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INTRODUCTION

Basil (Ocimum basilicum) belongs to the botanical family Lamiaceae, as noted by Zangeneh et
al. (2019), encompassing a total of 250 genera and an astonishing 7000 species (Pandey et al.,
2014). Basil, also known as the genus Ocimum, garners significant attention due to its extensive
diversity. Approximately 30 species make up its entirety, with a variety that includes herbs and
bushes. The distribution of this species spans tropical and sub-tropical regions in Africa, Central
Asia, and South America (Singh et al., 2018; Hamoody et al., 2020).

Glycine betaine, otherwise referred to as N, N, N -trimethylglycine, is a preferred
compatible solute for many prokaryotes and perhaps the most widely utilized osmolyte in the
plant and animal kingdoms (Arafa et al., 2007). As well, GB, as one of the compatible solutes,
contributes to salinity by the osmotic adjustment in plants (Ashraf & Harris, 2004),
safeguarding the proteins (through sustaining the composition of enzymes such as Rubisco)
(Bohnert & Jensen, 1996), protecting the membrane structure (Crowe et al., 1992),
Safeguarding cytoplasm and chloroplasts against the detrimental effects of Na* (Rahman et al.,
2002), Safeguarding the photosynthetic process (Sakamoto & Murata, 2002), and through its
role as a sweeper of oxygen radicals (Smirnoff & Cumbes, 1989). The content of GB differs
significantly among plant species due to its non-toxic, environmentally safe, and water-soluble
nature (Makela et al., 1998). Not all plants can accumulate GB naturally. Although some
transgenic plants capable of accumulating GB have been successfully constructed (Sakamoto
& Murata, 2002; Sakamoto & Murata, 2000). The association of GB in the regulation of the
activities of antioxidant enzymes has been described (Wang et al., 2010). The effectiveness of
an exogenous application of GB depends on the type of species, the developmental stage of the
plant, the application level, the number of applications, etc. (Ashraf & Foolad, 2007).

Methionine (Met), an essential amino acid, is the primary limiting sulfur amino acid
because it can be converted by animals to cysteine, and thus, it meets the requirements for these
two amino acids (WHO, 2007). Met is a 4-carbon amino acid synthesized from independently
derived components (Kim & Leustek, 2000). Moreover, the sulfur-containing amino acid
methionine is a primary metabolite in plant cells. It is a protein constituent and the precursor of
S-adenosyl-L-methionine (SAM), the most biological methyl-group donor (Kim & Leustek,
2000). Met serves as a precursor of ethylene in model systems, as well as in fruits and other
plant tissues (Lieberman, 1979). In apple tissue, the conversion of methionine to ethylene
represents the significant metabolism of the Met (Burg & Clagett, 1967). Met is a precursor of
ethylene in several higher, including climacteric tissues of apples, avocados, bananas, and
tomatoes (Burg & Clagett, 1967; Lieberman et al., 1966; Mapson et al., 1970). Nitrogen is of
vital importance for plant growth due to being a part of amino acid, protein and chlorophyll
molecule (Zeraatgar et al., 2019; Roy et al., 2022). In this experiment, we studied the effects of
an exogenous GB and Met on the biochemical and morphological traits of basils (Ocimum
basilicum L.) plants under greenhouse conditions.

MATERIALS AND METHODS

Two completely randomized designs were utilized for conducting the experiments in three
replications (with five pots). The experiment factors in the first research were GB (0, 50, 100,
and 150 mg L1), however different amounts of Met (0, 50, 100, and 150 mg L) were used in
the second one.

Foliar spraying of experimental solutions was done once in the morning every two weeks,
starting from the four-leaf stage until the beginning of May. For this purpose, glycine betaine
and methionine were thoroughly mixed with water and sprayed entirely on the plant with a
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manual sprayer so that the surface of the shoot, stem, and leaf was covered entirely. In each pot,
20-25 mL of the respective solution was employed during every instance of foliar application.
On the 6™ of January, Isfahan PakanBazr Seed Company cultivated basil seeds that were ready
for growth. For the planting process, pots measuring 22 cm in height and 33 cm in diameter
were employed.

The seedbed was a combination of cow manure, soil, and sand with a ratio of 2:1:1. Soil
organic matter was measured by the hot oxidation method. To determine the number of mineral
elements, the soil samples were transported to the laboratory and after drying and grinding the
samples, nitrogen was prepared by the more digestible method, and other elements were
prepared by the dry digestion method (Hosseini et al., 2021). The amount of absorbed nitrogen
was determined by the Kjeldahl method using a micro Kjeldahl device, phosphorus was
determined by the Elsen method using a spectrophotometric device at a wavelength of 660 nm,
and potassium was determined by the photometric film method (FP7 model). Soil acidity was
determined by preparing saturated mud and using a pH meter. The significant properties of the
soil utilized within the pot are recorded in Table 1. Fertilizers are not used in the plant growth
cycle except for cow manure. Irrigation of the plants was done every three days. After 15 days
of greening, the plant thinning process took place to ensure only six plants remained in each
pot. The greenhouse temperature during the day and at night was 25°C and 15°C, respectively,
while the plant was growing. In addition, the CO> concentration measured 350 ppm, the relative
humidity stood at 40%, and the photoperiod consisted of 16 hours of light followed by 8 hours
of darkness.

On May 4, uprooting four plants from the soil in each pot was conducted to identify several
surface and underground vegetative indicators of basil. The estimated indicators included leaf,
root, and stem weight (using a scale with an accuracy of one thousandth gram). To determine
the dry weight of the root, stem, and leaf the plant samples were placed in an oven at a
temperature of 70°C for 48 hours, weighed (Azarmi-Atajan et al., 2023). The height of the plant
from the soil surface to the top plant was measured with a ruler (Fani, 2023). Using a ruler with
an accuracy of one millimeter, measure the diameter of its main stem. Using the two remaining
plants, various reproductive traits were evaluated involving the number of flowers per plant.
Pigment content evaluation encompassed chlorophyll a, chlorophyll b, and carotenoid
according to the technique detailed in the findings of Minguez-Mosquera and Prez-Galvez
(1998). To specify the chlorophyll content, 100 mg of leaf tissue was poured into a microtube,
and 1,200 pL of 80% acetone was combined and shaken well. 300 pL of the upper phase of the
solution was removed, and 2700 uL of 80% acetone was combined with it, and the absorbance
was read with a spectrophotometer at wavelengths of 470, 663.2, and 646.8. The amount of
total chlorophyll was calculated using the following equation (1).

Chl a= 12.25 Ase32— 2.79A6468 Chl b= 21.5A6466— 5.1A663.2
T Chl=Chla+Chlb (1)

Table 1. Various soil chemical indicators are utilized for basil cultivation in pots.

Organic Nitrogen Calcium Phosphorous Potassium
carbon (%) (%) (%) (%) (%)

1.2 1 0.48 0.19 0.55 7.1 Loam Sandy

pH Texture
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The method of Jones (2001) was used to calculate the nitrogen, phosphorus, and calcium
percentages in leaves. The Bakhshi and Arakava (2006) method was also utilized to define the
antioxidant capacity and phenolic content during leaf extract extraction. This way, 2 gr of leaves
were chopped separately by a sharp knife. Afterwards, an addition of 4 mL of extraction solvent
containing 85% HPLC methanol and 15% acetic acid took place. Following that, the samples
were stored at a temperature of 4°C for one whole day and night. In the next step, the samples
were poured into a tube and centrifuged at 10,000 rpm for 10 minutes. About 200 L of the
floating phase of each sample was filtered using a 0.45 pum disposable syringe head filter.
Phenols were then evaluated using the Folin-Ciocalteau method described by Tavarini et al.
(2008). 0.5 mL of plant sample was transferred to the test tube, and after 5 minutes, 0.5 mL of
Folin Cicalto was added to it, and then 2 mL of sodium bicarbonate (255 g/L) was added to it
and shaken. The solution was kept at room temperature for 10 minutes, and it received an
addition of 15 mL of deionized water. Then, it was centrifuged for 40 minutes in a bain-marie
at a temperature of 40 degrees Celsius. To achieve this goal, a spectrophotometer with
Specifications T80+PG Instrument UV/Vis Spectrometer was used to calculate the absorbance
at 760 nm, and the quantity was identified as mg Gallic acid per 100 g of fresh weight
(Dorostkar et al., 2022). Sanchez-Moreno et al. (1999) have provided a detailed explanation of
the measurement of antioxidant capacity performed using the DPPH free radical scavenging
method. For this purpose, 50 pL of the diluted extracts of the samples were poured into tiny
test tubes, and 950 pL of standard DPPH 0.1 solution was added to them. The resulting solution
was vortexed, and subsequently, it was placed in a dark room at room temperature for half an
hour. The control sample included one milliliter of 0.1 standard DPPH solutions. Then, the
absorbance of the control and the sample was determined using a spectrophotometer at a
wavelength of 517 nm. To end, the use of SAS 9.2 software was employed to perform data
analysis, at a 5% probability level, Tukeys HSD test was utilized to determine significant
differences among the means.

RESULTS AND DISCUSSION

Vegetative and reproductive growth

Data in Table 2 shows that most morphological and physiological values were significantly
increased by an exogenous GB application. Data inTable 3 showed that GB amino acids at 150
mg L? resulted in an effect with increment in leaf fresh and dry weight, however, the lowest
amount was recorded in the control group. Moreover, the maximum and minimum root fresh
weights were obtained by 150 and 50 mg L™* GB usage, respectively. Also, the highest stem
dry weight was obtained in plants undergoing treatment with 150 mg L™* GB; comparatively,
the 0 and 50 mg L™* GB exhibited the lowest levels. In our results, applying external 100 mg L
! of GB produced positive results and enhanced the main stem diameter and the lowest value
recorded in the control (Table 3). Data presented in Table 3 shows that GB applied at 50, 100,
and 150 mg L resulted in the maximum 1000-seed weight, although the minimum amount was
reported in the control. In addition, the treatment with 50 mg L™ of GB presented more florets
than the control. In general, glycine betaine in plants increases the osmotic potential, and as a
result, the cell mass increases with the absorption of water by the plant. The rate at which plants
grow and develop is directly influenced by the speed of production and enlargement of new
cells and plants can divide cells only in the state of edema, by creating a state of edema by GB
cell division increases and plant growth in the state of foliar spraying has caused the matter.
The effect of amino acids of GB on the plant height, stem fresh weight, root dry weight, and
the number of lateral branches per plant was insignificant (Table 2).

266



Aminifard et al./J. HORTIC. POSTHARVEST RES., 7(3), SEPTEMBER 2024

Table 2 demonstrates Met's impact on both vegetative and reproductive growth. The highest
values of leaf fresh and dry weight (14.67 and 2.41 g.plant®) respectively and root dry weight
(1.66 g.plant™®) were found in control treatment. Meanwhile, the least values were obtained in
150 mg L Met applications. Also, the minimum root fresh weight and the florets number per
plant were recorded in 150 mg L™ Met, and the maximum was observed in treatment control
and 50 mg L Met foliar application (Table 3). Plant height, stem fresh and dry weight, the
number of lateral branches per plant, and 1000-seed weight unaffected by Met foliar spray
(Table 2). It is likely that the increase in ethylene production is the reason for the decrease in
plant growth due to the use of methionine. Morphological characteristics at the reproductive
stage, including the number of flowers, significantly increased by an exogenous application of
GB on tomatoes (Rezaei et al., 2012). Makela et al. (1998) observed that applying exogenous
GB resulted in a substantial enhancement of growth and yield in both greenhouse and field-
cultivated tomatoes. Increasing the concentrations of GB by maintaining photosynthetic
capacity and the membrane structure improved plant performance (Cha-um et al., 2019). The
obtained results were consistent with Seifolahzadeh et al. (2013) findings, who showed that in
basil plants, the use of Met resulted in a decrease in plant growth, leading to a reduction in the
leaves number, fresh weight, leaf dry weight, and plant height compared to the control.
However, our results disagree with Khattab et al. (2016), who compared to the control
treatment, the usage of Met in a gladiolus plant showed a significant increment in the number
of florets per spike. Correspondingly, Met raised the shoot dry weight in corn (Chen et al.,
2005). Likewise, Shekari and Javanmardi (2017) study indicated that Met at 200 mg L™
improved the root dry weight by 177% in Broccoli. Furthermore, the plant growth
measurements of squash as expressed by length, fresh and dry weight of the whole plant, and
its leaves and shoots are influenced by amino acid treatments (Abd El-Aal et al., 2010). In a
recent study, the foliar application of 20 mg/L L-methionine increased the shoot fresh weight,
shoot dry weight, shoot length, and root length of Bitter gourd, also known as Momordica
charantia L, which is a vegetable with a bitter taste (Akram et al., 2020).

Table 2. Mean square on the impact of glycine betaine and methionine on both vegetative and reproductive factors
in basil.

Treatment Variation df qunt Main stem 52;: Ropt dry fSrteeSrE Ste_m dry
source height diameter . weight . weight
weight weight
Treatment 3 40.3™ 1.05" 147 0.12" 1.19™ 0.31"
Glycine betaine  Error 8 30.5 0.23 0.18 0.03 0.98 0.04
CV (%) 11  10.14 13.21 10.15 9.97 11.17 9.08
Treatment 3 88.30"™ 0.58™ 0.48" 0.09" 1.07m 0.027m
Methionine Error 8 30.00 0.05 0.07 0.01 0.70 0.021
CV (%) 11 11.67 9.67 7.54 8.48 11.44 8.96

Table 2. (Continued). Mean square on the impact of glycine betaine and methionine on both vegetative and
reproductive factors in basil.

Number of

Leaf Florets
Treatment Variation source df fresh Legf dry lateral number 10(.)0' seed
- weight branches per weight
weight
plant
Treatment 3 4.56™ 0.5™ 0.11" 7.22" 0.14"
Glycine betaine Error 8 0.52 0.05 0.41 15 0.01
CV (%) 11 5.17 11.55 20.38 12.04 7.98
Treatment 3 8.70" 0.14™ 0.08" 7.63™ 0.04"
Methionine Error 8 1.55 0.01 0.33 0.50 0.01
CV (%) 11 9.58 6.64 23.89 10.74 6.42

ns = non-significant, * and ** represent significance at the 5% and 1% probability levels, respectively.
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Table 3. Means comparison of the effect of glycine betaine on several factors for vegetative and reproductive
growth of basil.

. Plant Main stem Root fresh  Root dry Stem fresh ~ Stem dry
Treatment fn‘q’gcf_ﬁ‘;ra“"” height diameter weight weight weight weight
(cm) (mm) (gplant!)  (g.plant!) (gplant’)  (g.plant)
0 502 3.02° 3.9% 1.662 8.63% 2.02°
Glycine betaine 50 53.32 3.57% 3.53° 1.872 8.132 2.04°
100 55.62 4.46° 4.28% 2.08? 9.36° 2.57%
150 58.6° 3.61% 5.122 2.08° 9.46° 2.61°
0 53.662 2.96° 4,032 1.662 7.96° 1.652
Methionine 50 482 2.86° 3.952 1.56% 7.67° 1.692
100 45,332 2.19° 3.73% 1.38% 7.12% 1.722
150 40.66° 2.11° 3.14b 1.26° 6.61° 1.52

Table 3. (Continued). Means comparison of the effect of glycine betaine on several factors for vegetative and
reproductive growth of basil.

. Leaf fresh Leaf dry Number of Florets

Concentration - . 1000- seed

Treatment (mg L) weight weight lateral branches  number weight (g)
(g.plant?) (g.plant™) per plant

0 13P 1.5° KE 8.33° 1.42°
Glycine betaine 50 13.5% 1.87% 3 128 1.8%

100 13.84% 2.18%® 3.332 9.66% 1.912

150 15.822 2.462 3.332 10.66% 1.832

0 14.672 2418 2.33° 7.332 1.672
Methionine 50 13.79% 2.06% 2.662 8.332 1.672

100 12.922% 2.02% 2.332 62 1.532

150 10.7° 1.88° 2.332 4.66° 1.432

According to Tukey's test, there isn’t a significant difference (P < 0.05) between means that have the same letter (s) within a column.

Pigments content

As shown in Table 4, foliar spray application of GB treatments led to a significant increase in
chlorophyll a and b content. Data in Figure 1 show that GB foliar application increased
chlorophyll by 25.96% compared to control plants. Also, chlorophyll b at 150 mg I*
concentration was 32.83% more than the control, but there was no significant carotenoid
content. GB can enhance the biosynthesis of chlorophyll or prevent it from breaking down or
slowing down its decomposition. It seems that increasing the concentration of glycine betaine
has caused an internal increase of the choline precursor in the leaf and has prevented the
destruction of chlorophyll and the activity of the chlorophyllase enzyme; therefore, it has
increased the amount of chlorophyll a, and b is added.

Data presented in Table 4 and Figure 2 show that chlorophyll a and b in control was
significantly higher, while the lowest was related to the 150 mg L™ Met treatment. Moreover,
the foliar Met application did not change carotenoid content significantly.

The application of GB externally increased chlorophyll contents and subsequently
improved the drought tolerance in wheat plants (Raza et al., 2015). Chlorophyll a and b
concentrations in the leaf tissues treated with 200 mM of GB significantly degraded by 43.67%
and 45.19%, respectively, compared to those without foliar spray treatment (Cha-um &
Kirdmanee, 2010). An exogenous application of GB concentrations appears to increase internal
precursor choline in leaves prevent chlorophyll degradation and inhibit the activity of the
chlorophyllase enzyme. Therefore, chlorophyll concentration increased in the leaf (Miri &
Mohammad, 2013). Hence, applying GB in different concentrations resulted in the
accumulation of internal GB, thus improving the chlorophyll b content. The role of GB is
preserving and regulating osmotic, maintaining the integrity of the plasma membrane, and
maintaining the fourth building of protein by increasing the accumulation of chlorophylls and
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the absorption of carbon dioxide, facilitating the electron transfer and protecting the activity of
proteins and fatty mucous membrane of thylakoid in the photosystem Il can be as one from
physiological factors to stresses (Murata et al., 1992).

By the findings of Seifolahzadeh et al. (2013), it has been proven that the chlorophyll and
carotenoid content of the basil plant decreased as Met was applied. Also, data showed that the
highest chlorophyll values in snap beans were found with Met (200 mg L) in the initial season
and by Met (100 mg L) in the second season. The highest values of chlorophyll b were found
in the control treatment in the first season and by Met at a low concentration (100 mg L) in
the second one (El-Awadi et al., 2011). Moreover, Met at the concentration of 200 mg L
showed the highest chlorophyll content in Broccoli seedlings (Shekari & Javanmardi, 2017).
Also, the amino acid Met increased the efficiency of the photosynthesis process by increasing
the leaf pigments (chlorophyll a, b, and carotenoids) in the Gladiolus plant (Khattab et al.,
2016).

Table 4. Mean squares for the influence of glycine betaine and methionine on pigment content factors in basil.

Treatment Variation source  df Chlorophyll a Chlorophyll b S:I:?etre]?0|d
Glycine Treatment 3 0.03™ 0.02™ 0.001"
betaine Error 8 0.003 0.003 0.001

CV (%) 11 5.23 7.41 6.35

Treatment 3 0.038™ 0.01" 0.0006"
Methionine Error 8 0.004 0.002 0.001

CV (%) 11 7.14 8.05 7.69

ns = non-significant, * and ** represent significance at the 5% and 1% probability levels, respectively.
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Fig. 1. Evaluating the impact of multiple levels of glycine betaine on the content of leaf pigments in basil.
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Fig. 2. The impact of varying methionine levels on basil leaf pigment content.

Nutrients content

Based on the results of Table 5, GB levels significantly affected the N and Ca content of the
leaf. Thus, the highest N and Ca content in the leaf occurred at the 150 mg L™* GB application
level. Also, GB applications significantly affected the content of P in the leaf. Therefore, plants
treated with a 50 mg L™* GB usage level demonstrated the most significant P content in the leaf,
while the minimum related to the 150 mg L GB was 0.31% (Fig. 3).

The effect of Met foliar spray on nutrient content is presented in Table 5. The amino acid
of methionine (100 mg L™ Met) also significantly increased the leaf P content of the basil,
which, averaged across rates, was 25.80% surpassing the control value. However, the result
showed no significant effects of the Met application on leaf N and Ca content (Fig. 4).

The use of exogenous GB significantly improved the uptake of N, P, and Ca in plant wheat
(Raza et al., 2015). This result agrees with those observed by Abd El-Aal et al. (2010), who
showed that the chemical properties (P) of squash fruits were influenced by the foliar spraying
of amino acid compounds during the seasons of 2006 and 2007. As well as, treatment with Met
raises the absorption of nitrogen, phosphorus, and potassium in corn (Chen et al., 2005).
Because Met is involved in auxin synthesis and because auxin promotes root initiation, it can
help the plant absorb more nutrients (Shekari & Javanmardi, 2017).

Table 5. Mean squares for the influence of glycine betaine and methionine on leaf nutrient factors in basil.

Treatment Source of variation  df Leaf nitrogen Leaf phosphorous Leaf calcium
content content content
Treatment 3 0.36™ 0.003™ 0.03"
Glycine betaine Error 8 0.04 0.0004 0.008
CV (%) 11 6.14 5.83 8.88
Treatment 3 0.04" 0.003™ 0.004"
Methionine Error 8 0.02 0.0003 0.008
CV (%) 11 5.15 5.48 8.68

ns = non-significant, * and ** represent significance at the 5% and 1% probability levels, respectively.
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Fig. 3. The impact of various levels of glycine betaine on the nutrient content of basil leaves.
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Fig. 4. Investigating the correlation between different methionine concentrations and basil leaf nutrient levels.

Total phenol and antioxidants

Data in Table 6 shows that total phenol and antioxidants are significantly affected by GB and
Met applications. GB applications beyond the 50 mg L GB treatment increased the total
phenol compared to the control (Fig. 5). Also, treatments with 50 mg L™ GB resulted in higher
antioxidants than the control (Fig. 6). As shown in Figures 7 and 8, the highest total phenol and
antioxidants were obtained when Met applied at 100 mg L™ to the plants.

Under the condition of high salinity stress, it has been reported that GB has shown an
increase in antioxidant enzyme activities in rice, maize, and mung beans (Hasanuzzaman et al.,
2014; Hossain & Fujita, 2010; Nawaz & Ashraf, 2010). Shams et al. (2016) reported that the
total phenolic content in the lettuce plants treated with 25 mM GB was significantly increased.

A similar result was also described by Seifolahzadeh et al. (2013), who showed that using
Met has an inhibitory effect on the antioxidant enzyme activity, including polyphenol oxidase
and peroxidase. Also, Met leaf treatment increased the phenolic compounds in the basil plant.
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Table 6. Mean squares for the impact of glycine betaine and methionine on various biochemical parameters in
basil.

Treatment Variation source df Total antioxidants Total phenol
Treatment 3 18.96™ 28.38"
Glycine betaine Error 8 1.33 4.67
CV (%) 11 3.25 4.86
Treatment 3 8.26™ 16.61"
Methionine Error 8 0.38 3.59
CV (%) 11 1.75 4.23

ns = non-significant, * and ** represent significance at the 5% and 1% probability levels, respectively.
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Fig. 5. Impact of various glycine betaine levels on the total phenolic compounds found in basil.
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Fig. 6. The influence of various concentrations of glycine betaine on the total antioxidants found in basil.
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Fig. 8. The impact of different methionine levels on basil's total antioxidant content.

CONCLUSION

GB at a concentration of 150 mg.L* significantly affected the biochemical and morphological
traits (stem's dry weight, root's fresh weight, leaf's fresh and dry weight, content of nitrogen and
calcium in leaves, pigments chlorophyll a and b, and total antioxidants). The positive influence
of amino acids can be attributed to several reasons. Initially, amino acids maintain the structure
of proteins required for cell division. Then, amino acids help the division and growth of plant
cells by entering the hormonal structures and, finally, the ability of amino acids to convert into
polyamines that function in cell division, differentiation, and growth. GB is a quaternary amine,
and it is made as a compatible substance and osmolyte in some plants and has a unique
protective effect on the organs, biological membranes, proteins, and cellular enzymes.
However, some plants are not able to synthesize this material under stress and non-stress
conditions, so researchers are trying, or using genetic manipulations, to enable these plants to
synthesize GB or exogenously use this material on plants, particularly on plants that cannot
synthesize GB, it improves growth. Previous studies have proven that amino acids can directly
or indirectly affect plant physiological activities.
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