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Abstract. In modern agriculture, mepiquat chloride (pix) as a synthetic growth regulator, is considered as an
important management tool for reducing stress damage in Cotton seed. In the present study, the effects of
the growth regulator, pix were investigated on the physiological and biochemical characteristics in new
cultivars of cotton in response to salinity stress in Golestan province, Iran. The experiment was carried out in
a completely randomized design enriched with 10 gr. L™ Pix and 15 ds.m™ salt (sodium chloride) in Petri
dish with three cultivars (Latif, Kashmar and Sahel). The physiological and biochemical parameters of
seedlings were measured after 4 days. The use of Pix in saline conditions resulted in a significant increase in
germination percentage, radicle length, dry and fresh weights, phenolic compounds, as well as proline and
glycine betaine content in the Latif and Kashmar cultivars (p < 0.05). The amount of Na* ion absorption was
lower in Kashmar and Latif cultivars compared with the Sahel cultivar while the amount of K* and Ca?* ions
absorption was increased in the two mentioned cultivars compared to the Sahel cultivar. This study showed
that the effects of stress were reduced after treating the seeds with Pix, especially in the Kashmar and Latif
cultivars during the seedling stage.

Keywords: salt stress, mepiquat chloride, synthetic growth regulator, enzyme activity, ion accumulation,
osmotic regulator, Malvaceae

Introduction

Cotton (Gossypium spp.) is a flowering plant which belongs to the Malvaceae family.
Today, it has gained importance both economically and commercially with regard to the
production of fibers, raw material for textiles, the oil industry, food (Ozarslan, 2002) and
various other materials for consumption. For a long time, salinity has been one of the
major environmental problems faced by humankind (Jaleel et al., 2009) and is the basic
limiting factor for production in arid and semi-arid inlands (Munns et al., 2002; Ashraf
and Foolad, 2005). Like many areas of the world, Iran has a hot and dry climate and more
than half of its cultivation lands has been transformed into saline and sodic soils (Jamali et
al., 2015). Salinity stress affects the physiological and bio-chemical features of the plant
and disrupting the osmotic balance (Kook et al., 2009) can lead to severely decreased
plant growth and reduced amount of production (Koca et al., 2007).

Salinity stress and increasing Na® concentration cause a decrease in essential
absorption including K* and calcium, and a reduction of enzyme activity and membrane
structure (Demir Kaya et al., 2006; Netondo et al., 2004). An irreparable damage is
caused by the plant through the production of reactive oxygen species (ROS) (Koca et al.,
2007). Also, plants in saline areas are faced with water deficit in addition to the salinity
stress. This affects plant metabolic reactions such as photosynthesis, respiration, and
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protein synthesis (Pal et al., 2004; Meloni et al., 2003). The effect of salinity is different
in different periods of plant growth. Germination is the most critical stage of plant growth
(Khan et al., 2002; Khan and Panda, 2008) including cotton (Weiping et al., 2009; Mer,
2000; Prado, 2000) so that germination can be prevented by increasing salinity (Sosa et
al., 2005; McDonald, 2000; Godfery et al., 2004).

Each plant with more resistance can have a better growth during the later stages
(Gulzar, 2001). The investigation showed that an increase in salinity caused a decrease in
plant height, leaf surface, fresh and dry weight, as well as radicle and plumule length in
the studied cultivars of cotton (Saranga et al., 2004; Noor et al., 2001). Even in
susceptible (Sahel) and resistant (Siokra) cultivars of cotton, salinity also causes
shortening in radicle and plumule length (Rezaei et al., 2005). An important effect of
stress in plants is the overproduction of reactive oxygen species (ROS) in chloroplasts and
mitochondria (Mittler, 2002; Masood et al., 2006).

The accumulation of secondary metabolites is one of the possible responses of plants
to the changes in osmotic potential of the environment (Hasegawa et al., 2000). Plants
accumulate compatible solution such as proline (Mansour et al., 2005a) and glycine
betaine in the cell osmotic regulation (Rhodes and Hanson, 1993) to counteract the
harmful effects of salt.

Glycine betaine is increased in plant as consistent and effective osmolytes under
stressful conditions (Ashraf and Foolad, 2007), particularly under salinity stress (McNell
et al., 2001). Increasing glycine betaine has been observed in response to salinity stress in
spinach, cabbage, tomato, potato, Rice and sorghum (Yang et al., 2003). Also, increase in
water salinity resulted in an increase in glycine betaine in two cotton cultivars (Aria-
Anubam and LRA - 5166) (Desingh and Kanagaraj, 2007). Proline is the amino acid that
is accumulated under salinity stress as active osmotic regulator; it is widely used in higher
plants (Abraham et al., 2003) and causes membrane stability and affects the membrane
process.

Another effect of salinity stress on plants is the disruption of important nutrient
balance including K* and Ca®* (Renault, 2005). K* is an essential cytoplasmic element
and is considered to be an important element in saline conditions as a result of its role in
regulating osmosis and the competition effect. Also, several reports have emphasized the
beneficial effects of Ca** in reducing the effects of salinity and in most cases these effects
are related to restoring the plasma membrane, health maintenance and cohesion in roots
and shoots (Nedjimi and Daoud, 2009; Kaya et al., 2002; Tuna et al., 2007). Various
methods are used to reduce salinity in cotton. These include the use of growth regulators,
selection and the cultivation of resistant genotypes. Pix as a synthetic growth regulator in
Cotton seed is considered as an important management tool for reducing stress damage in
modern agriculture (Jost et al., 2006; Niakan et al., 2012). Pix with the common name,
mepiquat chloride, is composed of 4.2% N, N-dimethylpiperidinium chloride and a multi-
component composition of Ammonia (it inhibits the synthesis of Gibberellic acid)
(Stewart, 2005). The colonization of seeds with Pix before planting is an appropriate
method of reducing salinity which can increase the length of roots with changes in seed
physiology and impressing cell wall in the early stages of germination. Studies have
shown that a significantly higher seed germination was observed in seeds treated with Pix
compared to the control (Niakan et al., 2012).

It has been found that plants primed with Pix are shorter, denser and darker than plants
that are not stained with it (Stewart, 2005). The use of Pix leads to the absorption of more
phosphorus and nitrogen (Oosterhuis and Robertson, 2000) and the concentration of
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magnesium, phosphorus, and nitrogen in the root is more compared to the control group
(Osterhuis and Robertson, 2000; Zhang et al., 2001). The literature review revealed that
the use of Pix at high concentrations of salt resulted in improved germination and an
increase in physiological characteristics such as root length, fresh and dry weight and
increased biochemical properties such as catalase activity and the amount of phenol
(Alishah et al., 2012).

The objective of this study was to investigate the effect of Pix (mepiquat chloride) on
the salinity resistance of the new cultivars of cotton (Gossypium hirsutum L.) in Gorgan
area, Golestan province, Iran.

Materials and methods
Plant material

Delinted cottonseed (Gossypium hirsutum L.) from three cultivars (Kashmir, Latif and
Sahel) was prepared in the Cotton Research Center of Iran, Gorgan city, Golestan
Province, (36° 50' North and 54° 26' East) which is located in the North East of Iran.

The experimental design was completely randomized with priming Pix (10%) and salt
(15 ds.m™) in the Petri dish with three mentioned cultivars (Latif, Kashmar and Sahel) at
the germination stage. In addition, four treatments (Pix, salinity, Pix and salinity and
control) were studied with four replications from three cultivars in 48 Petri dishes.

Sahel cultivar was considered as control (grown in northern areas and most areas of
Iran) and two new cultivars of Latif and Kashmar were used as treatments that were
developed and recorded in the year 2015 in the Cotton Research Institute of Iran through
crop breeding. Cotton seeds priming was performed with10 gr. L™ (gram/liter) Pix for 5 h
at 25 °C. Thereafter, 3 milliliters (ml) of distilled water was added to the control and 3 ml
of water soluble salt (sodium chloride) (EC: 15 ds.m™) was added to salt treatment and
the seeds were covered with a filter paper, and were placed in a germinator for 4 days at
27 °C. Moreover, the following physiological and biochemical parameters were
measured: percentage of germination, root length, fresh and dry weight, the phenolic
compounds, glycine betaine, proline, the concentration of Na* ions, K*, and calcium.

Assessment of germination percentage: The germination of seeds was calculated after
4 days by Equation 1. It should be noted that seeds with radicle length of 1 mm or more
were considered as germinated seeds (Weston et al., 2004).

PG =100 n/N (Eq.1)

where N is the total number of seeds, n is the number of germinated seeds and PG is the
Percentage of Germination.

Measuring the length of radicle seedlings: The radicle length of the seedling (mm) was
measured (4 days) after the initial radicle emergence.

Measurement of the fresh and dry weight of seedlings: Seedlings from each treatment
(4 repetitions) were randomly selected and their fresh weight was measured using a
Digital Scale (gram). To determine the dry weight, seedlings from each treatment (4
repetitions) were placed in the oven at 90 °C for 24 h, followed by weighing.

Assessment of proline (Bates et al., 1973): 0.2 gr of frozen seedlings was homogenized
in 3% sulfosalicylic acid, and the homogenate was centrifuged at 20000 rpm (revolutions
per minute). The supernatant was used for the estimation of proline content. The reaction
mixture (2 ml acid ninhydrin and 2 ml of glacial acetic acid) was heated at 100 °C for 1 h.
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The reaction mixture was extracted with 4 ml of toluene and absorbance was read at 520
nm.

Phenolic compounds assay (Matta and Giai, 1969): The samples were boiled in 10 ml
alcohol 80% for 15 min and then, centrifuged for 15 min at 3000 g. 5 ml of diluted foline
(1:3) and 10 ml of saturation Na,CO; were added to 5 ml of this solution. Samples were
incubated at 25 °C for 10 min and then, centrifuged for 15 min at 4000 g. Supernatant
absorption was determined at 640 nm. The standard curve of catechol was used to
determine the content of phenolic compounds (milligram / gram dry weight: mg. g™' FW).

Measurement of glycine betaine content (Sairam et al., 2004): 0.5 gr dried powder of
seeds was distilled in 20 ml water and shaken at 25 °C. The samples were filtered by filter
paper and diluted with an equal ratio of sulfuric acid 2 N. 2 ml was separated and mixed
with 8.0 ml of iodide - cold iodine K* (Lugols). The solution was placed in a refrigerator
for 16 h and was centrifuged at 3000 rpm for 30 min. 1 ml of the upper phase was
separated and dissolved with 9 ml of 2,1-dichloroethane. The samples were vertex and
after 2.5 h, its absorption was read at 365 nm and then, the glycine betaine content
(micromol / gram dry weight: umol/g DW) was calculated using Equation 2.

C = Abs x 0.00017 + 0.014636 (Eq.2)

Measurement of Na* and K* (Williams and Twine, 1960): 1 gr of fresh material was
placed in the oven at 80 °C for 48 h. Thereafter, it was put in an electric furnace at 600 °C
for 6 h. Subsequently, after weighting, the ashes was dissolved in 1 ml of hydrochloric
acid 6 N, using a stirrer. Next, the samples were filtered and diluted with distilled water to
a volume of 50 cc. Then, the amount of Na* and K" were determined using a flame
photometer and a standard curve (gram / gram dry weight: g. g* DW).

Measurement of Ca®* ions (Manteghi et al., 1987): 10 ml mineral extraction plant was
poured into Erlenmeyer flasks and then, 2 ml NaOH 4 normal was added and 3.0 gr
Murexide powder was added. Then, the titration was performed using EDTA 0.01 normal
to change its color to purple. This process was performed in the presence of calcium
chloride solution as control. The value of Ca®" as gram per gram of dry matter was
calculated using the formula (g. g™ DW).

Statistical analysis

The data was represented as mean + standard deviation (SD). The experiment was
conducted using a completely randomized design with Four replicates (n = 4) having
twenty seeds of each replicate. The data were statistically treated by one-way analysis of
variance (ANOVA) and the mean values were compared using Duncan’s test at P < 0.05
to establish significant differences between each treatment and control.

Results

Pix, salinity effect and their influence on the germination percentage, radicle length,
fresh and dry weight

The results showed that germination percentage and radicle length were reduced under
salinity stress in three cultivars compared with the control. Also, the use of Pix resulted in
a significant increase in germination percentage compared with the control in all three
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cultivars and among them, the rate of increase of Latif and Kashmar cultivars was more
than that of the Sahel cultivar (Fig. 1).
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Figure 1. Effect of Pix, salinity and their interaction on the percentage of germination and
radicle length. *Average with the same letters was not statistically significant (p > 0.05)

Figure 2 shows that Sahel cultivar is sensitive to salinity and its fresh weight and dry
weight decreased under salt stress but the use of Pix was very useful for salt stress
tolerance. On the other hand, the fresh and dry weights of Latif cultivar were increased
under Pix treatment alone as well as Pix and salinity combination treatments.

Effect of Pix, salinity and their interaction on the amount of seed phenol in new
cultivars of cotton seedlings

The results showed that the phenolic compounds in Sahel cultivar treated with Pix
presented a significant increase compared with the control treatment. Also, the phenolic
compounds in all the treatments were increased in Latif and Kashmar cultivars in
comparison with the control (Fig. 3).
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Effect of Pix, salinity and their interaction on the glycine-betain content

Figure 4 shows that the use of Pix and salinity combination caused an increase in the
glycine betaine content in the three cultivars. Despite the fact that the Sahel cultivar is
sensitive to salt stress, the highest glycine betaine content belonged to this cultivar.
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Figure 2. Effect of Pix, salinity and their interaction on the fresh and dry weights
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Figure 3. Effect of Pix, salinity and their interaction on the amount in phenol of new cultivars of
cotton seedlings
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Figure 4. Effect of Pix, salinity and their interaction on the amount of Glycine - betaine in new
cultivars of cotton seedlings

Effect of Pix, salinity and their interaction on the amount of proline

The results showed that the proline content had a significant increase in all three
cultivars in the different treatments compared with the control treatment, but the proline
content in cultivars of Kashmar and Latif was more compared to the sensitive cultivar
of Sahel (Fig. 5).
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Figure 5. The effect of Pix, salinity and their interaction on the amount of proline in new
cultivars of cotton seedlings

Effect of Pix, salinity and their interaction on the amount of Na® and K" in new
cultivars of cotton seedlings

The results of this research showed that the amount of Na™ in all three cultivars in
different treatments had a significant increase compared with the control treatment. The
amount of Na™ in Latif and Kashmar cultivars was less than in the Sahel cultivar. Also,
the amount of K" caused a significant decrease in the Sahel cultivar in all three
treatments compared to the control treatment (Figs. 6 and 7).
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Figure 6. The effect of Pix, salinity and their interaction on the amount of Na* of new cultivars
of cotton seedlings
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Figure 7. The effect of Pix, salinity and their interaction on the amount of K* in new cultivars of
cotton seedlings

Effect of Pix, salinity and their interaction on the amount of Ca®* in new cultivars of
cotton seedlings

Compared to the control treatment, the results indicated that the amount of Ca®* had
a significant increase in all three cultivars in different treatments (Fig. 8).

Discussion

Previous studies showed that the length of root and stem was significantly reduced
under salinity (Habib et al., 2014; Pervaiz et al., 2007; Noor et al., 2001; lIbrahim et al.,
2007; Weiping et al., 2009; Rezaei et al., 2005). Moreover, the fresh and dry weight of
the root and stem was reduced in cotton cultivar (Habib et al., 2014; Ibrahim et al.,
2007; Saleh, 2011). In addition, the results of previous studies showed that salinity
stress resulted in a decrease in germination percentage and growth parameters of cotton
seedling in Sepid 2 cultivar. Also, priming with Pix improved injuries that were caused
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by salinity on these parameters (Alishah et al., 2012). The most important effect of Pix
on cotton was longitudinal growth prevention (Singh, 2010). Pix can cause changes in
seed physiology and affect the cell wall. Reviews on the germination percentage
showed that seeds treated with Pix had significantly higher germination percentage
compared with the control (Niakan et al., 2012). The findings revealed that at high
concentrations of salt, the use of Pix resulted in improved germination and increased
physiological characteristics including root length, as well as fresh and dry weight
(Alishah et al., 2012). Regarding the obtained results, there was an increase in the dry
weight of the seedlings due to an increase in the length of the radicle when Pix was
used. The priming of seeds with Pix before planting can be a suitable method in cotton
production that leads to increase in root length in the early stages of germination.
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Figure 8. The effect of Pix, salinity and their interaction on the amount of Ca?* in new cultivars
of cotton seedlings

Phenolic compounds are different secondary metabolites that exist in large quantities
in plant tissues until the plant can cope against reactive oxygen species, these
compounds play an antioxidant role and protect plants from the oxidizing action of
malicious free radicals (Grace and Logon, 2000; Zhu, 2000). Previous researches
showed that salinity stress in barley seedlings leads to a decrease in phenolic
compounds, flavonoids and growth (Ali and Abbas, 2003). Tamer and Abdel-al (2012)
in their research findings on the content of the phenolic compounds of barley seedlings
under the NaCl -salinity stress showed that the content of phenolic compounds was
reduced. These findings are based on the fact that the reduction of phenolic compounds
in the Sahel cultivar under salinity stress was consistent with the results of the present
study.

The results showed that the amount of phenolic compounds increased in Kashmar
and Latif Cultivars subjected to Pix and salinity along with Pix treatments. This issue
indicated that seed treatment with Pix in saline or non-saline conditions caused the
increase of phenolic compounds that were resistant to stress. The first step in the
phenylpropanoids metabolism was deamination of L-phenylalanine of cinnamic acid by
phenylalanine ammonia-lyase (PAL) (lijima et al., 2004; Achnine et al., 2004). PAL is
an enzyme intermediate between the primary and secondary metabolism of
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phenylpropanoids (Adams, 2001). Metabolites that occur as a result of PAL activity are
classified as phenolic derivatives. The results of this study demonstrated that the amount
of glycine - betaine increased in all three treatments in the Sahel cultivar compared to
the control treatment.

In plants, osmotic adjustment takes place through the production of various types of
compatible organic solvents and some inorganic ions. These materials may insulate the
injuries of plant cells through osmotic stress by modulating and maintaining membrane
fluidity and stability of proteins or enzymes (Bohnert and Jensen, 1996).

Glycine betaine is one of the most abundant compatible organic substances in plants
(Weibing and Rajashekar, 1999). In many plants, such as spinach, barley, wheat and
sorghum, there is an increase in glycine betaine in response to various stresses (Rhodes
and Hanson, 1993; Yang et al., 2003; McNell et al., 2001; Hellman et al., 2000; Ashraf
and Foolad, 2007; McNell et al., 2001; Gorham et al., 2000).

Glycine betaine is naturally accumulated in some plants whereas in others, it is not
produced even under stress condition (Ashraf and Foolad, 2007). However, it appears
that the moderating role of glycine betaine depends on many factors including product
type, time, its application, and the environmental conditions (Makela et al., 1998). The
glycine betaine concentration is changing in different species and are used as an osmotic
regulator (Agastian et al., 2000).

An investigation revealed that an increase in the different levels of glycine betaine in
cotton under salinity is different in some variety compared to other varieties that
accumulate higher amounts of proline and glycine betaine (Desingh and Kanagaraj,
2007).

With increasing salinity in two cotton cultivars, (Aria- Anubam and LRA - 5166), the
amount of glycine betaine increased in both cultivars (Desingh and Kanagaraj, 2007).

The results of this study showed that the amount of glycine betaine in the seedling
was significantly increased as compared to the control. This combination is one of the
physiological resistances against salinity in the early stages of germination.

Studies have shown that the osmotic stress injuries caused by salinity and NaCl can
be reduced with the use of glycine betaine and this issue depends on the concentration
and time of conducting this research (Ashraf, 2009). Interestingly, plants under salinity
stress are divided into three categories of plants with resistance strategy via proline or
glycine betaine or both (Larher et al., 1996). It appears that Kashmar and Latif cultivars
are the apparently tolerant ones in the salinity treatment and showed increase in the
glycine betaine. Hence, they could be regarded among plants that act with Resistance
strategy through the accumulation of glycine betaine. Proline is an amino acid which is
widely accumulated in higher plants under salinity and drought stress as an osmotic
regulator (Abraham et al., 2003; Rontein et al., 2002; Rontein et al., 2002; Fahramand et
al., 2014; Ashraf and Harris, 2004; Mansour et al., 2005b) and substantially contributes
to osmotic cytoplasm adjustment, and to the stability of the membrane and membrane
process.

The results showed that salinity increased the amount of proline in alfalfa (Parida et
al., 2004), cotton (Desingh and Kanagaraj, 2007; Mirghasemi et al., 2010), as well as
different ecotypes of fox berry plant in the germination stage (Nad Ali et al., 2014).
Some studies have indicated that salinity stress causes the excessive accumulation of
proline in the Sayochra cultivar of cotton and show that this cultivar follows the proline
accumulation strategy in salt tolerance (Kumar, 1987). Regarding the increase in proline
and glycine betaine content in Kashmar and Latif cultivars that are apparently tolerant
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in salinity treatment; therefore, an increase in these compounds in the cell relieves stress
for osmotic moderation. Kashmar and Latif cultivars accumulate proline and glycine
betaine that can be considered part of the plants that act through resistance strategy.

In this research, the use of Pix in saline condition caused a decrease in seedling
proline content, as compared to the treatment of Pix and saline treatment. It is possible
that the decrease in the amount of proline in saline conditions is as a result of the
activation of the enzyme proline oxidase that has a role in the conversion of proline to
glutamate. Glutamate is used in the biosynthesis of other amino acids for protein
synthesis (Mundree et al., 2002).

Even at low concentrations, Na* ions are toxic inside the plant and limit the
metabolic activity while K* ion is known as one of the macronutrients essential for
membrane maintenance and enzyme activity. The high concentrations of Na™ results in
the reduced absorption of other nutrients into the soil (Silber bush and Ben-Asher,
2001). Na" ions occupy k™ transfer channels in the plasma membrane of root cells,
thereby preventing the absorption of K* (Tester and Davenport, 2003) and lead to
reduced absorption of other essential elements (Kaymakanova and Stoeva, 2008).

A research of resistant and susceptible genotypes of cotton to salt indicated that the
amount of Na* was significantly increased under salinity condition and resulted in a
decrease in the amount of K* (Habib et al., 2014). The ratio of K* to Na" has been
proposed as a success indicator in salt resistance. The terrestrial life of plants depends
on high-affinity K" uptake systems and benefits from high-affinity Na* uptake systems.
In plants, both systems have received extensive attention during recent years and a clear
insight of their functions is emerging. Some plant HAK transporters mediate high-
affinity K* uptake in yeast, mimicking K* uptake in roots, while other members of the
same family may be K transporters in the tonoplast. In parallel with the HAK
transporters, some HKT transporters mediate high-affinity Na® uptake without
cotransporting K*. HKT transporters have two functions: (i) to take up Na* from the soil
solution to reduce K* requirements when K*is a limiting factor, and (ii) to reduce
Na* accumulation in leaves by both removing Na* from the xylem sap and loading Na*
into the phloem sap (Rodriguez and Rubio, 2006). Although there is no data available
on the presence of HAK in Cotton but perhaps, there are effective mechanisms to
increase transcription of these proteins that may be due to the adjusting effect of K* to
maintain osmotic salinity stress (Yokoi, 2002; Rodriguez and Rubio, 2006). The results
indicated that in the sensitive cultivar of Sahel, the number of Na* ions is higher in
plants than in the other two cultivars, Latif and Kashmar. Therefore, there is more
damage to plants. However, the Na* content was increased in the Latif and Kashmar
cultivars as compared to the control, but this increase was less compared to the sensitive
Sahel cultivar. Indeed, the number of ions in the plant was reduced when treatment with
Pix and the amount of damage was decreased, as well. It can be said that in the sensitive
cultivar of Sahel, K* was not increased but this amount was increased in Latif and
Kashmar cultivars. This result is encouraging and shows that two cultivars of Kashmar
and Latif were resistant to salinity and thus, the amount of K* was increased in order to
reduce the losses of the Na* adsorption.

As a result of the importance of Ca** permeability and the properties of selective
membranes, high levels of Na* to Ca?* ions in tissues can cause changes in the cell
activities (Ashraf, 2004; Mahmoud, 2009). Ca** is the main component of the wall and
preserve the integrity of the plasma membrane and maintains coherence in roots and
shoots during stress (Ashraf, 2004; Mahmoud, 2009; Ashraf et al., 2008).
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Ca?* is an immobile element which remains during the growing season in older
tissues, and transfers carbohydrates, facilitates the absorption of nitrogen and reduces
the harmful effects of Na* (Ashraf, 2008). Cell wall formation and its development is
impossible without Ca** (Taiz and Zeiger, 1998). Research has shown that Ca®* plays a
significant role in the salinity resistance of cotton and it will reduce the toxic effect of
Na* with a decrease of Ca®* (Cramer et al., 2002). Pix cause an increase in the
concentration of Ca** ion in the tissues and K* ion at the root. Pix controls the
vegetative and reproductive growth by reducing the concentration of gibberellic acid in
the plant and reducing the length of internodes (Havargi, 2007; Jonathan, 2006; Joseph,
2006). The results showed that the amount of Ca?* in each cultivar was increased with
increasing salinity compared to the control, but this increase was more in Latif and
especially, Kashmar cultivars. This suggests that the mechanism of Ca* ion to reduce
Na® ion was used in these two cultivars under stress conditions compared to the Sahel
cultivar. Therefore, these two cultivars, and especially Kashmar cultivar, are considered
as the resistant cultivar to salinity.

The results of this research indicated that Latif and especially, Kashmar cultivars are
considered as resistant cultivars to salt stress. The results of this study showed that
growth parameters including germination percentage and radicle length in the Latif and
especially, Kashmar cultivars had a significant increase compared to the sensitive
cultivar of Sahel. Considering the amount of dry and fresh weight of these two cultivars
in particular, Latif cultivar was higher than Sahel cultivar.

The number of phenolic compounds, proline and glycine betaine in these two
cultivars have increased with increasing salinity compared to the control and Sahel
cultivar. Also, in these two cultivars, the amount of Na* ion absorption was lower than
that of the Sahel cultivar while the absorption amount of K* and Ca*" ions increased
compared to that of the Sahel cultivar and control treatment. In Pix treatment as well as
Pix and salinity treatment, phenolic compounds and proline increased in the two
cultivars of Kashmar and Latif compared to the controls and Sahel cultivar. In Pix and
salinity treatments, the amount of proline was increased in salinity treatment and
control. The Na* absorption ratio in the Latif and Kashmar cultivars was decreased in
salinity and Pix treatment compared to the salinity treatment. Pix and salinity treatment
cause increase in uptake of K* compared to salinity treatment in the Kashmar cultivar.
Indeed, in Pix and salinity treatment, the amount of Ca** in all cultivars, especially
Kashmar and Latif was higher compared to the salinity treatment. Therefore, it can be
concluded that priming seeds with Pix can lead to a decrease in salinity, especially in
resistant cultivars. The Latif cultivar and especially, Kashmar cultivar showed more
resistance to the salinity; hence both are considered as resistant cultivars. Indeed, the
priming of seed with Pix has a significant effect on increasing resistance to salinity in
these cultivars.

As reported in Figure 9, Na* in the aerial parts was reduced through priming of
Kashmar cultivar with Pix and therefore, the number of these toxic ions decreased.
Interestingly, it would occur due to the number of reasons including low absorption of
Na* by the roots, reflux Na* from root seedlings, inhibition of Na™ transport to the aerial
parts and the choice of K* and Ca?* as well as the removal of Na*. Increasing the
amount of glycine betaine, proline and phenolic compounds in the seedlings of
Kashmar cultivars along with reducing the amount of Na® ions in the aerial parts of
plants cause less damage of the membrane system and better ion balance in these
cultivars. These factors result in an increase in the germination, radicle length, fresh and
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dry weight in the seedlings of Kashmar cultivar and finally, had better performance than
other cultivars (Fig. 9).
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Figure 9. The effect of Pix on the resistance of salinity in Kashmar cultivar at seedling stage

Conclusion

The manipulation of cotton plant architecture using plant growth regulators such as
Pix can be an agronomic strategy for obtaining high yields. The results indicated that
priming Pix improved the physiological and biochemical parameters of cotton
(especially in the Kashmar and Latif cultivars) in terms of salinity.

The NaCl stress caused changes in physiological and biochemical traits and reduced
germination percentage, radicle length, dry and fresh weight, phenolic compounds,
proline and glycine betaine in the Latif and Kashmar cultivars, whereas the treatment of
cottonseed with mepiquat chloride in saline stress resulted in significant increase in
these parameters. The amount of Na™ in all three cultivars in different treatments had a
significant increase compared to the control treatment.

The amount of Na® ion absorption was lower in Kashmar and Latif cultivars
compared to the Sahel cultivar while the amount of K* and Ca®" ions absorption was
increased in the two mentioned cultivars compared to the Sahel cultivar.

It appears that Pix treatment in NaCl stress can be one of the tolerance mechanisms
in cotton (especially in the Kashmar and Latif cultivars) which requires further research.
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Considering the fact that in the present study, cotton seed priming with Pix was used,
it is recommended that this experiment be carried out with a Pix spray on the plant.
Also, the morphological and genetic parameters of the plant in vegetative and
reproductive stages, as well as the final yield of the plant should be investigated. Also,
given the fact that in the current and traditional agriculture system, cotton is pruned to
prevent it from extra growth, it is recommended that the relationship between Pix level
and pruning should be investigated.
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