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Abstract

In order to investigate the effect of amino acids tryptophan and glutamic acid on the morphological traits of the saffron medicinal plant, a factorial experiment was 
conducted in the form of a randomized complete block design in three replications in 2018 in the research farm of Zanjan University. The experimental treatments include 
three genotypes (Iranian, Afghani 1, and Afghani 2) as the main treatment and tryptophan amino acid at two levels (1 and 2 mM) and glutamic acid at two levels (1 and 
2 mM) as secondary treatments. They were considered as testify. The results showed that tryptophan and glutamic acid treatments had a signifi cant effect (p ≤ 0.01) 
on most of the studied traits including the number of fl owers, dry weight of fl owers, and vegetative body. The highest content of the number of fl owers and dry weight of 
fl owers were observed, respectively, 34.6 and 37.36 mg of dry weight. Also, the performance characteristics of the fresh weight of the fl ower and the dry weight of the 
stigma showed a signifi cant difference (p ≤ 0.05) under the treatment of two amino acids. In total, different levels of tryptophan and glutamic acid can have an effective 
role in improving the morphological traits and production of this product. The use of 1 mM glutamic acid to produce the maximum vegetative body of the plant, the 
treatment of 1 and 2 mM of both amino acids to improve morphological indicators, and 1 mM of glutamic acid for the performance of secondary metabolites is desirable 
and recommended for the purpose.
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Introduction

Saffron with the scientifi c name Crocus sativus is a perennial 
plant belonging to the Iridaceae family. The Crocus genus has 
about 85 - 100 species and its global distribution is mainly in 
Mediterranean Europe and Western Asia. The entire range of 
this genus is located in the longitude of 10 degrees west to 80 
degrees east and latitude of 30 - 50 degrees north. In terms 
of plant geography, most of the species in the Mediterranean 
fl oristic region spread to the east in the Iranian Turani region 
(Mathew, 1999). The origin of this plant is unknown. The 
probable center of origin of this plant is Asia Minor (Greece) 
or the Middle East (Iran) [1]. Currently, saffron is cultivated 
more or less in Iran, Spain, India, Greece, Morocco, Italy, 

Afghanistan, Turkey, France, Switzerland, Israel, Pakistan, 
Azerbaijan, China, Egypt, United Arab Emirates, and Japan. It 
has been introduced to countries such as Australia, New Zealand, 
the United States of America, Argentina, and Chile (Fernandez, 
2004). Saffron stigma is a rich source of active chemicals 
related to primary and secondary metabolites, which is very 
remarkable due to the antioxidant effects of these chemical 
compounds. Among them, the most important compounds 
that play a role in the sensory quality of saffron are crocin, 
picrocrocin, and safranal [2]. Saffron has been considered in 
various foods due to its unique color, taste, and aroma (Ahmed, 
et al. 2021). This plant is not only used as a spice but because of 
its therapeutic potential, it has long been known as a medicinal 
plant (José Bagur, et al. 2018). All bioactive chemicals in saffron 
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have anti-cancer, antioxidant, anti-depressant, and anti-
tumor properties and reduce insomnia and anxiety (Imran, 
et al. 2018) [3]. Phytochemical compounds in saffron include 
vitamins (A, B1, B2, B6, and C) (Antonio & Maggi., 2017) 
[4], minerals (calcium, magnesium, iron, and phosphorus) 
and potassium) [5,6], carotenoids (beta-carotene, alpha-
carotene, crostin and crocin) [7], monoterpenes (safranal and 
picrocrocin) [8,9], and isofrons (Li & Wu., 2002). Many studies 
have been conducted to evaluate the phenotypic and genotypic 
diversity of saffron among the samples collected from different 
growing regions [10] (Grilli, et al. 2001; Izadpanah, et al. 2015). 
This research shows phenotypic differences in terms of fl ower 
and leaf characteristics such as pistil weight, petal shape, 
number of spots, and leaf length. Also, signifi cant differences 
in quantitative and qualitative traits have been reported by 
measuring fl ower and leaf characteristics along with the three 
main metabolites crocin, picrocrocin, and safranal between 
different oxygenates grown in different regions of Iran 
(Kalantari, et al. 2012; Izadpanah, et al. 2014) [11], Plant growth 
regulators are biologically active small signaling molecules, of 
organic nature, effective at very low concentrations and vital 
in controlling plant physiological processes [12]. The external 
application of these hormones and/or their precursors improves 
the growth and performance of plants by changing the level of 
internal hormones [12] (Zahir, et al. 2005). Amino acids are 
essential for plant growth and development [13] and are one of 
the most effective metabolites in plants. The presence of amino 
acids affects the physical and chemical properties of plant cells, 
tissues, and organs (Bashir, et al. 2018). Since tryptophan amino 
acid is an essential amino acid for the synthesis of proteins, it 
plays the main role in all living organisms from bacteria and 
fungi to plants and animals. In addition, tryptophan is involved 
in the synthesis of many essential compounds [14]. In plants, 
tryptophan plays a direct role in the regulation of plant growth 
by providing precursors for several pathways of indole acetic 
acid hormone synthesis that controls several physiological 
processes (Woodward & Bartel., 2005). Saremi, et al. 2022 
reported that the highest amount of ascorbic acid (2.24 mg/g 
fresh weight of leaves) and alkaloid (25.42%) was obtained in 
the treatment of 8 mg/l tryptophan in the plant of the behind-
the-scenes doll. The concentration of 100 ppm tryptophan 
signifi cantly improved the parameters of plant height, number 
of branches, plant fresh and dry weight, seed yield, and 
phytochemical traits (the content of fatty acids and caffeic 
acid derivatives) in nettle plants [15]. The positive effects of 
the external application of tryptophan on the improvement of 
growth and functional characteristics of Abu Jahl watermelon 
[16] and marigold (Fouad, et al. 2022) have been reported.

Glutamic acid is an essential amino acid in plant physiology 
that plays a pivotal role in various metabolic processes, 
including nitrogen absorption pathways [17]. The external 
treatment of glutamic acid in the seedling stage improves the 
functional characteristics of the plant such as biomass, lipids, 

and the level of soluble protein and starch, and helps the natural 
process of plant strengthening [18] (Barros). Galvao, et al. 
2017). Amin et al. found that foliar application of glutamic acid 
signifi cantly improved plant growth, onion yield, and quality, 
as well as soluble sugars with an increase of 200 mg/liter of 
glutamic acid (Amin, et al. 2011). The external application of 
glutamic acid at a concentration of 10 mM improved the activity 
of antioxidant enzymes in sorghum plants [19]. Considering 
the economic importance of saffron, as well as the wide genetic 
diversity of the genus Crocus, as well as the important role 
of amino acids in improving the growth and phytochemical 
traits of plants, the necessity of investigating this research to 
determine the superior genotype in terms of the production 
of medicinal metabolites and the response of the genotype It 
describes the use of amino acids.

Materials and methods

In order to investigate the effect of tryptophan and 
glutamic acid on the morphological and phytochemical traits 
of experimental Iranian and Afghan saffron genotypes in a 
factorial manner: the fi rst factor (Iranian genotype, Afghan 
genotype 1 and Afghan genotype 2) and the second factor 
(amino acids tryptophan(204 and 408 milligrams) and 
glutamic acid(147 and 294 milligrams) in concentrations of one 
and two mM) in the form of randomized complete block design 
in three replications in the research farm of Zanjan University 
with latitude 35 degrees and 25 minutes and longitude 47 and 
10 minutes and It was grown at an average temperature of 18 
degrees Celsius in August, approximate height of 1663 meters 
above sea level. Revenue implementation. Before planting, 
saffron seeds with the same weight and size were treated 
by immersion method with amino acid glutamic acid and 
tryptophan at two levels each (1 and 2 mM). To sample the soil 
of the test site from a depth of 0 - 30 cm, it was transferred to 
the soil science laboratory of Zanjan University to determine 
the physical, chemical, and texture characteristics of the soil. 
The physical and chemical properties of farm soil are listed 
in Table 1. Preparing the farmland, plowing and disking 
operations, leveling the land, removing stones and clods, 
weeds, and plotting were done. Planting distances included 
plot length and width of 2 x 5 meters, distance between rows 
50 cm, distance between tubers 20 cm, and planting depth of 
tubers between 15 and 20 cm.

In each plot, 10 rows with a length of 2 meters were planted 
with a density of 100 tubers with three replications and a 
total of 45 experimental units. The fi rst irrigation was done 
after cultivation. Then the cell-breaking operation took place. 
Irrigation was done in two stages during the growing season. 
Of course, according to the climate of the region, the second 
irrigation was done after collecting the fl owers. Weed control 
and weeding were done manually. No chemical pesticides or 
herbicides were used during the experiment. The appearance of 
saffron fl owers occurred on the fi rst of November and fl owering 

Table 1: Physical and chemical criteria of soil in the cultivation area.

K (mg. kg-1) P (mg.kg1-) Total N
Texture of soil

PH EC (dS.m-1) Organic material (%)
Clay (%)  Silty (%) Sand (%)

174 22 0.06 33 27 40 7.6 0.96 1.18
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continued for 30 - 50 days after the appearance of the fi rst 
fl owers. The fl owers are collected daily (between 6 am and 8 
am), counted, and transported to the laboratory to measure the 
wet and dry weight of the stigma, and the fl ower head part of 
the stigmas is separated, and then the stigmas are placed in the 
oven (at a temperature of 40 degrees Celsius for 24 hours) dry 
and their dry weight was weighed with a sensitive scale with 
an accuracy of 0.0001 g. To calculate the length of the fl ower 
and stigma, the fl owers harvested from each repetition were 
randomly selected daily and measured in centimeters using 
calipers. And fi nally, the average length of fl owers and stigmas 
during the fl owering period was considered as the average 
length of fl owers and stigmas for each plot.

Results and discussion

Morphological traits

According to the results presented in Table 2, it was found 
that the genotype factor for the traits of number of fl owers (p < 
0.01), fresh weight of fl owers (p < 0.05), dry weight of fl owers 
(p < 0.05) and dry weight of stigma (p < 0.01) was statistically 
signifi cant. On the other hand, amino acids treatment was 
signifi cant only for the number of fl owers and stigma dry 
weight traits (p < 0.05). The results of the analysis of variance 
of genotype interaction effects in amino acids showed that 
except for the fl ower number trait (p < 0.01), the rest of the 
measured traits did not show signifi cant differences (Table 2).

Number of fl owers

The results obtained from the analysis of the variance table 
(Table 2) showed that the trait of fl ower number was affected 
by the mutual effects of genotype and amino acids. According 
to the results of comparing the average of mutual effects, the 
highest number of fl owers in Afghani genotype 2 was obtained 
in the treatment of 1 mM glutamic acid (47.6 fl ower number). 
According to the data presented in (Figure 1), in the Iranian 
genotype, only one mM tryptophan treatment increased the 
number of fl owers compared to the control sample. While in 
Afghani genotype 1, all treatments showed an increase in the 
number of fl owers compared to the control, and the highest 
number of fl owers was obtained in the 1 mM glutamic acid 
treatment. In Afghani, genotype 2, only one mM glutamic 
treatment increased the number of fl owers.

Flower fresh weight

Based on the results of the analysis of variance (Table 
2), showed a completely signifi cant difference in the trait of 
fl ower fresh weight in different genotypes. A low percentage 
of variation and a high test error indicates the insignifi cant 
effect of the environment on this trait (Figures 2,3). The results 
of the average comparison between genotypes indicated that 
Afghani genotype 1 with a weight of (295.53) mg per plot row 
was the best genotype in terms of this trait. Afghan 2 and 
Iranian genotypes with lower weight in each row of plots were 
placed in the second group. Glutamic acid and tryptophan 
treatments signifi cantly affect the fresh weight of saffron 
fl owers. It increased the fresh weight of fl owers compared to 
the control. So that the highest fl ower fresh weight (291.52) mg 
was observed due to the treatment of glutamic acid and 2 mM 
tryptophan. Glutamic acid and tryptophan level treatments of 
1 mM showed the lowest fresh weight of fl owers in the control 

Table 2: Analysis of variance of morphological traits.

S.O.V (d.f)
Number of 
fl owers

Fresh fl ower weight 
(mg)

Dry-weight fl ower 
(mg)

Flower length 
(cm)

Stigma length 
(cm)

Fresh stigma weight 
(mg)

Dry stigma weight 
(mg)

Replication 2 0/28ns 184/98ns 1/13ns 0/00ns 0/16* 6/66ns 0/92**

Genotype 2 4117/08** 2183/54* 78/93** 0/10ns 0/02ns 2/35ns 0/30*

Main plot error 4 0/68ns 1316/39* 12/72ns 0/04ns 0/06ns 30/82* 0/39*

Treatment 4 61/64* 204/19ns 17/63ns 0/04ns 0/02ns 15/32ns 0/30*

Genotype and 
Treatment

8 54/72** 719/26ns 12/21ns 0/13ns 08/04ns 11/86ns 0/08ns

Sub-plot error 24 16-25 472/94 8/40 0/07 0/03 7/72 0/09

(C.V) 20/20 7/59 8/15 5/26 6/36 13/50 8/18

ns* and**: represent non-signifi cant and signifi cant at 5 % and 1 % levels, respectively.

 

 

Figure 1: Interactions of genotype and glutamic acid and tryptophan amino-acids 
treatment on the number of saffron fl owers.
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Figure 2: Simple effects of glutamic acid and tryptophan treatments on saffron 
genotypes.
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treatment. This research, comparing the average, showed that 
the amino acid glutamic acid and tryptophan 2 mM had the 
greatest effect, which caused an increase in the fresh weight of 
the fl ower and plant yield. It has been reported in many studies 
that foliar spraying with amino acids increases the growth and 
development of plants [20].

Dry weight of the fl ower

Based on the results of variance analysis (Table 2), it was 
found that the difference between genotypes for fl ower dry 
weight traits is signifi cant at the 1% probability level. But the 
percentage of phenotypic and genetic variation was low for 
this experiment. This indicates low diversity in terms of fl ower 
dry weight. The results of the average comparison between 
different genotypes indicated that the Afghani genotype 1 with 
a weight of (37.584) mg for each fl ower took the highest amount 
and was placed in group a (Figures 4,5). These results show the 
positive effect of different treatment levels of glutamic acid and 
tryptophan and their effect on dry fl ower weight. The highest 
average dry weight of fl owers was obtained with (37.364) mg 
in the simple effects treatment of 2 mM tryptophan level. The 
lowest dry fl ower weight is 34.397 and 34.36 mg respectively 
in the control treatment. The highest level of each treatment of 
glutamic acid and tryptophan improved the dry fl ower weight 
compared to the control.

Stigma length

The result of the analysis of variance (Table 2) showed that 
the stigma length of different genotypes had no statistically 
signifi cant difference. The coeffi cient of phenotypic and 
genotypic variation is low, which indicates low diversity in 
terms of stigma length. Figures 6,7 comparing the average 
length of the stigma showed that the Afghani genotype 1 with 
a length of (5.17) cm had the highest amount and there was 
no signifi cant difference between the Afghani 2 and Iranian 
genotypes. The results of the average comparison (Figure 7) of 
the treatments showed that the effect of 1- and 2-mM glutamic 
acid increased the length of the stigma compared to the control 
and other treatments. Therefore, the diversity for this trait in 
the test was low and it did not show a relationship with yield, 
so it cannot be a suitable trait for saffron breeding.

Stigma wet weight

The results of the analysis of variance (Table 2) of the 
observations indicated that there are no signifi cant differences 

among the genotypes. The percentage of phenotypic and genetic 
variation coeffi cient is medium, which indicates the absence 
of high variation in terms of stigma weight trait. The results 
of the average comparison (Figure 8) between the genotypes 

b

a
a

a
a

260.00

270.00

280.00

290.00

300.00

310.00

320.00

C G1 G2 T1 T2

Fr
es

h 
w

er
 w

ei
gh

t (
m

g)

Treatment 

Figure 3: Simple effects of glutamic acid and tryptophan treatments on fresh fl ower 
saffron.
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Figure 4: Simple effects of glutamic acid and tryptophan genotype on saffron 
genotypes.

b

ab

a

ab

a

32.00

33.00

34.00

35.00

36.00

37.00

38.00

39.00

C G1 G2 T1 T2

)g
m( thgie

w re
wolf yr

D

Treatment

Figure 5: Simple effects of glutamic acid and tryptophan treatments on dry fl ower 
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Figure 6: Simple effects of glutamic acid and tryptophan genotype on saffron 
genotypes.
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showed that the Afghani genotype 1 had the highest stigma 
weight (20.815 mg). In this respect, they have a signifi cant 
difference only with the Afghani 2 genotype and the Iranian 
genotype. The results of the average comparison (Figure 9) of 
the treatments, despite the fact that the treatment of glutamic 
acid and tryptophan signifi cantly had a positive effect on the 
fresh weight of the stigma. But while the control showed the 
highest weight in the growth level compared to the treatments 
and there was a signifi cant difference in this respect. The 
comparison of this trait with fl ower dry weight and stigma 
dry weight was positive and signifi cant, but it did not show a 
signifi cant relationship with yield in the unit area.

Stigma dry weight

The results of the analysis of variance (Table 2) revealed 
the observations. The difference between genotypes was 
signifi cant at the 5% probability level. Figure 10 is the highest 
dry weight of the stigma of the Afghani 1 genotype. In this 
respect, there was a signifi cant difference between the Afghani 
2 genotype and the Iranian genotype. The average comparison 
results (Figure 11) showed that the effects of glutamic acid and 
tryptophan treatment on saffron genotypes were signifi cant 
at the 5% probability level. Also, the highest yield of stigma 
dry weight was obtained in the simple effects treatment of 2 
mM tryptophan level and the lowest in the 1 mM tryptophan 
treatment level. Small logs with lower density had lower dry 
weight.

Flower length

Treatment of glutamic acid and tryptophan signifi cantly 
affected the fl ower length in saffron and caused an increase 

in fl ower length compared to the control. Thus, the maximum 
leaf length (5.21) cm was observed in the treatment of the 
effects of 2 mM glutamic acid. Surface treatments of 1 mM 
glutamic acid with a length of (5.16) cm and 2 mM tryptophan 
treatment with a fl ower length of (5.07) cm were placed in the 
next categories, the lowest leaf length was (5.05) cm in the 
treatment of 1 mM tryptophan. became. In this sense, amino 
acids are biological stimulants that increase the absorption 
of nutrients and improve plant growth and elongation (Abo 
sedera, et al. 2010) (Figures 12,13).

Morphological traits

Amino acids are substances that stimulate metabolism and 
metabolic processes to increase plant effi ciency (Dewic, 2009). 
Based on the results of the analysis of variance (Table 2) and 
the results of the mean comparison (Figure 1), amino acid 1 
mM glutamic acid and tryptophan increased the vegetative 
growth characteristics and increased the number of saffron 
plants. The amino acid has increased the number of leaves in 
plants by accelerating the absorption of water and nutrients 
and increasing vegetative growth. This result was similar to 
the results of the amino acid effect on mint plants (Dinoo et 
al., 2009). Therefore, in the fi rst year, the number of fl owers 
in a saffron plant depends on different factors such as weather 
conditions, farm management, and stresses in the origin 
areas of the genotypes. The number of fl owers was considered 
the most effective trait in determining yield (Armenia, et al. 
2014). Reports showed that the use of amino acid foliar spray 
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Figure 9: Simple effects of glutamic acid and tryptophan treatments on fresh 
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in different concentrations improved the vegetative growth of 
Gladiolus grandifl ora, and increased the quality of fl owering 
[21].

Based on the research done, analysis of variance (Table 2), 
and the results of simple effects comparing the averages of 2 
mM tryptophan amino acid and glutamic acid increased fresh 
and dry weight of fl owers in plants. Because amino acids are 
biological stimulators that increase the absorption of nutrients, 
especially nitrogen, and increase photosynthesis, this improves 
the growth and weight of the plant (Abo Sedera, et al. 2010). 
Among them, the amino acid tryptophan is a precursor for the 
production of the auxin hormone. which causes an increase in 
cell elongation and, as a result, an increase in the height and 
weight of the seedling (Tarek and Hassan, 2014). The results of 
this research are the same as the fi ndings of researchers such 
as (Saburi, et al. 2014) in evergreen plants, (Golzadeh, et al. 
2012) in chamomile plants, and [22] in sweet plants, increasing 
the height, volume, and Elongation of the root of the plant. 
In another study, the use of tryptophan amino acid increased 
the wet and dry weight of nettle (Utrica pilulifera) [15]. Also, 
the average comparison (Figure 9) of the simple effects of 2 
mM glutamic acid treatment has increased the stigma fresh 
weight of the saffron plant. Therefore, the results of the 
average comparison (Figure 11) of the simple effects of 2 mM 
tryptophan amino acid treatment caused an increase in the dry 
weight of saffron plant stigma. Therefore, the amino acid foliar 
application provides the basis for the absorption of nutrients 
in plants, which, as a result, increases the weight and volume 
of the plant (Porcel and Ruiz Lozano, 2004). The use of amino 
acids not only increases growth but also increases the quality 
and quantity of the product (Belal, et al. 2016). Amino acid 
tryptophan and glycine in different concentrations cause cell 

division and growth, so the height of Gladiolus grandifl oras 
can be increased [23]. Based on the average comparison results 
(Figure 7), the treatment of 1 mM glutamic acid increased the 
stigma length in saffron plants. In the thyme plant (Thymus 
vulgaris L), the treatment of amino acid phenylalanine and 
tryptophan in different concentrations has caused a signifi cant 
increase in plant height compared to control plants [24-38]. In 
another study, the use of the amino acid tryptophan increased 
fresh and dry weight in a type of nettle (Urtica pilulifera L) 
(Wahba, et al. 2015). In research, Filner (1966) found that some 
amino acids reduce the growth of tobacco plants. Gamborg 
(1970) also showed that the amino acid glutamine increases 
dry matter in soybeans. It has been reported in many studies 
that foliar spraying with amino acids increases the growth and 
development of plants ( [20]. In general, the use of amino acid 
tryptophan and glutamic acid has increased photosynthetic 
organic compounds and increased their transfer from leaves to 
fruits, thereby increasing crop production.

Conclusion

Glutamic acid and tryptophan have a positive and 
signifi cant effect on the growth, and morphological 
characteristics of the saffron plant. has it. Different levels of 
two amino acids (glutamic acid and tryptophan) investigated 
had different effects on the growth pattern and development 
of morphological traits. The concentration of one mM glutamic 
acid and two mM tryptophan, in addition to improving growth 
and development indicators, also increased fl ower and stigma 
performance. Amino acid foliar application (1 mM glutamic acid 
and 2 mM tryptophan) led to increased growth and production 
of vegetative bodies. Also, the concentration of one mM 
glutamic acid accounted for the highest content of secondary 
metabolites. In general, it can be said that the application of 
amino acids, directly and indirectly, affects the morphological 
activities and improves the growth and development of plants 
and their application as foliar spraying can be effective and 
recommended.
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