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DETERMINATION OF SOME PHENOLIC
SUBSTANCES IN SIX DIFFERENT POPULATIONS
OF TURKISH HAZEL (CORYLUS COLURNA L.)
LEAVES AND COMPARISON OF PHENOLIC
FLUCTUATION WITH WATER DEFICIENCY

UTVRBIVANJE FENOLNIH SUBSTANCI KOD SEST
RAZLICITIH POPULACIJA MEDVJEDE LIJESKE
(CORYLUS COLURNA L.) | USPOREDBA FLUKTUACIJE
FENOLA U SLUCAJU NEDOSTATKA VODE

Mustafa ARSLAN', Arzu UCAR TURKER?*, Isa TAS?, Arzu BIRINCI YILDIRIM?, Erva OZKAN?

SUMMARY

Turkish hazel (Corylus colurna L.) is one of the naturally grown hazelnut species in Turkey. It can be easily sepa-
rated from other hazel species with its thick single stem and tall appearance. It can be used in afforestation and
erosion control studies due to low demand for habitat and strong root system. It contains substances with high
medicinal value in its fruits and leaves. Hazel leaves have strong antioxidant activity due to their high phenolic
content. Objective of the study was primarily to determine the individual phenolic constituents of six different
population of Turkish Hazelnut and then to evaluate the effect of water deficiency stress generated by irrigation
regime on phenolic constituents and photosystem II activity on these genotypes. Grafted plants were produced
by taking scions from six different populations of Turkish Hazelnut (Oguzlar, Erenler, Merkesler, Seben, Giiney
Felakettin and Pelitcik). The study was started when the grafted seedlings were 7 years old in greenhouse. During
the experiment (June and July), two different levels of irrigation were applied (W1: the soil was fully irrigated to
reach field capacity in each irrigation; W2: 50% reduction of W1 irrigation water). After the application of two
different irrigation regimes, leaves were collected for each month, dried, extracted with methanol and then quan-
titatively analyzed and compared for individual phenolic constituents (gallic acid monohydrate, caffeic acid, rutin
hydrate, luteolin-7-O-3-D glucoside, kaempferol, rosmarinic acid, myricetin, quercetin, coumarin and apigenin)
by using high performance liquid chromatography (HPLC) coupled with a diode array detector (DAD). Gener-
ally, rutin, kaempferol and luteolin were dominant individual phenols in methanol extracts of Turkish hazelnut
leaves. Pelitcik population was noticeable source of rutin and kaempferol in June, and the halved irrigation regime
significantly increased the levels of both phenols in July. Similarly, the highest total phenolic content was observed
in the Pelitcik population in June and the halved irrigation regime significantly increased the total phenolic con-
tent in both months in this population. It was also determined to what extent water deficiency physiologically
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affects the quantum efficiency (Fv/Fm) of photosystem II activity through chlorophyll fluorescence technique in
hazelnut leaves. Generally, Fv/Fm value decreased with water deficiency. This study showed that water deficiency
stress generally caused an increase in phenolic constituents in Turkish Hazel leaves and they may be proper natu-
ral sources of phenolic constituents with abiotic stress applications in pharmaceutical and food industry.

KEY WORDS: Corylus colurna L, quantum efficiency, phenol, Turkish Hazelnut, water deficiency

INTRODUCTION
uvoD

Genus Corylus belonging to Betulaceae family has three
species (Corylus avellana L., Corylus maxima Mill. and
Corylus colurna L.) growing naturally in Turkey (Davis,
1982). C. colurna known as Turkish Hazel tree spreads over
a wide area from Balkans (Serbia, Bulgaria and Romania),
northwest and west Caucasus, north and northwest of Iran,
east coast of the Caspian Sea, Afghanistan, Pakistan and the
Himalayan Mountains to China. In Anatolia, the most
common area is the Northwest Anatolian forests (Polat,
2014). It is also known as Turkish Hazelnut, Turkish Filbert,
Tree Nut, Bear Hazelnut, Balkan Hazelnut, Rock Hazelnut
Gokbulak Hazelnut and Budagan Hazelnut (Everett, 1988;
Polat, 2014). It is the largest hazel species, reaching a height
of 35 m and a trunk diameter of up to 1.5 m. It prefers cal-
careous, well-drained soils (Korkut et al., 2008). It is a spe-
cies that can be expanded in appropriate places in affore-
station and erosion control studies due to its low habitat
demand (Arslan, 2005). While it was previously preferred
only as a rootstock for cultivated hazelnut varieties for lan-
dscape purposes, today it is preferred by hazelnut producers
due to its single-stem nature and the low cost of culture in
other hazelnut species. As it is a fruity species, it forms the
food of wildlife and contributes to biodiversity. Its fruits can
be consumed directly as well as used in confectionery (Ar-
slan, 2006). The leaves of Corylus species have been used in
folk medicine in the treatment of eczema, rash, swelling,
phlebitis, varicose veins and haemorrhoidal symptoms (Ri-
ethmiiller et al., 2016). C. colurna leaves have been recorded
to possess antibacterial activity against Gram-positive and
-negative bacteria (Ceylan et al., 2013) and moderate to
high antioxidant activity (Riethmiiller et al., 2016). C. co-
lurnaleaves contain hydroxycinnamic acid derivatives, fla-
vonoid derivatives and diarylheptanoids like quercetin,
myricetin, 1-caffeoylquinic acid, 1,3-dicaffeoylquinic acid,
catechin and kaempferol (Benov and Georgiev, 1994; Ri-
ethmiiller et al., 2014; 2016). Benov and Georgiev (1994)
isolated mixture of flavonoids from C. colurna leaves and
reported strong antioxidant activity. Riethmiiller et al.
(2014) showed that phenolics in the leaves, bark, catkins

and involucre of C. colurna had strong antioxidant activity.
Especially, catkins of C. colurna displayed the highest an-
tioxidant capacity, followed by the bark extracts. The cat-
kins had the richest in total polyphenols, tannins, and fla-
vonoids. Riethmiiller et al. (2016) indicated that ethyl
acetate and methanol extract of C. colurna leaves displayed
moderate to high antioxidant activity that may be because
of antagonistic interaction between the antioxidant com-
ponents.

Drought, high temperature, salinity, heavy metals, UV ra-
diation and nutritional insufficiency are examples of abiotic
stressors that can increase the generation and accumulation
of reactive oxygen species (ROS) in plants. Plants increase
the activity of antioxidant enzymes such as superoxide dis-
mutase (SOD), catalase (CAT), and ascorbate peroxidase
(APX) to combat these oxidative stresses. They also pro-
duce more low-molecular-mass antioxidants such as phe-
nolic compounds, a-tocopherol, ascorbate, and glutathione
as non-enzymatic antioxidant activity (Selmar and Klein-
wichter, 2013). The major enzyme in phenol synthesis is
phenylalanine ammonia lyase (PAL) that is found in higher
plants as a secondary metabolic pathway and it is a defense
system in plants that is involved in the production of the
phenolic compounds. Plants accumulate phenolic com-
pounds in their tissues as an adaptive response to adverse
environmental conditions and play a key role in the regu-
lation of various environmental stresses (Thakur et al,,
2019; Ulgen et al., 2021). Today, hazelnut tree leaf, which is
aby-product of hazelnut harvest, is seen as a potential nat-
ural source of antioxidants (Amaral et al., 2010). During
the processing of food and agricultural products, by-prod-
ucts rich in phenolics, which can be natural antioxidant
sources, can be recycled. Studies are ongoing to extract and
produce adequate amounts of natural antioxidants from
most of these sources (Balasundram et al., 2006).

Changes in photosynthetic activity are considered as a
stress sensor in advanced plants. Currently, the most mod-
ern and reliable technique for measuring photosynthetic
activity is chlorophyll a fluorescence to reveal the effect of
abiotic stress on photosystem (PS) IT activity (Koseoglu and
Dogru, 2021). Genotypes that are drought tolerant under
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drought stress have significantly higher values in terms of
chlorophyll content, maximum quantum yield of PSII (Fv/
Fm values) and variable fluorescence (Fv)/initial fluores-
cence (F0) parameters than sensitive ones (Rong-huaetal.,
2006). C. avellana has been reported as a water stress-sen-
sitive species and a decrease in photosynthetic activity, an
early cessation of fruit growth and leaf fall, and an increased
vulnerability to diseases have all been recorded in this spe-
cies because of drought stress (Cristofori et al., 2012). We
therefore first aimed to reveal the phenolic constituents of
C. colurna leaves in six different populations and then to
investigate the effect of water deficiency stress on the phe-
nolic constituents and quantum efficiency (Fv/Fm) of pho-
tosystem II activity in six populations for the first time.

MATERIAL AND METHOD
MATERIJALI | METODE

Plant material — Biljni materijal

Scions were taken from naturally grown 6 different Turkish
Hazelnut (TH) (Corylus colurna L.) populations in Turkey
(Fig. 1) and 2 years old C. colurna seedlings were used as a
rootstock (seeds from Pelitcik population) in 15x25cm
polyetylene tube. Information about populations from
which scions were taken was presented in Table 1. TH sa-
plings were grafted with whip and tongue grafting method.
Scions were provided from three different trees grown in
their habitat for each population and six grafted saplings
were obtained from each tree. All grafted saplings were nu-

Figure 1. Geographical location of the provenances Oguzlar (1), Erenler (2), Merkesler (3), Seben (SE), Giiney Felakettin (GF) and Pelitcik (PL)

from which the scions were taken.

Slika 1. Geografski poloZaj provenijencija Oguzlar (1), Erenler (2), Merkesler (3), Seben (SE), Giiney Felakettin (GF) and Pelitcik (PL) iz kojih su uzete plemke.

Table 1. Information on Turkish hazelnut populations from which scions were taken.
Tablica 1. Informacija o populacijama medvjede lijeske iz kojih su uzete plemke.

Populations Designations

Oznake

Populacija

Province
Regija

Altitude (m)
Visina (m)

Forest Managament
Sumsko gospodarstvo

Oguzlar 0G Corum Corum-0guzlar 1263
Erenler ER Ankara Ankara-Nallihan-Erenler 1521
Merkesler ME Bolu Bolu-Merkez-Cele 925
Seben SE Bolu Bolu-Seben-Seben 1183
Giiney Felakettin GF Bolu Bolu-Merkez 1148
Pelitcik PL Bolu Bolu-Merkez 1065
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rtured in a greenhouse (environmentally compatible) found
in Western Black Sea Forestry Research Institute, Bolu, Tur-
key for two years and then were taken to the greenhouse
garden. Five years after the grafting process, the grafted yo-
ung trees were taken back to the greenhouse condition for
the experiment. There were 18 grafted young trees for each
population. Soil texture in polyetylene tube was sandy clay
loam with 58.81 % sand, 22.65 % clay and 18.53 % silt [pH:
7.92, calcium carbonate (CaCO,): 5.95 %, organic matter:
1.93 %, nitrogen (N): 0.08%, potassium (K): 200.25 mg/L,
phosphor (P): 0.87 mg/L, field capacity: 21.20, wilting po-
int: 13.72 and electrical conductivity (EC): 0.47].

Irrigation regimes — ReZimi navodnjavanja

Two different irrigation regimes (W1 and W2) were applied
to the grafted young trees. There were nine saplings for each
irrigation regime and population. After the determination
of amount of water as field capacity (W1), 50% reduced
amount was applied as W2 to create a water deficiency. Wa-
tering (500 ml) was made twice a week for W1 and once a
week for W2. The experiment was started in the last week
of May. Leaf sampling and chlorophyll fluorescence mea-
surements were made in the second week of June and July.

HPLC-DAD analysis of phenolic constituents —
HPLC-DAD analiza sastava fenola

Analysis was performed using HPLC system (VWR-Hita-
chi LaChrom Elite’) with a Hitachi L-2455 diode array de-
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tector (DAD), Hitachi L-2130 Pump, Hitachi L-2200 au-
tosampler, Hitachi column oven L-2300 and Venusil XBP
C18 column (Bonna-Agela Technologies, particle size 5 pm,
4.6 x 250 mm).Ten phenol standarts (gallic acid monohy-
drate, caffeic acid, rutin hydrate, luteolin-7-O-B-D gluco-
side, kaempferol, rosmarinic acid, myricetin, quercetin,
coumarin and apigenin) (Sigma’) were performed in the
analysis. They were dissolved in acetonitrile to obtain dif-
ferent concentrations (1, 5, 10, 20, 40, 60, 80, 100 and 200
mg/L) for standard curve. Fig. 2 shows the chromatogram
of the used standards. HPLC operating conditions were
performed using a gradient elution as in previously de-
scribed method by Turker et al. (2021). Spectra data were
recorded from to 200 to 400 nm during the entire run.

Quantum efficiency of photosystem Il activity
(Fv/Fm) — Efikasnost kvantnog prinosa fotosustava Il
(Fv/Fm)

Chlorophyll fluorescence in the leaves was determined by
chlorophyll fluorometer device (HandyPEA+, Hansatech
Instruments’). Midday (13:00) was preferred as the mea-
surement time. With the clips attached to the leaves, each
leaf was adapted to the dark for 10 minutes, and measure-
ments were made with the saturating light sent after the
adaptation. Parameters for the calculation of F/F  values
(quantum efliciency of PS II activity) were recorded [F
initial/minimal fluorescence; Fm: maximal fluorescence va-
lue; Fv: variable fluorescence (F,,-F); F./F,: maximum qu-
antum yield of PS II (quantum yield of net photosynthesis)].

— DAD-290nm
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Figure 2. Chromatogram of the standards.
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Data analysis — Analiza podataka

All experiments were set up in a completely randomized
design. Data analysis was performed using analysis of va-
riance (ANOVA) and Duncan’s multiple range tests using
SPSS version 26 (SPSS Inc., Chicago, IL, USA). All data in
the tables were presented as a mean number + standard
error (SE).

RESULTS AND DISCUSSION
REZULTATI | RASPRAVA

Obtained grafted young trees of TH carrying the genetic
characteristics of their populations allowed us to apply the
experiment under the same environmental conditions in
our study. In this way, the phenolic content of each popu-
lation and its response to water stress were evaluated under
the same settings. Among the tested phenols, the amounts
of rutin, kaempferol and luteolin were found to be the

highest in TH leaves, respectively. Concerning overall phe-
nolic content in stress free groups (W1) of six populations,
PL and OG had the highest phenolic content in June and
July, respectively (Table 2 and 3). Kaempferol, rutin, apige-
nin, quercetin and myricetin were found the most in PL
population in stress free group (W1-June). The highest
amounts of phenol (mg/g dry matter) were determined in
the PL population with rutin and kaempferol as 2.77 mg/g
and 2.75 mg/g, respectively. The lowest phenol amounts
were generally found in GF population. Change in phenol
amounts in all populations was monitored as 0.02-0.31
mg/g in apigenin, 0.02-0.36 mg/g in caffeic acid, 0.00-0.07
mg/g in gallic acid, 0.95-2.75 mg/g in kaempferol, 0.00-0.97
mg/g in luteolin, 0.00-0.10 mg/g in myricetin, 0.09-0.27
mg/g in quercetin, 0.00-0.13 mg/g in rosmarinic acid and
0.85-2.77 mg/g in rutin. Coumarin was not detected in all
tested TH leaves (Table 2 and 3). Similar to our result, chro-
matographic analysis of isolated mixture of flavonoids from

GF-W1-June-0.82
ME-W1-July-0.81
GF-W1-July-0.78
0G-W1-June-0.78
SE-W2-June-0.78
SE-W1-July-0.77
0G-W1-July-0.76
SE-W1-June-0.73
GF-W2-June-0.71

ME-W2-July-0.71
ME-W2-June-0.71
PL-W1-July-0.70
ER-W2-July-0.70
ME-W1-June-0.69
0OG-W2-July-0.69
GF-W2-July-0.68
ER-W2-June-0.68
ER-W1-July-0.67
0G-W2-June-0.66
PL-W2-July-0.61
ER-W1-June-0.59

Population-Irrigation regime-Month-Fv/Fm values

SE-W2-July-0.58
PL-W1-June-0.55
PL-W2-June-0.50

0.00 1.00 2.00 3.00

Phenolic compounds (mg/g dw)

W Gallic acid m Caffeic acid ™ Rutin ® Luteolin ™ Kaempferol ™ Rosmarinicacid = Myricetin = Quercetin

4.00 5.00 6.00 7.00 8.00 9.00

Apigenin

Figure 3. Descending order of Fv/Fm values (from 0.82 to 0.50) with populations, irrigation regimes and months.
Slika 3. Silazni poredak Fv/Fm vrijednosti (od 0.82 do 0.50) s populacijama, reZimom navodnjavanja i mjesecima.
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C. colurna leaves contained mainly quercetin and myricetin
(Benov and Georgiev, 1994). Riethmiiller et al. (2014) in-
vestigated the phenolic compounds and antioxidant activi-
ties in different parts of the C. colurna. In parallel to our
results, they detected quercetin, kaempferol and myricetin
in methanolic leaf extract. Some phenolic compounds such
as 3-, 4- and 5-caffeoylquinic acids, caffeoyltartaric acid, p-
coumaroyltartaric acid, myricetin 3-rhamnoside, quercetin
3-hexoside, quercetin 3-rhamnoside, kaempferol 3-rha-
mnoside and derivatives of p-coumaric acid, myricetin and
quercetin were identified in the cultivars of C. avellana le-
aves by HPLC-DAD (Amaral et al., 2005; Oliveira et al.,
2007; Amaral et al., 2010).

Water deficiency stress (W2) was applied in June and July
having average temperatures as 16.2 °C and 19.2, respecti-
vely. Generally, it was observed that water stress generated
by halved irrigation regime (W2) elevated the phenolic con-
stituents in both months, and the highest increase was ob-
served in July due to the higher average temperature.
Among the populations, PL was the most affected by water
stress, and overall phenolic content was enhanced from 0.70
mg/g to 0.94 mg/g in June. Noticeable increase in indivi-
dual phenol was obtained with luteolin level (34.4 times)
in June in PL population (Table 2 and 3; Fig. 3). A steady
increase was monitored with rutin level in OG population
and with luteolin level in ER population from June to July
with water stress. In addition, halved irrigation regime
affected and elevated rutin level significantly in June and
July in PL population (Table 2 and 3; Fig. 3).

Enhancements were observed significantly with water stress
with most of the tested phenols. For example, rutin incre-
ased from 2.77 mg/g to 4.32 mg/g in PL population (56%
rise) and from 1.08 mg/g to 1.48 mg/g in OG population
(37% rise) in June. Similarly, 2.33-fold increase with rosma-
rinic acid in SE population in June, and 3-fold increase with
apigenin in GF and PL populations in July were observed.
Gallic acid showed 2.29 times and 2.00 times increase in
OG and SE populations in June, respectively. Caffeic acid
was elevated 1.42 times in OG and ME populations in June.
Myricetin showed 3-fold rise in ME population in June and
5-fold rise in SE population in July. Kaempferol increased
1.36 times in ME and 1.20 times in OG in June, and 1.62
times in SE and 3.51 times in PL populations in July. Lute-
olin was ascended 3.03 times in ER and 1.30 times in OG
in July (Table 2 and 3; Fig. 3).

Photosystem quantum efficiency (photosynthetic effi-
ciency) in chlorophyll fluorescence measurements (Fv/Fm
ratio) were also performed to determine the effect of water
deficiency stress on photosystem II in TH leaves. The Fv/
Fm ratio has long been regarded as a sensitive indicator of
plant photosynthetic performance and as a numerical value
in many developed plants is around 0.83. Decreases in this
index indicate a decrease in PS II efficiency, i.e. photoinhi-
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bition. The main effect of abiotic stress is that PS IT becomes
inclined to photoinhibition (Rong-hua et al., 2006; Késeoglu
and Dogru, 2021). Overall, drought stress-induced photo-
inhibition (W2) was observed as a significant reduction in
the maximum quantum efficiency (Fv/Fm) of PSII in TH
leaves comparing with control (W1) (Fig.3). In June, the Fv/
Fm values varied between 0.55-0.82 according to the popu-
lations in W1 irrigation, and this value decreased to 0.50-
0.78 with W2 irrigation. In July, values between 0.67-0.82
in W1 irrigation decreased to 0.58-0.71 values in W2 treat-
ment (Fig. 3). These results showed that water deficiency
created a stress in the trees and it can be interpreted that
this stress caused an increase in some phenol levels and
populations. Similarly, Galle et al. (2007) determined pho-
tosynthetic performance in young pubescent oak (Quercus
pubescens) trees during drought stress and reported the de-
crease in Fv/Fm values in stress-treated trees comparing
with control. Wang et al. (2018) created drought stress in
young apple tree with less irrigation and showed the decre-
ase in Fv/Fm value to 0.375. However, Fv/Fm ratios in other
words photosynthetic performance differed in each popu-
lation in our study. In connection with this result, Rong-hua
et al. (2006) reported that under drought stress in Barley,
Fv/Fm values in drought tolerance genotypes were consid-
erably greater than those in drought sensitive genotypes.
The lowest Fv/Fm ratio (0.50) was obtained with PL popu-
lation in June in our study (Fig. 3). The fact that the Fv/Fm
value that is an indicator of photosynthetic activity was low
in PL population that has the highest phenolic level, showed
that this population was the most affected by drought stress.
On the other hand, Fv/Fm values of GF population (W1)
were higher than other populations. In addition, this popu-
lation had the lowest overall phenolic content and interest-
ingly, applied water stress in both months (W2) in this pop-
ulation did not cause an increase in phenolic content. This
population should be more tolerant to water stress than
other populations and able to cope with abiotic stress more
easily without giving stress-induced increase in phenolic
substances. Similarly, SE population with the second lowest
phenolic content had higher Fv/Fm ratios. In SE popula-
tion, water stress application in June could not increase the
phenolic content and even the phenolic content decreased.
It can be deduced that SE population is second stress-resis-
tant population after GF population.

CONCLUSION
ZAKLJUCAK

Among the tested populations, PL had the highest pheno-
lic content, and their levels enhanced at most with water
deficiency stress. Rutin, kaempferol and luteolin were de-
termined as the most abundant phenols in all populations
of Turkish hazel leaves and remarkable increases were ob-
served with drought stress in luteolin and rutin levels in PL
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population in June. The lowest phenolic content was ob-
served in GF and SE populations, and drought stress appli-
cations did not increase their phenolic content overall. It
was determined that the phenol levels of TH populations
were different and the populations reacted differently with
water deficiency concerning phenolic constituents and
photosynthetic efficiency (Fv/Fm ratio). GF and SE popu-
lations may be more tolerant, and PL population may be
more sensitive to drought stress when comparing Fv/Fm
values among populations. Future studies should be focu-
sed on antioxidant enzyme activities like SOD, CAT and
PAL to clarify the endurance of populations against abiotic
stresses. It was observed that TH leaves, byproduct of ha-
zelnut harvesting, have potential as a source of natural an-
tioxidants in nutraceutical industry and can be improved
with drought stress depending on genetic differences.

ACKNOWLEDGEMENTS
ZAHVALA

This study was carried out jointly with the Western Black
Sea Forestry Research Institute and Bolu Abant Izzet Baysal
University, Faculty of Arts and Sciences, Department of Bi-
ology. We thank the relevant institutions for their support.

REFERENCES
LITERATURA

Amaral, J.S., P. Valentdo , PB. Andrade, R.C. Martins, R.M.
Seabra, 2010: Phenolic composition of hazelnut leaves: Influ-
ence of cultivar, geographical origin and ripening stage, Sci.
Hortic., 126: 306-313.

Amaral, ].S., E Ferreres, PB. Andrade, , P. Valentio, C. Pinheiro
,A. Santos, Seabra, R., 2005: Phenolic profile of hazelnut (Cory-
lus avellana L.) leaves cultivars grown in Portugal. Nat. Prod.
Res., 19: 157-163.

Arslan, M., 2005: Bat1 Karadeniz Bolgesindeki Tiirk findig
(Corylus colurna L.) poptilasyonlarmin ekolojik ve silvikiiltiirel
yonden incelenmesi, M.Sc. thesis, Abant Izzet Baysal
Universitesi, Bolu, Turkey.

Arslan, M., 2006: Gegmisle paylastigimiz ve gelecege miras
birakmamiz gereken dogal tiirlerimizden Tiirk findig1 (Corylus
colurna 1.), 1. Uluslararast Odun Digt Orman Uriinleri Sem-
pozyumu-Bildiriler Kitabi, KTU, 302-310.

Balasundram, N., K. Sundram, S. Samman, 2006: Phenolic com-
pounds in plants and agri-industrial by-products: Antioxidant
activity, occurrence, and potential uses. Food Chem., 99: 191-
203.

Benov, L., N. Georgiev., 1994: The antioxidant activity of flavo-
noids isolated from Corylus colurna. Phytother. Res., 8: 92-94.

Ceylan, O., M.D. Sahin, S. Avaz, 2013: Antibacterial Activity of
Corylus colurna L. (Betulacea) and Prunus divaricata Ledep.
subsp. divaricata (Rosaceae) from Usak, Turkey. Bulg. J. Agric.
Sci. 19: 1204-1207.

Cristofori, V., R. Muleo, C. Bignami, E. Rugini, 2012: Long term
evaluation of hazelnut response to drip irrigation, VIII Inter-
national Congress on Hazelnut, Acta Hortic., 1052: 179-185.

.

Davis, PH., 1982: Flora of Turkey and the East Aegean Islands
VII, Edinburgh Univ. Press, 685-686.

Everett, T.H., 1988: The New York Botanical Garden Illustrated
Encyclopedia of Horticulture. Garland Publishing, Inc., NewY-
ork & London.

Gallé A., P. Haldimann, U. Feller, 2007: Photosynthetic perfor-
mance and water relations in young pubescent oak (Quercus
pubescens) trees during drought stress and recovery. New Phy-
tol., 174: 799-810.

Korkut, D.S., S. Korkut, I. Bekar, M. Budakg¢1, T. Dilik, N.
Cakacier, 2008: The effects of heat treatment on the physical
properties and surface roughness of Turkish hazel (Corylus
colurna L.) wood. Int. J. Mol. Sci. 9: 1772-1783.

Koéseoglu, S.T., A. Dogru, 2021: Ekzojen Salisilik Asit
Uygulamalarinin Tuz Stresi Altindaki Hiyar Bitkilerinde Foto-
sistem II Aktivitesi Uzerindeki Etkileri. Diizce Universitesi
Bilim ve Teknoloji Dergisi, 9: 418-429.

Li, RH,, PG,, Guo, B. Michael, G. Stefania, C. Salvatore, 2006:
Evaluation of chlorophyll content and fluorescence parameters
as indicators of drought tolerance in barley. Agric. Sci. China,
5:751-757.

Oliveira, L., A. Sousa, P. Valentio, F.B. Andrae, C.ER. Ferreira,
E Ferreres, 2007: Hazel (Corylus avellana L.) leaves as source of
antimicrobial and antioxidative compounds. Food Chem., 105:
1018-1025.

Polat, S., 2014: Tirk findig1 (Corylus colurna)nmin Tirkiyedeki
yeni bir yayilis alani. Marmara Cografya Dergisi, 29: 136-149.

Riethmiiller, E., A. Kénczdl, , D. Szakal, K. Végh, G.T. Balogh,
A. Kéry, 2016: HPLC-DPPH screening method for evaluation
of antioxidant compounds in Corylus species. Nat. Prod. Com-
mun., 11: 641-644.

Riethmiiller, E., Téth G., Alberti A., Sonati M., Kéry A. Anti-
oxidant activity and phenolic composition of Corylus colurna.
Natural product communications. 9 (5) 2014, pp. 679-682.

Rong-hua, L.., G. Pei-guo, M. Baumz, S. Grand, S. Ceccarelli,
2006: Evaluation of chlorophyll content and fluorescence pa-
rameters as indicators of drought tolerance in barley. Agric. Sci.
China, 5: 751-757.

Selmar, D., M. Kleinwéchter, 2013: Stress enhances the synthe-
sis of secondary plant products: the impact of stress-related
over-reduction on the accumulation of natural products. Plant
Cell Physiol., 54: 817-826.

Thakur, M., S. Bhattacharya, PK. Khosla, S. Puri, 2019: Improv-
ing production of plant secondary metabolites through biotic
and abiotic elicitation. J. App. Res. Med. Aromat. Plants , 12:
1-12.

Turker, A.U., A.B. Yildirim, I. Tas, E. Ozkan, H. Turker, 2021:
Evaluation of some traditional medicinal plants: phytochemical
profile, antibacterial and antioxidant potentials. Rom. Biotech.
Lett., 26: 2499-2510.

Ulgen, C., A. B.Yildirim, , G. Sahin, A.U. Turker, 2021: Do mag-
netic field applications affect in vitro regeneration, growth, phe-
nolic profiles, antioxidant potential and defense enzyme activ-
ities (SOD, CAT and PAL) in lemon balm (Melissa officinalis
L.)? Ind. Crops Prod., 169: 113624.

Wang, Z., G. Li., H. Sun, L. Ma, Y. Guo, Z. Zhao, H. Gao, L. Mei,
2018: Effects of drought stress on photosynthesis and photo-

synthetic electron transport chain in young apple tree leaves.
Biology Open, 7: bio035279.



Sumarski list, 3-4, CXLVI (2022), 127-136

SAZETAK

Medvjeda lijeska (Corylus colurna L.) jedna je od prirodno rasprostanjenih vrsta lijeske u Turskoj.
Lako se moze razlikovati od drugih vrsta zahvaljujudi svojoj visini i promjeru debla. Vrlo ¢esto se ko-
risti za poSumljevanje terena sklonih eroziji zbog snaznog korijenja i skromnih ekloskih zahtjeva.
Njezino lis¢e i plodovi sadrze mnogo tvari koje se koriste u medicinske svrhe. Lis¢e medvjede ljeske
ima snazno antioksidativno djelovanje zbog visokog sadrzaja fenola. Cilj ovoga istrazivanja bio je
utvrditi sadrzaj fenola u lis¢u $est populacija medvjede lijeske te procijeniti u¢inak susnoga stresa na
sadrzaj fenola i kvantnu ucinkovitost fotosustava II. Istrazivane biljke proizvedene su cijepljenjem
nakon sakupljanja plemki iz $est populacija medvjede lijeske (Oguzlar, Erenler, Merkesler, Seben,
Giiney Felakettin i Pelitcik). Istrazivanje je provedeno u stakleni¢ckim uvjetima kad su kalemljene
biljke bile stare 7 godina. Tijekom pokusa (lipanj i srpanj), primijenjena su dva razli¢ita na¢ina na-
vodnjavanja (W1: tlo je navodnjavano do poljskog vodnog kapaciteta; W2: tlo je navodnjavano s 50
% manje vode u odnosu na W1 nacin navodnjavanja). Nakon primjene dva razli¢ita rezima navod-
njavanja, lis¢e je uzorkovano u lipnju i srpnju. Nakon toga je osuseno, ekstrahirano s metanolom te
kvantitativno analizirano s ciljem utvrdivanja njegova fenolnog sastava (galna kiselina monohidrat,
kofeinska kiselina, rutin, hidrat, luteolin-7-O-f-D glukozid, kaempferol, rozmarinska kiselina, miri-
cetin, kvercetin, kumarin i apigenin) uz koriStenje teku¢e kromatografije visoke djelotvornosti
(HPLC) i detektora s nizom dioda (DAD). Rutin, kaempferol i luteolin bili su dominantni fenoli u
ekstraktu metanola iz lis¢a medvjede lijeske. Populacija Pelitcik bila je znac¢ajan izvor rutina i kaempfe-
rola u lipnju, a W2 rezim navodnjavanja znacajno je povecao razine oba fenola u srpnju. Isto tako,
najvisi sadrzaj fenola zabiljeZen je u populaciji Pelitcik u lipnju, a W2 rezim navodnjavanja znacajno
je povecao ukupan sadrzaj fenola u lipnju i srpnju. Takoder je utvrdeno u kojoj mjeri nedostatak vode
utjece na kvantnu ucinkovitost fotosustava II (Fv/Fm) . Opcenito, Fv/Fm vrijednosti opadaju s
nedostatkom vode. Ova studija pokazala je da nedostatak vode kod medvjede ljeske potic¢e produk-
ciju fenola te da se na taj na¢in moze osigurati prirodni izvor fenola koji se moze koristiti u farma-
ceutskoj i prehrambenoj industriji.

KLJUGNE RIJECI: Corylus colurna L, kvantna ucinkovitost, fenol, medvjeda lijeska, nedostatak vode



