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Introduction

Global warming has caused climate change and the spread of drought. Increasing temperature leads to serious problems, 
especially in arid and semi-arid areas [1]. Drought stress causes the production of reactive oxygen species (ROS), the 
first biochemical response of the plant under stress, leading to secondary defensive reactions [2]. Drought stress 
influences physiological processes such as plant water content, carbon dioxide uptake, cell surface oxidation, cell 
membrane stability, and enzyme activity [3]. Drought reduces the absorption of water and minerals, photosynthesis, 
and stomatal conductance [4]. One of the major biochemical changes that occur due to soil moisture reduction in plants 
is the change in the amount of plant protein production. ROS accumulation occurs in plant tissues under drought 
stress. Plants have evolved protective mechanisms for ROS detoxification [5]. The enzymatic and non-enzymatic 
defense systems reduce the destructive effects of the ROS. The enzymatic defense system consists of superoxide 
dismutase (SOD), ascorbate peroxidase (AXP) and catalase [6]. The selection of plants that can tolerate drought 
is very important in dry environments. However, drought control is difficult in natural conditions. Therefore, 
drought stress effect on seed germination is a useful criterion for plant tolerance to drought [7]. Therefore, the 
study of seed germination and seedling growth is very important in the production and quality of agricultural 
products. Water shortages in the soil delay and reduce germination, decrease the quality and grain yield [8]. 
Ferula gummosa is a traditional herb which has aromatic compounds and grows extensively on the mountainous 
slopes of Asia, Iran, Turkmenistan and India. In general, increasing irrigation improves seed size and yield, and 
dehydration affects the speed, severity and ability of seed germination .The seeds germinate in difficult conditions 
and have a long sleep, and the seed does not grow until optimized for germination. This feature is useful on the 
one hand for the plant and its generation's survival. Because there is enough time for plant dispersal. But on the 
other hand, due to increased production and cultivation of medicinal plants, having long sleep in seeds becomes a 
problem [9]. The main objective of this study was to evaluate the influence of drought stress on seed germination, 
seedling growth and antioxidative enzyme activities in Ferula. 

ABSTRACT

Ferula gummosa is a monocarpic plant which is native to Iran. Drought was imposed by applying 0%, 5%, 10% 
and 15% concentrations of polyethylene glycol (PEG) 6000. Rate and percentage of seed germination decreased by 
drought stress. In the treatment of 15% was not observed seed germination. The mass of seedlings decreased under 
drought. Protein content was elevated at 5% PEG. The catalase activity increased under drought stress, while other 
antioxidant enzymes (peroxidase, polyphenol oxidase, superoxide dismutase and ascorbate peroxidase) presented 
progressive decrease in their activity at all PEG concentrations. These results indicate that the seed germination of 
Ferula is sensitive to drought.
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Materials and Methodologies

Plant material and culture conditions 

This research was carried out in the Laboratory of Plant Physiology at the University of Tehran in October 2015. The 
seeds were collected from the Urpalang region in Semnan with a length of 37 ° 53 ' and a width of 35 ° 5' at 2800 
meters. Seeds surface were sterilized in 20% (v/v) sodium hypochlorite solution for 15 min, followed by three washes 
with sterile distilled water. The 25 seeds sterilized were placed on a filter paper in 9-cm Petri dishes containing 7 
mL of distilled water or 5%, 10%, and 15% of polyethylene glycol 6000 (PEG). The Petri dishes kept according to a 
completely randomized design in a growth chamber at a temperature of 4 ± 1 ͦ C for 90 days in dark conditions. Each 
treatment was carried out in triplicate and seedlings were collected and kept at −70°C and used for all the experiments.

Measurement of the percentage of germination and growth parameters 

Observing the germination situation of Ferula seeds every day. Germination percentage (GP) and Germination Rate 
(GP) of seeds were determined after 90 days after culture. The fresh and dry weight of seeds was measured under 
drought treatment.

(1)	

GR= Germination Rate

Si= Number of germinated seeds

Di= Number of days elapsed

(2)	

GP= Germination percentage

Ni= Number of germinated seeds in day 

N= Total number of seeds

Determination content protein and antioxidant enzymes activity 

Seedling material (0.5 g) was homogenized at 4°C with 2 M Tris–HCl (pH 6.8) to estimate different enzyme activities. 
The homogenate was then centrifuged at 13,249× g for 20 min at 4°C and the obtained supernatant was kept at −70°C 
and later used for enzyme assays. Protein content was measured by the Bradford method [10]. 

CAT activity was assayed by measuring the initial rate of disappearance of H2O2. The reaction mixture contained 50 
mM phosphate buffer (pH 7.0), H2O2 (3%), and 10 μ L enzyme extract. The decrease in absorption was followed for 
180 s and CAT activity was expressed as units per mg of protein [11].

Peroxidase (POX) activity was measured by the reaction mixture contained 2 mL of 0.2 M acetate buffer (pH 4.8), 
0.2 mL H2O2 (3%), 0.1 mL 40 mM benzidine, and 0.1 mL enzyme extract. The increase in absorbance was recorded 
at 530 nm [12].

SOD activity was estimated by monitoring the inhibition of photochemical reduction of nitroblue tetrazolium (NBT). 
In a reaction mixture contained 50 mM potassium phosphate buffer (pH 7.5), 13 mM methionine, 75 μ M NBT, 75 
μ M riboflavin, 0.1 mM EDTA, and 100 μ L of enzyme extract. The reaction mixture was irradiated for 16 min and 
absorbance was read at 560 nm against the non-irradiated blank [13].

Polyphenol oxidase (PPO) activity was assayed by the reaction mixture contained 2.5 mL of 200 mM potassium 
phosphate buffer (pH 6.8), 0.2 mL of 20 mM pyrogallol, and 20 μ L enzyme extract. The temperature of the reaction 
mixture was 40°C [14]. 

APX activity was measured by the reaction mixture contained 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM 
ascorbic acid, 0.1 mM H2O2, and 10 μ L of enzyme extract in a total volume of 1 mL. The concentration of oxidized 
ascorbate was determined by the decrease in absorbance at 290 nm. The concentration of oxidized ascorbate was 
calculated by using the extinction coefficient (ε = 2.8 mM−1 cm−1). One unit of APX was defined as 1 μ M oxidized 
ascorbate per min per mg protein [15].

Statistical analysis 

Each experiment was carried out in a completely randomized design. All experiments were performed with three 
independent replications. Means comparison was performed using SPSS 22 software and analysis of variance by 
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multivariate analysis of variance (MANOVA) and Duncan's test to determine the significance of differences at the 
level of p ≤ 0.05 %. Principal component analysis (PCA) and hierarchical cluster analysis were used for evaluating the 
correlation between each pair of variables and performed using XLSTAT (2016) and online CIMminner software and 
graphs are plotted with Graph Pad Prism 7 software.

Result

Growth parameters 

According to the results seeds were not germinated at 15% PEG. Germination decreased with increasing intensity of 
stress, so germination was completely inhibited at high concentration of stress. At 5% and 10% PEG concentration, 
dry weight, fresh weight, percentage germination and rate germination decreased (Figure 1).

Antioxidant enzymes activity 

CAT activity increased under drought stress, but the activity of PPO, POX, SOD and APX decreased under drought 
condition (Figure 2). The maximum of CAT activity observed at 5% PEG.

Protein content 

Protein content initially increased under stress condition then decreased (Figure 3). In PEG concentration of 5% 
showed highest protein content.

Figure 1: Fresh weight and dry weight (A), Germination percentage (B) and Germination rate (C) and in Ferulla gummosa seeds in 0, 5, 10 and 15 
% PEG (6000) at 90 days. Vertical bars indicate SD (n=25). Different letters above columns indicated significant (P ≤ 0.05) differences.
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Figure 2: Peroxidase activity (A), ascorbate peroxidase activity (B), superoxide dismutase activity (C), catalase activity (D), polyphenol oxidase 
activity (E) and protein content (F) in Ferulla gummosa seeds in 0, 5, 10 and 15 % PEG (6000) at 90 days. Vertical bars indicate SD (n=25). 
Different letters above columns indicated significant (P ≤ 0.05) differences.

Figure 3: Loading plot of principle components of the PCA based on physiological parameters in Ferulla gummosa seeds under different 
concentrations of drought (0%, 5%, 10%, and 15%). peroxidase activity (POX), polyphenol oxidase activity (PPO), superoxide dismutase activity 
(SOD), catalase activity (CAT), ascorbate peroxidase activity (APX). Continuous explanatory variables are represented by arrows (indicating their 
direction of steepest increase). The approximated correlation between two variables is equal to the cosine of the angle between the corresponding 
arrows. Arrows pointing in the same direction correspond to variables that are predicted to have a large positive correlation, whereas variables with 
a large negative correlation are predicted to have arrows pointing in opposite directions.
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PCA analyses

According to correlation analyses based on Pearson’s coefficient in Ferulla seedling, SOD showed a positive 
correlation with POX and APX as well as it showed a negative correlation with CAT. 

Discussion 

Water stress is one of the largest environmental factors limiting the productivity of plants. Plants have developed 
physiological and biochemical mechanisms for adaptation and response to environmental stresses [16]. Seed 
germination is a pivotal stage for plant establishment, which plant is more sensitive to drought stress at this stage. Our 
results indicated that the delay in germination, decrease in dry weight, germination rate, and germination percentage 
under drought stress that were consistent with the published reports in other studies on lentil and corn plants. It caused 
a decrease in growth and Cellular development also makes the synthesis of wall carbohydrates and its longitudinal 
growth sensitive to drought [17,18].

Abiotic stresses induce accumulation of ROS in cells, which can cause oxidative damage. The system of antioxidant 
enzymes, including CAT, POX, PPO, etc. Play an important role in the removal of ROS. The results in this study 
showed a decrease in the activity of antioxidant enzymes, and only CAT activity increased, which is consistent with 
the results of corn plants [19]. The activity of antioxidant enzymes in plants are indicators for assessing drought 
resistance [20]. O2- in chloroplasts, mitochondria, cytoplasm, and Peroxisome are changed by SOD to H2O2. POX also 
plays a key role in suppressing produced H2O2 by SOD. CAT is the main enzyme for H2O2 removal of mitochondria 
and thus helps to improve the destructive effects of stress. Maintaining a high level of antioxidant activity in the plant 
will increase its tolerance to stress-induced damage. The ability of antioxidants to eliminate ROS and reduce their 
destructive effects may correlate with plant resistance to drought stress [21]. Protein content decreased during stress. 
In stress conditions, the plant makes new proteins to cope with stress. But when the intensity of the stress increases, the 
peptides are activated and the protein decomposition predominates. Proteins react with free radicals and cause changes 
in amino acids. Drought stress increases the protein hydrolytic enzymes and causes the accumulation of free amino 
acids such as proline [22,23]. Dryness also causes changes in the expression of genes. This change in gene expression 
causes the synthesis of new proteins or alters proteins from the active to an inactive form. Plants that live in arid areas 
change their genes due to water shortages and reduce protein production [24]. 

Conclusion

In conclusion, the present study showed that seeds are very sensitive to water stress conditions. Growth parameters, 
protein content, and activity of the enzymes showed that the seedlings require high humidity and low temperature 
in the germination stage and have little resistance to drought stress. The natural habitat is snow-covered mountains, 
so the plant's low resistance to dehydration is not expected. On the other hand, it is very difficult that this plant is 
cultivated in vitro so cultivate Ferula gummosa under in vitro conditions is important due to its usage in economics, 
industry, and pharmacology.
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