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Winter Leaf Redness in Mastic Tree (Pistacia lentiscus
L.) is Associated with Increased Cellular Damage Levels
and Modified Nitric Oxide and Hydrogen Peroxide

Biosynthesis

Abstract

Recent evidence suggests that winter-red leaf phenotypes in the mastic tree (Pistacia
lentiscus L.) are more vulnerable to chronic photoinhibition during the cold season,
relative to winter-green phenotypes occurring in the same high light environment. The
present study deals with the previously recorded induction of anthocyanins in leaves of
winter populations of mastic tree, examining their correlation with cellular status and
the potential coordinated involvement of reactive species networks. Red leaves with
increased amounts of anthocyanins show higher concentrations of hydrogen peroxide
(H,0,) and nitric oxide (NO). Furthermore, red leaves show higher extent of cellular
damage manifested by increased lipid peroxidation and lower photosynthetic pigment
content compared with green leaves. The observed accumulation of reactive species
is supported by increased activity of H,O, (superoxide dismutase) and NO-producing
(nitrate reductase) enzymes, respectively. Winter leaf redness may therefore be
potentially used as a rapid phenotyping means to locate vulnerable mastic tree plants
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Highlights

i.  Winter-red leaf mastic tree phenotypes demonstrate
increased cellular damage

ii.  Red leaves show increased hydrogen peroxide and nitric
oxide content

iii.  Reactive species accumulation is supported by increased
SOD and NR enzyme activity

iv.  Winter leaf redness may be used to locate plants suffering
from nitro oxidative stress

Introduction

Leaves of many angiosperm evergreen species change color
from green to red during winter, corresponding with the synthesis
of anthocyanin pigments. The ecophysiological function of winter
color change (if any) is not yet fully understood. Nevertheless,
the transient red leaf character has been preserved and several
compensating functions have been suggested [1]. It has been
proposed that the accumulation of red anthocyanins may provide
photo protection either as a passive light screen or as a potent
antioxidant [2]. Nevertheless, contradictory reports also exist

which did not show such protective, antioxidant function in
leaves high in anthocyanins [3].

Previous investigations with the species Pistacia lentiscus L.
show that the strength of leaf redness (characterized by marked
increase in anthocyanin levels) is positively correlated to the
extent of mid-winter chronic photoinhibition and suggest that
leaf redness may be used reliably, quickly and non-invasively to
locate vulnerable individuals in the field [4]. Furthermore, during
the cold (“red”) season, net CO, assimilation rates, stomatal
conductances and leaf nitrogen levels in the red phenotype were
considerably lower than the green phenotype, while leaf internal
CO, concentration was higher [5]. This suggests a probability
that the inherently low leaf nitrogen levels are linked to the low
net photosynthetic rates of the red plants through a decrease
in Rubisco content. Accordingly, the screening effect of the
accumulated anthocyanins cannot be fully alleviated.

Reactive oxygen and nitrogen species (RONS) such as H,0,
and NO, respectively, constitute key features underpinning the
dynamic nature of cell signaling systems in plants. They are
involved in many key physiological processes, including plant
growth and development, stomatal movement and in response
to adverse environmental conditions [6]. Recent evidence
suggests that a strong cross-talk exists between oxidative and
nitrosative signaling upon abiotic stress conditions [7]. Plants
in field conditions experience various stresses leading to the
overproduction of RONS which are highly toxic and can cause
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damage to proteins, lipids, carbohydrates and DNA and ultimately
result in oxidative stress [8]. Reactive species are generated
mainly enzymatically; examples include the dismutation of
superoxide radicals to H,0, with the activity of superoxide
dismutase (SOD) [8], while NO is mainly generated in plants by
the reduction of nitrate via nitrite to NO, catalyzed by nitrate
reductase (NR) [9].

The present study attempts to examine the potential
coordinated involvement of RONS networks in winter leaf
reddening in Pistacia lentiscus L. by estimating cellular integrity
parameters and H,0,/NO content, further supported by
biochemical activity assays of major RONS biosynthetic enzymes,
thus providing novel insights into the link between high leaf
anthocyanin content and the complex regulation of NO and H,0,
metabolism in red leaf phenotypes of mastic tree individuals.

Materials and Methods
Plant material and growth conditions

Anatural population of P. lentiscus L. shrubs was used, located
within the Patras University campus (38°18'N 21°47'E) and
containing both winter-red and green phenotypes side-by-side
under similar full sunlight exposure. Phenological observations
for leaf color indicated that redness appeared roughly at mid-
January and lasted up to late April. Mature south-facing leaves
of 1-1.5 year old plants were sampled in the field during clear
days (PAR at 1400-1600 pmolm™s™) in late March. For all
measurements, 3 leaves from 10 independent, tagged shrubs (5
red, 5 green) were harvested, frozen in liquid nitrogen and stored
at -80 °C for subsequent use.

Cellular damage indicators

Leaf pigments were extracted from 9 mm-diameter leaf discs
in dimethyl sulfoxide as described by Richardson et al. [10].
Carotenoid and chlorophyll concentrations were determined
using the equations described by Sims and Gamon [11].

Anthocyanins = 0.0821% Ag,, —0.00687 * A, —0.002423 * A,
Chlorophyll b =0.02255 * Ay, —0.00439 * A, —0.004488 * A,
Chlorophyll a =0.01261% Ay, —0.001023 * A, —0.00022 * A,

(Ayso —17.1%(Chla + Chlb) - 9.479 * anthocyanins )

119.26
The extent of lipid peroxidation was determined from
measurement of malondialdehyde (MDA) content resulting from
the thiobarbituric acid (TBA) reaction as described by Hodges et
al. [12], using an extinction coefficient of 155 mM* cm™.

Carotenoids =

Hydrogen peroxide and nitric oxide quantification

Hydrogen peroxide was quantified using the KI method, as
described by Velikova et al. [13]. Nitrite-derived NO content was
measured using the Griess reagent in homogenates prepared
with Na-acetate buffer (pH 3.6) as described by Zhou et al. [14].
NO content was calculated by comparison to a standard curve of
NaNo,.
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Enzyme activity assays

The nitrate reductase (NR) assay was performed as described
by Liu et al. [15]. Cell extract was centrifuged at 14,000 x g for
15 min and the clear supernatant was used immediately for
measurement of enzyme activity. NR activity was expressed as
specific enzymatic activity (units/mg protein). For SOD and CAT
extraction, leaf samples were homogenized in ice-cold extraction
buffer (0.1 M phosphate buffer pH7.5, 0.5 mM EDTA, 1 mM PMSF)
using mortar and pestle. Each homogenate was centrifuged
at 16,000 x g at 4°C for 20 min and total supernatant was
used for enzymatic activity assay. Total superoxide dismutase
(SOD) activity was determined as described by Giannopolitis
and Ries [16]. One unit of SOD activity (U) was defined as the
amount of enzyme required to cause 50% inhibition of the NBT
photoreduction rate. The results were expressed as specific
activity units/mg protein. Catalase (CAT) activity was measured
according to Aebi [17]. The rate of H,0, disappearance was
monitored at 240 nm during 3 min. Total protein content of all
samples was determined by the Bradford method [18].

Statistical analysis

Statistical analysis was performed using SPSSv.11 (SPSS Inc.,
Chicago, USA). Biochemical and cellular damage measurements
were subjected to ANOVA, and then significant differences
between individual means determined using Tukey’s pair wise
comparison test at the 5% confidence level.

Results and Discussion

The adaptive significance of leaf reddening, during plant
development or under stress conditions, has been for biologists.
In theory, the accumulation of a non-photosynthetic pigment
competing with chlorophylls for photon capture would impose
a photosynthetic cost, which should be paid off by the benefits
awarded by anthocyanins under specific circumstances. This
maintains that, whenever the balance between light absorption
and further processing of redox energy is perturbed and the usual
means of over excitation avoidance (or tolerance) are surpassed,
the accumulation of anthocyanins may function as a passive light
screen and/or towards ROS detoxification [1]. The inherent need
of the plant to balance the energy absorbed from the sun with the
photosynthetic yield and productivity is considered to be quite
significant during the cold period of the year in evergreen species
of the Mediterranean region. This need exists mainly due to cold
temperatures in combination to high light conditions [19].

The present study provides novel evidence regarding the
interplay between the biosynthesis of H,0, and NO in relation
with the associated cellular damage observed, as well as the
previously recorded (see [4]) induction of anthocyanins in mature
leaves of winter mastic tree individuals. The results collected
from our previous investigations showed that the vulnerability
of the red phenotype compared with the green phenotype can
be measured through a series of physiological parameters such
as net CO, assimilation rates and stomatal conductances [4,5].
Present findings provide further supporting evidence of previous
reports, as the vulnerability of the red leaves was substantiated
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by the observed increase in cellular damage manifested through
increased MDA content (Figure 1C) and the significant induction
ofH,0,and NO biosynthesis indicative of oxidative and nitrosative
stress, respectively.

Biochemical analyses suggest that the lower concentration
of total chlorophylls in the red phenotype (Figure 1A) may
potentially indicate an adaptation against the excess light
absorption [20]. Furthermore, the lower content in carotenoids in
red leaves (Figure 1B) could explain the higher degree of oxidative
stress which the red phenotype suffers from. However, the car/
chl ratio in red leaves is higher than in green leaves (Figure1C);
given the antioxidant role of carotenoids, this induction could
represent an attempt by the plant to cope with increased levels
of oxidative damage. It is widely recognized that phenolic
compounds are involved in the ROS scavenging cascade in plant
cells [21]. It is therefore possible that high ROS content in the red
phenotype could be a result of a potentially lower concentration
of phenolics, although biochemical evidence provides support for
the observed H,0, accumulation (Figure 2A) via the increased
enzymatic activity of SOD (which dismutates superoxide radicals
to H,0,) in the red phenotype (Figure 2B), further linked with
increased CAT (H,0, catabolic) activity (Figure 2C). Interestingly,
the increased presence of anthocyanins seems not to be able to
diminish the ROS-derived oxidative damage. However, it should
be noted that the concentration of anthocyanins only represents
a small fraction (ca. 1-1.5%) of the total phenolic pool [22],
while the contribution of anthocyanins to the total leaf light and
UV-B absorbing capacity - which is one of the main causes of
production of ROS content, especially under field conditions - is
negligible [23].

In regard with RNS signaling, red phenotype plants appear
to be under nitrosative stress as evidenced by the increased NO
content (Figure 2D). The increase in NO content is compatible with
theincreasein NRactivity (Figure 2E), in agreement with previous
reports [7, 24]. This is expected as NR is the key biosynthetic
enzyme for NO generation [9]. Previous findings by Antoniou
et al. [24] showed that NO accumulation in senescing Medicago
truncatula plants exhibiting advanced chlorophyll degradation
may exert a repressive effect on nitrate influx, manifested by the
suppressed expression of a putative nitrate transporter gene.
These plants demonstrated increased sensitivity to nitrosative
stress possibly due to a negative feedback regulation of this
nitrate transporter via products of NO, assimilation (i.e. NO).
A similar regulation of nitrate influx and overall limited ability
to absorb nitrogen could potentially explain, at least partly, the
low levels of nitrogen found in the red phenotype in relation to
the green phenotype [5], which are in turn associated with low
Rubisco content level through the involvement of nitrogen in
the enzyme’s chemical structure [5], thus providing a clear link
with the observed diminished photosynthetic capacity and lower
chlorophyll levels.

Interestingly, stomatal closure is controlled by a number
of hormones (including ABA and brassino steroids), while the
importance of NO and H,0, signaling and regulation in stomatal
movement is also well documented [25,26]. Recent evidence
indicates that winter-red leaf phenotypes in the mastic tree show

Copyright:

© 2014 Fotopoulos et al. 3/5

lower stomatal conductance than the green phenotypes in winter
[5]. Present findings suggest that the high levels of H,0, and NO in
red phenotype during winter may contribute to stomatal closure,
resulting in lower level of stomatal conductance. Of particular
interest would be to cross-examine the vulnerability of the red
leaf individuals to other abiotic stress factors in field conditions,
as the observed induction in antioxidant enzyme (SOD, CAT)
activity is normally linked with tolerant tree species such as with
the case of Ailanthus altissima [7].

Conclusion

To our knowledge, this is the first report evaluating the
potential coordinated involvement of H,0, and NO biosynthesis
networks in winter leaf reddening in P. lentiscus. Our findings
suggest that the increased anthocyanin content does not
correlate with an up regulated antioxidant capacity but is instead
associated with increased cellular damage levels, further arguing
that winter leaf redness may be used to locate plants suffering
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Figure 1: Cellular damage indicators. (A) Total chlorophyll (a + b)
and carotenoid content, (B) Carotenoid/total chlorophyll (car/chl)
ratio and (C) MDA content in green and red leaves of P. lentiscus.
Asterisks denote statistically different values according to the
Tukey pairwise comparison test (p < 0.05). Values are means + SE
(n=15)
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Figure 2: Hydrogen peroxide and nitric oxide content and metabolic enzyme activities. (A) H,0,content, (B) SOD and (C) CAT specific enzymatic
activities, (D) Nitrite-derived NO content and (E) NR activity in green and red leaves of P. lentiscus.
Asterisks denote statistically different values according to the Tukey pairwise comparison test (p < 0.05). Values are means * SE (n = 15)

from oxidative and nitrosative stress, proposing that these plants
may have vulnerability at a genetic level. Further research at a
molecular level could provide valuable new findings towards
a more complete cellular and physiological characterization
of these two distinct phenotypes, particularly under adverse
environmental conditions.

Acknowledgment

This work was supported by Cyprus University of Technology
Internal Grant EX032 to VF.

Conflicts of Interest

The authors declare no conflict of interest.

References

1.

Manetas Y (2006) Why some leaves are anthocyanic and why most
anthocyanic leaves are red. Flora 201(3): 163-177.

Gould KS, Kuhn DN, Lee DW, Oberbauer SF (1995) Why leaves are
sometimes red. Nature 378: 241-242.

Esteban R, Marin FB, Becerril |JM, Garcia-Plazaola JI (2008)
Photoprotective implications of leaf variegation in E. dens-canis L. and
P. officinalis L. ] Plant Physiol 165(12): 1255-1263.

Nikiforou C, Manetas Y (2010) Strength of winter-leaf redness as an
indicator of stress vulnerable individuals in Pistacia lentiscus. Flora
205(6): 424-427.

Nikiforou C, Nikolopoulos D, Manetas Y (2011) The winter-red-

Citation: Nikiforou C, Filippou P, Manetas Y, Fotopoulos V (2014) Winter Leaf Redness in Mastic Tree (Pistacia lentiscus L.) is Associated with
Increased Cellular Damage Levels and Modified Nitric Oxide and Hydrogen Peroxide Biosynthesis. Adv Plants Agric Res 1(5): 00033. DOI: 10.15406/

apar.2014.01.00033


http://dx.doi.org/10.15406/apar.2014.01.00033
http://dx.doi.org/10.15406/apar.2014.01.00033
http://www.sciencedirect.com/science/article/pii/S0367253005001258
http://www.sciencedirect.com/science/article/pii/S0367253005001258
http://www.nature.com/nature/journal/v378/n6554/abs/378241b0.html
http://www.nature.com/nature/journal/v378/n6554/abs/378241b0.html
http://www.ncbi.nlm.nih.gov/pubmed/18180073
http://www.ncbi.nlm.nih.gov/pubmed/18180073
http://www.ncbi.nlm.nih.gov/pubmed/18180073
http://www.sciencedirect.com/science/article/pii/S0367253009001674
http://www.sciencedirect.com/science/article/pii/S0367253009001674
http://www.sciencedirect.com/science/article/pii/S0367253009001674
http://www.ncbi.nlm.nih.gov/pubmed/21907444

Winter Leaf Redness in Mastic Tree (Pistacia lentiscus L.) is Associated with Increased Cellular Damage

Levels and Modified Nitric Oxide and Hydrogen Peroxide Biosynthesis

leaf syndrome in Pistacia lentiscus: evidence that the anthocyanic
phenotype suffers from nitrogen deficiency, low carboxylation
efficiency and high risk of photoinhibition. ] Plant Physiol 168(18):
2184-2187.

6. Molassiotis A, Fotopoulos V (2011) Oxidative and nitrosative signaling
in plants. Two branches in the same tree? Plant Signal Behav 6(2):
210-214.

7. Filippou P, Bouchagier P, Skotti E, Fotopoulos V (2014) Proline and
reactive oxygen/nitrogen species metabolism is involved in the
tolerant response of the invasive plant species Ailanthus altissima to
drought and salinity. Env Exp Bot 97: 1-10.

8. Gill SS, Tuteja N (2010) Reactive oxygen species and antioxidant
machinery in abiotic stress tolerance in crop plants. Plant Physiol
Biochem 48(12): 909-930.

9. Mur LAJ, Mandon J, Persijn S, Cristescu SM, Moshkov IE, et al. (2013)
Nitric oxide in plants: an assessment of the current state of knowledge.
AoB Plants 5: pls052.

10.Richardson AD, Duigan SP, Berlyn GP (2002) An evaluation of
noninvasive methods to estimate foliar chlorophyll content. New
Phytol 153(1): 185-194.

11.Sims DA, Gamon JA (2002) Relationships between leaf pigment
content and spectral reflectance across a wide range of species, leaf
structures and developmental stages. Remote Sens Environ 81(2-3):
337-354.

12.Hodges DM, DeLong JM, Forney CF, Prange RK (1999) Improving
the thiobarbituric acid-reactive-substances assay for estimating
lipid peroxidation in plant tissues containing anthocyanin and other
interfering compounds. Planta 207(4): 604-611.

13.Velikova V, Yordanov I, Edreva A (2000) Oxidative stress and some
antioxidant systems in acid rain-treated bean plants protective role of
exogenous polyamines. Plant Sci 151(1): 59-66.

14.Zhou B, Guo Z, Xing ], Huang B (2005) Nitric oxide is involved in
abscisic acid induced antioxidant activities in Stylosanthes guianensis.
] Exp Bot 56(422): 3223-3228.

15.LiuY, He ], Jiang L, Wu H, Xiao Y, et al. (2011) Nitric oxide production
is associated with response to brown plant hopper infestation in rice.
] Plant Physiol 168(8): 739-745.

Copyright:

© 2014 Fotopoulos et al. 5/5

16.Giannopolitis CN, Ries SK (1977) Superoxide dismutase. I. Occurrence
in higher plants. Plant Physiol 59(2): 309-314.

17.Aebi H (1984) Catalase in vitro. Method Enzym105: 121-126.

18.Bradford MM (1976) A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 72: 248-254.

19.Close DC, Davies NW, Beadle CL (2001) Temporal variation of tannins
(galloyglucoses), flavonols and anthocyanins in leaves of Eucalyptus
nitens seedlings: implications for light attenuation and antioxidant
activities. Aust ] Plant Physiol 28(4): 269-278.

20.Kyparissis A, Petropoulou Y, Manetas Y (1995) Summer survival of
leaves in a soft-leaved shrub (Phlomis fruticosa L., Labiatae) under
Mediterranean field conditions: Avoidance of photoinhibitory damage
through decreased chlorophyll contents. ] Exp Bot 46(12): 1825-1831.

21.Takahama U, Oniki T (1997) A peroxidase/phenolics/ascorbate
system can scavenge hydrogen peroxide in plant cells. Plant Physiol
101(4): 845-852.

22.Jaakola L, Rithinen MK, Karenlampi S, Hohtola A (2004) Activation
of flavonoid biosynthesis by solar radiation in bilberry (Vaccinium
myrtillus L.) leaves. Planta 218(5): 721-728.

23.Mendez M, Jones DG, Manetas Y (1999) Enhanced UV-B radiation
under field conditions increases anthocyanin and reduces the risk of
photoinhibition but does not affect growth in the carnivorous plant
Pinguicula vulgaris. New Phytol 144(2): 275-282.

24.Antoniou C, Filippou P, Mylona P, Fasoula D, loannides I, et al.
(2013) Developmental stage and concentration-specific sodium
nitroprusside application results in nitrate reductase regulation
and the modification of nitrate metabolism in leaves of Medicago
truncatula plants. Plant Signal Behav 8(9): e25479.

25.Mata CG, Lamattina L (2001) Nitric oxide induces stomatal closure
and enhances the adaptive plant responses against drought stress.
Plant Physiol 126(3): 1196-1204.

26.Fotopoulos V, De Tullio MC, Barnes ], Kanellis AK (2008) Altered
stomatal dynamics in ascorbate oxidase over-expressing tobacco
plants suggest a role for dehydro ascorbate signaling. ] Exp Bot 59(4):
729-737.

Citation: Nikiforou C, Filippou P, Manetas Y, Fotopoulos V (2014) Winter Leaf Redness in Mastic Tree (Pistacia lentiscus L.) is Associated with
Increased Cellular Damage Levels and Modified Nitric Oxide and Hydrogen Peroxide Biosynthesis. Adv Plants Agric Res 1(5): 00033. DOI: 10.15406/

apar.2014.01.00033


http://dx.doi.org/10.15406/apar.2014.01.00033
http://dx.doi.org/10.15406/apar.2014.01.00033
http://www.ncbi.nlm.nih.gov/pubmed/21907444
http://www.ncbi.nlm.nih.gov/pubmed/21907444
http://www.ncbi.nlm.nih.gov/pubmed/21907444
http://www.ncbi.nlm.nih.gov/pubmed/21907444
http://www.ncbi.nlm.nih.gov/pubmed/21325889
http://www.ncbi.nlm.nih.gov/pubmed/21325889
http://www.ncbi.nlm.nih.gov/pubmed/21325889
http://www.sciencedirect.com/science/article/pii/S0098847213001391
http://www.sciencedirect.com/science/article/pii/S0098847213001391
http://www.sciencedirect.com/science/article/pii/S0098847213001391
http://www.sciencedirect.com/science/article/pii/S0098847213001391
http://www.ncbi.nlm.nih.gov/pubmed/20870416
http://www.ncbi.nlm.nih.gov/pubmed/20870416
http://www.ncbi.nlm.nih.gov/pubmed/20870416
http://www.ncbi.nlm.nih.gov/pubmed/23372921
http://www.ncbi.nlm.nih.gov/pubmed/23372921
http://www.ncbi.nlm.nih.gov/pubmed/23372921
http://onlinelibrary.wiley.com/doi/10.1046/j.0028-646X.2001.00289.x/pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.0028-646X.2001.00289.x/pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.0028-646X.2001.00289.x/pdf
http://www.sciencedirect.com/science/article/pii/S003442570200010X
http://www.sciencedirect.com/science/article/pii/S003442570200010X
http://www.sciencedirect.com/science/article/pii/S003442570200010X
http://www.sciencedirect.com/science/article/pii/S003442570200010X
http://link.springer.com/article/10.1007%2Fs004250050524
http://link.springer.com/article/10.1007%2Fs004250050524
http://link.springer.com/article/10.1007%2Fs004250050524
http://link.springer.com/article/10.1007%2Fs004250050524
http://www.sciencedirect.com/science/article/pii/S0168945299001971
http://www.sciencedirect.com/science/article/pii/S0168945299001971
http://www.sciencedirect.com/science/article/pii/S0168945299001971
http://www.ncbi.nlm.nih.gov/pubmed/16263901
http://www.ncbi.nlm.nih.gov/pubmed/16263901
http://www.ncbi.nlm.nih.gov/pubmed/16263901
http://www.ncbi.nlm.nih.gov/pubmed/21411180
http://www.ncbi.nlm.nih.gov/pubmed/21411180
http://www.ncbi.nlm.nih.gov/pubmed/21411180
http://www.ncbi.nlm.nih.gov/pubmed/16659839
http://www.ncbi.nlm.nih.gov/pubmed/16659839
http://www.ncbi.nlm.nih.gov/pubmed/6727660
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.publish.csiro.au/paper/PP00112.htm
http://www.publish.csiro.au/paper/PP00112.htm
http://www.publish.csiro.au/paper/PP00112.htm
http://www.publish.csiro.au/paper/PP00112.htm
http://jxb.oxfordjournals.org/content/46/12/1825
http://jxb.oxfordjournals.org/content/46/12/1825
http://jxb.oxfordjournals.org/content/46/12/1825
http://jxb.oxfordjournals.org/content/46/12/1825
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1997.tb01072.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1997.tb01072.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1399-3054.1997.tb01072.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/14666422
http://www.ncbi.nlm.nih.gov/pubmed/14666422
http://www.ncbi.nlm.nih.gov/pubmed/14666422
http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.1999.00511.x/pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.1999.00511.x/pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.1999.00511.x/pdf
http://onlinelibrary.wiley.com/doi/10.1046/j.1469-8137.1999.00511.x/pdf
http://www.ncbi.nlm.nih.gov/pubmed/23838961
http://www.ncbi.nlm.nih.gov/pubmed/23838961
http://www.ncbi.nlm.nih.gov/pubmed/23838961
http://www.ncbi.nlm.nih.gov/pubmed/23838961
http://www.ncbi.nlm.nih.gov/pubmed/23838961
http://www.ncbi.nlm.nih.gov/pubmed/11457969
http://www.ncbi.nlm.nih.gov/pubmed/11457969
http://www.ncbi.nlm.nih.gov/pubmed/11457969
http://www.ncbi.nlm.nih.gov/pubmed/18349048
http://www.ncbi.nlm.nih.gov/pubmed/18349048
http://www.ncbi.nlm.nih.gov/pubmed/18349048
http://www.ncbi.nlm.nih.gov/pubmed/18349048

	Title
	Abstract 
	Keywords
	Abbreviations
	Highlights
	Introduction
	Materials and Methods 
	Plant material and growth conditions 
	Cellular damage indicators 
	Hydrogen peroxide and nitric oxide quantification 
	Enzyme activity assays 
	Statistical analysis 

	Results and Discussion 
	Conclusion
	Acknowledgment
	Conflicts of Interest 
	References
	Figure 1
	Figure 2

