
MIPOBOIUMOCTb.
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