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ABSTRACT
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1 Introduction

Soil salinity is a major constraint that negatively affects physiological and biochemical aspects of plant,
leading to a reduction in their yield. In addition, it induces osmotic stress, physiological drought and ionic
imbalance, thus deactivating plant’s vital cellular functions [1].

Although plant responses to abiotic stresses depend on various factors, phytohormones are considered
the most important endogenous substances for modulating physiological and molecular responses, a critical
requirement for plant survival [2]. Indeed, phytohormones play a key role in the control and regulation of
plant physiological mechanisms, both under favorable and constraining conditions. According to Khan
et al. [3], these phytohormones are considered important endogenous substances and are often involved in
plant tolerance or sensitivity mechanisms. Thus, one of the strategies for plant defense against
environmental stress, such as salinity, is to change concentrations and ratios of endogenous
phytohormones [4]. Indeed, a change in the external environment corresponds to a signal for the plant
that will influence its development. This may involve hormones as i
capable of perceiving these signals and transforming them into info
and effectors translating this information into specific responses [5].

Thus, the chemical composition and concentrati§
metabolism. Several studies have confirmed the po ance of GA3 in improving synergy and crop
performance under saline conditions. B improying effect of gibberellic acid can affect several
parameters including growth and p s’ Renu [9] reported that multiple positive effects of
[ & improved growth parameters, increased photosynthetic
pigments, reducing sugars and s : imulation of the synthesis of existing and new proteins.

to salt stress as 50% yield reduction in this crop was noted at 100 mM
NaCl. Nonetheless, ifs was markedly reduced at elevated levels of salt stress [11]. In Tunisia,
this species is cultivate inly in the northern regions. It occupies the 4™ place after broad bean,
chickpea and field bean. THe two favourable seasons for this crop are autumn and spring. Saline soils in
the world, which extend over 1.5 million hectares, present a major constraint for growth and development
of cultivated pea plants. Therefore, some strategies such as exogenous application of plant growth
regulators (such as gibberellic acid (GA3)) could be used to reduce the negative effects of salinity and
improve growth performance [12].

Polyamines (PAs) are aliphatic amines present in all plant cells [13]. These PAs can be in free forms,
linked to macromolecules (proteins and nucleic acids) or to molecules of low molecular weight (such as
hydroxy-cinnamic acids). Currently, these substances are considered to be a novel group of plant
regulators, and appear to be involved in several aspects of plant development such as growth,
differentiation and senescence [14]. PAs are notably involved in the initiation and floral development as
well as in fruit growth. PAs and aromatic amines also seem to be involved in plant’s response to biotic
and abiotic stresses [15]. Recently, a large body of research shows that plant PAs are involved in the
acquisition of tolerance to such stresses as high and low temperatures, salinity, hyperosmosis, hypoxia
and atmospheric pollutants [16].
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We have opted for an experimental approach in which gibberellic acid is added to culture medium of
salt-enriched plants, in order to study the possibility of improving their production potential. The
objective of this project was to study the effects of a saline treatment and application of gibberellic acid
(GA3) on growth, mineral nutrition, chlorophyll, carbohydrate (sugar and starch contents) and polyamine
contents of pea grown only on a saline medium.

2 Material and Methods

2.1 Plant Material and Culture Conditions

This study focused on the Lincoln variety of pea (Pisum sativum L.). It is widespread in Tunisia, with a
long cycle (60 days). Seeds of this variety were provided by the Laboratory of Seed Legumes of INRAT,
Tunisia.

Pea seeds were disinfected with 5 g L™ calcium hypochlorite solution for 10 min, rinsed with distilled
water, then placed for 4 h in darkness in beakers filled with water. Subsequg ey were placed in Petri
dishes lined with filter paper soaked in distilled water, at a rate of 15 seed S8, and then placed in an
gof a 3 cm long radicle.

i’an air-conditioned growing
ghtness (16 h day/8 h night),
temperature (22°C day/18°C night), effective radiation 2 57! and hygrometry (60%

humidity during the day/80% humidity at night).

Seedlings of Pisum sativum L. from sowing and faged 6 days were transplanted at a rate of 6 per
bucket containing 5 litres of nutrient solution dilu imes. At the age of 15 days, plants
were divided into four batches. The first batch, g as a control, was grown on basic Long Ashton
[17] nutrient medium, containing 1.5 mM MgS@4, 37mM KNO;, 1.6 mM KH,PO4, 0.3 K,HPO,,

10 ®* mM GA3 + 0
0mM GA3 +1 aCl~= NaCl
107 mM GA3 + 10 NaCl = GA3 + NaCl

After 15 days of treatment, six plants were harvested and separated into leaves, stems and roots. Several
parameters were determined before (root elongation and leaf number) and after final harvesting of plants
from the four treatments (fresh and dry weights, leaf area, water content and Na", K' contents of
different organs).

Root elongation was measured on the total length of the whole root system (all primary and lateral roots
together).

Root density was estimated as the ratio between the dry weight and the roots length [18].

The specific leaf area was calculated as the ratio of the total leaf area to the leaf dry weight [19] and the
leaf thickness was calculated as the ratio of leaf water content and the total leaf area [20].

The degree of leaf succulence and the degree of leaf sclerophylly were determined as the ratio of the
amount of water and dry weight to the total leaf area, respectively [21,22].

Water content (mL g~' DW) were estimated by the difference between the fresh weight (FW) and dry
weight (DW), referred to the unit mass of DW.
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Another five plants per treatment were harvested and used for determination of chlorophylls,
carotenoids, proteins, carbohydrates (soluble sugars and starch) and polyamine contents.

2.2 Chlorophyll and Carotenoid Contents

Leaf fragments were incubated in 80% acetone solution. After 72 h in the darkness and at 4°C, the
density of acetone extracts was measured with a “Beckman” spectrophotometer at the absorbances (A) of
470 nm, 646 and 663 nm to calculate contents of chlorophyll a, chlorophyll b, total chlorophyll, and total
carotenoids according to the equation proposed by Lichtenthaler [23].

Chlorophyll a (ug ml™') = (12.25 x A663) — (2.79 x A646)
Chlorophyll b (ug ml™") = (21.5 x A646) — (5.10 x A663)

Total chlorophylls (ng ml™") = (7.15 x A663) + (18.71 x A646)
Carotenoids (ug ml™") = (1000 x A470 — 1.82 x Chla — 85.02 x Chlb

2.3 Measurement of Photosynthetic Activity

The measurement of this parameter was carried out inside the grafiyth gabine@Wwith a portable open mode
gas analyser system with a cylindrical cuvette (model L ; alygeal Development Company,
Hoddesdon, UK). Six separate plants were tested. Leaves the node. The leaf area inside the
chamber was 2.5 cm?. The temperature and light intens; e of the growth cabinet (22°C and
150 pmol s™' m™? PAR, respectively) with a mass 1.5 pmol s ' and 1182 vpm CO,.
Measurements were performed 4 h after the start of the

2.4 Protein Content

Frozen roots, stems and leaves of P. sqgagum plgnts were ground in poly-vinyl-polypyrrolidone (PVP)
and homogenized in 50 mM poif pPgsphate buffer (pH 7), containing 0.1 mM
Ethylenediaminetetraacetic (EDTA), #" yl-methyl-sulfonyl-fluoride (PMSF) acid and 1 mM
DTT. The mixture was centrifuge grat 4°C for 30 min. Supernatants were stored at —20°C for
protein and enzyme analysis.
reaction [24] utilizing bovin albumiin (BSA) as a reference standard.

2.5 Determination of s (Soluble Sugars and Starch)

Soluble sugar an els were determined in roots, stems and leaves of plants from all four
treatments. Determinatio soluble sugars and starch was carried out according to the technique
described by Albouchi et 4dl. [25], the standard range was established by pure glucose. Optical density

was measured at a wavelength of 640 nm.

2.6 Analyze Free Polyamine Contents

Roots, stems and leaves samples for polyamine analysis were kept in ice until taken to the laboratory and
stored at —80°C. Free polyamines (putrescine, spermidine and spermine) were extracted from samples with
5% HCIOy, dansylated and analyzed by HPTLC as described by Sarjala et al. [26].

Five individual plants of each treatment were used; each measurement was technically replicated
4 times.

2.7 Statistical Analysis
Statistical analysis was performed with Statistica™ software, using ANOVA and means were compared
according to Duncan’s multiple-range test at 5% level of significance.
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3 Results

3.1 Effects of NaCl and GA3 on Plant Growth and Development

Morphological parameters. Morphogenesis was followed by root elongation and root density, leaf
counts and measurements of leaf area. Specific leaf area, degree of succulence and degree of leaf
sclerophylly were deduced from the different growth parameters measured.

Exposure to saline stress resulted in statistically significant decreases in elongation and root density of
18% and 17%, respectively, compared to the control. The addition of gibberellic acid (GA3) to nutrient
solution with or without NaCl significantly improved elongation of these organs. In fact, root elongation
was highest on GA3-treated plants, intermediate on control and GA3 + NaCl-exposed plants, and lowest
on NaCl-treated plants. As for root length density, the highest value of this parameter was observed on
control plants, while this parameter was similar on plants treated with GA3, NaCl or GA3 + NaCl (Table 1).

ensity, leaf number, total
erophylly in 36-day old
different concentrations
an values with the same letter

Table 1: Effects of NaCl and GA3 on root elongation, root distribution angd
and individual leaf area, specific surface, leaf thickness, leaf succulence andhle
P sativum plants. Measurements made after 15 days of treatment in th€ prese
of NaCl and GA3. Mean of six plants and confidence interval for P<Q04.

were not significantly different at P < 0.05 (ANOVA and meapgCompa ith Duncan test)
TreatmepLA‘
Parameters Control GA3 ) NaCl GA3 + NaCl
Root elongation (cm) 34 +0° 28 £1° 34 +0°

Root density (mg cm™") 1m+1? + 1% 9+1° 9x1°
Leaf number 72+ 112 39 +4° 49 + 4
Total leaf area (cm? plant ') 366 + 41° 207 £ 5° 226 + 18°

1

513+0.22° 538+£049°  4.63+£0.12°
0.44 £ 0.03°  0.63+0.07*° 037 +0.04°

Individual leaf area (cm?® leave
Specific leaf area (cm” mg )

Leaf thickness (mm) 24 +2° 13+ 1° 55+ 6" 39 +6°
Leaf succulence (mg 162 +1.3° 11.1 £0.7° 183 +0.6° 234+ 1.9°
Leaf sclerophylly ( 2.0+0.2° 23+0.1° 1.6 £0.2° 2.7+0.3

For the photosynthetic ‘organs, the highest value was recorded for the number of leaves of GA3-treated
plants. Presence of 100 mM NacCl induced a slower leaf settling in order of 19% compared to control.
However, it was similar to those of the control plants for the GA3 + NaCl treated plants. Regarding leaf
expansion parameters, the highest values were recorded for total leaf area of control and GA3-treated
plants and single leaf area of control plants and for specific area of NaCl-treated plants. Salinity reduced
total and single leaf area, but increased specific area by 27% compared to the control. The addition of
GA3 to NaCl culture medium did not lead to an improvement in total leaf area, where values were
similar to those of NaCl-treated plants, nor in individual leaf area, where values were lower than those of
GA3 or NaCl-treated plants, nor in specific leaf area, where values were lower than those of the controls
and similar to those of GA3-treated plants (Table 1).

In calculating thickness of these organs, the highest values were recorded for leaf thickness in NaCl-
treated plants and for leaf succulence and leaf sclerophylly in GA3 + NaCl-treated plants. The leaf
thickness of GA3 + NaCl treated plants showed similar values to those of the control plants, while
recording low values for GA3 treated plants. In terms of succulence and sclerophylly leaves, the presence
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of NaCl in the medium did not affect the first parameter, which showed values similar to those of the control
plants, but it decreased the second parameter by 21% compared to the control (Table 1).

3.1.1 Growth

Examination of Fig. 1 shows that the highest values were recorded for the aerial organs of GA3-treated
plants. In the presence of 100 mM NaCl, the dry weights of roots, stems and leaves were reduced by 32%,
28% and 50%, respectively, compared to control plants. On the other hand, cultivation on medium with GA3
+ NaCl, significantly improves the growth of all organs, especially the growth of aerial organs, where the
values are comparable to those of the control plants. The values recorded by the roots of GA3 + NaCl
plants were intermediate between those treated with NaCl and those of both controls and GA3-treated plants.

Roots Stems Leaves
1000 a a

€T
800 | — L b b

600 b b

400 ¢

DW (mg plant ")

200

> W O O
° \agRR >
SN G ):é

& &

Treatments

Figure 1: Effects of NaCl and GA3 on dry matter masses and water content of roots, stems and leaves in
36-day old pea plants. Measurements made after 15 days of treatment in the presence of different
concentrations of NaCl and GA3. Mean of six plants and confidence interval for P = 0.05. Mean values
with the same letter were not significantly different at P < 0.05 (ANOVA and mean comparison with

Duncan test)

3.1.2 Organ Hydration

There was a depressive effect of salt on root hydration, no change in stems and a stimulating effect in
leaves. Indeed, the water content decreased by about 35% and increased by 44% compared to control plants
in roots and leaves, respectively (Fig. 1). However, the addition of GA3 to the culture medium with or
without NaCl improved the hydration of the roots, where the values reached those of the control plants.
The same was observed for the leaves of GA3 + NaCl-treated plants. However, the hydration of these
organs seemed to be even lower in the presence of GA3 only. As for the stems, the water contents did
not seem to be affected by either salt or GA3 with or without NaCl (Fig. 1).
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3.1.3 lIonic Characteristics

Examination of Fig. 2 shows that Na" accumulation in the different organs of plants grown on saline
media was almost identical, in the order of 5 mmol g ' DW. The addition of GA3 to the culture medium
decreases the Na' levels in these organs, especially in the aerial parts. The values recorded on this
treatment were even lower than those recorded on the control medium. Moreover, the values recorded by
the plants treated jointly with NaCl and GA3 are at a lower level (stems and leaves) or equal (roots) to
those of the plants treated with salt.

Roots Stems Leaves

a a a a

Na* (mmol g'! DW)

K* (mmol g'' DW)

\C)Yb

> w» O O
Ly s @
R i
o

Treatments

d GA on sodium and potassium content of roots, stems and leaves in 36-day
old pea plants. Measure de after 15 days of treatment in the presence of different concentrations of
NaCl and GA3. Mean of siyplants and confidence interval for P = 0.05. Mean values with the same letter
were not significantly different at P < 0.05 (ANOVA and mean comparison with Duncan test)

In the control medium (without NaCl or GA3), roots were the most potassium-rich organs compared
with aerial organs (Fig. 2). The presence of salt (NaCl, 100 mM) significantly reduced K" levels, more
markedly in roots than in stems and, to a lesser extent, in leaves. This reduction was 53%, 40% and 20%
of the control, respectively. However, this effect seems to be attenuated by the addition of GA3 in a
saline medium, especially in leaves where values were similar to those of the control plants. For all
organs, the addition of GA3 to the NaCl-free medium results in lower (roots) or higher (aerial parts) K"
uptake and accumulation than measured in control plants (Fig. 2).

3.2 Effects of NaCl and GA3 on Photosynthetic Parameters

3.2.1 Chlorophyll and Carotenoid Content
Based on hypothesis that the effect of salt on photosynthesis may be due to a disturbance in metabolism
of chlorophylls (Chl) and carotenoids (Car), we determined the contents of these pigments in leaves taken at
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the end of cultivation from plants grown in presence of different concentrations of NaCl and GA3 (Table 2).
It can be seen that the highest values were reported in the leaves of control and GA3 treated plants and also in
NaCl treated plants only for chlorophyll b and carotenoids. NaCl caused a decrease in total chlorophyll
contents due to that of fraction a (respectively 32% and 22% of control for Chl a and Chl tot). On the
other hand, chlorophyll b and carotenoids appear stable and insensitive to salt. When calculating the Chl
a/b and Chl/Car ratios, we notice a slight statistically significant decrease due to the effect of salt
treatment. On saline medium with added GA3, the level of accumulation of photosynthetic pigments
decreases further and reaches a level lower than that of the control leaves. Despite this decrease, the
Chla/Chlb and Chl/Car ratios remained comparable to those of salt-treated plants. The addition of
GA3 alone to the medium leads to a pigment status comparable to that of control plants.

Table 2: Effects of NaCl and GA3 on the level of chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids in 36-day old pea plants. Measurements made after 15 days of treat in the presence of different
concentrations of NaCl and GA3. Mean of six plants and confidence interval 5. Mean values with the
same letter were not significantly different at P < 0.05 (ANOVA and W c@parigon with Duncan test)

Treatments P )
Photosynthetic parameters Control GA3 aCl GA3 + NaCl

Chlorophyll a, mg g ' FW 339+34" 23.1+1.1° 18.8 £ 1.7°
Chlorophyll b 10.7 + 1.0° 10.8 +1.3% 8.1+1.2°
Chlorophyll totale 44.1 +2.9° ‘ 344 +2.7° 272 +1.9°
Chl a/b 32+02° MG= 0.6™° 22+02° 2.4 +03°
Carotenoids (Car) g 11.4+0.8° 11.2+0.8 9.0 +0.6°
Chl/Car 4.1+0.2° 3.1 +0.4° 3.0 +0.2°

3.2.2 Photosynthetic Activity

On control medium, as th GA3, photosynthetic assimilation showed the highest values,
3). On the other hand, a net reduction in this activity, of about 66%
eaves of plants treated with NaCl alone. Simultaneous addition of NaCl
1vity to a higher level than that of organs of salt-treated plants, although it
pntrol plants or plants enriched with GA3. This shows a regulating effect of

net assimilation of CO, by pea (Fig. 3).

and GA3 raised photosy
was still lower than that 0¥
GA3 in presence of NaCl o

3.3 Effects of NaCl and GA3 on Total Proteins

The analysis of Fig. 4 showed that the aerial parts were richer in protein than the roots. The highest
values were observed in the aerial parts of control and GA3-treated plants, whereas in the roots, plants
grown on GA3-enriched medium showed high protein levels that exceeded those of control plants
(Fig. 4). In the presence of 100 mM NacCl, soluble protein contents were reduced more significantly in
aerial organs than in underground organs. The addition of GA3 to the salt-supplemented culture medium
restored this decrease in the roots where similar values to those of the controls were observed. While for
the aerial parts, the values were intermediate between the control or GA3-treated plants and the plants
treated with 100 mM NacCl (Fig. 4).
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after 15 days of treatment in the presence of different concentrations of ™8 @A3. Mean of six plants
and confidence interval for P = 0.05. Mean values with the same le ignificantly different at
P <0.05 (ANOVA and mean comparison with Duncan test)

Figure 3: Effects of NaCl and GA3 on photosynthetic activity in 36-day old €3 Plants. Measurements made

Roots ots

Proteins (mg g'! FW)

Treatments

Figure 4: Effects of 3 on soluble protein content of roots and shoots in 36-day old pea plants.
Measurements made afte ays of treatment in the presence of different concentrations of NaCl and GA3.
Mean of five plants and cénfidence interval for P = 0.05. Mean values with the same letter were not

significantly different at P < 0.05 (ANOVA and mean comparison with Duncan test)

3.4 Soluble Sugar and Starch Contents

Fig. 5 showes that salt stress induced an increase in soluble sugar levels in all organs. Leaves
(62 mg g ' FW) and, to a lesser extent, stems (36 mg g ' FW) showed the highest levels. However, this
increase was more notable in stems than in other organs. The presence of GA3 alone significantly
lowered soluble sugars to levels below those of control plants in roots and leaves, while in stems the
values were similar to those of control plants. GA3 + NaCl-exposed plants maintained sugar levels lower
than those of salt-treated plants, but still higher than those of control plants in roots and stems. For the
leaves, the values were similar to those of the control plants.

Regarding starch contents, Fig. 5 shows that the highest values were recorded in the control plants. An
inhibitory effect of NaCl on starch synthesis was observed in all organs. The addition of GA3 to the
NaCl-enriched medium did not improve the levels of these metabolites in either the roots or aerial organs.
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The values recorded were lower than those of salt-treated plants for aerial parts, those of roots, the values
were similar to those of NaCl stressed plants. The addition of GA3 to the control medium also seems to
have a depressive effect on starch levels in the different plant organs, explaining the stronger effect of the
GA3-NaCl combination on these levels.

Roots Stems Leaves
100
a
~ 80
3
o 60
en
\:/ 40
a
b
2 20 ¢ d I I
0
25
§ 20
23
=0 15
o0
g a
= 10 b
a 5
0
> PO O O @ PO
¥ s > a2 $ P a2
COQ 6 % Xé OQQ C) % X‘%
& &

Treatments

Figure 5: Effects of NaCl ang’GA3 on sugar and starch content of roots, stems and leaves in 36-day old pea
plants. Measurements made a 5 dajys of treatment in the presence of different concentrations of NaCl and
GA3. Mean of five pla dco nce interval for P = 0.05. Mean values with the same letter were not
significantly differen ANOVA and mean comparison with Duncan test)

3.5 Polyamine Contents

Fluctuations in polyamine contents of roots, stems and leaves in treatments of NaCl, 0 and 100 mM were
shown in Table 3. For control plants (without salt), contents of putrescine, spermidine and spermine were
higher in roots, both roots and leaves, and in stems, respectively. The changes in polyamines under salt
stress increase considerably with the exception of spermidine at the root level, where no significant
modification was recorded compared to those of the control plants (Table 3). The increase for Put, Spd
and Spm compared to controls (without NaCl) was 2, 1, 2-fold for the roots and 7, 7 and 3-fold for the
stems, 4, 2, 4-fold for the leaves, respectively, under saline stress conditions (Table 3).

4 Discussion

Presence of salt in growing medium of pea plants, after two weeks of treatment, affects roots reduce
elongation, distribution and root density compared to controls. However, GA3-salt combination increases
root elongation and distribution compared to plants treated with NaCl. In contrast, root density remained
unchanged. Indeed, gibberellic acid stimulates plant growth by increasing wall extensibility. Ijaz et al.
[27] showed that in rice, KS-282 plants were capable of reducing root density by diminishing root
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architectural parameters to maintain the resources under osmotic and ionic stress at the early phase of salt
treatment compared to the sensitive Super Basmati plants. Robin et al. [28] showed that under salt stress,
the length and density of absorbing hairs decreased. It was proposed that the Salt Overly Sensitive (SOS)
pathway is implicated in the modulation of salt-sensitive absorbing hairs. Overexpression of triptych
(TRYs) TFs from the halophyte Limonium bicolor in Arabidopsis revealed their implication in the salt
tolerance absorptive hair development pathway [29]. In the literature, phytohormones, such as GA3,
activate the proton pump of plasma membrane. Protons are pumped from cytosol to the cell wall.
According to some authors, the resulting decrease in pH has led to a loosening of the wall structure,
either through the rupture and reconstitution of non-cellulosic polysaccharides normally binding cellulose
microfibrils, or through the action of a new class of proteins called expansins, which break hydrogen
bridges between wall polysaccharides [30]. Indeed, gibberellins promote a transverse arrangement of
microtubules, located immediately below the plasma membrane, and control the orientation of those of
cellulose and, consequently, the great longitudinal growth or root elongatio

Table 3: Effects of NaCl on Polyamines contents of roots, stems
Measurements made after 15 days of treatment in the absence or,
and confidence interval for P = 0.05. Mean values with the sa et
P < 0.05 (ANOVA and mean comparison with Duncan tes

le 6-day old pea plants.
esepce o aCl. Mean of five plants
wergnot significantly different at

Treatmefits

Polyamines, pmol g 'FW 0 iV NaC) 100 mM NaCl
Roots

Putrescine 20+ 17
Spermidine +0? 12+1°7
Spermine 9+1° 21+ 12
Stems

Putresci 5+1° 37 £ 17
Sperm 6+1° 43 +2°
S e 12+1° 40 + 37

e

Putres@rie 6+ 1° 24+ 17
Spermidine 11 +2° 26 +2°
Spermine 7+1° 27 £ 17

At photosynthetic organ level, our results showed that presence of 100 mM NaCl increased leaf
thickness and specific leaf area. The latter parameter was considered critical in several physiological
studies as it describes leaf’s efficiency in capturing light as a function of its biomass [32]. In addition, a
specific leaf area was positively related to relative growth rate, rate of leaf change, leaf nutrient
concentration and photosynthetic capacity. By inferring the degree of succulence and the degree of
sclerophylly, we showed that salt did not affect the former, while it caused a decrease in latter parameter.
On the other hand, addition of GA3 in salty environment decreased leaf area, specific leaf area and
thickness and increased leaf count, succulence and sclerophylly. Our results therefore suggest that plants
subjected to treatment (NaCl + GA3) maintained a better cellular water state, reducing salt-induced water
stress [33]. According to these authors, the increase in leaf sclerophylly can be considered a physiological
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trait in response to stressful conditions, such as salinity. Therefore, this increase in LS indicates higher leaf
thickness, with more layers of photosynthetic tissue, which may be an important factor in reducing the
deleterious effects of salinity on plant growth [33].

The response of glycophytes to excess salt in environment is often manifested by a decrease in plant
growth and yield [34]. Indeed, culture of P. sativum on hydroponic medium under different treatments
with NaCl and GA3 led, at the end of 15 days, to a reduction in biomass in presence of salt, a strong
increase in presence of GA3 and a restoration in response to combined effects of salt and GA3 compared
to control. Concerning the effect of NaCl, our results were reminiscent of those of Reddy et al. [35] who
showed that reduction in growth can be attributed to changes in plant water relationships under salt stress,
resulting in inhibition of meristematic activity and cell elongation. As for the effect of GA3 (with or
without NaCl) on dry biomass production, results found were confirmed by those of Altaey [36] in peper.
These results can be explained by the fact that GA3 controlled developmental processes in the plants,
contributing to the growth of cells by inducing cell elongation and an incrntermodal length.

)

Salinity of the environment induces a disturbance in nutritional ba
transport and accumulation of ions essential for growth [I1
accumulation of Na" in all organs of plants treated with NaCl owever, a decrease in these
levels was observed in plants grown on medium with added ut only in aerial organs and
not in roots, where a slight increase was noted compared ts tredted only with NaCl. Tuna et al.

s limiting absorption,
gbults showed a strong

enhance plant growth due to improved carbohydrate m [39]. The growth stimulation induced by
the application of GA3 to wheat stressed by zi i noparticles was attributed to the enhanced
nutritional status [40]. The ability of plants to pro selves from salt stress is highly dependent on
status of their potassium nutrition. Balk: orted that the enhancement of Na’ content in the
leaves of plants leads to K™ deficiency agonistic effects of sodium and potassium ions. Any

expansion and inhibiting photos ic proctsses [42], and to avoid cell damage, plant cells need to
maintain adequate potassium i sol. In this study, K" samples were reduced in all organs
whose roots were in ¢ with salt. However, simultaneous application of NaCl and
GA3 attenuated inhibito t on potassium nutrition. This was consistent with results found by

One of the causes of redficed growth under saline stress is a slowdown in photosynthesis, which can be
explained by stoma closure and/or alteration of photosynthetic system [44,45], resulting from the formation
of proteolytic enzymes, such as chlorophyllase, an enzyme responsible for the degradation of chlorophylls
under stress conditions, oxidation of chlorophyll and disruption of pigment-protein complex stability [46].
The carotenoid and chlorophyll assay, which was conducted in this experimental study, showed a salt-
related decrease in carotenoids, chlorophyll a and total chlorophylls. Ozturk et al. [47] showed that salt
also significantly decreases chlorophyll a, total chlorophyll a and B-carotene content in pea, which is the
same in tomato [48]. At the same time, addition of GA3 to culture medium with NaCl did not improve
chlorophyll status of leaves, but decreased it further compared to that of leaves treated with salt. This
suggests the absence of a GA3-regulating effect on metabolism of these pigments. According to literature,
the involvement of this hormone in the reduction of chlorophyll content was reported by Leite et al. [49]
who found that GA3 application increased leaf area in soybeans and therefore decreased chlorophyll
content per unit leaf area.
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Lipids and proteins, main constituents of biological membranes, are an important element in regulation
of selective permeability of cell membrane and play a role in salt resistance of plants [50]. Environmental
stresses, such as salinity, affect their composition and structure, leading to increased cell permeability and
loss of membrane integrity [50]. Our results, like those of Khalid et al. [51], show that salt decreases the
protein content. However, the negative impact of salinity on protein content may be explained by the
osmotic effect [52] or by a decline in amino acid availability and denaturation of enzymes implicated in
the synthesis of amino acids and proteins under salt stresses [53]. At the same time, addition of GA3 and
NaCl to culture medium restored protein content in these organs. Shahzad et al. [54] also showed that
addition of GA3 to salt medium stimulated soluble protein synthesis in maize, compared to salt intake.
This can be explained by activation of protein biosynthesis, including antioxidant enzymes that play a
primary role in detoxification of plant tissues, by eliminating reactive oxygen species (ROS) produced
under these conditions [52].

Puterscine content increased considerably in roo
Similarly, Zhou et al. [56] found that at high saljig ntent was significantly increased in tomato

as Spd and Spm, are part of the endogenous

plant protection; their accumulation is ass the plant resistance to salinization [15]. The present
data show that Spd and Spm (Table 3) ng salt exposure, and this trend was better expressed
in pea stems and leaves. As endog€nous tectors Spd and Spm could contribute to stabilizing cell

membranes and/or affecting cell on through activation of H-ATPases [57]. It was assumed
enging of ROS at salt stress because its molecule is most
positively charged [58].

Similarly, Jouve et ed an increase in polyamines in aspen treated with 150 mM NaCl,
other osmoprotectants as sucrose, proline, mannitol and raffinose, and
concluded that polyamin8§are more or less directly related to antioxidant or osmoregulatory mechanisms
that function at salt stress. It is obvious that under salinity conditions the endogenous PAs accumulate,
which correlates with the information that these plant growth regulators provide protection in terms of

salinity and mitigate negative oxidative stress effects.

In conclusion, application of gibberellic acid on pea plants caused an improvement in growth under salt
stress. This improvement results in an increase in parameters of growth, nutrition and photosynthetic activity
and an improvement in sugars and starch level. These results suggest an improving effect of this hormone on
growth of pea plants in presence of salt.

Acknowledgement: H. A. is indebted to Dr. Eidhah Almalki for his help.

Funding Statement: The author received no specific funding for this study.

Conflicts of Interest: The author declares that they have no conflicts of interest to report regarding the
present study.



162 Phyton, 2023, vol.92, no.1

References

1. Wani, S. H., Kumar, V., Khare, T., Guddimalli, R., Parveda, M. et al. (2020). Engineering salinity tolerance in
plants: Progress and prospects. Planta, 251(4), 76.

2. Ullah, A., Manghwar, H., Shaban, M., Khan, A. H., Akbar, A. et al. (2018). Phytohormones enhanced drought
tolerance in plants: A coping strategy. Environmental Science and Pollution Research, 25, 33103-33118.

3. Khan, N., Bano, A., Ali, S., Babar, M. A. (2020). Crosstalk amongst phytohormones from planta and PGPR under
biotic and abiotic stresses. Plant Growth Regulation, 90, 189-203.

4. Colebrook, E. H., Thomas, S. G., Phillips, A. L., Hedden, P. (2014). The role of gibberellin signalling in plant
responses to abiotic stress. Journal of Experimental Biology, 217(1), 67-75.

5. Kaur, C., Pareek, A., Singla-Pareek, S. L. (2019). Perception of stress environment in plants. In: Sopory, S. (Ed.),
Sensory biology of plants, pp. 163—186. Singapore: Springer Nature Singapore Pte, Ltd.

6. Chen, L., Lu, B, Liu, L., Duan, W., Jiang, D. et al. (2021). Melatonin promotes seed germination under salt stress by
regulating ABA and GA3 in cotton (Gossypium hirsutum L.). Plant Physiology gugeBiochemistry, 162, 506-516.

7. Lianes, A., Andrade, A., Alemano, S., Luna, V. (2016). Alterations of endoge pnal levels in plants under
drought and salinity. American Journal of Plant Sciences, 7(9), 1357.

8. Geng, Y., Wu, R, Wee, C. W., Xie, F., Wei, X. et al. (2013). A spatio-t gfanding of growth regulation

10. Warkentin, T., Kolba, N., Tako, E. (2020). Low phytgte peas (Pis

11. Attia, H., Alamer, K. H., Ouhibi, C., Oueslati, S.,

stress on some physiological parameters in two pe
12. Jiao, X., Zhi, W., Liu, G., Zhu, G., Feng, G. et al. (20 i). ReSponses of foreign GA3 application on seedling growth
i stress conditions. Agronomy, 9(6), 274. DOI 10.3390/
agronomy9060274.

13. Zeiss, D. R., Piater, L. A., Dub . A 1). Hydroxycinnamate amides: Intriguing conjugates of plant

14. Gupta, K., Sengupta, A., M3 R, C. a, B. (2016). Hydrogen peroxide and polyamines act as double-edged
swords in plant abiotic stresSgegponsgs. Frontiers in Plant Science, 7(132). DOI 10.3389/{pls.2016.01343.

15. Chen, D., Shao, Q., Y} i
development, and“4g
fpls.2018.01945.

16. Romero, F. M., Maiale, S)¥., Rossi, F. R., Marina, M., Ruiz, O. A. et al. (2018). Polyamine metabolism responses
to biotic and abiotic stress. In: Alcazar, R., Tiburcio, A. F. (Eds.), Polyamines, pp. 37-49. Spain.

17. Hewitt, E. J. (1966). Sand and water culture methods used in the study of plant nutrition. In: Experimental
agriculture, Vol. 3, no. 2, Cambridge University Press. DOI 10.1017/S0014479700021852.

18. Arduini, I., Godbold, D. L., Onnis, A. (1994). Cadmium and copper change root growth and morphology of Pinus
pinea and Pinus pinaster seedlings. Physiologia plantarum, 92(4), 675—680.

19. Beadle, C. L. (1993). Growth analysis. In: Hall, D. C., Scurlock, J. M. O., Bolhar, H. R., Leegod, R. C., Long, S. P.
(Eds.), Photosynthesis and production in a changing environment, vol. 2, 36e46. London: A Field and Laboratory
Manual, Chapman and Hall.

in abiOtic stress responses. Frontiers in Plant Science, 9, 105. DOI 10.3389/

20. Hunt Jr., E. R., Rock, B. N. (1989). Detection of changes in leaf water content using near-and middle-infrared
reflectances. Remote Sensing of Environment, 30(1), 43—54.

21. Delf, E. M. (1912). Transpiration in succulent plants. Annals of Botany, 26(102), 409¢440.

22. Witkoswski, E. T. F., Lamont, B. B. (1991). Leaf specific mass confounds leaf density and thickness. Oecologia,
88, 486—493.


http://dx.doi.org/10.3390/agronomy9060274
http://dx.doi.org/10.3390/agronomy9060274
http://dx.doi.org/10.1016/j.tplants.2020.09.011
http://dx.doi.org/10.3389/fpls.2016.01343
http://dx.doi.org/10.3389/fpls.2018.01945
http://dx.doi.org/10.3389/fpls.2018.01945
http://dx.doi.org/10.1017/S0014479700021852

Phyton, 2023, vol.92, no.l 163

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lichtenthaler, H. K. (1988). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology, 148, 350-383.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72(1-2), 248-254.

Albouchi, A., Ghhrir, R., El Aouni, M. H. (1997). Endurcissement a la sécheresse et accumulation de glucides
solubles et d’acides aminés libres dans les phyllodes d’Acacia cyanophylla Lindl. Annals of Science, 54(2),
155-168.

Sarjala, T., Kaunisto, S. (1993). Needle polyamine concentrations and potassium nutrition in Scots pine. Tree
Physiology, 13(1), 87-96.

Ijaz, B., Sudiro, C., Jabir, R., Lo Schiavo, F., Hyder, M. Z. et al. (2019). Adaptive behaviour of roots under salt

stress correlates with morpho-physiological changes and salinity tolerance in rice. International Journal of
Agriculture and Biology, 21(3), 667-674.

Robin, A. H., Matthew, C., Uddin, M. J., Bayazid, K. N. (2016). Salinity-induced rgduction in root surface area and

Wang, L., Hart, B. E., Khan, G. A., Cruz, E. R., Persson,
cellulose biosynthesis in land plants. Annals of Botany,
Liu, J., Wang, J., Han, Y., Yuan, S., Gao, Y. et al. (
(Picea crassifolia Kom.) in the Qilian Mountain
10.1007/s11056-021-09869-8.

Silva, H. H. B., Azevedo Neto, A. D
peroxide in acclimation of basil ( ilicum L.) to salt stress. Turkish Journal of Botany, 43(2), 208—
217. DOI 10.3906/bot-1807-80.

plants: From chemical tre bjote¢hnological approaches. Physiologia Plantarum, 164(4), 452—-466. DOI
10.1111/ppl.12812.

Reddy, . N.B. L.,
approaches. Rice Sci 7 123-144.

Altaey, D. K. A. (2018) ke role of GA and organic matter to reduce the salinity effect on growth and leaves
contents of elements and ‘antioxidant in pepper. Plant Archives, 18(1), 479-488.

., Kim, K., Kwon, T. (2017). Salt tolerance in rice: Focus on mechanisms and

Isayenkov, S. V., Maathuis, F. J. (2019). Plant salinity stress: Many unanswered questions remain. Frontiers in
Plant Science, 10, 80. DOI 10.3389/fpls.2019.00080.

Tuna, A. L., Kaya, C., Dikilitas, M., Higgs, D. (2008). The combined effects of gibberellic acid and salinity on
some antioxidant enzyme activities, plant growth parameters and nutritional status in maize plants.
Environmental and Experimental Botany, 62(1), 1-9.

Liu, Q., Rasmussen, S., Johnson, L. J., Xue, H., Parsons, A. J. et al. (2020). Molecular mechanisms regulating
carbohydrate metabolism during Lolium perenne regrowth vary in response to nitrogen and gibberellin supply.
Journal of Plant Growth Regulation, 39, 1332—1345.

Iftikhar, A., Ali, S., Yasmeen, T., Arif, M. S., Zubair, M. et al. (2019). Effect of gibberellic acid on growth,
photosynthesis and antioxidant defense system of wheat under zinc oxide nanoparticle stress. Environmental
Pollution, 254, 113109.

Balkaya, A. (2016). Effects of salt stress on vegetative growth parameters and ion accumulations in cucurbit
rootstock genotypes. Journal of Crop Breeding and Genetics, 2(2), 11-24.


http://dx.doi.org/10.1007/s11056-021-09869-8
http://dx.doi.org/10.3906/bot-1807-80
http://dx.doi.org/10.1111/ppl.12812
http://dx.doi.org/10.3389/fpls.2019.00080

164 Phyton, 2023, vol.92, no.1

42. Kumar, A., Singh, S., Gaurav, A. K., Srivastava, S., Verma, J. P. (2020). Plant growth-promoting bacteria:
Biological tools for the mitigation of salinity stress in plants. Frontiers in Microbiology, 11, 1216. DOI
10.3389/fmicb.2020.01216.

43. Wang, Y. H., Zhang, G., Chen, Y., Gao, J., Sun, Y. R. et al. (2019). Exogenous application of gibberellic acid and
ascorbic acid improved tolerance of okra seedlings to NaCl stress. Acta Physiologiae Plantarum, 41, 93.

44. Attia, H., Ouhibi, C., Ellili, A., Msilini, N., Bouzaien, G. et al. (2011). Analysis of salinity effects on basil leaf
surface area, photosynthetic activity, and growth. Acta Physiologiae Plantarum, 33, 823—-833.

45. El-Esawi, M. A., Al-Ghamdi, A. A., Ali, H. M., Alayafi, A. A., Witczak, J. et al. (2018). Analysis of genetic
variation and enhancement of salt tolerance in french pea (Pisum sativum L.). International Journal of
Molecular Sciences, 19(8), 2433. DOI 10.3390/ijms19082433.

46. Naeem, M. S., Warusawitharana, H., Liu, H., Liu, D., Ahmad, R. et al. (2012). 5-Aminolevulinic acid alleviates the
salinity-induced changes in Brassica napus as revealed by the ultrastructural study of chloroplast. Plant
Physiology and Biochemistry, 57, 84-92. DOI 10.1016/j.plaphy.2012.05.018.

47. Ozturk, L., Demir, Y., Unlukara, A., Karatas, 1., Kurunc, A. et al. (2012). &
antioxidant system, chlorophyll and proline contents in pea leaves. Roma#i8
7227-7236.

48. Rebah, F., Ouhibi, C., Alamer, K. H., Msilini, N., Ben Nasri, M. et al _(Z@h8)/ apdarison of the responses to NaCl
stress of three tomato introgression lines. Acta Biologica Hungagfca, 69(*

49. Leite, M. V., Rosolem, C. A., Rodrigues, D. (2003). Gibberelif{land@ytokinial effects on soybean growth. Scientia
Agricola, 60(3), 537-541.

50. Attia, H., Al-Yasi, H., Alamer, K., Ali, E., Hassan, F. et al{2020b). [nduced anti-oxidation efficiency and others by
salt stress in Rosa damascena Miller. Scientia Horticultuf@se, 274/ 109681.

51. Khalid, A., Aftab, F. (2020). Effect of exogenous jcation of IAA and GA3 on growth, protein content, and
antioxidant enzymes of Solanum tuberosum L. gro o under salt stress. Vitro Cellular & Developmental
Biology—Plant, 56(3), 377-389.

52. Saeidi-Sar, S., Afshari, H., Yaghoobi,
stress in common bean (Phaseolus gulgari
10.1007/s11738-012-1107-7.

53. Khalid, A. (2017). Effect o plication of IAA, BRs and GA3 on growth, protein contents and
antioxidative enzyme actiyfi Solanum tuberosum L. under salt stress (Ph.D. Thesis). University of the
Punjab, Lahore.

54. Shahzad, K., Hussaj
enhances growth and
and molecular attributes?

55. Thalmann, M., Santelia, D
214(3), 943-951.

56. Zhou, Y., Diao, M., Chen, X., Cui, J., Pang, S. et al. (2019). Application of exogenous glutathione confers salinity
stress tolerance in tomato seedlings by modulating ions homeostasis and polyamine metabolism. Scientia
Horticulturae, 250, 45-58.

57. Sergiev, L., Todorova, D., Atanasova, L. (2018). High salinity-induced proline and polyamine changes in organs of
pea (Pisum sativum L. cv. ran). Comptes Rendus de L Academie Bulgare des Sciences, 71(11), 1479—-1487.

58. Li, Y. C., Ma, Y. Y., Zhang, T. T., Bi, Y., Wang, Y. et al. (2019). Exogenous polyamines enhance resistance to
Alternaria alternata by modulating redox homeostasis in apricot fruit. Food Chemistry, 301, 125303. DOI
10.1016/j.foodchem.2019.125303.

59. Jouve, L., Hoffmann, L., Hausman, J. F. (2004). Polyamine, carbohydrate, and proline content changes during salt

stress exposure of aspen (Populus tremula L.): Involvement of Oxidation and Osmoregulation Metabolism. Plant
Biology, 6(1), 74-80.

long-term salt stress on
Biotedhnological Letters, 7(13),

ects of ascorbic acid and gibberellin a on alleviation of salt
) seedlings. Acta Physiologiae Plantarum, 35(3), 667-677. DOI

€ss tolerance of maize through modulating the morpho-physiological, biochemical
jomolecules, 11(7), 1005. DOI 10.3390/biom11071005.

. (2017). Starch as a determinant of plant fitness under abiotic stress. New Phytologist,


http://dx.doi.org/10.3389/fmicb.2020.01216
http://dx.doi.org/10.3390/ijms19082433
http://dx.doi.org/10.1016/j.plaphy.2012.05.018
http://dx.doi.org/10.1007/s11738-012-1107-7
http://dx.doi.org/10.3390/biom11071005
http://dx.doi.org/10.1016/j.foodchem.2019.125303

	Physiological Responses of Pea Plants to Salinity and Gibberellic Acid
	Introduction
	Material and Methods
	Results
	Discussion
	flink5
	References




