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THIS study aimed to investigate the differential impact of potassium (K) and 
calcium (Ca) ascorbate on physiological and biochemical responses of Phaseolus 

vulgaris to salt stress. To understand these differential responses, Phaseolus vulgaris 
seeds were soaked in a single or mixture (1:1, 1:2 and 2:1) of K-ascorbate: Ca-
ascorbate and then subjected to salt stress (100 mM). In general, salt stress reduced 
plant growth, inhibited photosynthesis, respiration and stomatal conductance and 
induced oxidative stress. The antioxidant defense system (e.g., total phenol, proline 
and antioxidant enzymes) increased as a consequence of salt stress. Ascorbate 
pretreatment generally reduced stress, in particular at the level of oxidative stress 
parameters, where it decreased lipid peroxidation. In contrast, the pretreatment of 
seeds with ascorbate mitigate salinity stress at the growth and oxidative stress levels. 
Comparing the two ascorbate salts it was found that during stress, Ca-ascorbate 
increased growth, photosynthesis and antioxidants more than K-ascorbate. Where 
1:2 (K-ascorbate: Ca-ascorbate) ratio showed the highest stress mitigation effect. 
These specific responses were also identified and supported by Principal Component 
Analysis (PCA).

Keywords: Ascorbic acid, Phaseolus vulgaris, Salinity, Photosynthesis, Transpiration,   
oxidative stress, Antioxidant.
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Introduction                                                                 

Environmental stress conditions, salinity and 
drought, have detrimental effects on plant growth 
and production (Ahuja et al., 2010 and Shahbaz 
et al., 2013). Salinity reduces seed germination, 
plant growth and flowering, that ultimately 
causing reduction of plant productivity (Kanwal 
et al., 2013). This reduction in plant growth could 
be attributed to inhibited photosynthetic processes 
and carbohydrate biosynthesis, reduced stomatal 
conductance, deceased water use efficiency and 
induced nutritional deficiency (Doganlar et al., 
2010; Kaymakanova, 2012; Parihar et al., 2015 
and Chokshi et al., 2017). Salinity impairs Ca 
uptake up by plants, possibly by displacing it 
from the cell membrane or in some way affecting 
membrane function (Lauchli, 1990 and Ramesh 
et al., 2004). Salt stress also induce alterations in 
plant metabolism and accumulation of reactive 
oxygen species (ROS), which have damaging 
effects on lipids, proteins and nucleic acids 
(Hussain et al., 2008 and Rahdari et al., 2012). 

ROS production under stress is mainly attributed 
to increased photorespiration, β-oxidation of 
fatty acids and activity of the mitochondrial 
electron transport chain (Apel & Hirt, 2004). On 
the other hand, stress conditions in plants induce 
defense systems, including enhanced antioxidant 
activities to minimize  the damaging effects of the 
free radical (Mittler et al., 2004 and Sharma et al., 
2012).

The allelopathic effect of ascorbate on plants 
growth has been extensively studied (Niakan 
& Mazandrani, 2009 and Niakan et al., 2012). 
Ascorbate is an important antioxidant in plant and 
many literatures showed that it has an essential 
role in several physiological processes in plants, 
including growth, differentiation, and metabolism 
(Noctor & Foyer, 1998 and Horemans et al., 
2000). Ascorbate functions as a reductant for 
many free radicals because of its ability to 
donate electrons in a number of enzymatic and 
non-enzymatic reactions (Gill & Tuteja, 2010). 
By ascorbate peroxidase, ascorbate detoxify the 
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H2O2 to water and oxygen and it is oxidized to 
monodehydroascorbate and dehydroascorbate 
radicals and this is usually the main product 
of ascorbate oxidation in biological systems 
(Smirnoff, 1996 and Noctor & Foyer, 1998). 
Ascorbate can directly regenerate tocopherol 
from tocopheroxyl radicals and plays a role as a 
co-factor of violaxanthin de-epoxidase, and thus 
providing membrane protection and sustaining 
dissipation of excess excitation energy (Li & Jin, 
2007 and Pourcel et al., 2007). 

Ascorbate enhances plant tolerance to 
environmental stressors such as saline stress 
(Khan et al., 2011; Ejaz et al., 2012 and Cai et 
al., 2016). For instance, exogenous application 
of ascorbate generally reduced inhibitory effects 
of salt stress on net photosynthetic rate, pigments 
biosynthesis and membrane integrity (Al-Hakimi 
& Hamada, 2011). In this context, Khafagy et al. 
(2009), Dehghan et al. (2011) and Azzedine et 
al. (2011) reported that ascorbate mitigated the 
inhibitory effect of salt stress on plant growth due 
to increased leaf area, improved chlorophyll and 
carotenoid contents, and enhanced antioxidant 
accumulation. One mechanism of this protection 
effect is the ability of ascorbate to reduce stress-
induced levels of ROS and further induced 
anti-oxidant defense system (Beyer, 1994 and 
Horemans et al., 2000). Ascorbate affected many 
enzyme activities, minimizing the oxidative 
damage through synergic function with other 
antioxidants (Foyer & Noctor, 2005), where it 
induced enhancement in growth of salt-stressed 
plants coupled with an increase in catalase, 
peroxidase and superoxide dismutase activities 
(Munir & Aftab, 2011). Protective effect of 
ascorbate pre-treatment under control and/or 
stress conditions is also highly dependent on rate 
of ascorbate uptake by plant. Studies with K- and 
Ca-ascorbate recorded that the effectiveness of 
ascorbic acid depended on its uptake into the leaf 
(Freebairn, 1963). However, differential effects K 
and Ca- ascorbate on plant growth and metabolism 
under stress are poorly studied.

Potassium (K+) and Calcium (Ca2+) are 
essential macronutrients for plants involved 
in many physiological processes (White & 
Brown, 2010). They play important roles in cell 
osmosis adjustment, stomatal opening regulation, 
photosynthesis enhancement, energy loss 
decreasing, and translocation and enhancement 
of sugars and starch (White & Broadly, 2003 
and Wang et al., 2013). Calcium and potassium 

ameliorate the adverse effects of salinity on plants 
(Gorham, 1993; Volkamar et al., 1998; Munns, 
2002 and Amador et al. 2007).

Phaseolus vulgaris is one of the most important 
legume crops grown all over the world. It is used 
as food and fodder because it is rich in protein, 
carbohydrate, minerals, vitamins and fibers 
(Amanullah, 2010). The objective of this study 
was to evaluate the effect of different ascorbate 
K:Ca ratio on the physiological and biochemical 
responses of Phaseolus vulgaris to salinity stress, 
and to determine the most effective ascorbate salt 
form and dose.

Materials and Methods                                                

Bean (Phaseolus vulgaris L. cultivar Morgan) 
seeds were obtained from Legume Research 
Institute (LRI), Agricultural Research Center 
(ARC), Giza, Egypt. 

The used soil of this investigation was a 
garden soil. It was a clay loam with organic 
carbon 0.91%, total N 0.12%, C:N ratio 8.3, total 
P 0.072% and CaCO3 3.4%. The soil was air-dried 
then sieved through 2-mm sieve for using.

A preliminary experiment was conducted 
to determine the sub lethal salinity dose (100 
mM NaCl) and the optimum ascorbate dose (0.5 
mM) which were calculated by using vigour 
index (Elias et al., 2012). 0.5% NaOCl (sodium 
hypochlorite) sterilized seeds were soaked in 0.5 
mM ascorbic acid or 0.5 mM potassium ascorbate 
and/or calcium ascorbate. K-ascorbate and Ca- 
ascorbate solutions were applied separately or 
in a mixture (1:1, 1:2 or 2:1, W/W, respectively) 
for 24 h. Seeds of control samples were soaked in 
distilled water. Pre-treated seeds were cultivated 
in pots (40-cm diameter × 50-cm Height) 
containing sandy soil. Plants were incubated in the 
Educational Plant Chamber (Model No., 846,846-
3, Lab-Line USA, the central lab of Community 
Collage, Al-Baha University, KSA). The growth 
conditions were maintained at 250 μmol PAR m−2 
s−1, 12/12 h day/night photoperiod, 22±0.50C air 
temperature. Unstressed plants were irrigated with 
50% modified Hoagland solution as described by 
Hoagland & Arnon (1950) while stressed plants 
were irrigated with 50% modified Hoagland 
solution containing 100 mM NaCl. To avoid salt 
accumulation, irrigation was done by using excess 
solution to wash accumulated salts (Bar-Tal et al., 
1991). After 21-days seedlings were harvested and 
subjected to the different analyses. 
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Dry weight, fresh weight, % of seed 
germination, shoots and root length, shoot/root 
ratio and seedling leaf area (LA) were measured.

The measurement of net photosynthetic 
rate (PN), transpiration rate (E) and stomatal 
conductance (gs) were measured using the ultra 
compact portable photosynthetic system model 
(LCi-SD) produced by ADC-Biosynthetic Ltd, 
Hoddeston, UK. 

Both of leaf osmotic potential (Ψs) and leaf turgor 
potential (Ψπ) were measured using osmometer 
model 2020 produced by Advanced Instrument, 
Ltd, USA, according to the method described by 
Rekika et al. (1988), while relative water content 
(RWC) was determined by application the method 
described by Yamasaki & Dillenburg (1999).

Malondialdehyde (MDA) was estimated by 
application the method of Health & Packer (1968). 

Soluble sugar and total carbohydrates were 
determined by the method of Naguib (1964). 
Proline and glycine betaine were estimated by 
the method of Singh et al. (1973) and Grieve & 
Grttan (1983), respectively. Free amino acids 
were measured following the methods of Lee & 
Takahashi (1966) and total N was determined by 
the by the method of Naguib (1969).  

Phenolic compounds were extracted by 
applying the method of Jindal & Singh (1975) and 
determined as described in AOAC (1990). Ascorbic 
acid (As A) was measured following the method 
of Kamisha et al. (2009) and glutathione (GTH) 
was measured using the procedure described by 
Kampfenkel et al. (1995).

Antioxidant enzymes were extracted from 
frozen bean seedlings according to the method 
of Shann & Blum (1987). Superoxide dismutase 
activity (SOD, EC: 1.15.1.1) was determined by 
measuring the inhibition of the auto-oxidation 
of pyrogallol using the method of Marklund & 
Marklund (1974). Catalase (CAT, EC: 1.11.1.6) 
activity was assayed following the method of Xu 
et al. (1997). Ascorbate peroxidase (APX, EC: 
1.11.1.1) and ascorbic acid oxidase (ASO, EC: 
1.10.3.3) activities were assayed by the method 
reported by Cao et al. (2004) and Maxwell & 
Batman (1967) respectively. Phenol peroxidase 
(GPX, EC: 1.11.1.7) activity was assayed as 
described by Bergmeyer et al. (1974) while 
polyphenol oxidase (POX, EC: 1.10.3.1) activity 
was determined according to the method described 
by Kar & Mishra (1976). Total soluble protein was 

determined by method of Lowry et al. (1951).

Statistical analysis
Results were analyzed by one-way ANOVA, 

using SPSS 20.0 statistical software (SPSS Inc., 
Chicago, IL, USA), and significant differences 
between the means were determined using the 
Duncan test (P<0.05) (n=4). Pearson correlation 
and Principal Component Analysis (PCA) were 
performed by XLSTAT 2010 (http://www.xlstat.
com). 

Results and Discussion                                                              

Ascorbate, K and Ca contents in soaked seed
Soaking of Phaseolus vulgaris in different 

ratios of ascorbate-K and/or Ca caused increases 
in ascorbate, K and Ca contents (Table 1). The 
highest contents of ascorbate and calcium were 
recorded for seeds soaked in 1:2 (K-ascorbate: 
Ca-ascorbate) solution, while the highest content 
of potassium was recorded for seeds soaked in 
1:0 (K-ascorbate:Ca-ascorbate) solutions. The 
increases in ascorbate and Ca contents in seeds 
could have a role in seed germination and growth; 
whereas high ascorbate and mineral availability is 
known to induce amylase activity and carbohydrate 
metabolism (Itoi & Lopaschuk, 1996; Davey et al., 
2000 and Abdul-Jaleel et al., 2008).

Ascorbate pre-treatment reduced salt stress impact 
Salt stress inhibited seed germination and 

seedling growth (Table 2). Salinity in P. vulgaris 
reduced seed germination, shoot and root length, 
shoot:root ratio tissue dry weight. This negative 
impact could be attributed to water uptake restriction 
necessary for mobilization of nutrient required for 
germination and toxicity of the embryo by ions 
accumulation (Kaymakanova, 2012). Salinity also 
altered photosynthesis, transpiration rate, water use 
efficiency, stomatal conductance and relative water 
content (Table 3). Similarly, salinity is known to 
induce alterations in plant metabolism, including 
down regulation of photosynthetic and transpiration 
rates. Salinity also reduces stomatal and mesophyll 
conductance (Brugnoli & Lauteri, 1991 and Parida 
& Das, 2005). Inhibitory effect of salinity on 
photosynthesis may be explained by induction of 
chlorophyll degrading and instability of pigment 
protein complexes (Rafique et al., 2011). This 
negative effect could also be attributed to reduced 
stomatal conductance (Brugnoli & Lauteri, 1991 
and Barhoumi et al., 2007). Where, decreased 
stomatal conductance leads to low availability of 
CO2 in mesophyll cells and therefore decreased 
photosynthetic efficiency (Kanwal et al., 2013). 
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TABLE 1. The concentrations of As A, K+ and Ca2+ in Phaseolus vulgaris seeds after 24 h of soaking in different 
ratios of ascorbate-K: Ca (µg/g DW). Data showed in the table represent Mean ± SD superscripted with 
small letter; similar letters indicated that means were not different significantly at p≤0.05 according to 
Duncan’s multiple range tests.

Soaking solution (K:Ca, 
W/W) As A K+ Ca2+

H2O
0.00±0.00a 0.00±0.00a 0.00±0.00a

AsA 93.2±1.27b 0.00±0.00a 0.00±0.00a

(1:0) 92.9±1.27b 20.6±.28e 0.00±0.00a

(0:1) 180.7±2.55f 0.00±0.00a 20.6±.28e

(1:1) 134.8±1.84d 10.9±.14c 10.4±.14c

(1:2) 152.8±2.12e 6.8±.14b 13.9±.14d

(2:1) 122.3±1.7c 13.4±.14d 6.9±.14b

TABLE 2. Ascorbate- salinity interaction effects on % of seed germination, root length (cm/root), shoot length (cm/
shoot), shoo: root ratio and seedling dry matter (g plant-1) of Phaseolus vulgaris seedlings. Data showed 
in the table represent Mean ± SD superscripted with small letter; similar letters indicated that means 
were not different significantly at p≤0.05 according to Duncan’s multiple range tests.

Soaking 
solution 
(K:Ca, 
W/W)

Salinity 
(mM)

% 
germination

Root 
length

Shoot 
length

Shoot: 
root 
ratio

Vigour index Seedling DW

00:00
0 83.9± 3.54de 6.5±.28ef 9.2±.42e

1.4 7719 ±328.1e .58±.03e

100 64.7±2.69a 4.3±.14a 5.6±.28a 1.3 3623±154.15a .31±.01a

As A
0 85.7±3.68def 6.7±.28fg 9.6±.42ef 1.4 8227±349.31ef .61±.03ef

100 65.5±2.83a 4.5±.14ab 5.9±.28ab 1.3 3865±164.05ab .34±.01ab

01:00
0 88.5±3.82ef 6.95±.07fg 9.8±.42ef 1.4 8673±367.7fg .62±.03efg

100 67.4±2.83ab 4.7±.14abc 6.2±.28ab 1.3 4179±176.78ab .35±.01ab

00:01
0 91.3±3.82efg

7.1±.28gh 10.2±.42ef 1.4 9313±394.57g .67±.03gh

100 71.2±2.97abc 5.1±.28cd 6.7±.28bc 1.4 5119.5±292.04c .39±.01b

01:01
0 93.7±3.96fg

7.6±.28h 10.9±.42g 1.4 10894.5±536.69h .71±.03h

100 74.2±3.11bc 5.4±.28d 7.4±.28c 1.4 6004.5±492.85d .44±.01c

01:02
0 98.5±4.24g 8.2±.28i 11.8±.57h 1.4 11623±493.56h .77±.03i

100 78.9±3.39cd 6.1±.28e 8.3±.28d 1.4 6549.5±277.89d .51±.03d

0 88.8±3.82ef 7.1±.28gh 9.9±.42ef 1.4 8791±373.35g .64±.03fg

100 69.3±2.97cd 4.9±.14bcd 6.5±.28b 1.3 4505±190.92bc .38±.01b
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It is obvious from many parameters that 
ascorbate pretreatment reduced the salinity-
induced changes. This is apparent at the 
biomass (fresh weight, dry weight) level, 
but also at the level of photosynthesis (gs), 
transpiration and osmolyte induction (Tables 
2 and 3). Growth induced effect of ascorbate 
pretreatment may be attributed to the fact 
that ascorbate protected meristematic cells 
in slat stressed plants by reducing ROS 
damage to essential proteins and/or nucleic 
acids (Khan et al., 2011) or by regulation 
cell division (Smirnoff, 1996). Ascorbate 
pretreatment also activate the biosynthesis 
of carbohydrates (Davey et al., 2000), which 
could participate in cell osmotic potential 
regulation (Shabala & Cuin, 2008 and Abdul 
Hameed et al., 2015). Likewise, in this study 
as shown in Table 4, ascorbate pre-treatment 
increased growth and osmo-protectants 
accumulation under control and stress 
condition (soluble sugar, proline and glycine 
betaine). Both of Atak (2012) and Othman 
(2012) also ascribed the accumulation of 
these compounds to their regulating role 
of stomatal function. Moreover, ascorbates 
ameliorated the negative effects of salinity 
on photosynthesis. This stress mitigation 
impact may be due to the role of ascorbate 
as oxygen radicals and H2O2 scavenger 
(Asada, 1994) and/or its role against photo-
inactivation, since it is a factor of carotenoid 
de-epoxidation, (Siefermann & Yamamoto, 
1974).

Salinity increased induced damages in 
plant cells at the lipid levels (MDA) (Table 4). 
Increased malondialdehyde (MDA) content 
which is a result of lipid peroxidation and 
membrane deterioration may be attributed to 
the action of lipid peroxidase (Kumari et al., 
2013 and Hassan et al., 2017). In addition, 
Ebrahimian & Bybordi (2012) attributed this 
increment to ROS which cause membrane 
lipid peroxidation, reducing membrane 
fluidity and selectivity. 

In parallel, salinity also induced increases 
in various antioxidant molecules, including 
membrane-associated tocopherols, proline 
and antioxidant enzymes (Hamed et al., 
2014 and Yan et al. 2017). Similarly the 
present results indicated that the content of 
antioxidant metabolites (total antioxidant 
capacity, polyphenols and proline) and 

activity of SOD, CAT, ASO, APX, GPX 
and POD enzymes were increased (Tables 
4 and 5).  However, increases in lipid 
peroxidation are observed despite these 
increased antioxidant levels. Therefore, the 
ROS production exceeded even the induced 
defense capacity of the anti-oxidant systems 
to remove them. Also in other studies 
increases in the antioxidant system were 
insufficient to effectively protect the plant 
against ROS accumulation (Smirnoff, 1996; 
Van Breusegem & Dat, 2006; Helena & 
Carvalho, 2008 and Gill & Tuteja, 2010). 

In the present data it is found that, the 
ascorbate-induced changes in oxidative stress 
and anti-oxidant defense system are quite 
considerable; indicating that even seed pre-
treatment by ascorbate for a short period can 
alter salinity-induced changes. Interactions 
between ascorbate pre-treatment and salinity 
have also previously been observed. For 
example, increases in antioxidant enzyme 
activities in wheat plants were recorded 
after ascorbic acid application (Athar et al., 
2009; Azevedo et al., 2011 and Cunha et al,. 
2016). In the present study, ascorbate treated 
plant were more tolerant to salinity stress as 
compared to non treated plants. Similarly, 
Meloni & Martinez (2009) indicated that 
plants containing higher concentrations 
of antioxidants showed more resistance to 
the oxidative damage caused by salt stress. 
In this context, Ebrahimian & Bybordi 
(2012) discussed the ascorbate functions 
as a reductant agent for many free radicals, 
thereby minimizing the damage caused by 
oxidative stress. As an antioxidant, ascorbate 
will react with superoxide, hydrogen 
peroxide and/or the tocopheroxyl radical 
to form monodehydroascorbic acid and/
or dehydroascorbic acid. These oxidized 
forms are recycled back to ascorbic acid 
by monodehydroascorbate reductase and 
dehydroascorbate reductase using reducing 
equivalents from NAD(P)H or glutathione, 
respectively. The indirect role of ascorbate 
as an antioxidant is to regenerate membrane-
bound antioxidants, such as α-tocopherol, 
that scavenge peroxyl radicals and singlet 
oxygen species (Pourcel et al., 2007). Hence 
an increase in the activities of antioxidant 
enzymes of bean plants as observed during 
the present work is in line with these findings.
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TABLE 5. Ascorbate-salinity interaction effects on superoxide dismutase (SOD), catalase (CAT), ascorbic acid 
oxidase (ASO), ascorbate peroxidase (APX), phenol peroxidase (GPX) and polyphenol oxidase 
(POX) [g-1 F Wt min-1] of Phaseolus vulgaris seedlings. Data showed in the table represent Mean ± SD 
superscripted with small letter; similar letters indicated that means were not different significantly at 
p≤0.05 according to Duncan’s multiple range tests.

Soaking 
solution 
(K:Ca, 
W/W)

Salinity 
(mM) SOD CAT ASO APX GPX POX

00:00
0 2.5±.14de 1.9±.14cde 13.6±.71bcd 25.3±1.41abcde 2.36±.13f 2.71±.16f

100 3.7±.14i 2.6±.14h 16.9±.99f 29.3±1.7f 5.19±.3l 5.96±.34l

AsA
0 2.4±.14cd 1.8±.14bcd 13.4±.71bc 25.1±1.41abcde 2.13±.13ef 2.42±.14ef

100 3.6±.14hi 2.5±.14gh 16.6±.99f 28.9±1.7f 4.94±.28kl 5.67±.33kl

01:00
0 2.3±.14cd 1.8±.14bcd 13.1±.71abc 24.6±1.41abcd 1.88±.11de 2.16±.13de

100 3.5±.14hi 2.5±.14gh 16.4±.99ef 28.6±1.56ef 4.72±.27jk 5.42±.31jk

00:01
0 2.1±.14bc 1.6±.14abc 12.6±.71ab 24.1±1.41abc 1.42±.08c 1.62±.08c

100 3.3±.14gh 2.3±.14fgh 15.8±.85ef 28.1±1.56def 4.25±.24i 4.88±.28i

01:01
0 1.75±.35ab 1.5±.14ab 12.1±.71ab 23.3±1.27ab .93±.06b 1.07±.06b

100 3.1±.14fg 2.2±.14efg 15.3±.85def 27.3±1.56cdef 3.78±.21h 4.34±.24h

01:02
0 1.6±.14a 1.3±.14a 11.2±.57a 22.3±1.27a .22±.01a .27±.01a

100 2.8±.14ef 2±.14def 14.6±.85cde 26.5±1.56bcdef 3.06±.17g 3.52±.2g

02:01
0 2.2±.14cd 1.7±.14bcd 12.8±.71abc

24.3±1.41abc 1.65±.1cd 1.89±.11cd

100 3.4±.14ghi 2.4±.14gh 16.1±.85ef 28.4±1.56ef 4.49±.25ij 5.16±.3ij

K and Ca-ascorbate mixtures differently affect 
plant responses to salinity stress

The effect of different ascorbate on the 
stress responses showed K/Ca salt-specificity. 
All ascorbate mixtures stimulated plant growth 
and photosynthetic processes and overcame 
the inhibition caused by salinity in Phaseolus 
vulgaris. The observed positive effect of K 
could be attributed to the fact that depressing the 
cytosol’s water activity by higher accumulation of 
Na in vacuole during stress requires a coordinated 
increase in compatible solutes (K) in the cytosol 
to balance out the osmotic pressure. Amtmann 
& Rubio (2012) referred the role of K in osmotic 
adjustment to charge balance. They considered 
this mechanism as a mechanism type of ion 
homeostasis. Additionally, similarities between 
the physiochemical properties of Na and K could 

compete with K+ for uptake sites at the plasma 
membrane (Prajapati & Modi, 2012; Wang et al., 
2013 and Kibria et al., 2017). Amtmann & Rubio 
(2012) attributed the role of K+ on photosynthesis 
to its counter on H+-fluxes and/or enhancing 
Rubisco enzyme responsible for CO2 fixation 
through pH regulation. K also has a controlling role 
its loading into the xylem most likely mediated the 
xylem hydraulic conductance that aided plants in 
maintaining cell turgor, stomatal aperture and gas 
exchange rates as part of stomatal activity (Wang 
et al., 2013 and Abdul Hameed et al., 2015). Also, 
Amtmann & Rubio (2012) and Wang et al. (2013) 
attributed the effect of K+ in the increment of 
carbohydrate to its role of the maintenance of high 
pH which accelerates sucrose loading and amino 
acids transportation which means finally more 
carbohydrate synthesis.
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Fig. 1. Principal component analysis (PCA). (A) Biplot based on PC1 (‘F1’) and PC2) (‘F2’) from PCA of different 
ascorbate (K:Ca) ratios (0:0, 1:0, 1:1, 2:1 and 1:2) under control and salt stress conditions. Percentages 
correspond to how much data variability is explained by the respective component. (B), Correlation circle 
showing a projection of the original variables in the principal components space PC1-PC2. 

However, as compared to 1:0 and 2:1 (K:Ca 
ascorbate) ratios, 0:1 and 1:2 (K:Ca ascorbate) 
ratios showed the highest inductions in plant 
growth and photosynthesis (Table 2). Hepler 
(2005) attributed the alleviating effect of 
calcium to its regulatory and controlling roles for 
maintenance of plasma membrane, photoprotein 
and/or protein synthesizing enzymes. Ca controls 
stomatal activity by perturbation of [Ca2+]cyt in 
guard cells, White & Broadly (2003) and Hepler 
(2005) reported that calcium retarded the loss of 
chlorophyll and protein suggesting that the ion 
could have a regulatory role in maintaining and 
controlling membrane structure and function of 
plastids. Alleviating role of calcium, also, may be 
due to its stimulating effect on amylase activity 
(Abdul-Jaleel et al., 2008) and/or its involving role 
in carbohydrate biosynthesis (Itoi & Lopaschuk, 
1996). It also regulates gene expression by binding 
to specific transcription factors which may be 
responsible for the more synthesized protein 
(White & Broadly, 2003). On the other side, there 
was interaction between potassium and calcium, 
where higher K to Ca ratio (2:1, K:Ca ascorbate) 
showed less effect as compared to equal K to Ca 

ratio (1:1, K:Ca ascorbate). In agreement, Malvi 
(2011) indicated that the excessive amounts 
of potassium reduce uptake of calcium. Such 
reduction can be connected to the great similarity 
between them which causing their competition on 
both selective and non selective cation channels 
(White & Broadly, 2003 and Malvi, 2011).

At the biochemical level, the reduction of 
lipid peroxidation by ascorbate was somewhat 
more pronounced in the case of 1:1 and 1:2 (K:Ca 
ascorbate) ratios as compared to other ratios. 
This different K:Ca ascorbate ratios separation 
was further supported by principal component 
analysis (PCA). This analysis was performed to 
display the maximum amount of variation in a 
data profile within a few principal components 
and to understand relations between variables. 
The plot depicts standardized scores along the 
first two components, together explaining 97.8% 
of the data variability (Fig. 1). Ascorbate (K:Ca) 
treatments under control and salt stress conditions 
were separated mainly along PC1 (90% of 
data variability). PC1 was heavily loaded on 
parameters related to growth, photosynthesis and 
antioxidants.
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Finally, this result can advise to apply a 
mixture of K-ascorbate:Ca-ascorbate (1:2, W/W) 
to improve the growth of Phaseolus vulgaris 
grown under either normal condition or under 
salinity stress  
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التأثير التفاضلي لبعض الأسكوربات  على نبات الفاصوليا (Phaseolus vulgaris L) في 
إستجابته للإجهاد الملحي

بدر الدين عبد العال حامد و حمادة  رجب عبده عبد الجواد
قسم علم النبات والميكروبيولوجي- كلية العلوم – جامعة بني سويف- بني سويف - مصر.

تهدف هذه الدراسة إلى توضيح التأثير التفاضلي لأسكوربات البوتاسيوم وأسكوربات الكالسيوم على الإستجابة 
بذور  نقع  تم  الإستجابة،  هذه  ولفهم  الملحي.  الإجهاد  تحت  النامي  الفاصوليا  لنبات  والكيموحيوية  الفسيولوجية 
أسكوربات   ،1:2  ،2:1  ،1:1) بنسب  منهما  مخلوط  في  أو  الملحين،  لهذين  منفرد  محلول  في  إما  الفاصوليا 
البوتاسيوم:أسكوربات الكالسيوم) وبعد ذلك تم تنمية البذور المنقوعة تحت إجهاد ملحي يقدر ب 100 ملي مول 
من كلوريد الصوديوم. وقد أوضحت النتائج أنَّ الإجهاد الملحي أعاق نمو النبات, وثبطَّ البناء الضوئي والتنفس 
وتوصيل الثغور، بينما حفَّز الإجهاد التأكسدي. ولهذا فقد زاد النظام الدفاعي (مضادات التأكسد) مثل الفينولات 
الكلية، البرولين، إنزيمات مضادات التأكسد كتأثير تسلسلي نتيجة هذا الإجهاد الملحي. وعلى الجانب الآخر، فإنَّ 
النقع عموماً في محاليل الأسكوربات قلل معايير الإجهاد التأكسدي وبالأخص فقد نقص فوق أكسدة الدهون. وفي 
حالة الجمع بين النقع بمحاليل الأسكوربات مع الإجهاد الملحي، فإن المقارنة بين معاييرالنمو والإجهاد التأكسدي 
توضح أنَّ مخلوط (1 :2) كان أفضل المعاملات حيث تحسن النمو والبناء الضوئي ومضادات الأكسدة. وقد تم 

.(PCA) التوصل إلى هذه النتيجة بعد تحليل النتائج بتطبيق برنامج التحليل الأساسي


