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INTRODUCTION

Flower growing is spread worldwide and produces a positive 
economic income. The ornamental section includes cut 
green flowers, bedding flowers, and potted indoor plants.
(El-Sayed et al., 2020 and Soliman et al., 2022, Soliman 
and El-Sayed, 2023).Chrysanthemum morifolium is a popular 
and economically crucial floricultural crop in the family 
Asteraceae. chrysanthemum blooms come in a variety of  
colors, forms, and sizes (El-Sayed and El-Ziat, 2021). As the 
king of  flowers, the chrysanthemum is one of  the world’s 
most important cut flowers, pot plants, and medicinal 
plants (Liu et al., 2021).Chrysanthemum cut flowers are 
one of  the most essential flower arrangements due to their 
long vase life and having beautiful, appealing, charming 
flowers. It can be planted in the garden chrysanthemum is 
flowers that possess medicinal property. Chrysanthemum 

is native to the northern hemisphere, specifically Europe 
and Asia. It is a perennial herbaceous plant with a fibrous 
root system sensitive to water longing and reaches a height 
of  50-150 cm; The United States National chrysanthemum 
society divides chrysanthemum flowers into thirteen 
different bloom forms. Terminal cuttings are used to 
propagate chrysanthemum commercially for short-day 
flowering that are blooming in the late autumn (Taghipour 
et al., 2021).

Plant growth regulators are natural elicitors vital for implant 
development, improving seed quality and yield (Sumi 
et al., 2021Khalil et al., 2022). Gibberellic acid is a plant 
growth regulator that enhances seed germination, stem 
elongation, growth, photosynthesis, cell expansion, and 
flowering due to its phytohormones roles (Mzabri et al., 
2021, Hassan et al., 2023). Previous studies reported that 

Ornamental plants are grown all over the world. In most countries, Chrysanthemum is considered one of the most popular cuts and potted 
flowers. Plants were sprayed with gibberellic acid (GA3) at concentrations (100, 200, and 300 ppm) and methionine (ME) at levels (200, 
400, and 600 ppm), as bio-growth stimulants in the pre-blooming stage. The morphological and flowering parameters significantly increased 
by increasing the concentration of GA3. The highest values of K%, P%, total carbohydrates content, total phenols, total chlorophylls, 
and carotenoids in the leaf were obtained from gibberellic acid treatment at the rate of 300 ppm, while methionine at 600 ppm gave the 
highest value of protein in flowers. Also, various levels of gibberellic acid application significantly showed variation for days to initiation 
of Chrysanthemum flowers. The results of leaf anatomy showed an increase in most characteristics such as (thickness of the main 
vein, lamina, and spongy tissue) under study when spraying with gibberellic acid, especially at the concentration of 300 and methionine 
600 ppm; respectively compared with control. Furthermore, inter-simple sequence repeat (ISSR) analysis has provided a powerful molecular 
marker for identifying variation with control and the best treatments. Therefore, the utilization of 300 ppm GA3 a plant growth regulator 
and 600 ppm ME an amino acid, these treatments are recommended to enhance Chrysanthemum parameters which lead to increasing its 
economic value as cut flowers and flowering potted plants as well as pharmaceuticals industries and multi-chemical uses.
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gibberellic acid can stimulate elongation, leaf  area index, 
plant dry mass, growth, photosynthesis, flowering, nutrient 
transport, and yield of  mustard, and improve the quality 
and productivity of  several ornamental plants and crops 
(Shah et al., 2006; Kirmizi et al., 2017). Furthermore, 
GA3 application also increases the number of  flowers and 
initiates early flowering in several ornamental plants, in the 
case of  the Chrysanthemum plant (Kumar et al., 2003,and 
Xylia et al., 2022).

Amino acids have several vital roles in a plant’s central 
metabolism. Essential amino acids (EAAs), such as 
methionine and lysine, cannot be produced by humans 
or animals and must thus be obtained through food 
(Galili, et al., 2016, and Yang, et al., 2020). Amino 
acids also regulate many metabolic, other biochemical, 
and physiological pathways, affecting a wide range of  
physiological activities in plants (Amir, et al., 2018and 
Yang, et al., 2018). In addition, amino acids are essential 
as hormone precursors, stress-relieving mediators, 
and nitrogen sources (Maeda and Dudareva, 2012,and 
Albadwawi et al., 2022).Although amino acids usually are 
present in the soil, the plant cannot absorb them without 
transport to their roots (Amir, et al., 2019and Khan, et al., 
2020). Methionine is a sulfur-containing essential amino 
acid found in seeds and plant tissues (Krishnan and Jez, 
2018). Its quantity affects the nutritional value of  crops 
because it is comparable to the base for animal and human 
proteinaceous food (Amir and Ma 2012, Krishnan and Jez, 
2018). Furthermore, methionine performs an essential 
role in plant cells. It acts as a building block for protein 
synthesis, with its codon serving as the starting point for 
protein mRNA translation. Indirectly, methionine affects 
various cellular activities through its primary catabolic 
product, S- a demosyl methionine (SAM). SAM is the 
precursor for ethylene synthesis (Roje, 2006; Yang and 
Hoffman, 1984). Polyamines have a crucial function in 
cell proliferation and differentiation and plant growth 
apoptosis, homeostasis, and gene expression in plants 
(Pang, et al., 2007). Therefore, owing to the significant 
role of  gibberellic acid and methionine in improving plant 
growth, yield, and chemical composition, C.morifolium cv. 
“Zambla Yellow” is an economical and important plant 
subjected to applying GA3 and ME to understand the 
interaction between GA3 and ME and Chrysanthemum. To 
the best of  our knowledge, reports on the application 
of  methionine of  C.morifolium Ramat Zambla Yellow” 
are limited.

In the previous studies, different concentrations of  
gibberellic acid (GA3) and methionine (ME) were applied 
to enhance the morphology and flowering in various 
plants such as in Ammimajus L. found that 100 mg/l of  
GA3 gave a significant effect on growth characteristics 

(Uddinet al.,2023). In addition, Aziyituni,(2023) revealed 
that using gibberellic acid (GA3) at 150 mg/l gave 
the maximum values of  morphological and flowering 
parameters as well as a chemical composition than control 
on Tagetserecta. Furthermore, Mehak et al., (2021) showed 
that foliar applications of  sunflower plants with methionine 
enhance growth and flowering traits. Rezaeian et al., (2022) 
reported that applying methionine 200 mg/l to eggplant 
increases the flowering yield and late flowering genotype. 
Moreover, EL-Bauome et al.,(2022) demonstrated that 
treatment plants with methionine increased the growth 
of  cauliflower.

Therefore, the current research aimed to examine the 
impact of  different concentrations of  gibberellic acid and 
methionine on flowers’ production, chemical composition, 
leaf  anatomical structure, and detection of  genetic variation 
of Chrysanthemum morifolium, Ramat “Zambla yellow”.

MATERIALS AND METHODS

Plant materials and growth conditions
The current experiment was performed during two 
successive seasons of  2021 & 2022, at the Ornamental 
Horticulture Department, in an open greenhouse at the 
Faculty of  Agriculture, Cairo University, Giza, Egypt. 
Chrysanthemum morifolium Ramat “Zambla yellow” seedlings 
were attained from the commercial farm, in Giza, Egypt. 
The seedlings were planted with lengths of  8-9 cm and 
four to six leaves/seedling in plastic pots (30 cm). Two 
seedlings were planted in each pot, with soil comprised 
clay with sand at 1:1 v/v. Soil analysis was performed at 
the soil testing laboratory, Faculty of  Agriculture, Cairo 
University, Giza, Egypt in (Table 1).

Experiments treatments
Gibberellic acid (GA3) treatments in this study were 
at three concentrations (100, 200, and 300 ppm), and 
Methionine (ME) was at three levels (200, 400, and 
600 ppm) as a foliar spray application. The plants were 
sprayed three times in the morning until they reached 
the running-off  point. The first spray after planting for 
21 days. After that, two applications were sprayed at three-
week intervals, using “Tween 20” at 1 ml/L as a surfactant 
substance to reduce the water tension and improve the 
treatment efficiency.

Morphological parameters
For both evaluation seasons, plant height (cm), the number 
of  branches/plant, the number of  leaves/plant and total 
leaf  area (cm2/plant) (leaf  area were measured using the 
following formula [23](Leaf  area (cm2)= leaf  dry weight 
(g)× disk area (cm2/disk)/dry weight (g)), stem diameter 
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(mm/plant), fresh weight of  shoot (FW) (g/plant) and dry 
weight of  shoot (DW) (g/plant) were determined.

Flowering parameters
The number of  flowers per plant, the diameter of  head 
flowers (cm/plant), time showing flower color (days), 
length of  flower stalk (cm/plant), fresh weight (FW), and 
dry weight (DW) (g) of  individual flower/plant.

Chemical analysis
Estimation of pigment content
Extract the crushed leaf  samples (0.2g) fresh weight (F.W.) 
with 85% methanol. The extracts were centrifuged for 
ten min. at 8000 rpm. UV–Visible spectrophotometer 
(UV-1280, Shimadzu, Japan) was used to determine the 
photosynthetic pigments. The equations and specific 
absorption in the wavelength were 660, 640, and 440 nm 
to measure chlorophyll a and band carotenoids, respectively 
as described by (Saric et al, 1967).

Determination of total carbohydrate in leaves and 
flowers
The concentration of  total carbohydrates was prepared 
in the leaves and flowers using the method described by 
(Dubois et al., 1956).

Estimation of total phenols% in leaves and flowers
According to previously described by (Swain and Hillis 
1959),total phenol in fresh leaves were assessed by 
colorimetric method, employing a Folin-Ciocateu regent, 
determined by a spectrophotometer at 650 nm, and using 
Gallic acid as the standard.

Measurement of nutrients in tissues
Nitrogen measurement (%): Extract for the determination 
of  nitrogen content was obtained from dried herb. Nitrogen 
content was determined by the modified Kjeldahl method 
(Cottenie et al., 1982). Protein content was calculated by 
multiplying N% by 6.25 (Mariotti et al., 2008).Phosphorus 
measurement (%):Phosphorus content was measured in 
dried shoot using the ammonium molybdate method (Snell 
and Snell, 1959). Potassium measurement (%): According 
to (Snell and Snell, 1959). the potassium content in the 
digested solution was measured using a flame photometer 
I dry weight (DW) of  the shoot.

Anatomical structure
Leaf  samples were collected from plants treated with 
different concentrations of  GA3 (100, 200 and 300 ppm) 
and ME (200, 400 and 600 ppm) throughout the second 
growing season after the second spray. Specimens were 
killed and fixed in F.A.A. solution (70% formalin, acetic 
acid, and ethyl alcohol) for 48 hours. After fixation, 
samples were washed in 50% ethyl alcohol, dehydrated 
through butyl alcohol series, and embedded in paraffin wax 
(melting point, 56-58ºC). Leaf  cross sections were cut using 
a Leica Rotary Microtome (20 microns thick). Sections 
were stained with crystal violet–erythrosine and mounted 
in Canada balsam according to (Nassar and El-Sahhar, 
1998). Cross sections were analyzed microscopically and 
photomicrograph.

The leaf  anatomical parameters (μm): Upper and lower 
epidermis thickness, main vein thickness, lamina thickness, 
palisade, and spongy tissue thickness, dimensions of  
vascular bundle, xylem, and phloem tissue thickness.

Statistical Analysis
Randomized Complete Blocks Design (RCBD) with three 
replicates was conducted to analyze the data. Determining 
the differences among averages of  studied treatments 
depended on significance level (p ≤ 0.05) by using Duncan’s 
multiple range tests (Duncan, 1955). The obtained data 
were processed by COSTATV-63 software program.

ISSR-PCR analysis
Amplification and analysis of  ISSR-PCR for Untreated and 
mutant Chrysanthemum plants, Kit cat no # 69104 (Qiagen 
Sciences, Maryland, USA) was used to extract genomic 
DNA from these plants according to the manufacturer’s 
instructions. To detect polymorphism between untreated 
and treated plants, ten standard ISSR-PCR primers were 
employed, as described in Table 2. The amplification 
reaction was performed in 25 μl reaction volume containing 
12.5 μl Master Mix (sigma), 2.5 μl primer (10pcmol), 
3 μl template DNA (10ng) and 7 μl dH2O, according to 
(Ibrahim et al.,2019). PCR amplification was performed 

Table 1: Initial soil physical and chemical analysisof the 
experimental site before treatment application
The physical and chemical analysis of the experimental soil
Organic matter (%) 2.1
CaCO3% 12.4
Clay% 17.97
Silt % 11.80
Sand% 70.23
Texture class sandy loam
pH (Extract 1/2.5 H2O) 7.8
ECE 24°C (ds/m) 3.3
Soluble ions (meq/L)

HCO-3 2.6
Cl- 9.8
Fe 1.7
Ca+2 7.2
Mg+2 2.11
Na+ 5.12
Zn 0.39
Mn 0.61
Total N % 0.052
Available P ppm 6.74
Exchange K mg/1000g soil 1.51
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in a Perkin-Elmer/Gene Amp® PCR System 9700 (PE 
Applied Biosystems) programmed to accomplish 40 cycles 
after an initial denaturation cycle for 5 min at 94ºC. Each 
cycle consisted of  a denaturation step at 94ºC for 1 min, 
an annealing step at 45ºC for 1 min, and an elongation 
step at 72ºC for 1.5 min. The primer extension segment 
was extended to 7min at 72ºC in the final cycle. The 
amplification products were resolved by electrophoresis in 
a 1.5% agarose gel containing ethidium bromide (0.5ug/ml) 
in 1X TBE buffer at 95 volts. PCR products were visualized 
on UV light and photographed using a Gel Documentation 
System (BIO-RAD 2000). For ISSR analysis, only clear and 
unambiguous bands were visually scored as either present 
(1) or absent (0) for all samples and final data sets included 
both polymorphic and monomorphic bands. Then, a 
binary statistic matrix was constructed. Dice’s similarity 
matrix coefficients were then calculated between genotypes 

using the unweighted pair group method with arithmetic 
averages (UPGMA). This matrix was used to construct a 
phylogenetic tree (dendrogram) was performed according 
to the Euclidean similarity index using the PAST software 
Version 1.91 (Hammer et al., 2001).

RESULTS AND DISCUSSION

Morphological parameters
The Morphological parameters (plant height, number of  
branches, number of  leaves, total leaf  area, stem diameter, 
fresh and dry weights of  shoot) were significantly affected 
by gibberellic acid and methionine Table 3 and Fig.1. The 
plant height, number of  branches, and number of  leaves 
in both seasons were greatly augmented by the foliar 
application of  gibberellic acid. GA3 foliar application at 
the rate of  300 ppm increased plant height, the number 
of  branches, the number of  leaves, fresh weight of  shoot, 
and dry weight of  shoot (74.73,14.34,62.00, 81.24, 22.6 
and 71.33, 12.55, 59.00,75.41, 21.86), in the first and 
second season, respectively. On the other hand, significant 
reductions of  the plant height, number of  branches, 
number of  leaves fresh weight of  shoot, and dry weight of  
shoot in both seasons were recorded in the control plants 
(43.67, 7.30, 35.00, 28.22, 9.31 and 38.33, 6.26, 31.00, 25.11, 
7.53 in both seasons, respectively). Moreover, the highest 
value of  total leaf  area and stem diameter was obtained 
from methionine at the rate of  600 ppm compared to the 
control and other treatments. The following study is in 
agreement with (Ravat and Nirav, 2015) revealed that using 

Table 2: ISSR primers were used in the detection of 
polymorphism
Primer Name Sequence
ISSR- 01 5’-AGAGAGAGAGAGAGAGC-3’
ISSR- 02 5’-AGAGAGAGAGAGAGAGG-3’
ISSR- 03 5’-ACACACACACACACACT-3’
ISSR- 04 5’-ACACACACACACACACG-3’
ISSR- 05 5’-GTGTGTGTGTGTGTGTG-3’
ISSR- 06 5’-CGCGATAGATAGATAGATA-3’
ISSR- 07 5’-GACGATAGATAGATAGATA-3’
ISSR- 08 5’-AGACAGACAGACAGACGC-3’
ISSR- 09 5’-GATAGATAGATAGATAGC-3’
ISSR- 10 5’-ACACACACACACACACA-3’
A: Adenine, T: Thymine, G: Guanine, C: Cytosine

Table 3: Impact of different concentrations of gibberellic acid (GA3) and methionine (ME) on the morphological parameters of 
Chrysanthemum morifolium Ramat“Zambla yellow” plant during 2021 and 2022 seasons
Treatments First season

Plant height 
(cm)

No. of 
branches/plant

No. of 
leaves/plant

Total leaf area/
plant (cm2)

Stem diameter 
(mm)

F.W shoot 
(g)/plant

D.W shoot 
(g)/plant

Control 43.67e 7.30c 35.00d 126.70f 3.69c 28.22f 9.31e

GA3 100 ppm 57.83cd 10.68abc 54.00b 309.10d 4.71bc 53.11d 15.93c

GA3 200 ppm 62.66bc 11.86ab 57.00ab 380.30bc 4.84b 60.15c 18.04bc

GA3 300 ppm 74.73a 14.34a 62.00a 441.10ab 5.32ab 81.24a 22.6a

ME 200 ppm 60.33c 11.08abc 55. 00ab 355 0.00cd 5.07ab 63.04c 18.28b

ME 400 ppm 52.17d 9.133bc 44.00c 202.90e 4.57bc 44.09e 13.22d

ME 600 ppm 71.46ab 13.22a 60.00ab 457.70a 5.90a 70.11b 21.03a

Second season
Plant height

(cm)
No. of 

branches/plant
No. of 

leaves/plant
Total leaf area/

plant (cm2)
Stem

diameter (mm)
F.W shoot 
(g)/plant

D.W shoot 
(g)/plant

Control 38.33e 6.26d 31.00e 100.60e 2.82d 25.11g 7.53d

GA3 100 ppm 53.83d 8.63cd 45.00d 246.70cd 4.48bc 44.48e 13.34c

GA3 200 ppm 60.08bc 11.08abc 57.67ab 312.70bc 4.67bc 49.27d 16.25b

GA3 300 ppm 71.33a 12.55a 59.00a 373.80ab 5.01b 75.41a 21.86a

ME 200 ppm 58.2cd 9.437bc 53.67bc 300.60cd 4.82bc 57.11c 16.56b

ME 400 ppm 55.17cd 9.55bc 49.00cd 232.50d 4.33c 40.16f 12.04c

ME 600 ppm 69.37ab 11.36ab 56.00ab 396.90a 5.64a 67.07b 20.12a

According to Duncan’s 1955 test with correction (P≤0.05), means in each column with the same letter (s) are not significantly different. Comparing individual 
treatment using upper case letters (a-g). GA3* Gibberellic acid; ME* Methionine.
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gibberellic acid increases cell elongation, cell division, and 
cell wall plasticity, that in turn releases intermodal length. 
However, Sumi et al. (2021) reported that treating Brassica 
juncea L. with 50 ppm GA3 increased most of  the vegetative 
parameters. In addition, Aboud and Abd-Alrahman, 
(2020)reported that foliar application of  ME effect 
phytohormones, which could increase the photosynthetic 
activity, leading to better growth physical quality (length, 
diameter, fresh, dry weights) and yield. In another study, 
the influence of  ME concentrations induced a significant 
stimulation on the biomass accumulation and growth as a 
result of  the positive effects of  ME on the biosynthesis and 
concentration and also the root growth and elongation of  
the plant (Mahmoud and Abdelhameed, 2021). The positive 
influence of  GA3 on enhancing cell division and elongation 
of  new cells formed in the plants, as well as slight variations 
in the diameter of  stem for differences in GA3levels, 
could be enhanced intermodal lengths and cell elongation 
in treated plants (Miceliet al., 2019). In another study, 
Phytohormones, particularly GA3, are important growth 
hormones that regulate a variety of  physiological processes, 
such as plant growth and composition, leaf  expansion 
stimulation, flowering, elongation, and osmoregulation 
stimulation in internodes, germination, dry matter, and 
biomass composition (Karki et al., 2021).

Several amino acids, such as methionine, positively impact 
plant growth, yield, and flowering, through their effects 
on metabolism, enzymatic and non-enzymatic activities, 
and hormonal interactions. ME is a group of  essential 
amino acids that play several roles in different metabolic 
processes. ME a significant role in the biosynthesis of  

cytokinin, auxins, and brassinosteroids (El-Awadi et al., 
2011 and Yong et al., 2014).

Flowering parameters
Data in (Table 4) showed that both gibberellic acid 
and methionine significantly influencedthe flowering 
parameters of Chrysanthemum morifolium cv “Zambla yellow” 
plants. The number of  flowers, stalk length (cm), fresh 
flower weight and flower dry weight were significantly 
increased by the successive increase in the concentration 
of  gibberellic acid. The result indicates that the highest 
concentration of  GA3 (300 ppm) was more effective on the 
number of  flowers/plant (24.56 and 22.30) and stalk length 
(cm)/plant (90.7 cm, 85.63 cm). In addition, the highest 
application of  methionine (600 ppm) gave the highest 
value of  the diameter of  flowers (cm) (8.62 and 8.04 cm), 
time to showing color days (138.83 and 135.33 days), 
fresh flower weight (9.84 and 8.13 g), and flower dry 
weight (1.48 and 1.22 g) in both seasons, respectively). In 
contrast, the lowest values of  most flower parameters were 
obtained from the control plants. Moreover, various levels 
of  GA3and ME application significantly showed variation 
for days to flower initiation of  chrysanthemum plants. The 
minimum days were obtained from plants spraying with 
the highest concentration of  GA3 (300 ppm). These results 
are consistent with those found in (Zarrinet al., 2021) 
they reported that treatments of  300 mg/l GA3 produced 
the greatest number of  flower and dry weight of  flowers. 
However, treated chrysanthemum plants with 300 mg/l 
GA3 decreased the days to flower compared with control 
and other concentration of  GA3. Also, Acharyaet al., 
(2021) found that using GA3 at 300 ppm on African 

Fig 1. Effect of different concentrations of gibberellic acid (GA3) and methionine (ME) on different parameters of Chrysanthemum morifolium 
Ramat “Zambla yellow” plant during the experiment.
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marigold (Tageteserecta) showed that increasing the number 
of  flowers and earlier days to 50% flowering. Furthermore, 
treated plants with 250,350 ppm gave the greatest fresh 
weight of  flowers (Jokar and Hassanpour Asil, 2021) 
demonstrated that foliar application with 300 ppm GA3 
has enhanced growth and accelerated flowering. Mzabri 
et al., (2021) reported that treated corms of  saffron 
with 100 and 200 ppm GA3before planting resulted in 
the greatest number of  flower and increased yield. The 
same results were found in other studies, on carnation 
(Kumar et al., 2003), Lilium (Mojtahedi et al., 2014), and 
gladioli (Padmalathaet al.,2013). These correlations among 
flowering parameters include the number of  flowers and 
diameter of  flowers and morphological parameters such 
as total leaf  area, plant height underline the chlorophyll 
content play in the productivity and precocity of  
chrysanthemum (Mollafilabi, 2004; Douglas et al., 2014 
and Ameri et al., 2019).

The observation effect might be attributed to the influence 
of  GA3on the reduction of  the abscisic acid level in buds, 
which floral induction initiation and thus accelerates 
flowering (Phengphachanhet al., 2012).Therefore, the 
important role of  GA3in this physiological activity is 
increasing starch catabolism resulting in simple sugars 
(Chrungoo and Farooq, 1991).

Several amino acids, such as methionine, positively impact 
on plant growth, yield, and flowering, through their effects 
on metabolism, enzymatic and non-enzymatic activities 
(Yong, et al., 2014).

Chemical composition
Figs. 1, 2, and 3 showed the effect of  gibberellic acid and 
methionine on the chemical composition of  C. morifolium 
Ramat “Zambla yellow” plants. Our research found that 
chlorophyll a and b, total chlorophylls, carotenoids, K%, 
P%, total carbohydrates content, and total phenols were 
recorded at the highest values from the treatment of  GA3 
at the rate of  300 ppm. Alternatively, the lowest values 
of  chlorophyll a and b, total chlorophylls, carotenoids, 
K%, P%, carbohydrate content, and total phenols were 
obtained from the control plants. Moreover, plants 
treated with ME at 600 ppm gave the highest values of  
N% and protein compared to the other treatments and 
control. The findings of  this study were consistent with 
those of  (Graham and Ballesteros, 1980) they found that 
applying GA3caused the plants to accumulate ascorbic 
acid β- carotene, soluble carbohydrates, proteins, and 
starch. Atteyaet al. (2018)stated the treated jojoba 
plant with 150 ppm GA3gave the greatest percentage 
of  total chlorophylls, and mineral % content. Foliar 
application with 200 ppm GA3 led to a positive increase 
in the total chlorophyll content compared with untreated 
chrysanthemum plants (Gabrel et al.,2018). In addition, 
using ME increased chlorophyll and carotenoids content 
in plant leaves (Hashimoto et al., 2015).

These findings could be attributed to the application 
of  GA3, causing active enzymes needed for chlorophyll 
accumulation and decreasing chlorophyll degradation 
(Gabrel et al.,2018). The treatment with ME induced 
a positive effect and improvement on the biomass, 

Table 4: Impact of different concentrations of gibberellic acid and methionine on the flowering parameters of Chrysanthemum 
morifolium, Ramat “Zambla yellow” plant during 2021 and 2022 seasons
Treatments First season

No.of flowers/
plant

diameter of 
flowers (cm)

Time to showing 
color (days)

Flower stalk 
length (cm)/plant

F.W.
flowers (g)

D.W.
Flowers (g)

Control 11.17e 4.89e 133.51b 51.87e 4.20d 0.63c

GA3 100 ppm 18.44c 6.88d 118.40d 67.58d 6.13c 0.919bc

GA3 200 ppm 21.98b 7.13cd 116.33de 74.23c 7.93b 1.315a

GA3 300 ppm 24.56a 8.03ab 114.33e 90.7a 8.77ab 1.189ab

ME 200 ppm 17.74c 7.61bc 129.33c 70.81d 6.09c 0.913bc

ME 400 ppm 15.09d 6.74d 131.17bc 60.92e 5.87cd 0.880bc

ME 600 ppm 22.63ab 8.62a 138.83a 85.09b 9.84a 1.476a

Second season
No. of flowers/

plant
diameter of 
flowers (cm)

Time to showing 
color (days)

Flower stalk 
length (cm)/plant

F.W.
flowers (g)

D.W.
Flowers (g)

Control 10.25e 4.48e 132.00bc 45.14e 3.90f 0.585f

GA3 100 ppm 16.38c 6.45cd 115.50d 62.4d 5.88d 0.882d

GA3 200 ppm 20.32b 6.88b-d 114.00de 70.61c 6.80c 1.02c

GA3 300 ppm 22.30a 7.52ab 112.17e 85.63a 7.36b 1.104b

ME 200 ppm 16.56c 7.15a-c 130.67c 67.68d 5.90d 0.885d

ME 400 ppm 13.55d 5.95d 133.97ab 62.42e 5.23e 0.784e

ME 600 ppm 20.88ab 8.04a 135.33a 81.04b 8.13a 1.219a

According to Duncan’s 1955test with correction (P≤0.05), means in each column with the same letter (s) are not significantly different. Comparing individual 
treatment using upper case letters (a-g). GA3* Gibberellic acid; ME* Methionine
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growth, photosynthetic pigment content,  total 
protein, and antioxidant activities in plants, which 
could be due to their significant effects on synthesis 
concentration and elongation of  the plant (Mahmoud 
and Abdelhameed, 2021).

Leaf anatomy
•	 Leaf  anatomical structure under the normal conditions

C. morifolium leaf  is a dorsiventral type; this means that 
the palisade tissue is located on the adaxial (upper) side 
of  the blade and the spongy tissue on the abaxial (lower) 
one. Trichomes are observed on both surfaces. The 
palisade tissue consists of  1-2 layers of  cells; these cells are 
vertically arranged, parallel to each other and have many 
chloroplasts. The spongy tissue comprises several layers 
of  parenchymatous loosely arranged cells with intercellular 
spaces. The vascular bundle of  the main vein is large and 
consists of  xylem lying towards the upper epidermis and 
phloem towards the lower epidermis.

•	 Effect of  GA3, and ME on leaf  anatomical 
measurements

Table 5 and Fig. 4 showed the effect of  spraying with GA3, 
and ME as growth Stimulants at different concentrations 
on the anatomical measurements of  C. morifolium Ramat 
“Zambla Yellow” leaves.

The data in Table 5 indicate that the foliar application 
of  GA3, and ME improved all studied traits except the 
treatment with ME at a concentration of  400 ppm 
approximately equal or less than the control in some leaf  
anatomical measurements. Regarding the treatment with 
GA3, the measurements of  the leaf  anatomy increased 
by increasing the concentration of  GA3 under study, 
as the concentration of  300 ppm achieved the highest 
value for both the thickness of  the main vein and lamina 
of  the leaf  blade, which was 1235.22 and 812.01 μm; 
respectively compared to the control (886.81, 567.87μm). 
In this concern, Eriksson et al.(2006) mentioned that 
GA3 promotes cell elongation and can regulate shoot 
elongation in Arabidopsis. Moreover, GA3 participates in 
leaf  expansion and plant growth (Serraniet al., 2007).

In the case of  ME treatment, there was an improvement 
in most characteristics, especially at a concentration of  

Fig 2. Impact of different concentrations of gibberellic acid and methionine on chlorophyll content in leaves and some chemical composition in 
flowers of Chrysanthemum morifolium Ramt “Zambla yellow” plant during 2021 and 2022 seasons.
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600 ppm, which recorded the highest measurements of  
the leaf  anatomy; like main vein and lamina thickness, 
dimensions of  vascular bundle and thickness of  both 
xylem, and phloem tissues compared with control and 
other concentrations. Moreover, the vascular bundle in the 
midrib region increased in size due to the increase in the 

length and width of  the bundle in all concentrations of  
GA3and ME. Also, the thickness of  xylem tissue increased 
in all tested concentrations, responsible for transporting 
the water and solute. It achieved 175.81, 146.47, and 
282.36 μm for GA3concentrations, respectively, as well 
as 194.55, 160.03, and 208.06 μm for ME concentrations, 

Fig 3. Impact of different concentrations of gibberellic acid and methionine on some chemical composition in shoots of Chrysanthemum morifolium 
Ramat “Zambla yellow” plant during 2021 and 2022 seasons.

Table 5: Effect of different concentrations of gibberellic acid and methionine on leaf anatomy measurements (μm) of 
Chrysanthemum morifolium Ramat “Zambla yellow
Characters (μm) Treatments

Control Gibberellic acid (ppm) Methionine (ppm) 
100 200 300 200 400 600

Upper epidermis 33.75 37.66 38.93 39.75 30.18 27.24 30.94
Main vein thickness 886.81 1045.13 1097.89 1235.22 1105.04 884.05 1155.35
Lamina thickness 567.87 609.31 645.21 812.01 538.82 529.23 575.15
Palisad tissue thickness 181.16 195.30 218.70 241.21 196.48 163.27 203.65
Spongy tissue thickness 375.71 397.13 422.19 566.97 333.80 299.18 366.34
Dimensions of vascular bundle

• Length
288.28 349.61 405.03 467.05 390.11 331.26 465.86

• Width 293.70 320.72 329.28 483.84 412.51 347.32 576.36
Xylem tissue thickness 145.07 175.81 146.47 282.36 194.55 160.03 208.06
Phloem tissue thickness 47.05 79.44 81.58 88.36 64.02 64.08 81.88
Lower epidermis 24.00 26.37 29.24 32.52 29.50 24.62 25.15
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respectively, compared to control, which scored 145.07μm.
Ragniet al., (2011) indicated that mobile GA3 promotes 
xylem expansion in the hypocotyl of  Arabidopsis. Akram 
et al., (2020)reported that exogenous application of  
L- methionine improved the anatomical features of  bitter 
gourd plant under drought conditions, as it increased leaf  
vascular bundle area and increased leaf  xylem and phloem 
area. It is clear from the previous data that the results of  
morphological traits were in harmony with the results of  
anatomical studies, and that was verified by increasing most 
characters under study through treatment with GA3and 
ME that logic from results obtained by morphology and 
histology.

ISSR -PCR analysis
Ten ISSR primers were designed to distinguish between the 
two chrysanthemum treatments. These primers produced 
an accurate result with distinct polymorphisms and clear 
resolution within the chrysanthemum. These ISSRs 
primers have generated a total of  128 bands that were 
detected a ranging from10 (for ISSR9 and 11) to 16 (for 
ISSR6), Table 6. Polymorphism percentages ranged from 

(8 to 43%). Polymorphic bands can benefit from treatment 
differentiation in two ways: the first is through the release 
of  distinct banding patterns to individual species, and the 
second is through the presence or absence of  distinctive 
band (s) (marker bands) that distinguish an individual from 
its population, so establishing its DNA fingerprint is critical. 
Primer ISSR-4 and ISSR-11 amplify the maximum number 
of  unique bands, recording four and three, respectively, 
while ISSR-2 and ISSR-9 no unique bands were amplified. 
ISSR primers were robust and informative, indicating 
that they might be a better tool for genetic diversity and 
phylogenetic analysis, as shown in Table 6, and Fig. 5.The 
treatment with GA3 increased the expression of  genes 
linked to DNA replication (histones h1 and h2b) and cell 
elongation (expansion and -tubulin), which could explain 
the differences in ISSR banding patterns. We propose that 
using GA3 and ME induces complicated epigenetic re-
programming, which could result in different developmental 
phenotypes. These findings could be helpful for future 
research into epigenetic mechanisms in other important 
ornamental plants. As shown in Table 7 and Fig. 6 a 
dendrogram illustrated two distinct groups. The first group 

Fig 4. Cross sections of Chrysanthemums morifolium Leaves. (A) Untreated plant; (B, C, D) leaves treated with gibberellic acid at 100, 200 and 
300 ppm; (E, F, G) leaves treated with methionine at 200, 400 and 600 ppm. From A1 to G1; whole sections of leaves at scale bars 500 μm. from 
A2 to G2; magnification portions through midrib region at scale bars 200 μm.
LE; lower epidermis, P; phloem, PT; palisad tissue, ST; spongy tissue, UE; upper epidermis, X; xylem.
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included one cluster with control C.morifolium cv “Zambla 
Yellow” (No.1), with a genetic similarity ratio of  88% with 
(GA3 300 ppm, and ME 600 ppm). On the other hand, the 
second group included GA3 300 ppm and ME 600 ppm 

(No.2 and 3) respectively with different distances between 
them. After exposure, Tulip agesneriana L. to various dosages 
of  gamma rays(Li et al., 2022)performed the ISSR-PCR 
genetic marker to detect mutants of  phenotypic variation 

Table 6: The statistical analysis of ISSR primers used to discriminate between
Mean of 

frequency
MW range

(bp)
Polymorphism

(%)
Total 

bands
Number of

unique bands
Polymorphic

bands
Monomorphic 

bands
Name of primerNo

0.8200-15004314248ISSR-11
0.9200-11008130112ISSR-22
0.8200-150029141310ISSR-33
0.8200-15004212417ISSR-44
0.9200-9002512129ISSR-55
0.9230-100025162212ISSR-66
0.9250-100023132110ISSR-77
0.9200-100021141211ISSR-88
0.9150-11001010019ISSR-99
0.8250-8004010316ISSR-1010
8.6128161894Total

0.8612.81.61.89.4Average

Fig 5. PCR amplification using issr primer combinations of control, GA3 at 300ppm, and ME 600ppm (1–3), M (DNA ladder 100 bp) of 
Chrysanthemums morifolium plant.
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plants. Polymorphic genetic markers, which can distinguish 
varieties and parents, are commonly utilized in plant 
development efforts. ISSR has been frequently used to 
discover DNA polymorphisms in Pimpinella anisum L. (Akçali 
Giachino, 2020) and on Populus alba (Salimet al., 2019), and 
Solidago canadensis cv, Tara plants (El-Sayed et  al., 2020).

In comparison with SCoT markers, ISSR markers were 
more efficient in assessing genetic diversity and produced 
more polymorphic bands, according to certain studies 
(Xanthopoulou et al., 2015 and Kobeissiet al., 2019). 
Another study confirmed the efficiency of  several ISSR, 
markers for the analysis of  genetic diversity and establishing 
genetic relationships among control and their treatments, 
it is well known that multilocus DNA markers (such as 
ISSRs) are often transferable to different plant species and 
genera; however, the efficiency of  their application can vary 
significantly depending on plant species (Samarinaet al., 
2021; El-Sayed et al.,2021).

CONCLUSIONS

Based on the results of  this work, it seems that higher 
concentrations of  gibberellic acid and methionine had 

a positive impact on growth such as plant height, stem 
diameter, number of  leaves, and fresh and dry weight. 
Moreover, flowering parameters, chemical composition, 
leaf  anatomical structure, and detection of  genetic diversity 
of Chrysanthemum morifolium Ramat “Zambla yellow”. 
Therefore, the treatment of  300ppm GA3 and ME 600ppm 
can be a potential treatment for commercial production of  
chrysanthemum flowers.
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