International Journal of Plant & Soil Science

24(6): 1-9, 2018; Article no.IJPSS.44540
ISSN: 2320-7035

Biochemical Responses of Wolfbane (Periploca
angustifolia Labill) to Water Stress

Mohamed, M. Abd El-Maboud”, Abd EImonem, A. A. Elhenawy’
and Mohamed, F. Ibrahim?

"Department of Ecology and Range Management, Desert Research Center, Egypt.
’Department of Agricultural Botany, Faculty of Agriculture, Ain Shams University, Egypt.

Authors’ contributions

This work was carried out in collaboration between all authors. Author MMAEM put the paper idea,
collecting plant samples, shared in reading growth parameters and wrote the manuscript. Author AEAAE
collected the plant seeds, planting seeds, designed the experiment and shared in reading growth
parameters. Author MFI carried out the chemical analyses and performed the statistical analysis. The three
authors read and approved the final manuscript.

Article Information

DOI: 10.9734/IJPSS/2018/44540

Editor(s):

(1) Dr. Abhishek Naik, Technology Development Department - Vegetable Crops, United Phosphorus Limited -Advanta, Kolkata,
India.

Reviewers:

(1) Raul Leonel Grijalva-Contreras, Instituto Nacional de Investigaciones Forestales Agricolas y Pecuarias, México.

(2) Koksal Aydinsakir, Bati Akderniz Agricultural Research Institute, Turkey.

(3) Fabio Henrique Portella Corréa de Oliveira, Universidade Federal Rural de Pernambuco, Brazil.

Complete Peer review History: http://www.sciencedomain.org/review-history/26715

Received 29 July 2018
Accepted 01 October 2018
Published 20 October 2018

Original Research Article

ABSTRACT

Periploca angustifolia as an endangered plant species were grown at Balouza Research Station
(North Sinai, Egypt) during the period from November, 2016 to April, 2018 including three months
seedling stage, two months transplanting and establishment stage, and 12 months plant old after
establishment, one meter between seedlings within each row as well as the drip irrigation system.
Using three irrigation levels; 160, 120 and 80 mm/year distributed constantly every 10 days for one
year along to investigate vegetative parameters, hydrogen peroxide (H,0,), polyphenol oxidase
(PPO), peroxidase (POD), total free amino acids (FAA), total phenols and soluble sugars. All
vegetative parameters (plant height, number of branches, number of pods, leaves fresh and dry
weight, soft branches fresh and dry weight, hard branches fresh and dry weight, and branches
height mean attained the highest reading at 160mm/year irrigation amount. The three irrigation
amounts did not induce a significant change in H,O, concentration in both leaves and roots of P.
angustifolia. The irrigation with 80mm/year induced the highest PPO activity in leaves and roots
and the highest POD activity in leaves of P. angustifolia. Also, the lowest used irrigation amount
stimulated the highest accumulation of FAA, total phenols and soluble sugars in the leaves.
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1. INTRODUCTION

Drought is one of the most important factors of
abiotic stress in plants. It controls growth,
development, flowering and productivity of plant
species. When plants are exposed to water
stress, some reactive oxygen species (ROS) are
produced [1]. These ROS may cause deleterious
effects on plant cell such as lipid peroxidation,
protein oxidation, photosynthesis and DNA
damages [2,3]. These harmful influences of ROS
on cell macromolecules may be retarded or
inactivated by antioxidant systems which either
enzymatic like PPO, POD, etc., or non-enzymatic
like carotenoids, ascorbic acids, proline and
polyphenolic compounds [4-6]. Many authors
declared that the species exposed to mild and /
or water stress conditions increased the activity
of antioxidant enzymes [7] while some did not
find water stress effects on the enzyme activities
[8]. Phenolic compounds play important
physiological and ecological roles, being involved
in resistance to different types of stress [9]. A
number of studies found the accumulation of
phenolic compounds in plant tissues as a
reaction to abiotic stress [10,11].

Besides antioxidant defense, plants accumulate
metabolites such as soluble sugars, amino acids,
total phenols and inorganic ions result in drought
stress to regulate osmotic potential [12]. The
highest elevation in soluble sugar content in
Tibetan wild barley genotypes was observed in
drought-tolerant XZ5 and XZ150 under 15 %
SMC [13]. Soluble carbohydrates are considered
as important metabolites in plants under drought
stress [14]. Drought stress influenced a
significant increase in soluble carbohydrate and
a decrease in soluble protein in Cicer arietinum
cultivars [15]. Also, it increased the accumulation
of total free amino acids in maize seedlings [16]
and Brassica napus [17]. Water stress reduced
plant biomass but increased the concentrations
of primary metabolites and hormones [18].

Periploca angustifolia (Labill) belonging to family
Asclepiadaceae, is an erect glabrous shrubs,
well adapted to arid climates and a high
palatable for range animals, so the plants are
often overgrazed by goats and camels. In Egypt,
it distributes along the Western Mediterranean
coastal region at calcareous ridges between
Mersa Matruh and Sallum and the most common
use is grazing [19]. In addition to its rich with
secondary metabolites via flavonoids, flavonols
and phenolic compounds that have

pharmacologically useful antioxidant properties
[20]. Moreover, it can be used in rehabilitation
[21].

The present study aims to investigate the effect
of water deficit on some biochemical parameters
in leaves and roots of Periploca angustifolia
(Labill). To achieve that we measured the
activities of PPO and POD, H,O, content, total
free amino acids, total phenols and total soluble
sugars.

2. MATERIALS AND METHODS

Plant seeds of Periploca angustifolia (Labill) were
collected from natural population far from 5 km
West Sidi Barrani city. Cleaning protocol was
done after seed collection and dried immediately
in order to minimise seed deterioration. The
seeds were sterilised and soaked in tap water for
2 hours then were sown in polyethylene bags
filled with sand and vermiculite (3:1) under
controlled conditions in green house at Baloza
Research Station (North Sinai, Egypt), one seed
per each bag for three months with regular
irrigation. After that the seedlings were
transplanted in the permanent site. And one
meter between seedlings within each row as well
as the drip irrigation system using Elsalam Canal
water ranged between 1800-2000 ppm. The
experimental design used was complete block
design in three replicates to control the amount
of irrigation water. Before application of irrigation
amounts, all transplants were irrigated according
their needs for two months to establish their
roots. The first block was irrigated with 80mm/
year, the second (120 mm/ year) and the third
(160 mm/ vyear). The irrigation system was
supported with a calculator to control the amount
of water distributed constantly every 10 days for
one year along. After one year from planting 3
guarded plants from each block were taken to
determine the following growth characters i.e.
plant height (cm) which was measured from
ground surface to the end top of the main stem,
number of branches/plant, number of pods/plant,
leaves fresh and dry weight/plant, soft branches
fresh and dry weight/plant, hard branches fresh
and dry weight/plant, and branches height mean.
The GPS reading where the experiment was
done is 31°03' latitude, 32°36' longitude and 22
m altitude.

The colorimetric determination of hydrogen
peroxide concentration at 390 nm in leaf tissues
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using potassium iodide was assayed as
described by Loreto and Velikova [22]. A half
gram of fresh weight was homogenised in 3 mL
of 1% (w/v) ftri-chloroacetic acid (TCA). The
homogenate was centrifuged at 10,000 rpm at
4°C for 10 min. Subsequently, 0.75 mL of the
supernatant was added to 0.75 mL of 10 mM K-
phosphate buffer (pH 7.0) and 1.5 mL of 1M KI.
A Standard curve of H,O, was done to calculate
its concentration (umol g™ fresh weight) in plant
tissues.

Total soluble sugars of 0.1 g fresh weight in
leaves were extracted according to AOA [23] and
estimated by phenol and sulfuric acid method as
described by Chow and Landhdusser [24] by
reading the yellow developed color at the
wavelength 490 nm. A known weight of fresh
leaves was extracted with MeOH 85% to
determine the phenolic compounds as catechol
according to the method of Folin-Denis as
described by Shahidi and Naczk [25] by reading
the developed blue colour at 725.

To prepare the extraction of free amino acids
(FAA) and enzyme assays: Peroxidase (POD)
and polyphenol oxidase (PPO), fresh leaves
were homogenised in 5 mL phosphate buffer (0.1
mol/L, pH 7.8), centrifuged at 10,000 xg for 20
min at 4°C and then the supernatant was used
for assays. Free amino acids were determined
according to Hamilton and Van [26]. One ml of
each sample extract was treated with 1 ml of
10% pyridine and 1 ml of 2% ninhydrine solution.
The optical densities of these colored solutions
were then read at 570 nm. Glycine solution were
prepared as standard. The activity of peroxidase,
POD (EC 1.11.1.7) was assayed according to the
method of Dias and Costa [27] whereas;
polyphenol oxidase (PPO) (EC 1.14.18.1) activity
was measured according to Oktay et al. [28]. The
activity of both enzymes was expressed by
calculation the changes in the absorbance per
unit of time.

2.1 Statistical Analysis

Data were analysed using [29]. The standard
error of the means was calculated and Tukey's
test (P<0.05) was used to determine significant
differences between means at 5% level of
probability.

3. RESULTS AND DISCUSSION
3.1 Changes in the Growth Parameters

The effect of three different irrigation amounts
(160, 120 and 80 mm/year) on vegetative growth

parameters of Periploca angustifolia are shown
in Table 1. All the studied vegetative traits; plant
height, number of branches/plant, number of
pods/plant, leaves fresh weight/plant, fresh
weight of soft branches/plant, fresh weight of
hard branches/plant, pods weight/plant, leaves
dry weight/plant, dry weight of soft branches/
plant, dry weight of hard branches/plant and
branches height mean were decreased
significantly by water stress, recording the lowest
reading at 80 mm/year except number of
branches at 120 mm/year.

As mentioned above, plant growth parameters
increased with increased water application from
80 to 160mm/year. It is known to us that water
plays important role in transport, nutrient uptake
and photosynthesis. In this trend, [30] found that
the vegetative growth parameters in Coriandrum
sativum were improved by applying higher
irrigation levels as compared to lower levels.
Flower and pod numbers in Lupinus albus were
reduced result in water stress [31]. Also, [32,33]
observed that as water stress increased as the
shoot length, diameter and plant total fresh and
dry weights decreased. Moreover, water deficit
can reduce directly plant growth through
reducing turgor pressure of cells and inhibiting
their mitosis and elongation [12].

Plants have developed different mechanisms to
overcome the deleterious effects of abiotic
stresses. Growth rate (including plant height,
branching numbers and mass productivity) is the
initial plant morphological response to water
stress. Thus, the reduction in these
morphological characters of P. angustifolia may
be an adaptive response to water stress.

3.2 Changes in Reactive Oxygen Species

Data presented in Fig. 1 show that H,O, content
in P. angustifolia, did not affect significantly in the
leaves and the roots by water stress. H,0, is the
most stable among reactive oxygen species
which is produced in plant cells via
photosynthesis and photorespiration. In addition
to photosynthetic and respiratory metabolism, the
extracellular matrix (ECM) plays a vital role in the
generation of H,0O,, which regulates plant
growth, development, acclimatory and defence
responses [34]. The role of H,O, in stress-
promoted damage has long been known [35], but
it has also been reported to be involved in a wide
range of hormone-dependent developmental
signaling processes, as well as cell wall splitting
and associated cell wall growth [36].
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Table 1. Effect of irrigation rate on some growth parameters of Periploca angustifolia (Labill)
grown at Baloza Research Station, North Sinai

Parameters Irrigation rate (mm.year”)
160 120 80 M.S.D=0.05

Plant height (cm) 134 a 122 b 105.333 ¢ 11.14
No. branches 35.67a 11.67b 12.67 b 5.21
No. pods 379.0a 221.33b 101.67 c 12.99
Leaves fresh weight (g) 863.33 a 643.00 b 328.33 ¢ 18.10
Fresh weight of soft branches (g) 333.00 a 264.00 b 89.33 ¢ 19.95
fresh weight of hard branches (g) 918.00 a 382,33 b 171.67 ¢ 11.08
pods weight (g) 674.67 a 459.00 b 132.00 ¢ 11.14
dry weight of leaves (g) 225.33 a 134.00 b 51.67 c 10,29
dry weight of soft branches (g) 105.33 a 66.00 b 42.00 c 7.42
dry weight of hard branches (g) 444 .67 a 169.67 b 64.67 ¢ 4.79
mean of branches height (cm) 129.17 a 114.10b 88.87 c 9.55

Means followed by different letters are significantly different at P <0.05 according to Tukey's multiple range test
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Fig. 1. Effect of Irrigation rate on the concentration of H,0, in the leaf and root tissues of
Periploca angustifolia (Labill) grown at Baloza Research Station, North Sinai

3.3 Changes in the Osmolytes

Data presented in Fig. 2 showed that soluble
sugars in the leaves and the roots increased as
water stress increased but the increase was only
significant in the leaves. That increase in soluble
sugar can be effective in keeping cell turgor,
which is the protective reaction of P. angustifolia
by improving water-holding capacity during water
stress. Similar results were obtained for P.
angustifolia [21], Glycyrrhiza uralensis [37] and
Lycium ruthenicum [38]. Furthermore, [39]
mentioned that water stress in the phyllode of
Acacia auriculiformis induced inhibition of
photosynthesis that decrease sucrose synthesis
and the rate of sucrose export and transport in
order to maintain higher pool of sucrose and total

soluble sugars. The plant induces stress
resistance by accumulating enormous amounts
of soluble protein, free proline and soluble sugars
to improve cell sap concentration, which can
enhance cell turbidity and prevent excessive
plasma dehydration [37].

Soluble sugars can act as signals regulating
various processes associated with plant growth
and development beside their function as
metabolic resources and structural constituents
of cells [40,41]. They are introduced in various
metabolic events and act as molecule signals
regulating different genes, especially those
contributed in photosynthesis, sucrose
metabolism and osmolyte synthesis [42].
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Fig. 2. Effect of Irrigation rate on the concentration of total soluble sugars and free amino
acids in the leaf and root tissues of Periploca angustifolia (Labill) grown at Baloza Research
Station, North Sinai

Like soluble sugars, F.A.A. extracted from the
leaves increased significantly while the roots did
not affect in F.A.A. content by water stress as
observed from Fig. 2. In this trend, [43] declared
that free amino acids in drought stressed leaves
of Lathyrus sylvestris was increased by 11.9% as
compared to the control. Also, Ranieri et al. [16]
mentioned that total free amino acids were
increased and a consistent rearrangement of the
amino acid pool in maize seedling under water
stress. Drought exposure increased pooled
primary metabolites concentration in both leaves
and roots, but this effect was significant only in
leaves [18].

3.4 Changes in the Phenolic Compounds
and Their Related Enzymes

Data presented in Fig. 3 showed that total
soluble phenols in leaves and roots of P.
angustifolia increased as water stress increased
but the increase was only significant in the
leaves. The increase in phenolic compounds in
the leaves as affected by water stress due to

their function as antioxidants [44]. In fact, that
function may be less necessary in roots than in
leaves, because roots lack the spikes in reactive
oxygen species under stress that are combined
with chloroplasts [45]. Large  studies
demonstrated that accumulation of total phenols
rises under abiotic stress conditions [11,46-48].
In addition to, phenolic compounds take part in
the defense against reactive oxygen species,
which are inevitably produced when aerobic or
photosynthetic metabolism is broken down by
environmental stresses [49].

PPO and POD play a protective role in
scavenging ROS [6,50]. In the present study,
PPO increased significantly with water stress in
leaves and roots attained the highest activity at
irrigation range 80mm/year, while the change
between S1 (160mm/year) and S2 (120
mm/year) was non-significant as represented in
Fig. 4. Like PPO, POD increased significantly
with water stress in leaves only, while in roots did
not change significantly as shown in Fig. 4.
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Fig. 3. Effect of Irrigation rate on the concentration of total soluble phenols in the leaf and root
tissues of Periploca angustifolia (Labill) grown in at Baloza Research Station, North Sinai
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Fig. 4. Effect of Irrigation rate on the activity
of polyphenol oxidase (PPO) and peroxidase
(POD) in the leaf and root tissues of Periploca

angustifolia (Labill) grown at Baloza
Research Station, North Sinai

PPO motivates the oxidation of monophenols
and/ or o-diphenols to o-quinones with the
restriction of oxygen by reduction to water which

results in protein complexing and the formation of
melanin pigments. The formation of o- quinone-
protein complexes may reduce the nutritional
value of the tissue [51]. From our results it is
obvious that PPO is an effective result in water
stress tolerance in P. angustifolia leaves and
roots. Consequently, the suggestion that an
increase in PPO activity following a drought
stress on Trifolium repens [52] and Ramonda
serbica leaves which were exposed to near-
complete water loss [53]. However, a conflicting
result was given in tomato where suppression of
PPO activity results in abiotic stress [54]. The
increase of POD in the leaves results in water
stress agreed with Salekjalati et al. [55], who
found that POD activity significantly increase as
compared with control will watered treatment in
Hordeum vulgare L. Also, [56] observed the
increased activity of POD in leaves and petioles
of Ctenanthe setosa (Rosc.) Eichler under
drought stress. Moreover, POD can enhance the
degradation of phenols when coexisting with
PPO [57]. In addition PODs play an important
role in the fine regulation of reactive oxygen
species in the cell through activation and
deactivation of H,O, [58].

4. CONCLUSION

Periploca angustifolia is a drought tolerant plant
that can adapt morphologically to water stress by
reducing its growth parameters to reduce
transpiration process. Furthermore, plant keeps
stability in the reactive oxygen species (H,O,



Abd El-Maboud et al.; IJPSS, 24(6): 1-9, 2018; Article no.lJPSS.44540

content). Biochemically, PPO plays a pivotal role
in P. angustifolia to increase the tolerance to
water stress.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Asada K. The water-water cycle in
chloroplasts: Scavenging of active oxygens
and dissipation of excess photons. Ann.
Rev. Plant Physiol. Plant Mol. Biol. 1999;
50:601-639.

Gill SS, Tuteja N. Reactive oxygen species
and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology
and Biochemistry. 2010;48:909-930.
Ahmad P, Nabi G, Jeleel CA, Umar S.
Free radical production, oxidative damage
and antioxidant defense mechanisms in
plants under abiotic stress. In: Ahmad P,
Umar S. (eds). Oxidative stress: Role of
antioxidants in plants. Studium Press, New
Delhi; 2011.

Kartashove AV, Radyukina NL, Ivanov YV,
Pashkovskii PP, Shevyakova NI,
Kuznetsov VV. Role of antioxidant systems
in wild plant adaptation to salt stress.
Russian Journal of Plant Physiology. 2008;
55(4):516-522.

Bose J, Rodrigo-Moreno A, Shabala S.
ROS homeostasis in halophytes in the
context of salinity stress tolerance. Journal
of Experimental Botany. 2014;65(5):1241-
1257.

Abd El-Maboud MM, Eisa SS. Role of
internal antioxidant in the adaptation of
Salsola tetrandra Forssk. at
different habitats of the North Western
Coast of Egypt. Research Journal of
Pharmaceutical, Biological and Chemical
Sciences. 2016;7(3):48-55.

Ge Y, He X, Wang J, Jiang B, Ye R, Lin X.
Physiological and biochemical responses
of Phoebe bournei seedlings to water
stress and recovery. Acta Physiol. Plant.
2014;36:1241-1250.

DOI: 10.1007/s11738-014-1502-3

Delfine S, Loreto F, Alvino A. Drought-
stress effects on physiology, growth and
biomass production of rained and irrigated
Bell Pepper plants in the Mediterranean
region. J. Am. Soc. Hortic. Sci. 2001;126:
297-304.

9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ayaz FA, Kadioglu A, Turgut R. Water
stress effects on the content of low
molecular weight carbohydrates and
phenolic acids in Ctenanthe setose (Rosc.)
Eichler. Can J Plant Sci. 2000;80:373-378.
Dixon RA, Paiva NL. Stress-induced
phenylpropanoid metabolism. Plant Cell.
1995;7:1085-1097.

Bettaieb |, Hamrouni-Sellami |, Bourgou S,
Limam F, Marzouk B. Drought effects on
polyphenol composition and antioxidant
activities in aerial parts of Salvia officinalis
L. Acta Physiol. Plant. 2011;1103-1111.
Farooq M, Wahid A, Kobayashi N, Fujita D,
Basra SMA. Plant drought stress: Effects,
mechanisms and management. Agron.
Sustain. Dev. 2009;29:185-212.

Zhang M, Jin Z, Zhang G, Wu F.
Physiological and biochemical responses
to drought stress in cultivated and Tibetan
wild barley. Plant Growth Regulation.
2015;75(2):567-574.

Arabzadeh N. The effect of drought stress
on soluble carbohydrates (sugars) in two
species of Haloxylon persicum and
Haloxylon Aphyllum. Asian Journal of Plant
Sciences. 2012;11(1):44-51.

Mafakheri A, Siosemardeh A,
Bahramnejad B, Struic PC, Sohrabi Y.
Effect of drought stress and subsequent

recovery on  protein, carbohydrate
contents, catalase and peroxidase
activities in  three chickpea (Ciser

arietinum) cultivars. Australian Journal of
Crop Science. 2011;5(10):1255-1260.
Ranieri A, Bernardi R, Lanese P, Soldatini
G. Changes in free amino acid content and
protein pattern of maize seedlings
under water stress. Environmental and
Experimental Botany. 1989;29(3):351-357.
Good AG, Zaplachinski ST. The effects of
drought stress on free amino acid
accumulation and protein synthesis in
Brassica napus. Physiol. Plant. 1994;90:9-
14.

Mundim FM, Pringle EG. Whole-plant
metabolic allocation under water stress.
Frontiers in Plant Science. 2018;9:852.
DOI: 10.3389/fpls.2018.00852

Boulos L. Flora of Egypt. Al Hadara Pub,
Cairo Egypt; 2000;2:352.

Bouaziz M, Dhouib A, Loukil S, Boukhris
M, Sayadi S. Polyphenols content,
antioxidant and antimicrobial activities of
extracts of some wild plants collected from
the south of Tunisia. African Journal of
Biotechnology. 2009;8(24):7017-7027.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Abd El-Maboud et al.; IJPSS, 24(6): 1-9, 2018; Article no.lJPSS.44540

Dghim F, Abdellaoui R, Boukhris M, Neffati
M, Chaieb M. Physiological and bio-
chemical changes in Periploca angustifolia
plants under  withholding irrigation
and rewatering conditions. South African
Journal of Botany. 2018;114:241-249.
Loreto F, Velikova V. Isoprene produced
by leaves protects the photosynthetic
apparatus against ozone damage,
quenches ozone products, and reduces
lipid peroxidation of cellular membranes.
Plant Physiol. 2001;127:1781-1787.
AOAC. Official methods of analysis of the
association of official agriculture chemists.
Published by Association of Official
Agriculture Chemists, 13" Ed. Washington,
D.C, USA; 1990.

Chow P, Landhausser S. A method for
routine measurements of total sugar and
starch content in woody plant tissues. Tree
Physiology. 2004;24:1129-1136.

Shahidi F, Naczk M. Food phenolics:
Sources, chemistry, effects, applications.
Technomic Publishing Company.
Lancaster, PA; 1995.

Hamilton PB, Van Slyke DD. Amino acids
determination with ninhydrin. J. Biol.
Chem. 1943;150:231-233.

Dias MA, Costa MM. Effect of low salt
concentrations on nitrate reductase and
peroxidase of sugar beet leaves. J. Exp.
Bot. 1983;34:537-543.

Oktay M, Kufrevioglu I, Kocacaliskan |,
Sakiroglu H. Polyphenol oxidase from
Amasya apple. J. Food Sci. 1995;60(3):
495-499.

SAS. Institute Inc. SAS/STAT User's
Guide: Release 6.03 ed. SAS Inst. Inc.,
Cary, NC; 1988.

Hassan FAS, Ali EF. Impact of different
water regimes based on class-A pan on
growth, yield and oil content of Coriandrum
sativum L. plant. Journal of the Saudi
Society of Agricultural Sciences. 2014;
13(2):155-161.

Withers NJ, Forde BJ. Effect of water
stress on Lupinus albus. New Zealand

Journal of Agricultural Research. 1979;
22(3):463-474.
Bolat |, Dikiltas M, Ercis S, Ikinci A,

Tonkaz T. The effect of water stress on
some morphological, physiological, and
biochemical characteristics and bud
success on apple and quince rootstocks.
The Scientific World Journal; 2014.
Available:http://dx.doi.org/10.1155/2014/76
9732

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ibrahim MF, Bondok AM, Al-Senosy NK,
Younis RA. Stimulation some of defense
mechanisms in tomato plants under water
deficit and Tobacco mosaic virus (TMV).
World Journal of Agricultural Sciences.
2015;11(5):289-302.

Slesak |, Libik M, Karpinska B, Karpinski
S, Miszalski Z. The role of hydrogen
peroxide in regulation of plant metabolism
and cellular signalling in response to
environmental stresses. Acta Biochemica
Polonica. 2007;54(1):39-50.

Pastori GM, Foyer CH. Common
components, networks and pathways of
cross-tolerance to stress. The central role
of ‘redox’ and abscisic-acid-mediated
controls. Plant Physiology. 2002;129:460-
468.

Foyer CH, Noctor G. Redox sensing and
signalling associated with reactive oxygen
in chloroplasts, peroxisomes and mito-
chondria. Physiologia Plantarum. 2003;
119:355-364.

Liu Y, Cheng GL, Cai GF, Zhang ZX, Yue
X. Growth and osmoregulation substances
accumulation of Glycyrrhiza uralensis
seedling under drought stress. Acta Bot.
Boreal-Occident Sin. 2011;3:2259-2264.
Guo YY, Yu HY, Yang MM, Kong DS,
Zhang YJ. Effect of drought stress on lipid
peroxidation, osmotic adjustment and
antioxidant enzyme activity of leaves and
roots of Lycium ruthenicum Murr. Seedling.
Russian Journal of Plant Physiology. 2011;
65(2):244-250.

Liu L, Xu S, Wang D, Woo K
Accumulation of pinitol and other soluble
sugars in water-stressed phyllodes of
tropical Acacia auriculiformis in northern
Australia. New Zealand Journal of Botany.
2008;45:119-126.

Jang JC, Sheen J. Sugar sensing in higher
plants. Plant Cell. 1997;9:5-19.

Loreti E, de Bellis L, Alpi A, Perata P. Why
and how do plant cells sense sugars? Ann
Bot. 2001;88:803-812.

Rosa M, Prado C, Podazza G, Interdonato
R, Gonzalez JA, Hilal M, Prado FE.
Soluble sugars-Metabolism, sensing and
abiotic stress. Plant Signal Behav. 2009;
4(5):388-93.

Shen L, Foster JG, Orcutt DM.
Composition and distribution of free amino
acids in flatpea (Lathyrus sylvestris L.) as
influenced by water deficit and plant age.
Journal of Experimental Botany. 1989;
40(1):71-79.



44,

45.

46.

47.

48.

49.

50.

Abd El-Maboud et al.; IJPSS, 24(6): 1-9, 2018; Article no.lJPSS.44540

Nakabayashi R, Yonekura-Sakakibara K,
Urano K, Suzuki M, Yamada Y, Nishizawa
T, Matsuda F, Kojima M, Sakakibara H,
Shinozaki K Michael AJ, Tohge T,
Yamazaki M, Saito K. Enhancement of
oxidative and drought tolerance in
Arabidopsis by overaccumulation of anti-
oxidant flavonoids. Plant J. 2014;77:367—
379.

DOI: 10.1111/tpj.12388

Lodeyro AF, Giré M, Poli HO, Bettucci G,
Cortadi A, Ferri AM, et al. Suppression of
reactive oxygen species accumulation in
chloroplasts prevents leaf damage but not
growth arrest in salt-stressed tobacco
plants. PLoS One. 2016;11:e0159588.
DOI: 10.1371/journal.pone.0159588

Janas KM, Cvikrova M, Pata giewicz A,
Szafran’ska K, Posmyk MM. Constitutive
elevated  accumulation of  phenyl-
propanoids in soybean roots at low
temperature. Plant Sci. 2002;63:369-373.
Weidner S, Karolak M, Karamac™ M,
Kosin'ska A, Amarowicz R. Phenolic
compounds and properties of antioxidants
in grapevine roots (Vitis vinifera) under
drought stress followed by regeneration.
Acta Soc Bot Pol. 2009;78:97-103.

Nichols SN, Hofmann RW, Williams WM.
Physiological drought resistance and
accumulation of leaf phenolics in white
clover interspecific hybrids. Environ. Exp.
Bot. 2015;119:40-47.

Sreenivasulu N, Grimm B, Wobus U,
Weschke W. Differential response of
antioxidant compounds to salinity stress in
salt tolerant and salt sensitive seedlings of
foxtail millet (Setaria italica). Physiol Plant.
2000;109:435-442.

Lin CC, Kao CH. Effect of oxidative
stress caused by hydrogen peroxide on
senescence of rice leaves. Botanical

51.

52.

53.

54,

55.

56.

57.

58.

Bulletin of Academia Sinica. 1998;39:161-
165.

Boeckx T, Winters AL, Webb KJ, Kingston-
Smith AH. Polyphenol oxidase in leaves: is
there any significance to the chloroplastic
localization? Journal of Experimental
Botany. 2015;66(12):3571-3579.

Lee B, Kim K, Jung W, Avice J, Ourry A,
Kim T. Peroxidases and lignifications in
relation to the intensity of water-deficit
stress in white clover (Trifolium repens L.).
Journal of Experimental Botany. 2007;58:
1271-1279.

Velgovic-Jovanovic S, Kukavica B, Navari-
Izzo F. Characterisation of polyphenol
oxidase changes induced by dissication of
Ramonda serbica leaves. Physiologia
Plantarum. 2008;132:407-416.

Thipyapong P, Melkonian J, Wolfe DW,
Steffens JC. Suppression of polyphenol
oxidases increases stress tolerance in
tomato. Plant Science. 2004;167:693-703.
Salekjalati M, Haddad R, Jafari B. Effects
of soil water shortages on the activity of
antioxidant enzymes and the contents of
chlorophylls and proteins in barley.
American-Eurasian J. Agric. & Environ.
Sci. 2012;12(1):57-63.

Terzi R, Kadioglu A. Drought stress
tolerance and the antioxidant enzyme
system in Ctenanthe sefosa. Acta
Biologica Cracoviensia Series Botanica.
2006;48(2):89-96.

Li H, Guo A, Wang H. Mechanisms of
oxidative browning of wine. Food Chem.
2008;108:1-13.

Sairam RK, Srivastava GC, Agarwal S,
Meena RC. Differences in antioxidant
activity in response to salinity stress in
tolerant and susceptible wheat genotypes.
Biol. Plant. 2005;49: 85-91.

© 2018 Abd EI-Maboud et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/26715




