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Purpose: Ferula assafoetida (L.) is one of the most important 
medicinal plants with many applications in food, pharmaceutical 
and cosmetic industries.  It has been endangered due to 
overharvesting from natural habitat and long period of seed 
dormancy. Knowledge of seed germination behavior leads to the 
development of its conservation and cultivation. Research methods: 
We conducted this research as a factorial experiment in Completely 
Randomized Design (CRD) to evaluate seed germination in response 
to low temperature, plant growth regulators (kinetin, gibberellin, 
carrageenan as plant bio-stimulant) and TiO2 nanoparticles (TiO2 
NPs). The germination percentage and rate, mean germination time, 
and radicle elongation were measured. Findings: The results 
showed that the cold (4 °C), GA3, carrageenan, kinetin and TiO2 NPs 
increased seeds germination rate and percentage. Maximum seed 
germination percentage (86% or 23% more than control) and 
minimum mean germination time (26 days or 12.6 days shorter than 
control) obtained with seeds pretreated by kinetin soaking and TiO2 
NPs treatment at 4 °C. Furthermore, most treatments produced 
healthier and stronger radicles compared to the control which is 
vital for better establishment and growth. Research limitations: No 
limitations were found. Originality/Value: The price and demand of 
asafoetida products have been increased dramatically. The most 
important constrain to hinder reliable supply of the products is the 
shortage of plant or difficulty to access its products. Here, we 
showed the cost effective and environmentally friendly methods to 
provide high seeds germination with vigorous roots. 
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INTRODUCTION 

 

Asafoetida (Ferula assafoetida L.) is a valuable perennial herbaceous medicinal plant 

indigenous to Iran, Tajikistan and Afghanistan. The main compound of the plant is an oleo-

gum resin, called asafoetida (Anghozeh- in Persian), which is obtained by incision of the roots 

(Sadraei et al., 2003). Asafoetida has several medicinal properties such as antispasmodic, 

digestive, expectorant, sedative, laxative, analgesic (Abd El-Razek et al., 2001). Asafoetida 

has been widely used as spice or in traditional medicine mainly in west, central Asia and 

India. This plant belongs to the Apiaceae family with sweet and bitter types. Oleo gum resin 

is extracted from 4-7-year-old plants before flowering. Its chemical compositions contain 40-

64% resin, 25% gum and 10-17% essential oil (Amalraj & Gopi, 2016). Demand for 

asafoetida has been increased due to the public acceptance of herbal medicines and its 

effective properties. The native habitats are being quickly diminished by human activities. 

Thus, there is an urgent need to develop the conservation strategies to restore its habitat and 

potential cultivation (Abd El-Razek et al., 2001). Asafoetida in its habitat propagates by 

dispersing its seeds through wind. This endemic plant is also endangered due to the weak seed 

germination. Seed germination of asafoetida is poor both in the native arid regions and under 

laboratory conditions (Nadjafi et al., 2006). The regeneration of this plant is possible only by 

seed, therefore, studies of breaking seed dormancy by chemical and physical factors are 

paramount importance.  

The effects of prechilling at 4 °C for 10 to 90 days and gibberellic acid at 200 to 800 ppm 

and the combination of both treatments on Ferula asafoetida and Ferula gummosa seeds 

dormancy breaking was investigated. The results indicated that the higher the time of 

exposure to cold treatment and the higher concentration of GA3, the better seed germination 

percent and rate, radicle length and plumule and seed vigor are become. The combination of 

cold for 70 days with GA3 at 400 ppm was the best treatment (Sharifi et al., 2017). The effects 

of different temperature at 10, 15, 20 °C, gibberellic acid at 1000 ppm and kinetin on seed 

dormancy breaking of asafoetida seeds showed that pretreatment with kinetin at 250 ppm and 

10 °C significantly improved seed germination parameters such as germination percentage 

and decreased germination time compared to the control (Malek et al., 2022). Plant growth 

regulators are found to play an important role in the germination process. It was reported that 

0.1 µL of 24-epibrassinolide significantly enhanced gladiolus corm germination up to 300% 

compared to the control (Mollaei et al., 2018). It has been stated that other plant growth 

regulators, particularly those with cytokinin activity can be effective on breaking seed 

dormancy (Kabar, 1998). Carrageenans are the major polysaccharides exist in Rhodophyta 

red algae that may improve seed germination (Gonzàlez, 2013). It has been reported that TiO2 

NPs application can improve seed germination rate and percentage (Zheng et al., 2005; 

Castiglione et al., 2011). It is imperative to investigate the effects of natural and synthetic 

products on seed germination of each specific plant such as asafoetida. 

The aims of this study were to evaluate the effects of low temperature, GA, kinetin, 

carrageenan and TiO2 NPs treatments on asafoetida seed germination.  Furthermore, to 

optimize the most effective combination of treatments suitable for seed germination of this 

rare plant. 
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MATERIALS AND METHODS 

 

Seed collection and analysis  

The seeds of Asafoetida [Ferula assafoetida (L.)] were collected from five healthy and robust 

mature eight-year-old plants in natural habitat which were labeled and separated by the fence. 

The asafoetida herbal parts and seeds that were collected from the natural habitats were taken 

to the Department of Botany at Shahid Bahonar University of Kerman, Iran and the samples 

were identified and confirmed by herbarium specialist. The seeds were mixed and randomly 

selected from composite samples for the experiments. The site is located at 25 km west of 

Chatrod city, Kerman province, Iran (between eastern longitudes of 30° 38´ to 30° 39´ and 

northern latitudes of 55° 0´ to 55° 2´) (Fig. 1). The experiments were conducted at the Faculty 

of Agriculture, Shahid Bahonar University of Kerman, Iran during 2021 for 6 months.   

The seeds were stored in small cotton bag at room temperature (23 ± 2 °C) for six months 

before the experiments. To overcome seed dormancy, several treatments have been used: 

Temperature [4 °C (cold temperature), and -17 °C (freezing temperature)], plant growth 

regulators [Kinetin (5 mg L-1, Duchefa Biochemie, Netherland), gibberellic acid 1500 mg L-1, 

Merck, Germany) and kappa-carrageenan (0.5 g L-1, Sigma-Aldrich, Germany) and TiO2 NPs 

(10 mg L-1, Sharif Co., Iran)].  

All seeds were immersed in water and the blank seeds floated on top of the water were 

separated before the start of any treatments. Seeds were sterilized with 70% ethanol for two 

min and then washed with sterilized distilled water three times. The seeds were divided into 

two groups: The first group was soaked in 50 ml sterilized distilled water and placed in the 

refrigerator, which was replaced every 5 hours with fresh distilled water. The second group 

was soaked in 50 ml sterilized kinetin solution and placed in the refrigerator and was replaced 

with fresh kinetin solution every 5 hours. The soaking and leaching of two groups of seeds 

continued for 72 hours and then seeds were transferred for the next stages of germination test.  

For each treatment, five replications and in each replication 12 seeds were used and covered 

by film sheet. Seeds without drying were placed on double layered Whatman No.1 filter paper 

moistened with 5 ml of sterilized treatment solution [Water (control), GA3 (1500 mg L-1), 

carrageenan (0.5 g L-1)] and TiO2 NPs (10 mg L-1) in sterilized Petri dishes for ten days 

(Table 1) and 40 days in refrigerator, then 40 days more for germination tests had been 

performed up to 93rd day.  

 

 
 
Fig. 1. The asafoetida (Yellow plants) natural habitats, the hillsides around Chatrod city (Kerman province, 

Iran). 
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              Table 1. Treatment designations and conditions for asafoetida seed dormancy breaking. 

Treatment Codes 
Soaking and Leaching 

Treatments (72 h) 

Temperature 

Treatments (24 h) 

Treatment Solution    

(9 days in 4 °C) 

0CW (0) Water 4 °C (Cold) Water 

0FW (0) Water -17 °C (Freezing) Water 

0FCg (0) Water -17 °C (Freezing) Carrageenan 

0FG (0) Water -17 °C (Freezing) Gibberellic acid 

0FTi (0) Water -17 °C (Freezing) TiO2 NPs 

0CCg (0) Water 4 °C (Cold) Carrageenan 

0CG (0) Water 4 °C (Cold) Gibberellic acid 

0CTi (0) Water 4 °C (Cold) TiO2 NPs 

1FW (1) Kinetin -17 °C (Freezing) Water 

1FCg (1) Kinetin -17 °C (Freezing) Carrageenan 

1FG (1) Kinetin -17 °C (Freezing) Gibberellic acid 

1FTi (1) Kinetin -17 °C (Freezing) TiO2 NPs 

1CW (1) Kinetin 4 °C (Cold) Water 

1CCg (1) Kinetin 4 °C (Cold) Carrageenan 

1CG (1) Kinetin 4 °C (Cold) Gibberellic acid 

1CTi (1) Kinetin 4 °C (Cold) TiO2 NPs 
               0: Soak-leaching in water, 1: Soak-leaching in kinetin, C: Cold stratification, Cg: Carrageenan, F: Freezing stratification, 

                  G: GA3 and Ti: TiO2 NPs treatments, W: Water (control) 

 

Cold stratification  

Seeds were kept at 4 °C (refrigerator) in Petri dish for ten days. Freezing stratification: Seeds 

were kept at -17 °C (freezer) in Petri dish for one day, and then thawed and the seeds were 

placed in a refrigerator for nine days. After this treatment (ten days), seeds were washed with 

sterilized water and transferred to a new Petri dish containing filter paper and sterilized 

distilled water and stored for 40 days in a refrigerator at 4 °C, filter papers were kept moist 

with sterilized distilled water during the experiments. 

 

Germination analysis  

Germinated seeds were counted every 24 h for 40 days. A seed was considered as germinated 

when the radicle tip had grown free of its coat (when the radicle showed at least 2 mm in 

length). Counting was continued until the cumulative value of the germinated seeds reached a 

constant level. 

       Germination percentage was calculated with the following formula (1) (Nadjafi et al., 

2006). 

 

GP = N/Nt × 100            (1) 

 

      Where N = Number of germinated seeds, and Nt = Total number of seeds. 

 

      Mean germination time (MGT) was measured for seed germination of time period, after 

applying each treatment (2) (Ellis & Robert, 1981). 

 

MGT = Ʃ𝑛 × 𝑥/Ʃn         (2) 

 

      Where n is the number of seeds newly germinated at the day of x, x is the number of days 

from sowing. Ʃn is the total number of germinated seeds during the test. 

 

      Germination rate (GR) is the number of germinated seeds per day, which was determined 

according to Yang et al. (2007) (3).  
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GR = ∑ 𝑛𝑖/𝑑𝑖𝑖
1                (3) 

 

      Where ni is the number of germinated seeds after i days from the start of imbibition (di). 

 

Statistical analysis 

This research was carried out as a factorial experiment in Completely Randomized Design 

(CRD) with five replications. All experiments were conducted twice and the mean results of 

the experiments were presented. To detect significant differences among means, the data were 

statistically calculated according to the analysis of variance (ANOVA) by Duncan’s multiple 

range test (P ≤ 0.05) using the SPSS 23 software (IBM, Armonk, NY, USA). The results were 

shown as mean ± SE (standard error of the mean). 

 

RESULTS AND DISCUSSION 

 

Asafoetida seed germination percentage under different treatments showed positive 

correlations with germination rate. In other words, when germination rate of seeds increased, 

their germination percentage also significantly increased. Therefore, fast seed germination 

was associated with high germination percentage (Fig. 2).  

We observed that the cold stratifications stimulated the germination of asafoetida seeds. 

The cold treatment was effective to overcome seed dormancy and germination percentage. In 

the control (0CW: soaking in water under 4 °C) these results were observed: seed germination 

percentage (63.3%), germination rate (no/day; 0.23), mean germination time (day; 38.5) and 

root elongation (cm; 3.3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Correlation between asafoe tida seed germination percentage and rate. 
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Fig. 3. Effect of seed germination treatments on radicle emergence of germinated seedlings. 

                             Seed treatments are abbreviated as follows: 
                                    0: Soak-leaching in water, 1: Soak-leaching in kinetin, C: Cold stratification, Cg: Carrageenan,  
                                    F: Freezing stratification, G: GA3 and Ti: TiO2 NPs treatments, W: Water (control). 

 

The seeds that were soaked in kinetin and exposed to cold temperatures improved 

germination percentage and rate (69.9% and 0.27, respectively), and reduced mean 

germination time (32.7 days, Table 2). In the present study, pre-treatment and soaking of the 

asafoetida seeds by kinetin solution (under freezing or cold treatments) increased root length 

(5.1 cm, Table 2). Results showed that soaking of the seeds in kinetin solution which were 

under freezing temperature did not improve seed germination percentage and rate notably 

although, the root growth significantly improved (63.9%, 0.24 and 5.5 cm, respectively).  
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       Table 2. Seed germination of asafoetida under physical, plant growth regulators and TiO2 NPs treatments. 

Treatments 
Germination 

percentage (%) 

Germination rate 

(n/day) 

Mean germination 

time (day) 
Root elongation (cm) 

0CW 63.3±2.3fg 0.23±0.008fg 38.5±1.02a 3.3±0.09g 

0FW 44.4±3.9k 0.16±0.001j 32.3±0.57ef 3.6±0.12g 

0FCg 52.8±3.9ij 0.20±0.008i 29.9±0.42g 4.8+0.12d 

0FG 50±0.4ijk 0.16±0.007j 34.8±0.58bc 4.4±0.15e 

0FTi 47.2±3.9jk 0.15±0.016j 38.1±0.66a 4.0±0.14f 

0CCg 81.2±2.9abc 0.30±0.003bc 36.3±0.54b 5.3±0.12bc 

0CG 71.2±3.8def 0.29±0.01cd 30.2±0.62g 3.6±0.09g 

0CTi 77.8±3.9bcd 0.30±0.008bc 30.7±0.51fg 5.3±0.14bc 

1FW 63.9±3.9fg 0.24±0.16gh 36.1±0.39b 5.5±0.13ab 

1FCg 66.2±0.9efg 0.27±0.12ef 29.7±1.14g 5.8±0.17a 

1FG 55.6±3.9hi 0.21±0.15i 34.4±1.2cd 4.0±0.15f 

1FTi 61.1±3.9gh 0.22±0.007hi 29.8±0.85g 4.8±0.13d 

1CW 69.9±4.9def 0.27±0.005def 32.7±1.2de 4.1±0.1f 

1CCg 85±4.9ab 0.32±0.005b 31.2±1.2efg 5.1±0.08cd 

1CG 74.7±4.5cd 0.29±0.16cde 32.6±0.87de 2.8±0.09h 

1CTi 86.1±3.9a 0.41±0.009a 25.9±0.81h 5.1±0.11cd 
          0: Soak-leaching in water, 1: Soak-leaching in kinetin, C: Cold stratification, Cg: Carrageenan, F: Freezing stratification, 

         G: GA3 and Ti: TiO2 NPs treatments, W: Water (control). 
         Mean values ± standard error; different letters in the same column indicate significant differences among treatments (p ≤ 0.05). 

 

Seed germination and dormancy play important roles in plant reproduction. Seed 

germination is the process, in which physiological and morphological changes culminated in 

the activation of embryo. If the seed dormancy is broken, the expansion and development of 

embryo will occur successfully. The mechanism of seed germination is completed when the 

radicle has grown out of the seed coat (Hermann et al., 2007). Most of the medicinal plants 

suffer from low seed germination including those in Apiaceae family that possess morpho-

physiological seed dormancy (Hassani et al., 2010). There are many environmental factors 

that may affect seed germination and dormancy: light, temperature, water, plant growth 

regulators, smoke, oxygen and carbon dioxide (Taiz et al., 2015). Many seeds respond to 

more than one environmental factor. Different dormancy breaking treatments can either 

substitute for each other or work in combinational treatments (Taiz et al., 2015). Asafoetida is 

originated in cold climate; therefore, stratification is helpful to break seed dormancy. In this 

study, we observed that the cold stratification improved the germination of asafoetida seeds. 

Temperature is the most important environmental factor for breaking seed dormancy among 

medicinal plant seeds from the temperate or cold regions (Baskin & Baskin, 1998). The 

balance between inhibitors and stimulators determines the status of embryo dormancy. The 

most important inhibitor of seeds germination is abscisic acid (ABA) (Taiz et al., 2015). 

Before seed to germinate, these inhibitors must be removed; therefore, seeds need to have 

enough moisture to wash out these inhibitors. Seed soaking and leaching treatment releases 

the inhibitors and improves germination. The action of low temperatures in breaking 

dormancy may be due to the reduction of inhibitors level, and/or the increasing level of 

stimulator hormones. Cold stratification of Acer morrisonense seeds for 12 weeks showed the 

substantial changes in biochemicals and ultrastructure traits of embryo. ABA content reduced 

up to 3.3-fold, proteins and lipids decreased significantly but total soluble sugars and amino 

acids increased markedly. Sucrose increased considerably during the stratification period. 

However, after radicle emergence it catabolized significantly. It was suggested that 

hydrolyzed lipids, sugars and oligopeptides and amino acids supply needed energy for cell 

division and seed germination. Large vacuoles formed in cotyledons and true leaves of 

germinated seeds indicated that the depleted lipid and protein bodies provide space to absorb 

more water in organelles for growth and development (Chen et al., 2015). 
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Freezing acts as the abiotic stress and probably produced chemicals such as osmolytes 

and oxidants that impede seed germination. Although we did not measure these compounds, it 

seems that freezing especially in combination with other treatments works as drought stress 

that led to the longer roots. The most important functions of plant growth regulators are 

controlling and coordinating cell division, growth, differentiation and dormancy breaking 

(Majumdar & Kar, 2021). Cytokinins are plant growth regulators that control wide range of 

plant processes including seed germination. They are active in all germination steps (Riefler 

et al., 2006). Asafoetida seed has a rudimentary embryo, cytokinins assist the growth and 

development of the embryo and therefore, the seeds were soaked in kinetin solution. The 

results showed that in most cases, soaking of asafoetida seed with kinetin solution under cold 

was more effective than freezing temperatures to enhanced seed germination rate and 

percentage. Also, seeds soaking in kinetin at cold temperatures significantly reduced mean 

germination time. Soaking and leaching of asafoetida seeds in kinetin solution improved root 

growth. Cytokinin regulates different processes related to the seed physiology and 

development such as the development of embryo by affecting the cell division, seed size and 

germination, radicle growth, hypocotyl and shoot growth, and minerals uptake (Heyl et al., 

2012). Santner et al. (2009) reported that the cytokinins improve seed germination by 

increasing the activities of meristemic cells in both radicle and plumule.  

In our study, it was observed that GA3 treatment in water-soaked seeds under cold 

treatment, significantly increased germination percentage and decreased mean germination 

time (71.2% or 30.2 days). GA3 treatment in the seeds that were soaked in water and were 

under freezing treatment decreased germination percentage and rate but increased root length 

(50%, 0.16 and 4.4 cm). GA3 treatment in the seeds that were soaked in kinetin and were 

under freezing temperature did not increase percentage of seed germinations (55.6%, Table 

2). In this study, GA3 treatment in combination with cold and kinetin improved asafetida seed 

germination and rate but not with freezing treatment. 

 It has been shown that stratification causes an increase in internal GA concentration. GA 

stimulates hydrolytic enzyme activity and concentration (Apipinis et al., 2012). It probably 

induces respiratory systems contain citric acid cycle, glycolysis, and pentose phosphate 

pathway which provide enough ATP for germination process (Norastehnia et al., 2007). It 

was reported that GA4+7 at the concentration of 100 ppm and 500 ppm significantly increased 

seed germination and establishment of pennycress. Both treatments as soaking in GA or seed 

pelleting with GA showed very promising results compared to the control (Koirala et al., 

2022). It seems that exogenous GA3 application enhanced seed germination by inhibiting 

ABA activity. It is caused by the activation of hydrolase enzymes and inhibition of the related 

biosynthesis pathways for ABA, which decreases seed ABA content (Atia et al., 2009). 

Moreover, GA stimulates the production of proteins and catabolizing enzymes (hydrolases), 

especially amylase, glucanases and proteases resulting in seed germination (Atia et al., 2009, 

Kavandi et al., 2018; Yamaguchi, 2008). Proteins involve in the conversion of cell wall like 

expansins and xylo glucanendo trans glycosylase/hydrolases can improve embryo growth 

(Voegele et al., 2011). The study of the effects of GA and moist prechilling on asafoetida seed 

dormancy showed that the simultaneous application of GA and stratification significantly 

improved seed germination. However, GA treatment alone at 400 ppm failed to improve seed 

dormancy noticeably. It was suggested that although one function of cold treatment is to 

stimulate GA production, moist stratification must have other mechanisms irrelevant to GA 

increase in asafoetida for seed dormancy breaking (Sharifi et al., 2017).  

In our experiments, carrageenan application on the asafoetida seeds that were exposed to 

cold treatment increased the germination percentage and rate (81.2% and 0.3). Also, 

carrageenan in seeds that were soaked in kinetin and were treated under cold temperature 
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significantly improved both the germination percentage and root elongation (85% and 5.1 cm, 

Table 2). Carrageenan in seeds that treated with freezing temperature and kinetin produced 

the longest roots (5.8 cm, Fig. 3). Carrageenan treatment increased root growth in almost all 

groups of the asafoetida seeds. In the seeds that were soaked in water and exposed to freezing 

temperature and carrageenan both the germination percentage and rate were low (52.8% and 

0.2, respectively) but roots were longer compared to the control (4.4 cm). We observed that in 

seeds that were soaked in water and exposed to freezing temperature, carrageenan treatment 

was not significant.  

The marine red algae oligosaccharide trigger seed germination by increasing the 

metabolic activity (Hu et al., 2004). The kappa, iota and lambda-carrageenan increased plants 

growth by enhancing photosynthesis, rubisco and glutamate dehydrogenase activity, which is 

involved in cell proliferation, nitrogen assimilation and basal metabolism (Vera et al., 2012). 

Ahmadi Mousavi et al. (2017 and 2018) reported that the application of kappa-carrageenan 

induced beneficial effects in plants such as increasing ions uptake, regulation of water 

absorption, growth and antioxidant enzyme activities.  

TiO2 NPs treatment (10 mg L-1) on the asafoetida seeds that were soaked in water and 

were under cold temperature, increased germination percentage and rate (77.8% and 0.3, 

respectively; Table 2). Nevertheless, TiO2 NPs treatment in the seeds that were soaked in 

water and under freezing temperature showed one of the lowest seed germination percentage 

and rate (47.2% and 0.15, respectively) (Table 2). TiO2 NPs treatment of the seeds that were 

soaked and leached with kinetin solution and under freezing temperature did not significantly 

improved seed germination percentage, rate and mean germination time (61.1%, 0.22 and 

29.8 days). The highest percentage of germination (86%) was observed in kinetin pre-treated 

seeds under cold and TiO2 NPs. Moreover, the mean germination time of these seeds 

decreased up to 25 days. TiO2 NPs treatment increased the root length of asafoetida seeds 

under all treatments (Table 2, Fig. 3). 

TiO2 NPs treatment stimulates seed germination and seedlings growth. Lu et al. (2002) 

showed that TiO2 NPs could increase soybean (Glycine max) abilities to absorb water and 

fertilizers which accelerate the seed germination and growth (Lu et al., 2002). The engineered 

nanoparticles could sequester nutrients on their surfaces and serve as a nutrient stock to the 

organisms, particularly those with high specific surface area (Navarro et al., 2008). It has been 

stated that the germination rate of spinach (Spinacia oleracea) was enhanced with TiO2 NPs 

treatments (Zheng et al., 2005). It seemed that TiO2 NPs increase embryo growth, rubisco 

activity, chlorophyll formation, and the photosynthetic rate. It was reported that in treated S. 

oleracea by TiO2 NPs, rubisco activity was 2.67 times higher than the control (Gao et al., 

2006). 

 

CONCLUSION 

 

The results of this study showed that the seed of asafoetida is temperature dependent. To 

break seed dormancy in asafoetida, usually low temperature is used. Although, this technique 

is simple and cheap, it takes long time and produce weak roots. Here, we report the 

combinational treatments that are cost effective and need less time to improve seed 

germination. It is concluded that seed soaking in water or kinetin then carrageenan or TiO2 

NPs treatments under cold temperature at 4 °C were the most effective treatments to break 

asafoetida seed dormancy to improve seed germination percentage, rate and root growth. 

These treatments also produce stronger roots. 
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