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 ABSTRACT 
 Drought stress is one of the most important abiotic stress factor which is generally accompanied by heat stress in dry 
season. Water deficit stress due to drought, salinity or extremes in temperature is the main limiting factors for plant 
growth and productivity resulting in large economic losses in many regions of the world. Medicinal plants are 
economically very important and an important source of business and economy are among the most important 
agricultural export products. Fennel (Foeniculum vulgare) is one of the most important medicinal plants that are 
cultivated worldwide and has many medicinal uses. Factors such as appropriate date of planting, planting methods, 
plant population, water and nutrient elements management and weed control affects the production of fennel.  
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INTRODUCTION  

Drought stress is one of the most important abiotic 
stress factors which are generally accompanied by heat 
stress in dry season (Dash and Mohanty, 2001). Water 
deficit stress due to drought, salinity or extremes in 
temperature is the main limiting factors for plant growth 
and productivity resulting in large economic losses in 
many regions of the world (Borsani et al, 2001). Plants 
respond to water stress through a number of biochemical, 
physiological and developmental changes (Pattanagul, 
1999). Drought is perceived as the most significant 
environmental stress in agriculture worldwide, and 
improving yield under drought is therefore a major goal of 
plant breeding (Cattivelli et al., 2008). With a projected 
increase in drought with climate change, the breeding for 
drought-tolerant crops is even more emphasised 
(Witcombe et al., 2008). Water is essential at every stage 
of plant growth and agricultural productivity is solely 
dependent upon water and it is essential at every stage of 
plant growth, from seed germination to plant maturation 
(Turner, 1991). Drought stress is one of the most 
important abiotic stress factors which are generally 
accompanied by heat stress in dry season (Dash and 
Mohanty, 2001). Water deficit stress due to drought, 
salinity or extremes in temperature is the main limiting 
factors for plant growth and productivity resulting in large 
economic losses in many regions of the world (Borsani et 
al., 2001). Plants respond to water stress through a 

number of biochemical, physiological and developmental 
changes (Pattanagul, 1999; Shinozaki, 1997). Drought is 
perceived as the most significant environmental stress in 
agriculture worldwide, and improving yield under drought 
is therefore a major goal of plant breeding (Cattivelli et 
al., 2008). With a projected increase in drought with 
climate change, the breeding for drought-tolerant crops is 
even more emphasised (Witcombe et al., 2008). In 
addition to drought, temperature-induced stress causes 
variability in wheat yields (Semenov and Shewry, 2011; 
Asseng et al., 2011), corn and soybean (Schlenkera and 
Roberts, 2009) and other crops (e.g. Tashiro and 
Wardlaw, 1989; Prasad et al., 2000; Challinor et al., 
2005). Drought and heat stress often occur 
simultaneously, but they can have very different effects on 
various physiological, growth, developmental and yield 
forming processes (Rizhysky et al., 2004; Boote et al., 
2005). The majority of indices have been developed to 
determine long-term (months) drought or excess rain and 
are less suitable for short-term effects (weeks). Examples 
are the Drought Severity Index (PDSI; Palmer, 1965), the 
Reconnaissance Drought Index (RDI; Tsakiris et al., 
2007) and Standardized Precipitation Index (SPI; McKee 
et al., 1993). 
 
Fennel (Foeniculum vulgare) Medicinal plants are economically very important and 
an important source of business and economy are among 
the most important agricultural export products (Azzaz et 
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al., 2009). (Fennel (Foeniculum vulgare) is one of the 
most important medicinal plants that are cultivated 
worldwide and has many medicinal uses. Factors such as 
appropriate date of planting, planting methods, plant 
population, water and nutrient elements management and 
weed control affects the production of fennel (Mubeen et 
al., 2009). In Iran, fennel is cultivated in semi-arid areas 
as a cold plant. Moosavi et al. (2012) stated that Drought 
is the most important factor in reducing the performance 
in this plant. The results of the study state on the impact of 
drought stresses on growth and yield of fennel showed 
that dehydration in this plant leads to a reduction in the 
number of verticillate inflorescences, the total number of 
seeds per plant and seed yield. Affect priming emerged 
seedlings can quickly lead to the production of plants in 
addition; it can help improve the rate of emergence of 
better plant populations under different environmental 
conditions. But under the influence of priming some 
improvement in ground cover plants is associated with the 
emergence of early and successful deployment of 
seedlings (Ghassemi-Golezani et al., 2008). 
 
Heat shock proteins (Hsps) Chen and Wang (2003), Zhu and Zhang (2003) and 
Xie et al. (2005) reported that the synthesis of some 
original proteins (namely stress-induced proteins) may be 
induced or regulated to adjust osmotic potential of cells in 
order to keep a certain turgor and thus to ensure the 
normal proceeding of physiological processes such as cell 
growth, stomatal opening and photosynthesis it can 
concluded that to cope with environmental stress, plants 
activate a large set of genes leading to the accumulation of 
specific stress-associated proteins (Vierling, 1991; Ingram 
and Bartels, 1996; Bohnert and Sheveleva, 1998; 
Thomashow, 1999; Hoekstra et al., 2001). Heat-shock 
proteins (Hsps) and late embryogenesis abundant (LEA)-
type proteins are two major types of stress-induced 
proteins that accumulate upon water, salinity, and extreme 
temperature stress. They have been shown to play a role in 
cellular protection during the stress (Bakalova et al., 
2008; Thomashow, 1998). 
 
Antioxidation strategies Drought stress is accompanied by the formation of 
ROS such as O2, H2O2, and OH (Moran et al., 1994; 
Mittler, 2002), which damage membranes and 
macromolecules. Plants have developed several anti 
oxidation strategies to scavenge these toxic compounds. 
Enhancement of antioxidant defense in plants can thus 
increase tolerance to different stress factors. Antioxidants 
(ROS scavengers) include enzymes such as catalase, 
superoxide dismutase (SOD), ascorbate peroxidase (APX) 
and glutathione reductase, as well as non-enzyme 
molecules such as ascorbate, glutathione, carotenoids, and 
anthocyanins. Additional compounds, such as osmolytes, 
proteins can also function as ROS scavengers (Bowler et 
al., 1992; Noctor and Foyer, 1998). The antioxidant 
defenses appear to provide crucial protection against 
oxidative damage in cellular membranes and organelles in 
plants grown under unfavorable conditions (Al- Ghamdi, 
2009; Kocsy et al., 1996). Plant cells synthesize a variety 
of antioxidants to cope with ROS produced under normal 
and stress conditions (Noctor and Foyer, 1998). 

Environmental stresses exert their effects on plant growth 
and development indirectly through formation of ROS 
(Arora et al., 2002). The antioxidant defenses appear to 
provide crucial protection against oxidative damage in 
cellular membranes and organelles in plants grown under 
un-favorable conditions (Kocsy et al., 1996). Cellular 
antioxidative defense system, which keeps ROS under 
control and functions as a reductant for many free 
radicals, minimizes the damage caused by oxidative stress 
(Al-Ghamdi, 2009; Noctor and Foyer, 1998). 

 
MATERIALS AND METHODS  

This article is review and the aims of Influence of 
drought stress on characteristics of some medicinal plants. 
The experiment 1 was conducted by Vaziri Istadegi et al. 
(2015). This experiment was conducted in 2011 at the 
Experimental Station of Islamic Azad University of 
Tabriz. The area east of longitude 46 degrees 17 minutes 
north latitude 38 degrees 5 minutes with a height of 1360 
meters above sea level. The factorial experiment was 
conducted in a completely randomized design in the 
laboratory and greenhouse. Factors examined include: A 
factor of 4 sorts of fennel seed treatment: a1 gibberellin, 
a2 hydrochloric acid a3 water a4 lack of pretreatment; 
Factor B includes 4 levels of irrigation b1: 30% of field 
capacity b2: 50% of field capacity b3:70% of field 
capacity b4: full irrigation. In this review gibberellin 
concentration of 250 ppm and the concentration of 
hydrochloric acid pretreatment was used. To prepare a 
hydrochloric acid solution of equation 1 and the fit was 
used to prepare solutions of gibberellin. The proportion of 
250 grams of gibberellin 1,000,000 cc of water was used. 
Gibberellin content of the solution was heated 0/25. Since 
in vitro pretreatment with the best time of 6 hours, to test 
the greenhouse seeds were treated for 6 h. To prepare the 
seed bed, farmyard manure was mixed with soil at a ratio 
of 1 to 3 and then was poured in pots with a diameter 
equal to the volume of 9 ml of 25 and 30 cm height. Seeds 
were placed in a greenhouse with a fungicide before 
planting captain of 2 per 15 minutes after 15 minutes, 15 
seeds were sown in the soil at a depth of 2 cm. After 
planting seeds, watering was done. The emergence of the 
plants was recorded and then completely green bushes, 
thinning and at 5 plants per pot were kept. Water 
treatment applied after full deployment of the fennel plant. 
Water stress was applied based on the weight of the pots. 
In this case the pot with soil dry weight was measured. 
Then they were fully irrigated. After 24 hours after 
removal gravity of water, pots with soil, re-weighed. The 
difference between saturated soil and dry soil weight 
multiplied by the percentage of the pot with soil dry 
weight represents the weight of the pot should be watered 
(Vaziri Istadegi et al., 2015). 

The experiment 2 was conducted by Rahmani et al. 
(2009). The experimental unit was designed by achieved 
treatment in factorial on the basis of completely 
randomized block design with four replicates. The 
nitrogen was applied to the main plots at the rate of 
nonapplication, 30, 60 and 90 kg N ha-1 and the irrigation 
after 40, 80 and 120 mm water evaporation from 
evaporation pan assigned factorially to the subplots. For 
this approach experimental field was prepared in the 
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dimension of 15 m2 per plot (5 m ´ 3 m), totally 48 plots 
and calendula (C. officinalis L.) was used in this 
experiment. Initially, plant nutrient need of phosphorus 
and potassium were added by applying 100 kg ha-1 
ammonium phosphate, 200 kg ha-1 K2O and nitrogen 
(urea) treatments at planting time respectively. To 
determine seed yield, head diameter, thousand seed 
weight and number of seeds per head, 10 plants were 
selected randomly from each plot at maturity. The data 
were subjected to analysis of variance (ANOVA) using 
Statistical Analysis System (SAS) computer software at 
P<0.05 (SAS institute Cary, USA, 1988). 

 
RESULTS AND DISCUSSION 

 The experiment 1 was conducted by Vaziri Istadegi et 
al. (2015). The results of analysis of variance showed that 
in terms of greenhouse effect of priming, low water levels 
and types of priming in surface water interaction was 
significant for all traits. Based on the results of this study 
with gibberellin application greatest total Stem length is 
obtained compared to the other treatments (Table 1). In 
water level of 30% field capacity only if fennel seed 
treatment with gibberellin plants were green, in other 
treatments such as hydrochloric acid, water and non-
treated seeds, the lack of emergence, shoot length is 
obtained zero. At 50% of field capacity significant 
difference in Stem length between the pre-treatment of 
water and hydrochloric acid was observed, but in pre-

treatment with gibberellin Stem length was greater than 
the pretreatment with hydrochloric acid and water. In 
condition the Stem length field of zero is obtained in 50% 
capacity due to lack of emergence of fennel. 70% of field 
capacity, the highest level of stem length in condition with 
treatment is obtained with gibberellin. 

This treatment leads to a lack of pre-treatment or 
control a 98 percent increase in Stem length as compared 
to control. Pre-treatment with hydrochloric acid and 
water, leading to an increase of 36% and 38% respectively 
compared to control Stem length. Full irrigation or 
irrigation control pre-treatment with gibberellin fennel 
seeds fennel had the greatest impact on long stems. This 
treatment led to an increase of 102 percent compared to 
the control condition during the shoot. The pre-treatment 
with hydrochloric acid and water irrigation by 40 and 22% 
of the full Stem length (Fig. 1). 

The results of this study indicated that the Number of 
lateral branch in fennel seed pre-treatment with 
gibberellin and full irrigation to the 5/37 number was 
obtained. Irrigation in 30% field capacity of the treatment 
plant gibberellin green and 3.25 branches per plant were 
produced. In water level in 50% field capacity in the 
absence of pretreatment fennel seeds, Number of lateral 
branch is obtained zero (Fig. 2). In the pre-treatment with 
gibberellin fennel seeds, water and hydrochloric acid, the 
minimum number of branches in fennel seed pre-
treatment with hydrochloric acid no significant difference 
is obtained in the water. Irrigation at 70% field capacity, 

 
Table 1: Analysis of variance to assess the fennel in the pot experiment (Vaziri Istadegi et al., 2015). 

Root dry weight Root length Number of lateral branch Stem height Degrees of freedom Sources of change 
14.005** 168.255** 10.702** 720.316** 3 Types of priming 
6.73** 173.390** 40.639** 937.129* 3 Dehydration 
1.38** 16.821** 5.473** 33.712** 9 Types of priming 

Dehydration 
0.017 0.777 0.145 2.811 48 Error 
13.32 5.49 12.77 12.26 - C.v 

** And * respectively significant at one percent and five percent  
Table 2: Analysis of variance (Rahmani et al., 2009). 

Mean Squares 
Sources of Variation df Seed yield Thousand seed Weight Number of seeds per head 
Replication 3 48266.33 11.103 12.389 
Irrigation 2 17998632.75 ** 186.444 ** 193 ** 
Error a 6 12261.11 10.337 4.22 
N fertilizer 3 155808.13 ** 8.02 ** 51.5 ** 
Irrigation * N fertilizer 6 24528.17 0.495 10.5 
Error b 27 13877.88 1.044 6.07 
CV (%) - 6.4 8.58 9.13 

* and **: Significant at 5 and 1% levels respectively. 
 
Table 3:  Means comparison of main treatments (Rahmani et al., 2009). 

 Treatments Seed yield 
(kg.ha-1) 

Thousand seed 
weight (g) 

Number of seeds per 
head (seed/head) 

Head diameter 
(mm) 

Irrigation 40 mm evaporation 3044a 15.18a 31a 25.66a 
regimes 80 mm evaporation 1437b 12.16b 25.25b 22.66b 
 120 mm evaporation 1042c 8.37c 24.75b 21.17b 
 Non-application 1734c 11.22b 24.25c 22.13b 
 30 kg N ha-1 1789c 11.17b 24.5ab 22.98ab 
N fertilizer 60 kg N ha-1 1842b 12.56a 24b 23.6a 
 90 kg N ha-1 1998a 12.66a 29.25a 23.95a 

Means within the same column and factors, followed by the same letter are not significantly difference (P<0.05). 



Inter J Agri Biosci, 2016, 5(5): 280-284.  

 283 

  
Fig. 1: Comparison of average stem height affect priming type 
and irrigation levels (Vaziri Istadegi et al., 2015).  

  
Fig. 2: Comparison of Number of lateral branch under the 
influence of priming and the level of irrigation. (Vaziri Istadegi 
et al., 2015).  
with no significant difference between the pre-treatment 
of water and hydrochloric acid pre-treatment difference 
was not statistically significant. Complete sets in the 
highest rates in the tributaries are obtained treatment with 
gibberellin treatment and the Number of lateral branch 
increased by 34% relative to control levels. But other 
pretreatment had no significant influence on the number 
of tributaries. Researchers have reported that the most 
severe of drought effect on germination of and seedling 
growth stage of the plant. Researchers have reported that 
some biological and abiotic stress reduces seedling 
establishment in the field. 

One of the most effective strategies for overcoming 
stress is the drought priming. Priming techniques to 
accelerate the emergence of crop plants, make plants 
stronger and better resistance to stress are used. This plant 
can grow better and better use of resources (Vaziri 
Istadegi et al., 2015). 

The experiment 2 was conducted by Rahmani et al. 
(2009). Final results of plants characters showed that 
irrigation had significant effect on seed yield, head 
diameter, thousand seed weight and number of seeds per 
head (P 0.01) and highest all plant characteristics were 
achieved under irrigation after 40 mm evaporation (Tables 
2 and 3).  
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