
Abstract
To study the effects of salt stress and plant growth regulators

(kinetin, gibberellic acid, potassium) on growth, yield, glycine
betaine content, phosphoenolpyruvate carboxylase (PEPC) and
ribulose biphosphate carboxylase (RBC) gene expression of two
Libyan bread wheat varieties, a factorial design of greenhouse
experiment with three replications was conducted. Results
revealed that salt stress significantly reduced plant growth and
productivity of both varieties. Moreover, the addition of kinetin +
potassium and gibberellic acid + potassium had improved the per-
formance of the morpho-metric parameters of both genotypes
under salt stress; but the performance was more effective for
kinetin treatment than for gibberellic acid. At the biochemical
level, the results showed that salt stress increased glycine betaine
contents in both varieties with different proportions. This increase
is more elevated in the presence of kinetin + potassium than the
treatment with gibberellic acid+ potassium, which showed an
almost similar result as in only salt stress. At the molecular level,

the effects of salt stress and plant growth regulators on the PEPC
and RBC gene expression showed that the increase was signifi-
cantly higher for kinetin, gibberellic acid, and salt stress when
compared to the control. 

Introduction
Cereals have an important place in food security worldwide,

particularly in developed countries (Slama et al., 2018). Such
products are on the increase as favourite foods in urban areas
(Taylor et al., 2006) and are used for human food, animal feed,
and industrial preparations (Nhemachena and Kirsten, 2017).
Among wheat species, bread wheat (Triticum aestivum L.) is the
most widely cultivated crop around the globe, but the production
is far from satisfying an ever-increasing demand (Crespo Herrera
et al., 2018). This low production, particularly in developing
countries, is attributed to many factors such as the quality of seeds,
a low input agronomic practice, and unavailability of varieties
adapted to varying climatic conditions. The gap between offer and
demand will be more acute under climate change, particularly in
arid and semi-arid regions, where water is the main factor limiting
production and productivity (Radhouane, 2013).

In Libya, similar to many North African countries, wheat is
one of the most important cereal crops. It is a common food for
Libyans due to the broad use of wheat flour in the manufacture of
bread, pasta, biscuits, and other wheat-related industries.
Cultivated areas of wheat in Libya were about 165.000 hectares in
2017 and the quantity produced was about 200.000 tons in 2017
with an average yield of about 1.25 tons/ha (Buba et al., 2017).
Causes of the low yield include water scarcity as well as poor and
saline soils, among other factors. Alsharhan et al. (2000) docu-
mented that approximately 1.900 km² is affected by salinity, prob-
ably due to using seawater for irrigation, poor drainage, and
increasing concentrations of salts in the irrigated water from sea-
water intrusion. In these conditions, wheat and other crops have to
cope with daily exposure to hyperosmotic stress (Maggio et al.,
2011).

The effects of abiotic stress on agricultural production are well
known, reducing not only food production but also, if prolonged,
it could potentially upset economic stability (Yadav et al., 2019).
Salinity stress has a great impact on the agronomic, physiology,
and chemical characteristics of the wheat plant. Generally, salinity
affects plant growth in three manners: osmotic stress, ionic stress
or ion imbalance, and oxidative stress (Rani et al., 2019). 

To adapt to salinity, a plant must develop a plethora of mech-
anisms, such as osmotic adjustment , to cope with salt stress and
to facilitate their metabolic functions (Woodrow et al., 2017).
Osmotic adjustment is insured by organic compounds, among oth-
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ers, to resolve these imbalances (Hossain and Dietz, 2016) and to
help plants to withstand salt stress (Tian et al., 2017). Among com-
patible osmolytes, glycine betaine (GB) is one of the most effec-
tive osmoprotectants against drought and salinity (Kurepin et al.,
2015). It is also implicated in increasing ribulose biphosphate car-
boxylase (Rubisco) activity under salinity (Wani et al., 2013).

It has also been reported that carboxylate metabolism is modi-
fied under salinity to increase the tolerance and resistance to salt
(Khan et al., 2014). The phosphoenolpyruvate carboxylase (PEPC)
activity, resulting primarily from the ionic stress, was shown to be
increased in a salt-treated C4 plant, a C3 plant, and C3–C4 interme-
diate plant (Doubnerová and Ryšlavá, 2011). 

Bayramov and Guliyev (2014) reported that Brachypodium
distachyon leaf contains a greater amount of Rubisco activase
small (RCAS) isoform than the Rubisco activase large isoform
(RCAL) under optimal growth conditions. Increased levels of the
RCAL isoform compared with the RCAS isoform were found in
leaves and green stems under salt stress. 

Besides natural strategies developed by plants (Suo et al.,
2017), several other managements have been deployed to improve
plant growth efficiency under salinity. Among them, we can cite
the use of hormone regulators or plant growth regulators (PGRs) to
create homeostasis in hormonal production under salinity. These
phytohormones have been used to ameliorate the adverse effects of
salinity stress on plant growth and productivity in various plant
species (Nimir et al., 2015). Using potassium nitrate (KNO3) for
seed-priming treatment showed beneficial effects on plant growth
and the production of a wide range of plant species under limited
growth conditions (Zanotti et al., 2013). Kinetin (Ki) is a growth
regulator that falls under the cytokinins (CK) group, which regu-
lates cell division, apical chloroplast biogenesis, nutrient mobiliza-
tion, and shoot differentiation (Davies, 2010). Ki was found to be
the most effective experimental treatment to improve the salt toler-
ance, growth, and fruit yield of cucumber genotypes (Gurmani et
al., 2018). In fact, seed pre-treatment with kinetin exerted a bene-
ficial effect on seedling emergence, plant growth, and the antioxi-
dant defence system in sweet sorghum (Nimir et al., 2015). Seed
pre-treatment with kinetin can minimize the adverse effects of salt
stress on germination and subsequent shoot biomass (Nimir et al.,
2015).

Gibberellic acid (GA3), as a plant growth regulator, enhances
various physiological responses in plants (Rout et al., 2017) such
as germination, plant growth, and photosynthetic activity.
Exogenous application of GA3 had positive effects on different
morphological, physiological, and biochemical activities at salt
stress conditions. Gibberellic acid had better mitigation of the
harmful salinity effects by increasing vigour, antioxidative enzyme
activity, and accumulation of osmolytes (Lambari et al., 2018).

The present study aims to compare and to investigate the
effects of two plant growth regulators on some morphological
parameters and yield components of an older and a recent Libyan
bread wheat (Triticum aestivum L.) varieties to improve their salt
stress tolerance. The physiological response (osmotic adjustment)
was also studied by measuring glycine betaine (GB). On the
molecular level; the effects of the aforementioned treatments on
PEPC and RBC gene expression were also estimated.

Materials and methods

Plant material 
This study was conducted in an agricultural research center in

Libya at Keaam station. Two bread wheat varieties (Triticum aes-

tivum L.) were used: ‘Krassie’ and ‘Bohoot 210’. ‘Krassie’ is an
autochthonous bread wheat and among the oldest varieties in
Libya. It was largely cultivated by southern Libyan farmers in the
area of Wadi-Ataba, near the coast. The cultured area of this vari-
ety decreased in the early 1970s because the establishment of large
agricultural projects using improved varieties leading to modern
cultivation and large productivity. ‘Krassie’ is characterized by its
tolerance to high salinity. ‘Bohoot 210’ is a new variety that was
released by the agriculture research center (ARC) in Tripoli, Libya
in 2014. It is produced from lines obtained from the international
center for the improvement of maize and wheat (CIMMYT). It is
characterized by moderate salt tolerance. 

Growth conditions
Plants were cultivated in plastic pots of 30 cm in diameter

filled with sand, and sowing density was adjusted to 10 seeds per
pot. The experiment was conducted at the greenhouse of the
Research Station under fully controlled conditions at 22/25°C with
a photoperiod of 16 h light and 8 h dark and 75% humidity. One-
quarter strength Hoagland solution was added as a source of nutri-
ents for the plants in the sandy culture experiment. The salinity
treatments were applied after 30 days from the sowing date where-
as the first spraying treatment was applied after 50 days from the
sowing date. The second spraying treatment was applied after 70
days at the elongation stage.

Salinity and plant growth regulator treatments
Pots were arranged for both varieties in three replications.

Treatments of salinity and PGR combination were as follows:
Control (C, 0 ppm NaCl); Salinity (S, 5000 ppm NaCl); salinity +
kinetin + potassium nitrate spray (S+Ki+K, 5000 ppm NaCl + 50
ppm kinetin + 1500 mg/L potassium nitrate); and Salinity + GA3
+ potassium nitrate spray (S+GA3+K, 5000 ppm NaCl + 50 ppm
GA3 + 1500 mg/L potassium nitrate).

There were four treatments tested in a two-factor (variety and
treatment) factorial completely randomized design. The total num-
ber of pots assessed was 24 (2 varieties × 4 treatments × 3 replica-
tions).

Measured parameters
The effects of the aforementioned treatments on wheat plants

growth of the two cultivars were assessed by measuring five differ-
ent traits at the end of the experiment: shoot dry weight (g), the
number of leaves/plant, number of seeds/plant, seeds weight/plant
(g) and hundred seeds weight (g).

The variation of each parameter under the three treatments
compared with the control was calculated according to the follow-
ing formula: 

Glycine betaine extraction and estimation
Glycine betaine (GB) content was estimated according to the

procedure of Bessieres et al. (1999). Plant material was frozen in
liquid nitrogen after harvesting then ground to a fine powder. The
powder was weighed and transferred to several precooled 1.5 mL
tubes and stored at –80°C. Samples of 40 to 50 mg fresh weight
were suspended in 1 Ml of MilliQ grade water, subjected to a
freeze-thaw cycle by freezing in liquid nitrogen and thawing for 20
min at 40°C and left overnight at 4°C. 

Samples (2 varieties × 4 treatments × 3 replications) were then
centrifuged at 14000 g, at 4°C for 5 min, and the clear supernatants
separated from the pellets. The fractionation of the crude extract
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was performed using ion-exchange chromatography. Samples
were subjected to HPLC analysis, with an HPLC mobile phase
of13 mM sodium heptane sulfonate (2.63 g/L), and 5 mM Na2SO4

(0.71 g/L) in MilliQ grade water, adjusted to pH 3.7 with H2SO4

(the solvent was degassed). 
The GB amount was determined using HPLC by injecting the

extract (20-100 μL) onto an ODS2 C18 column (250×4.6 mm
internal diameter) preceded by a pre-column (10×1 mm) packed
with the same phase. The HPLC mobile phase was delivered by an
isocratic pump at a flow rate of 0.8 mL/min. The complete run lasts
15-20 min. The eluted GB (retention time 4-5 min) was detected
by measuring the absorbance at 200 nm using a spectrophotometer
and quantified by a comparison of peak surface areas with those
obtained with pure GB standard solutions.

The variation of GB under the three treatments compared with
the control was calculated according to the following formula: 

RNA extraction from plant cells and tissues
Leaf samples of the two wheat cultivars were collected from

the treated and control plants for RNA extraction. Total RNA of
fresh wheat tissue was extracted using the Gene JET Plant RNA
Purification Mini Kit (Thermo Scientific, EU) according to the
instructions of the manufacturer. The cDNA was synthesized from
the RNA templates using Thermo Scientific Revert Aid First
Strand cDNA Synthesis Kit.

Real-time PCR 
Quantitative reverse transcription-PCR (RT-PCR) for the

PEPC and RBC genes was conducted. The RNA of 48 samples (2
varieties × 4 treatments × 2 enzymes × 3 replications) was reverse
transcribed, to produce the first strand of cDNA in presence of 5
mM MgCl2, 1X PCR Buffer, 1 mM dNTPs, 25 units MuLV reverse
transcriptase and 4 units RNA-guard ribonuclease inhibitor. The
mixture was prepared as described above in three different PCR
tubes. 2.5 µL of 20 pmol of PEPCs reverse primer with the
sequence (CTG CAA AAG CCA AAT AAG TC) was added to the
mixture in one of the three PCR tubes and the second tube. 2.5 µL
of 20 pmol of Rubisco (RBC) reverse primer with the sequence
(GTA AAA TCA AGT CCA CCR CG) was added in a final reac-
tion volume of 30 µLin each tube. Reactions were carried out at
42°C for 30 min, followed by a 10 min step at 94°C to denature the
enzyme, then there was a cooling period at 4°C. To assay the real-
time PCR quantification of cDNA encoding for PEPC and RBC,
one µl of cDNA of the 48 aforementioned samples was used as
templates in the reaction mixtures, in a final volume of 25 µL in all
assays. Real-time PCR, using PEPC and RBC forward and reverse
primers with the following sequences [PEPCs forward (TGT CCA
CAA GAA TGC TTC CA), reverse (CTG CAA AAG CCA AAT
AAG TC)] and [RBCs forward (ATG TCA CCA CAA ACA GAG
ACT AAA GC), reverse (GTA AAA TCA AGT CCA CCR CG)],
respectively, were employed to define the detection limit of the
assay. Cycling was carried out in a Stratagene Mx-3000 Real-time
PCR system which allows the detection of most commercially
available dyes including FAM, SYBR® Green I, TET, HEX™,
JOE™, VIC™, TAMRA™, Texas Red®, ROX™, Cy5™, Cy3™, and
ALEXA Fluor® 350. The system supports 96-well plate format and
can perform multiple sub-experiments up to four dyes in the same
well. Bioron product, SYBR® Green I Real-Time QPCR (cat No.
119205) master mix for (100 rcs) detection protocol was used in
this investigation as described in the Bioron manual.

Quantification of PEPCs, and RBCs gene expression
The SqRT-PCR quality and concentration were measured by

the use of a Quawell Q5000 UV-Vis spectrophotometer (V2.1.4,
USA). 

The variation of PEPC and RBG gene expression was
expressed as follows:

Statistical analysis
Statistical analysis was performed using SAS 2002 software ver-

sion 9 (SAS Institute, 1990).The analysis of variance (ANOVA) was
performed using the general linear model (GLM) procedure to deter-
mine the effect of the treatment (sub-factor) and the effect of the vari-
ety (main factor), as well as their interaction. The least significant dif-
ference (LSD) test was considered significant at P<0.05.

Results

Yield components and morpho-physiological parameters 
Salinity led to a reduction of all parameters for both wheat cul-

tivars. Statistical analysis (Table 1) showed that treatment effect
was significant for all parameters. The Tukey grouping test (Table
2) indicated that salinity effect was different from others treat-
ments for all traits. The variety effect was also significant for all
parameters except for L/plant (P=0.4677ns). Variety × treatment
interaction was significant only for number of seeds/plant and
seeds weight/plant. The response to salt stress without phytohor-
mones varied between cultivars. For Bohoot210, shoot dry weight,
seed number and weight per plant were reduced, compared to con-
trol (in %), more than ‘Krassie’; whereas the number of leaves and
the 100 seeds weight decreased more in ‘Krassie’ (–42.9%/–33.3%
and –39.3% /–29.5%, respectively) (Table 3). Statistical analysis
showed that all interactions were significant except 100 seeds
weight and number of leaves by plant) (Table 1).

                   Article

Table 1. Analysis of variance of morphological parameters and
yield components at maturity of two bread wheat varieties.

Variables            Source of variation              df                 P-value

100 SW                                     Variety                                  1                       <0.0001
                                              Treatment                              3                       <0.0001
                                     Variety × Treatment                     3                       0.6109ns

SW/plant                                  Variety                                  1                       <0.0001
                                              Treatment                              3                       <0.0001
                                     Variety × Treatment                     3                         0.0028
N° S/plant                               Variety                                  1                       <0.0001
                                              Treatment                              3                       <0.0001
                                     Variety × Treatment                     3                         0.0005
L/plant                                     Variety                                  1                       0.4677ns
                                              Treatment                              3                         0.0009
                                     Variety × Treatment                     3                       0.6500ns

SDW                                         Variety                                  1                       <0.0001
                                              Treatment                              3                       <0.0002
                                     Variety × Treatment                     3                           0.05
100 SW, hundred seed weight; SW/plant, seed weight/plant; N°S/plant, number of seeds/plant, L/plant,
number of leaves/plant; SDW, shoot dry weight; ns, no significant. Variety: Krassie and Bohoot 210;
Treatment: control, salinity, Ki+K+S, GA3+K+S.
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The results of the treatment × varieties interaction are reported
in Table 3. Under the control conditions, the ‘Bohoot210’ variety
with a smaller number of seeds had a higher seed weight (100 seed
weight) than ‘Krassie’. ‘Bohoot 210’ also had a heavier stem than
‘Krassie’. Under spray treatments, plant characteristics with
kinetin + potassium + salinity or GA3 + potassium + salinity had
a lower reduction compared to the salinity treatment (Table 3).
Kinetin and GA3 were acting as improvements for plant salt toler-
ance. Shoot dry weight, seeds weight/plant, and hundred seed
weight decreased less in the presence of both phytohormones than
without them, whereas in ‘Bohoot 210’ the no. of leaves per plant
were not significantly influenced by kinetin. In the case of the seed
number per plant, the response induced by kinetin and AG3 treat-
ments was higher than the control for ‘Bohoot 210’. Table 2
showed that kinetin application had values similar to the control
for 100SW, N°S/plant and L/plant. 

The results also revealed that, for both cultivars, the spray
treatment with kinetin + potassium improved the plant salt toler-
ance more than GA3 + Potassium. Treatments with Ki and GA3
showed significant different values for all parameters except
N°S/plant and SDW (Table 2).

The glycine betaine contents in the cultivar ‘Krassie’ increased
2.03 times from the control to the salt-stressed treatment, 3.23
times in the salt-stressed + ki + potassium treatment, and 2.18
times in the salt-stressed + GA3 + potassium treatment (Figure 1).
For the ‘Bohoot 210’ variety, glycine betaine contents increased
from the control to the salt-stressed treatment by 1.47 times
and3.11 and 1.57 times in the salt-stressed, salt-stressed + ki +
potassium and salt-stressed + GA3 + potassium treatments, respec-
tively. Salinity stress and salinity with PGR treatments increased
GB contents in the two bread wheat genotypes, but the increment
was more important for salt-stressed treatments sprayed with
kinetin (3.23 and 3.11-fold). Moreover, the ‘Krassie’ variety under
salt stress only or sprayed with GA3,seemed to accumulate more
GB than ‘Bohoot 210’ (Figure 1).

Gene expression profiling of PEPCs and RBCs
Gene expression changes of PEPCs and RBCs at the transcrip-

tion level were estimated under the control and three aforemen-
tioned treatments. The results are shown in Figure 2.

The expression pattern analysis in response to salt stress and
the two sprayed treatments revealed a significant increase in the
expression level of PEPCs. In ‘Krassie’, salt stress induced 2.07-
foldexpression levels compared to the control, while the salinity
and kinetin + potassium treatment increased expression 3.92-fold,
and salinity and GA3 + potassium induced PEPCs expression up to
2.38-fold (Figure 2).

                                                                                                                                 Article

Figure 1. Variation of the glycine betaine content (GB) n-fold
compared to control under salinity and plant growth regulators
of the two bread wheat varieties. Ki+K+S, kinetin + potassium
nitrate + salinity; GA3+K+S, giberellic acid + potassium nitrate +
salinity; S, salinity; Ki, kinetin; K, potassium nitrate; GA3,
giberellic acid; GB, glycine betaine.

Table 2. Average SW, SW/plant, N°S/plant, L/plant and SDW (two-way ANOVA, variety × treatment) for the two varieties, Krassie and
Bohoot 210 under the different treatments. Means followed by the same letter are not significantly different according to the Tukey mul-
tiple range test (P<0.05).

                                                                   100 SW (g)            SW/plant (g)             no. S/plant                     L/plant                SDW (g)

Variety                       Krassie                                              2.354b                                2.012a                               85.825a                                   5.500a                           2.225b
                                   Bohoot 210                                       3.929a                                1.200b                               35.325b                                   5.250a                           2.700a

Treatment                Control                                             3.575a                                2.026a                               65.500a                                   6.500a                           2.850a
                                   Salinity                                              2.383c                                1.100d                               47.000b                                   4.000c                           2.050c
                                   Ki+K + S                                          3.458a                                1.800b                               64.300a                                   6.000a                           2.550b
                                   GA3+K+ S                                       3.150b                                1.500c                               65.500a                                  5.000bc                          2.400b

100 SW, hundred seed weight; SW/plant, seed weight/plant; N°S/plant, number of seeds/plant, L/plant, number of leaves/plant; SDW, shoot dry weight. a-dDifferent letters indicate significant differences according to T tests at P<0.05.

Table 3. Effect of salinity and PGR treatments on some morphological parameters and yield components at maturity of two bread wheat
varieties.

                           Variety                            100 SW (g)            SW/plant (g)             no. S/plant                     L/plant                SDW (g)

Control                      Krassie                                           2.8±0.05                           2.4±0.26                          90.7±4.23                              7.0±1.00                       2.4±0.10
                                   Bohoot 210                                    4.4±0.26                          1.71±0.05                         40.3±1.10                              6.0±0.00                       3.3±0.22
S                                 Krassie                                           1.7±0.42                           1.4±0.05                          76.3±1.27                              4.0±1.00                      1.9 ±0.18
                                   Bohoot 210                                    3.1±0.17                           0.8±0.12                          17.7±1.42                              4.0±1.00                      2.2 ±0.26
Ki + K + S                Krassie                                           2.7±0.17                           2.2 ±0.16                          86.3±1.05                              6.0±0.00                       2.3±0.17
                                   Bohoot 210                                    4.3 ±0.29                           1.4±0.14                          42.3 ±3.05                             6.0±1.00                       2.8±0.22
GA3 + K+ S              Krassie                                           2.3 ±0.23                           2.1±0.10                          90.0 ±1.04                             5.0±0.00                       2.3±0.26
                                   Bohoot 210                                    4.0±0.20                           0.9±0.10                          41.0±1.37                              5.0±1.00                       2.5±0.17
100 SW, hundred seed weight; SW/plant, seed weight/plant; N°S/plant, number of seeds/plant, L/plant, number of leaves/plant; SDW, shoot dry weight; S, salinity treatment; Ki+K+S, kinetin + potassium nitrate + salinity,
GA3+K+S, giberellic acid + potassium nitrate + salinity; S, salinity; Ki, kinetin; K, potassium nitrate; GA3, giberellic acid; (±) standard deviation.
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In cultivar ‘Bohoot210’, the results of the gene expression of
PEPCs indicated that under salt stress conditions, the gene expres-
sion increased up to 1.74-fold while in the salt-stressed plants
which sprayed with kinetin + potassium, the gene expression was
induced up to 2.73 times, and in the presence of salinity + GA3 +
potassium PEPCs increased up to 2.01 times compared to control
plants.

For RBCs, the expression patterns analysis in response to salt
stress and the two other treatments revealed significant induction
in the gene expression level. Salt stress induced an over expression
in ‘Krassie’ cultivar by2.43 times, and in salt-stressed plants
sprayed with kinetin + potassium it was5.6 times compared to con-
trol plants; while in salt-stressed plants sprayed with GA3 + potas-
sium, gene expression RBCs increased up to 2.75 times compared
to the control (Figure 2). The gene expression of RBCs indicated
that under salt-stressed conditions, the gene expression of ‘Bohoot
210’ increased up to 2.01-fold, while, in the salt-stressed plants
sprayed with kinetin + potassium, the gene expression induced up
to 3.53 times. Finally, the gene expression in the stressed plants
that were sprayed with GA3 + potassium was induced up to 2.66
times more than in control plants. We also noted that kinetin
induced more PEPCs and RBCs than GA3, and expression was
more induced in ‘Krassie’ than in ‘Bohoot 210’.

Discussion
In Libya, environmental constraints have placed severe limita-

tions on the development of agriculture (FAO, 2019) and have
made the supply of seeds more scarce and expensive. In 2014, the
Agriculture Research Center in Tripoli selected a new variety
‘Bohoot 210’ to improve bread wheat production. The present
study showed, in the absence of salt stress, that ‘Bohoot 210’ seems
to be more productive. The 100 grains weight was higher despite
the small number of grains per plant. The release of this variety
was probably aiming high yields in non-limiting conditions. This
is unlike the local variety Krassie that had a lower aerial dry mass
and a lower 100 grains weight in control conditions, but appears
more resistant to salt stress with a lower reduction of 3/5 parame-
ters in the presence of salt stress compared to ‘Bohoot 210’. The
reduction of all morpho-agronomic parameters under salt stress

varied between –15.8 and –42.9% for ‘Krassie’ and –29.5 and
–56.1% for ‘Bohoot 210’ According to Julkowska and Testerink
(2015), salt stress reduced the water status and leads to growth
reduction and limitation of plant productivity.

Among the methods that have been used to counter the nega-
tive effects of salinity, PGRs sprayed on plants is considered one
promising approach to ensure production and sustainability (Nimir
et al., 2015). The current study showed that the level of GB under
salt stress was different for the two varieties of wheat and between
the two PGR treatments. In fact, the GB content was more impor-
tant under kinetin than AG3 and more important for the ‘Krassie’
genotype than for the ‘Bohoot 210’ genotype under GA3 spraying.
Similar results were found for several kinds of cereal genotypes
cultivated under salinity (Brunk et al., 1989), which generated
osmolytes including proline, glycine betaine, and total soluble
sugar (Shelke et al., 2019). The difference in accumulation in GB
may be the result of the susceptibility of genotypes to salinity
(Mäkelä et al., 2019). The damage induced by salinity is more
important in ‘Bohoot 210’ with a lower GB content as compared to
the tolerant variety ‘Krassie’. It is well known that GB is an osmo-
protectant against abiotic stress (Tian et al., 2017) and plays a role
in different processes in plant metabolism and plant development
(Kurepin et al., 2015), which might explain the better agronomic
performance of the local variety ‘Krassie’ in the current study. 

Plant growth regulator application showed a significant effect
on almost all the morphological and agronomic investigated char-
acters. Spraying of gibberellic acid and kinetin significantly
increased development and grain yield components of the two
bread wheat varieties compared to saline treatment (S). Moreover,
the combined application of salinity and PGRs gave better plant
growth, development and yield over the control. Therefore, both
salinity and PGRs might interact positively to improve plant toler-
ance. These two PGRs (kinetin and GA3) enhanced plant salt tol-
erance and induced a lower reduction in all the measured parame-
ters as compared to salinity. Phytohormones regulate plant growth
and development (Khan et al., 2016) and provide tolerance to
plants under unfavourable conditions (Shahzad et al., 2018;
Sharma et al., 2019; Tanveer et al., 2019). It was also noted that
kinetin improved the plant salt tolerance higher than GA3 by
increasing more GB accumulation, particularly in the case of the
‘Krassie’ genotype. Thus it could be regarded as an essential regu-
lator in the translocation and partitioning of photoassimilates for
gain filling (Khan et al., 2016), which enhanced the water use effi-
ciency (Iqbal and Ashraf, 2013) and increased the development
and grain yield in the current study. These results revealed the
practical significance of plant growth regulators, including kinetin,
to counter the salinity stress in field conditions (Gurmani et al.,
2018).

The application of PGRs, particularly the kinetin, on stressed
plants enhanced salinity tolerance in both genotypes also by the
activation of the expression level of PEPCs and RBCs. We found
that kinetin induced more PEPCs and RBCs than GA3and more for
‘Krassie’ than Bohoot 210’. Cheng et al. (2016) reported that a
large number of PEPC genes induced by abiotic stresses play
important roles in the regulation of plant tolerance to stress by act-
ing in the cytoplasm of plant cells. This PEPC plays an important
role in carbon and nitrogen metabolism of C3 plants and may
explain the morphological and agronomic results recorded in both
varieties, in particular the local variety. Therefore, the exogenous
application of plant growth regulators to bread wheat under salt
stress conditions may overcome their deficiency and improve
development, plant growth, and grain yield. 
‘Krassie’, the oldest variety in Libya, is highly productive

under salt stress and showed traits of tolerance to salinity. These
results are in accordance with the study of Slama et al. (2018)
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Figure 2. Variation of PEPCs and RBCs gene expression n-fold
compared to control under salinity and plant growth regulators
of the two bread wheat varieties. Ki+K+S, kinetin + potassium
nitrate + salinity; GA3+K+S, giberellic acid + potassium nitrate +
salinity; S, salinity; Ki, kinetin; K, potassium nitrate; GA3,
giberellic acid.
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which showed that old cultivars of durum wheat are the best-adapt-
ed to local conditions. Romdhane et al. (2020) also studied the
response of two barley varieties, one old and one new, to water
deficit stress and reported that the old variety performed better in
terms of yield and tolerance to drought in Tunisia. The study of
Atar et al. (2020) showed that the old wheat variety reached the
harvest maturity before the new varieties which avoids the high
temperature, water and salt stress occurred at the end of the season.
Wheat landraces have also long-standing adaptations to local con-
ditions. According to Ammar et al. (2011) the first hybridization
effort conducted in Tunisia in the early 1930s involved crosses
among local types or between local types and  landraces from the
Mediterranean regions, they resulted in the release of significant
cultivars which were earlier, higher yielding and with better grain
quality characteristics. 

Conclusions
In conclusion, we demonstrated that the application of PGR,

kinetin, and GA3, enhanced the performance of the two varieties
under salinity treatment in comparison with the control. The
degree of variation in the studied parameters was considerable
between the two varieties and between PGR treatments. Kinetin
induced more GB, PEPC, and RBC accumulation than GA3, and
the ‘Krassie’ variety seems to be more salt-tolerant than ‘Bohoot
210’. Therefore, kinetin treatment may be recommended as a
potential method of improving salt stress resistance by enhancing
GB synthesis in bread wheat.

The difference between the old and new bread wheat varieties
generated in this research supports the use of the oldest one in the
arid and semi-arid zones characterized by a high concentration of
salts in the soil and the irrigated water. Because the old variety
‘Krassie’ seems to be more tolerant than the recent one ‘Bohoot
210’, conservation of local ecotypes (‘Krassie’ in Libya) growing
under the local agricultural environment could be of great impor-
tance to cater to the requirement of local productivity.

Highlights
- Salt stress reduced plant growth and productivity of bread

wheat varieties.
- Growth regulator improved the performance of the morpho-

metric parameters. 
- The performance was more effective for kinetin treatment than

for gibberellic acid.
- Kinetin improved the glycine betaine gene expression more

than gibberellic acid.
- Kinetin increased significantly the phosphoenolpyruvate car-

boxylase and ribulose biphosphate carboxylase gene expres-
sion. 
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