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RESUMO

Corylus avellana L., avela comum, é uma arvore de nozes cultivada globalmente e economicamente
valiosa que tem uma sensibilidade a estresses abibticos, especialmente a baixas temperaturas, cuja intensidade
varia com base no crescimento e estagio de desenvolvimento. As consequéncias comerciais do estresse pelo
frio na definicdo de nozes de avelas sdo significativas e abordagens préticas para resolver o problema séo
altamente exigidas. Para enfrentar a questdo da intolerancia ao estresse pelo frio em C. avellana e fornecer aos
produtores solucdes préticas, este estudo teve como objetivo investigar os efeitos de véarias substancias quimicas
em arvores de C. avellana com dez anos de idade sob estresse pelo frio e suas respostas nos niveis fisiolégico
e bioguimico em folhas e flores femininas e masculinas. As avelas foram tratadas com acido salicilico (3 mg L?),
potassio (2 mg L), tiofer (5 mg L), biobloom (66 mg L) e aminoacido (0,5 mg L) em tratamentos separados
utilizando a pulverizacéo foliar sob temperatura média de 4,13°C. Pb6de-se observar que a aplicacdo exégena
dos compostos afetou a regulagdo osmdtica (aumento do teor de proteina e prolina) e enzimas antioxidantes
(superoxido dismutase, catalase, ascorbato peroxidase e glutationa peroxidase). No caso da antocianina e dos
pigmentos fotossintéticos, o teor de clorofila a, b, e total nas folhas das arvores tratadas com potéassio com 217,38
+ 6,13, 66,23 + 6,21, 150,66 + 4,32 e 19,01 + 2,20 mg g de peso fresco, apresentou as maiores quantidades.
As folhas tratadas com &cido salicilico apresentaram o maior teor de carotendides (289,62 + 2,41). O mesmo
padrao quase pode ser aplicado a gama dessas substancias em flores masculinas e femininas. Embora todos
os cinco usados ajudem as plantas de C. avellana a superar melhor o estresse causado pelo frio, 0 &cido salicilico
e 0 potassio foram os mais eficazes. Pode-se concluir que a ampla aplicacdo comercial desses compostos
guimicos para conferir resisténcia ao frio as avelds é altamente recomendavel.

Palavras-chave: Enzimas antioxidantes, H,O-, Prolina, Proteina, Resisténcia a baixa temperatura
ABSTRACT

Corylus avellana L., common hazelnut, is a globally cultivated economically valuable nut crop tree with a
sensitivity to abiotic stresses remarkably low temperature. Its intensity varies based on the growth and
developmental stage. The commercial consequences of cold stress on nut setting of hazelnuts are significant and
practical approaches to address the problem are highly demanded. To tackle the issue of cold stress intolerance
in C. avellana and provide producers with practical solutions, this study aimed to investigate the effects of various
chemical substances on ten years old C. avellana trees under cold stress and its responses at the physiological
and biochemical levels in leaves and female and male flowers. Hazelnut trees were treated with salicylic acid (3
mg LD potassium (2 mg L1), thiofer (5 mg L1), biobloom (66 mg L), and amino acid (0.5 mg L) in different
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treatments using the foliar spray under an average temperature of 4.13°C. It could be observed that the
exogenous application of the compounds affected osmotic regulation (enhancement of protein and proline
content) and antioxidant enzymes (superoxide dismutase, catalase, ascorbate peroxidase, and glutathione
peroxidase). In the case of the anthocyanin and photosynthetic pigments, the content of chlorophyll a, b, and total
in leaves of trees treated by potassium with 217.38 + 6.13, 66.23 + 6.21, 150.66 + 4.32, and 19.01 + 2.20 mg g*!
fresh weight, showed the highest quantities. The leaves treated by salicylic acid had the highest content of
carotenoid (289.62+2.41). The same pattern can almost be applied to the range of these substances in male and
female flowers. Although all five used helps C. avellana plants to overcome cold stress better, salicylic acid and
potassium were the most effective. It can be concluded that the widespread commercial application of these
chemical compounds to confer cold resistance to hazelnut trees is highly recommended.

Keywords: Antioxidative enzymes, H2O», Proline, Protein, Resistance to low temperature
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1. INTRODUCTION:

Low-temperature stress is one of the
principal limiting environmental stresses that can
reduce the productivity of crops. Low-temperature
stress is classified into chilling (temperatures
above 0C) and freezing (temperatures under
0°C). Chilling stress causes cellular membrane
injury, oxidative stress, and a decrease in plant
growth. Freezing stress leads to creating ice
crystals in the cells (Xin and Browse, 2000; Huang
et al., 2014). Cold stress disturbs cellular
metabolism in plants. Membrane damage is one of
the adverse impacts of cold stress in plants that
eventually reduces germination, aging of leaves,
and a decrease in crops' growth (Suzuki et al.,
2008). Plants have enzymatic and non-enzymatic
antioxidant mechanisms to deal with ROS's
oxidative stress. These solutes contribute to
enzymes, membranes, and other cell constituents'
stability, adjust cellular water content, and reduce
cellular desiccation (Farooq et al., 2009).

Generally, environmental stresses such as
drought, salinity, heavy metals, and high or low-
temperature more often than not impose their
negative effect by increasing the generation of
reactive oxygen species (ROS). Moreover, an
imbalance between primary and secondary
photosynthesis reactions leads to ROS
accumulation in chloroplast and mitochondria
under cold stress (Li et al., 2009). These products
can directly degrade proteins, amino acids, nucleic
acids, and lipids' peroxidation in membranes
(Gwozdz et al., 1997). By transferring an electron
to oxygen molecular radical superoxide (O?), with
the transfer of two electrons to molecular H,O,, and
by moving three electrons to oxygen, radical
hydroxyl oxygen (OH") is generated. Plants have
enzymatic and non-enzymatic  antioxidant
mechanisms to deal with ROS's oxidative stress
(Malecka et al., 2012). Examples of the antioxidant
enzymes are superoxide dismutase (SOD),
catalase (CAT), and peroxidase (POX) that
involve in the defense system and maintain cells
from oxidative damage (Mittler, 2002). In plants,

Periédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°36)
Downloaded from www.periodico.tchequimica.com

416



SOD plays a significant role in defending against
oxidative stress. This enzyme belongs to
metalloenzymes that convert superoxide radicals
into oxygen and hydrogen peroxide. GPX is also a
protein that preferentially oxidizes electron-giving
aromatic compounds in exchange for hydrogen
peroxide (Jebara et al., 2005; Sharma et al.,
2012). The critical role of CAT in eradicating ROS,
in particular, H;O.in mitochondria that are
produced during electron transport, 3-oxidation of
the fatty acids, and, most importantly,
photorespiratory oxidation, has been proven by
numerous reports (Li et al., 2009; Malecka et al.,
2012).

Corylus avellana L. is a monoecious and
wind-pollinated broadleaf species that belongs to
Betulaceae, which comprises 25 species that 9 are
economically cultivated and essential for breeding.
Mostly in the form of shrubs and rarely seen as a
tree (Qaderi et al., 2012). Hazelnut is one of the
most important nut products globally, which is
used as a fruit and has various applications in the
food industry and benefits health. Hazelnut fruit is
an essential source of vitamin B6 and oleic acid
(83 %). It's a rich source of other critical
components, including protein, carbohydrates,
fiber, vitamins (vitamin E), minerals, phytosterols,
mainly cytosterols and antioxidant phenols that
can protect the body against diseases (Seyhan et
al.,2007; Oliveira et al., 2008; Alasalvar et al.,
2012; ). Traditionally, the public often views
hazelnuts as an unhealthy food because of their
high-fat content. However, recent epidemiological
and clinical studies have shown that nuts'
consumption leads to optimal plasmid lipid levels
(Glrcan et al., 2010).

As in the ancient Chinese scripts, the
history of its cultivation has shown it goes back to
8000-5000 years ago. In Europe, hazelnut is of the
predominant species; however, its exact origin is
not clear. This species has a wide distribution
range from Portugal's coast to Ireland, and its
northern extension goes from Norway to Russia.
Still, the main areas of cultivation are proximity to
large water bodies with mild winters and cool
summers. The main areas of cultivation are
Turkey, which is under the influence of the Black
Sea, Italy, and Spain due to being close to the
Mediterranean Sea and the United States under
the Pacific Ocean's influence, owing to
geographical features. The countries mentioned
above are significant producers of hazelnut
(Lunde et al., 2006; Mehlenbacher and Smith
2006; Boccacci and Botta 2009; Gircan et al.,
2010), and Iran, with 14,000 tons production from
18,000 hectares, ranked eighth in the world.

Because C. avellana has a low tolerance to heat,
cold, drought, and wind stress (Larcher, 2003;
Salimi and Hoseinova et al., 2012; Arzanlou et al.,
2018). To date, studies on reducing the effect of
abiotic stress, particularly cold stress, as one of
the critical limiting factors, can increase the yield
per hectare.

Plants respond to environmental and biotic
stresses by synthesizing signaling molecules.
These signal molecules activate the signaling
pathways. Several signals or signaling molecules
have been identified in plants, including calcium,
jasmonic acid, ethylene, salicylic acid (SA), and
hydrogen peroxide (H:O2). The application of
several compounds, such as SA or Potassium (K)
is an essential tool for increasing crop production
under abiotic stress. Numerous works exhibited
that utilizing various compounds reduced the
negative impacts of the abiotic stresses in plants
(Kaczmarek et al., 2017; Shaki et al., 2017;
Rezayian et al., 2018). The role of SA as a
defense signal in plants is now proven. SA has
also been introduced as a plant hormone due to its
substantial roles in the plant (Wilson 1996; Zhang
et al., 2007). Over the past 20 years, researchers
have paid particular attention to the ability of SA to
induce protective substances in plants under
environmental stress. There are reports of the role
of SA in increasing salinity resistance in wheat,
rice, and cucumber, heat and cold in tomatoes and
beans, and heavy metals in rice (Zhang et al.,
2007; Tasgin et al., 2003). SA regulates the
development and expression of senescence
genes in Arabidopsis (Morris et al., 2000). The
impact of SA in resistance to cold stress and
possibly through its effect on enzymatic
antioxidants and metabolism of H.O,, reducing
cold stress damage and increasing plant tolerance
to cold stress. Efficacy of SA in induction stress
tolerance, depending on plant type or
concentration of SA. exogenous application of SA,
increases low-temperature tolerance (Khan et al.,
2012; Miura and Tada, 2014).

Potassium (K) has a significant effect on
plant responses and tolerance to environmental
stresses (Hasanuzzaman et al., 2018). Zhang et
al. (2014) showed that exogenous K application
reduced the adverse effects of stress in Zea mays
L. Proline application diminished stress-induced
inhibitory impact on wheat growth (Bekka et al.,
2018). Proline, as an essential osmolyte, plays a
crucial role in modulating the osmotic pressure of
cells under stresses such as soil salinity, drought,
low temperatures, nutrient deficiencies, heavy
metal exposure, and high acidity. High production
of proline inhibits cold stress damage on the
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normal cellular process by increasing intracellular
osmotic pressure. This increase in proline levels
persists for about a month, even after the stress
conditions have been resolved. The positive role
of proline in modulating osmotic pressure relative
to low-temperature, drought, and salinity has been
reported by researchers in various plants such as
maize (Chen and Li 1979), alfalfa (Liu et al., 2009),
and Arabidopsis (Khavari-Nejad et al., 2013).
Proline influenced cryoprotectant under chilling
stress (Gleeson et al., 2004). v-aminobutyric acid
treatment mitigated the injury induced by chilling
stress in Lycopersicon esculentum L. (Shang et
al., 2011). Given K's significant effect on protecting
plants against cold stress, there is fertilizer so-
called Bio bloom contains more than 85% of
organic matter, high amounts of phosphorus, and
potassium. In addition to affecting the rate of
metabolism and the structure of living membranes,
organic Bio bloom regulates the membrane's
fluidity by creating stability and balance of certain
types of fatty acids so that proteins and enzymes
can function correctly. Potassium is involved in the
regulation of osmosis and the prevention of ice
formation that can damage energy-carrying
molecules (Rezayian et al., 2018).

One of the essential organic antifreeze is
called Thiofer. It contains various Thiobacillus
bacteria, minerals, and proteins and can increase
the resistance of plants to stress such as heat,
cold, and frost (Stipesevi¢ et al., 2014). The
application of this substance at the right time
causes the plant to produce antifreeze protein
(AFP) and antifreeze amino acids (AAA). It
increases the plant's resistance to cold and frost.
This substance is systemic and penetrates plant
tissues and prevents ice formation (Balesini et
al., 2013).

Therefore, this study aimed to evaluate the
ameliorating influence of K, SA, thiofer, amino
acids, and Bio Bloom on the physiological and
biochemical responses of hazelnut trees. The
primary purpose was to provide a practical solution
to a very limiting environmental condition that
jeopardizes the hazelnut orchards of Iran located
in mountainous areas. Considering the extent of
this study, this is the first comprehensive research
on improving low-temperature tolerance in
hazelnut to the best of our knowledge.

2. MATERIALS AND METHODS:

2.1. Plant materials

This research was conducted at the
Agricultural and Natural Resources Research

Center of Qazvin Province (East of Alamut) in
2016 (October)-2017 (March). The average
temperature in this area was 4.13 °C. Various
compounds [SA (3 mg L?), potassium (2 mg L),
thiofer (5 mg L), biobloom (66 mg L), and amino
acid (0.5 mg L?)] were sprayed uniformly on 10
years old hazelnut trees using an atomizer four
times for 18 months (Figure 1). After treatments,
the leaves were harvested and stored at -70 °C
and analyzed the following parameters (Figure 2).

2.2. Antioxidant enzymes assay

For the measurement of enzymes activities,
fresh material was extracted at 4 °C in 1 M Tris—
HCI (pH 6.8) and centrifuged at 13000 rpm for 30
min. Supernatants were kept at -70 °C and used
for enzymes assay. The content of protein was
measured by Bradford (1976) using bovine serum
albumin as the standard.

SOD activity was assayed based on the
Giannopolitis and Ries (1977) method. Reaction
solution comprised sodium phosphate buffer (50
mM), 0.1 mM EDTA, 13 mM methionine, 75 uM
nitroblue tetrazolium (NBT), 75 uM riboflavin and
100 yL of enzyme extract. The reaction solution
was placed in front of the light for 18 minutes, and
then absorbance was measured at 560 nm.

CAT activity was determined by the method
of Aebi (1984). Assay mixture contained 50 mM
phosphate buffer (pH 7.0), H>O2; 3% and 10 pL
enzyme extract. The decline in absorption was
followed for 180s, and CAT activity was expressed
as units per mg of protein.

Ascorbate peroxidase (APX) activity was
determined by Jebara et al., (2005) method.
Reaction mixture comprised ascorbic acid (0.5
mM), 50 mM potassium phosphate buffer (pH 7.0),
H202 (0.1 mM) and 10 L of enzyme extract. In this
reaction, ascorbate was oxidized and the
concentration of oxidized ascorbate was
determined by the decrease in absorbance at 290
nm. One unit of APX was defined as 1 uM oxidized
ascorbate per min per mg protein.

Glutathione peroxidase (GPX) activity was
assayed using the method of Lin and Kao (1999).
Reaction mixture (1.0 mL) comprised 50 mM
sodium phosphate buffer (pH 7.0), 9 mM
glutathione, 19 mM H>O, and protein extract. After
the addition of protein extract, the increase in
absorbance at 470 nm was recorded for 1 min.

2.3. Hydrogen peroxide

The H,0, content was estimated via
Velikova et al. (2000) method. Leaf tissue (0.3 g)
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was homogenized in 0.1% Trichloroacetic acid
(TCA) then was centrifuged at 12000 rpm for 15
min. The supernatant (0.5 mL) was added to 0.5
ml potassium phosphate buffer (pH 7.0) and 1 ml
potassium iodide (1 M), and absorbance was
recorded by spectrophotometer at 390 nm.

2.4. Determination of Proline

Proline content was measured, according to
Bates et al. (1973). Fresh tissues were
homogenized in 5 mL sulfosalicylic acid (3%) and
then centrifuged at 13000 rpm for 20 min. Two mL
of supernatant was mixed with acid ninhydrin (2
mL) and glacial acetic acid (2 mL) and then was
boiled at 100°C for one hour. The reaction mixture
was extracted with 4 mL toluene, and the
absorbance was recorded at 520 nm.

2.5. Measurement of anthocyanin and pigments
content

Anthocyanin content was determined in
0.3% HCI in methanol at 25°C using the extinction
coefficient (33 cm? mol') at 550 nm (Wagner,
1979). Chlorophyll a (Chl a), chlorophyll b (Chl b)
chlorophyll total (Chl T), and carotenoids were
extracted by 80 % acetone and quantified
spectrophotometrically (UNFCO-2100 model)
according to Lichtenthaler and Wellburm (1983)
and calculated based on the following formula:

Chl. a (Ug/g) =12.25 Asez- 2.79 A646><V/W (l)
Chl. b (Ug/g) = 21.50 Aess- 5.1 A663XV/W (2)
Chl. T. (ug/g) = Chl. a + Chl. b 3)
Carotenoid(ug/g) = (1000As70— 1.82Chl.a -
85.02Chl.b)/198xV/W (4)

Where Asss, Asas, Aa7o are absorptions at
wavelengths of 663, 646, and 470 nm. The final
results were expressed as mg g* fresh weight
(FW).

2.6. Protein extraction and 2-DE

Proteins were extracted using the method
described by Damerval et al. (1986). 500 mg of
fresh material was homogenized in liquid nitrogen
using a mortar and pestle. The resulting powder
was placed in a 2-mL microtube, and 1 mL of
extraction buffer [10% TCA in acetone] was
added. The samples were incubated for 60 min at
4°C and then centrifuged at 16000 rpm for 30 min.
The supernatant was discarded, and the pellet
was washed three times in cold acetone with 20
mM DTT. Subsequently, the pellets were
resuspended in 1 mL of buffer containing 7M urea,
2M thiourea, 1% DTT, 2% Triton-100, and 1mM

phenylmethanesulfonyl fluoride and stirred for 60
min at 4°C until the samples were resuspended
entirely. The samples were incubated on ice for 30
min and then centrifuged at 16000 rpm for 10 min.
Gels were visualized by Coomassie Brilliant Blue
G-25. The gels were scanned using a GS-800
densitometer (BioRad) and analyzed using
Melanie 7 software (GeneBio).

2.7. Statistical analysis

The experiment was designed in a six-
factorial complete randomized experiment with
three replications per treatment. The experimental
data were subjected to one-way ANOVA, and
significant differences between means were
determined by Duncan multiple rang (P<0.05).

3. RESULTS AND DISCUSSION:

Plants need to an optimum temperature for
appropriate growth and development. Low
temperature is one of the environmental stresses
that lead to a reduction in yield (Bray et al., 2000).
Various physiological parameters were measured
in male and female flowers and leaves. SA and
potassium treatment increased protein content in
leaf, but the other four treatments declined these
parameters. While treatments enhanced protein
content in male and female flowers (Table 1).

Proteomics analysis was carried out for leaf
and two types of flowers under SA treatment which
the results of this analysis indicated a fluctuation
in protein in trees treated by SA. Foliar application
of SA enhanced the proteins 122, 147, 117, 34,
113, 31, 114, 16 and 89 in leaf, but reduced the
proteins 38, 4, 74, 3, 58, 71, 57, 64, 102, 46, 110,
137 and 177. The proteins 103, 47, 75, 32, 180,
25, 115 and 37 showed a significant increase in
female flowers under SA treatment, whereas the
proteins 157, 38, 3, 4, 41, 30, 73, 106, 46, 71, 65,
62, 63 and 179 declined. SA treatment-induced
protein 32 and decreased in proteins 41 and 62
(Figures 3 to 8). One of the key responses in
increasing freezing tolerance during cold
acclimation is the synthesis of particular proteins
(Antikainen et al., 1996). Our results showed that
SA and potassium application improved the
protein content of C. avellana and enabled the
possibility of overcoming cold stress. SA prevents
protein destruction by neutralizing free radicals
and leads to an increase in protein content
(Mellouk et al., 2016). These findings are in
agreement with Tasgin et al. (2003) and Farooq et
al. (2008). By its involvements in osmoregulation,
energy source, osmoprotectant, and ROS
scavenger, proline plays an important role in
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tolerance to abiotic stresses (Trovato et al., 2008).
Proline accumulation is a response in plants under
cold stress that maintains plants from dryness,
causing cold stress by decreasing plant cells'
water potential (Szekely et al., 2008). Liu et al.
(2008) showed that proline content increased in
Avena nuda L. under cold stress. In our study, all
treatments enhanced proline accumulation in C.
avellana plants. This compound is a compatible
osmolyte that causes osmotic regulation and
osmoprotectants under stress. These data show
that these compounds help to C. avellana to
overcome stress via osmolytes accumulation
better. These results are in agreement with Misra
and Saxena (2009), Ali et al. (2014), and Bekka et
al. (2018). Apoplastic water loses in plants due to
freezing under freezing stress lead to dehydration,
and an appropriate K amount regulates the
osmotic potential and declines dehydration under
freezing (Wang et al., 2013).

The alteration in the activities of antioxidant
enzymes, including SOD, CAT, APX, and GPX,
showed different trends under various treatments.
SOD activity was not changed in the treated three
tissues. Potassium, SA, and biobloom application
improved CAT activity in leaf, however, the effect
of SA was more prominent (3-fold). Five types of
treatments induced CAT activity in female flowers,
but potassium, thiofer, and amino acid increased
this enzyme activity in male flowers. Biobloom
treatment only enhanced (1.23-fold) APX activity
in leaf. Exogenous application of thiofer, biobloom,
and amino acid promoted APX activity in male
flowers, whereas potassium caused its reduction.
All treatments decreased or did not affect APX
activity in female flowers. GPX activity remarkably
increased in leaf by SA, potassium, and amino
acid treatments. Exogenously applied all chemical
compounds induced GPX activity in male flowers,
and this increase by amino acid was more than
other treatments. In contrast to male flowers, most
treatments declined GPX activity in female flowers
(Table 1).

Potassium, thiofer, and amino acid
application lessened H»O, content in leaf. A
relatively higher accumulation of H,O, occurred in
the plants exposed to biobloom. SA, potassium,
and biobloom declined HO, content in male
flowers by 12.4, 30.7, and 30.71%, respectively.
All treatments significantly affected the content of
H,O, in female flowers (Table 1).

Proline showed a sharp increase in the leaf
of trees received the foliar application of chemical
compounds. SA and biobloom application induced
the accumulation of proline (58.33%) when
compared to control. Proline content significantly

increased by SA, thiofer, and amino acid
treatments in female flowers, but other treatments
had little effect on this parameter. All treatment,
except potassium, caused proline accumulation in
male flowers (Table 2). Abiotic stresses increase
the ROS production in plants, comprising
superoxide anion radicals, hydroxyl radicals,
H20,, alkoxy radicals, and singlet oxygen. ROS
causes adverse effects on proteins, lipids, and
DNA, thus disrupts cell function (Foyer and
Fletcher, 2001; Munné-Bosch and Penuelas,
2003). The enzymatic antioxidant defense system
leads to ROS degradation and has a primary role
in maintaining cell homeostasis. SOD leads to the
dismutation of superoxide radicals to oxygen and
H.02. APX is an enzyme that plays a prominent
role in the alteration of H:O, into H,O hy
ascorbate, such as an electron donor (Rosa et al.,
2010). Cold stress boosted CAT activity in some
wheat cultivars (Javadian et al., 2010). Fahimirad
et al. (2013) indicated that antioxidative enzymes
enhanced in canola under cold stress. High
activities of antioxidant enzymes are essential for
abiotic stress tolerance. The treatments caused a
reduction of H.O, and an increase of antioxidant
enzymes in C. avellana; however, the oxidative
injury was increased by the application of
compounds simultaneously. According to our
results, these treatments’ enhancement of
antioxidant enzymes may play an important role in
cold tolerance. Similar results have been
published in barley (Mutlu et al.,, 2013), Lettuce
(Shams et al., 2016), and Triticum aestivum L.
(Jan et al., 2017).

Anthocyanin content substantially
enhanced using potassium, thiofer, and amino
acid treatments in leaf. The highest anthocyanin
content in leaf was observed in potassium treated
plants, of which 31.92% higher as compared to the
control. Anthocyanin content was not shown a
significant change in male and female flowers
under different treatments (Table 2).

Carotenoid content notably increased by
36.9% in leaves exposed to SA, but it did not
change in treated leaves with other treatments. All
five compounds applied in this study affect
carotenoid content in male flowers, and the
highest increase was (81%) in SA-treated plants
(Table 2).

The exogenous application of thiofer, K, SA,
and amino acid enhanced Chl a, Chl b, and Chl T
contents in leaf. Chl content was much higher in
SA-treated plants than the plants exposed to other
treatments. SA application only triggered a
significant increase (1.23%) in Chl content in
female flowers. In contrast to Chl a, Chl b and Chl
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T contents improved by five treatments, and the
thiofer was more effective than the other
compounds. Chl a and Chl T content were not
induced in male flowers under all treatments,
whereas Chl b enhanced by potassium and
biobloom (Table 2). Anthocyanins are types of
water-soluble pigments derived from flavonoids
that synthesis of the shikimic acid pathway. Plants
generate anthocyanins under stress for cell
defense (Chutipaijit et al., 2009). Potassium,
amino acid, and thiofer induced accumulation of
anthocyanin in C. avellana, which was positively
related to antioxidant capacity. So, these
treatments can help this plant to better cope with
cold stress. Our results are in agreement with
other previous reports (Amira et al., 2017; Kocira,
2019).

Low temperature leads to disruption in the
photosynthetic apparatus by photo-inhibition
(Huang et al., 2014). Li et al. (2018) displayed that
cold stress declined Chl content in zoysiagrass
genotypes. Tewari and Tripathy (1998) described
that a decline in Chl biosynthesis in plants under
cold stress is due to 5-aminolevulinic acid
biosynthesis inhibition. The applied compounds
mainly enhanced the Chl content in C. avellana.
An increase in Chl content as the critical
photosynthetic pigment in plants could improve
photosynthetic activity. The present research data
were in agreement with the results of previous
studies (Hussein et al., 2014; Fayez and Bazaid,
2014; Shaki et al., 2018). Carotenoids are the first
line of defense against 'O, toxicity and can
stabilize membranes and preventing lipid
peroxidation by their antioxidant activity (Niyogi,
1999). SA treatment alleviated the effect of cold
tolerance in C. avellana by the increase of
carotenoid content.

4. CONCLUSIONS:

Mitigating compounds can alleviate the
adverse effects of cold stress on C. avellana by
improving antioxidant capacity, accumulating
proline, and increasing the content of
photosynthetic pigments. Although all five applied
compounds in this study have the potential to be
stress protectants, SA and potassium were the
most effective in which spraying K markedly
enhanced the content of protein, proline,
antioxidant enzymes (SOD, CAT, APX, and GPX).
While SA was found to have the highest positive
impact on increasing the content of anthocyanin,
chlorophyll a, b, and total in leaves and male and
female flowers. Additionally, 2-D gel results for the
influence of SA on the protein profile of leaves, and
male and female flowers indicated enhancing

some specific proteins while caused a decrease in
some others. This study revealed applicable
critical results to protect hazelnut trees against
cold stress. However, give the complicated
biological mechanisms involved, further research
using a broad spectrum of low-temperature stress
treatments are highly recommended to uncover
the physiological responses of C. avellana.
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Figure 1. The emergence of male (long catkins) and female (small reddish-purple florets) flowers of
treated Corylus avellana tree.

Figure 2. Assays for the content of enzymatic antioxidants after bain-marie.
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Figure 3. 2-D gel of proteins extracted from the leaf in the control condition.
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Figure 4. 2-D gel of proteins extracted from leaf under salicylic acid (SA) treatment.
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Figure 5. 2-D gel of proteins extracted from male flowers in the control condition.

Figure 6. 2-D gel of proteins extracted from male flowers under salicylic acid (SA) treatment.
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Figure 7. 2-D gel of proteins extracted from female flowers in the control condition.
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Figure 8. 2-D gel of proteins extracted from female flowers under salicylic acid (SA) treatment.
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Table 1. Effects of different treatments on protein, H,O,, and antioxidative enzymes in Corylus

avellana.

Treatment Tissue Protein H202 SOD CAT APX GPX

Control Leaf 1+0.02 b 0.58+0.23b  98.29+2.12a  0.01+0.00 c 1.85+0.1bc  0.82+0.09d
Potassium 1.10+£0.01 a 0.30+0.022 e 98.26%4.32 a 0.01+0.00 c 1.75+0.1 cd 1.66x0.11 a
Thiofer 0.9240.11d  0.53+0.056c 98.36+2.13a  0.01+0.00 c 1.65+0.02d 0.67+0.30 e
Biobloom 0.98+0.04 c 0.96+0.02 a 98.38+2.11 a 0.03+0.00 b 2.28+0.14 a 0.44+0.01 f
Amino acid 0.9740.04c  0.47+0.036d 98.34+1.12a  0.009+0.001d 1.43+0.11e  1.12+0.30b
Salicylic acid 1.10+0.05a 0.60+0.04b  98.53+2.21a  0.04+0.01 a 1.91+0.14b  1.02+0.40c
Control Male flowers 1.17+0.01 c 0.50+0.02b  98.51+2.22a  0.14+0.01 b 1.54+0.3 bc 0.96+0.6 1d
Potassium 1.38+0.11b  0.35#0.021d 98.56+1.14a  0.16+0.01 a 1.32+0.45c 1.66+0.10 a
Thiofer 1.44+0.13 ab 0.61+0.034a 98.54+3.46a  0.17+0.07 a 2.02+0.06a 1.66+0.20 a
Biobloom 1.40+0.04b  0.35+0.012d 98.59+4.90a  0.12+0.06 c 1.69+0.09b  1.20+0.30c
Amino acid 1.53+0.05a 0.51+0.06 b 98.93+x2.56a  0.18+0.05a 1.76+0.12ab 1.73+#0.21 a
Salicylic acid 1.42+0.06 b  0.44+0.045c 98.57+2.13a  0.13+0.01 b 1.62+0.03bc 1.41+0.22 b
Control Female flowers ~ 0.94+0.13b  0.15+0.08a  98.35+3.23a  0.03+0.01d 0.97+0.09a  1.05+0.09 ¢
Potassium 0.97+0.24 b 0.01+0.08 a 98.30+2.78 a 0.04+0.01 c 0.92+0.02 a 2.14+0.12 a
Thiofer 1.02+0.06 ab 0.93+0.09b  98.38+2.67a  0.05+0.01c 0.43+0.09ab 1.83+0.14 b
Biobloom 1.08+0.45a 0.01#+0.01a 98.46+#4.86a  0.09+0.05 a 0.62+0.08 ab 1.88+0.32 b
Amino acid 1.08+0.09 a 0.01+0.02 a 98.30+3.213a 0.06+0.01 b 0.31+0.021b 2.32+0.43 a
Salicylic acid 1.10+0.08 a  0.04+0.01a  98.47+2.124a 0.09+0.08 a 0.34+0.05b  1.05+0.32d

Notes: Values are means * SE of three replicates. Different letters indicated significant (P<0.05) differences. Protein (mg g
FW), Hydrogen peroxide (H202 uM g* FW), superoxide dismutase (SOD U mg™* protein), catalase (CAT U mg™ protein),
peroxidase (POX U mg* protein) and Glutathione peroxidase (GPX U mg protein).
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Table 2. Effects of different treatments on proline, anthocyanin, chlorophyll (Chl a, Chl b, and Chl T)
and carotenoid (mg g™ FW) in Corylus avellana.

Treatment Tissue Proline Anthocyanin Chl a Chl b Chl'T Carotenoid
Control Leaf 0.04+0.01 c 14.4142.31 d 127.41+2.12d 41.50+3.10e 168.70+5.80 e 192.07+6.09 ¢
Potassium 0.07+0.01ab 19.01+2.20 a 150.66+4.32a 66.23+6.21a  217.38+6.13 a 195.33+8.12 ¢
Thiofer 0.06+0.01 b 16.26.60 b 135.29+2.13 ¢ 56.52+1.31d 192.80+4.32d 287.41+3.33 a
Biobloom 0.07+0.01 a 10.63+2.11 e 98.54+2.11e  40.44+1.51f 138.64+3.14 f 268.83+4.01 b
Amino acid 0.07£0.04 a 15.69+3.61 bc 145.35+1.12b 59.57+1.81c 204.58+5.11 c 258.27+3.39 b
Salicylic acid 0.07+0.05 a 15.05¢4.11cd  144.48+2.21b 63.66+3.70b  208.42+3.14 b 289.62+2.41 a
Control Male flowers  0.06+0.01 d 9.09+2.07 a 35.34x2.22 a 37.62+2.11c 72.96+4.38 a 24.982+1.61c
Potassium 0.07+0.01d 8.15+1.32 a 3.63+0.14 a 60.58+3.11a 64.21+1.45bD 40.02+2.11 b
Thiofer 0.32+0.01 b 8.69+2.11 a 8.74+x1.46 a 12.67+0.98 e 21.41+4.06 d 62.02+1.21 a
Biobloom 0.11+0.03c 7.19+1.21a 30.97+290a  44.64+0.06b  75.61+2.09 a 44.10+£1.33 b
Amino acid 0.12+0.045¢c  7.26x2.61 a 17.81+1.56 a 22.423+2.55d 40.23t1.12c 47.84+4.21 b
Salicylic acid 0.39+0.06 a 8.57+0.52 a 24.76+3.13a  22.6+2.19d 47.36+5.03 c 63.34+2.22 a
Control Female 0.06+£0.01 d 6.32+0.11 a 127.79+3.93 b 103.71+7.12c 232.48+7.11d 80.76x2.41 a
Potassium flowers 0.06+£0.04 d 5.14+0.80 a 94.63+1.78 f 22454+580a 319.81+5.02ab  77.67+2.12a
Thiofer 0.07+0.06 ¢ 473+101a 120.51+3.67 e 231.17+4.40a 350.65+3.19 a 89.64+2.15 a
Biobloom 0.06+0.00 cd  4.30+0.90 a 124.38+4.86d 174.35+5.55b 298.37+5.89 bc 83.25+3.32 a
Amino acid 0.08+0.01 b 5.16+0.20 a 126.54+3.21 ¢ 151.58+6.78 b 277.59+6.02 ¢ 85.34+5.13 a
Salicylic acid 0.09+0.02 a 6.08+1.09 a 158.29+2.40a 152.50+2.80b 311.42+3.54bc 85.35t1.21a

Notes: Values are means + SE of three replicates. Different letters indicated significant (P<0.05) differences.
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