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Abstract
Cell stability is impaired during environmental stresses such as drought stress and subsequent Reactive Oxygen Species (ROS) production. Seed 
antioxidant defense system controls a few levels of radicals. Ascorbate (ASC), an important antioxidant, has been known as a cellular redox system 
supporter. Pimpinella anisum L. is a very aromatic and medicinal plant that has great export value. This study was designed for the evaluation of 
the effect of polyethylene glycol (PEG) 6000 and its interaction with ascorbate on seed germination index in this plant. In a Petri dish study, 
control and drought induced treatments were introduced to 9 levels of osmotic potentials by PEG 6000 (ψ

s
=0.0 to -2.0 MPa) and one level of ASC 

(1.4 mM), with 5 replications in the presence and absence of ASC for different stress levels. The results of this study revealed that in lower water 
potentials, germination percentage was significantly reduced. Comparing the means of the stressed treatments showed that germination percentage 
increased by using exogenous ASC. This increase was significant in the moderate stress levels. ASC has protective effect against drought stress. 
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Introduction
Pimpinella anisum L. (Umbelliferae, Apiaceae) (anise, aniseed) 
is a herbaceous annual plant, native to Mediterranean region. Its
oil is used commercially in perfumery, tobacco manufacture and 
pharmaceutical production 3. P-anisaldehyde is a caricidal 
component of Pimpinella anisum seed oil used against the house 
dust mites, Dermatophagoides farinae and Dermatophagoides
pteronyssinus 15. It is used in healing peptic ulcer 1. It has 
antispasmodic effects 26, anticonvulsant effects 21 and antifungal 
activity 14.
   Water availability of the soil is considered one of the principal 
causes of low germination in seeds 17. Water stress acts by 
decreasing the percentage and rate of germination 9. It requires a 
coordinated series of events during dehydration that are 
associated with preventing oxidative damage and maintaining the 
native structure of macromolecules and membranes 12.

Reactive oxygen species (ROS) generation in the embryonic axis 
of germinating seeds at the onset of germination suggests a risk 
of oxidative damage at that stage of development 22. If the ROS are 
not rapidly removed, they would cause considerable structural 
and functional damages to the cells 27.
  Ascorbic acid is the most abundant low molecular weight 
antioxidant in aqueous compartments of plants 20. Ascorbate is a 
major primary antioxidant, reacting directly with hydrogen 
peroxide, hydroxyl radicals, superoxide and singlet oxygen 7. The 
involvement of antioxidative mechanisms in the maturation of 
orthodox seeds is poorly documented, with studies performed 
only in Vicia faba 2, bean 4, sunflower 5 and Triticum durum8.

However, it has been widely reported that orthodox seeds are 
completely devoid of ASC and ascorbate peroxidase (APX),  two 
key factors in ROS detoxification directly involved in H

2
O

2
 removal. 

They contain only moderate amounts of dehydroascorbate (DHA) 
and have ascorbate free radical (AFR) reductase and DHA 
reductase, enzymes catalysing the reduction of the two products 
of ASC oxidation into ASC. Indeed, the enzymes and metabolites 
responsible for ROS scavenging  have particular importance for 
the success of germination 27. Therefore, control of oxidative stress 
is an important ability of plant to tolerate drought. 
    According to studies have been done so far, besides the risks 
of oxidative stress threaten the germination, environmental water 
restriction will also be added to this damage. Therefore, due to the 
importance of this plant in modern science and periodic and 
continuous drought in recent years, this study was designed for 
evaluating the effects of different drought levels and applying 
exogenous ASC as an important antioxidant in scavenging ROS 
produced by drought stress under different osmotic potentials 
on aniseed germination index. The ability and germination rate of 
the seeds and the effect of antioxidant on this process were also 
assessed in this study. 

Materials and Methods
Since anisum is an annual plant, its fresh and physiologically 
active seeds were selected for this experiment. Seeds were 
purchased from Isfahan Pakan Bazar Seed Production Company 
in Iran. The seeds were labeled for complete properties, including
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purity, germination percentage, harvesting time and physiological 
features.

Determination of germination percentage: After being sterilized 
with 12% sodium hypochlorite for 3 min, the seeds were washed 
and germinated in Petri dishes containing filter papers, placed in 
autoclave for 15 min in high pressure and temperature of 120°C. 
The germination treatments in the Petri dishes included distilled 
water (0 MPa) and various polyethylene glycol (PEG 6000) 
solutions with different osmotic potentials   (-0.25, -0.5, -0.75, -1, 
-1.25, -1.5, -1.75 and -2 MPa) to induce drought stress. PEG 
solutions were prepared using the non-linear model proposed by 
Money 18. Two experiments were carried out to evaluate the effects 
of drought stress induced by PEG and exogenous application of 
ASC on aniseed germination. In order to prepare these solutions 
with different osmotic potentials ranging from -0.25 to -2 MPa, 
2.4, 4.7, 6.5, 8.1, 9.4, 10.3, 11 and 11.4  g  PEG  were dissolved in 100 
ml distilled water to produce -0.25, -0.5,  -0.75, -1, -1.25, -1.5. -1.75 
and -2 MPa osmotic potentials, respectively. Petri dishes were 
divided into two groups with 9 treatments in each group. In a 
completely randomized design experiment, each treatment was 
replicated 5 times. 
   The first group (called no ASC-treated group) with 9 treatments 
consisted of 8 different concentrations of PEG 6000 (as mentioned 
above) plus control (0 MPa). The second group (called ASC-treated 
group) also consisted of 9 treatments (8 PEG levels and control) 
plus ASC (1.4 mmol L-1). After conducting several preliminary 
experiments with various concentrations of ASC  (from 0.25  to 2 
mmol L-1), the 1.4 mmol L-1 concentration was the most efficient 
one for aniseed. Twenty seeds were placed in each Petri dish and 
sealed with parafilm, then incubated in a growth chamber (GROEC 
germinator) at 23°C. The seeds were irrigated daily with distilled 
water by moistening the filter papers to provide moisture for seed 
germination. The number of germinated seeds (radical appearance) 
was counted once a day during 10 days. Germination percentage 
was calculated by the following equation 28: Germination 
percentage = 100 n/N, n = number of germinated seeds,  N = total 
number of seeds. 

Statistical analysis: The data were subjected to analysis of 
variance (ANOVA) using SPSS software package. Means were 
compared using Tukey multi-components test at P<0.05. The 
results are presented in the form of mean comparisons ± S.E.M at 
P<0.05.

Results
Germination: The variance analysis revealed that a significant 
difference among the treatments occurred with the highest 
germination percentage (%G) in the ψ

s
 of 0.0 MPa (control), in the 

absence and presence of ASC (94 and 97%, respectively) 
(Table 1). It was observed that the %G of the control treatment 
(ψ

s
= 0.0 MPa) did not differ significantly from the -0.25 MPa stress 

level and this value in the absence and presence of ASC was 89 
and 93%, respectively. 
    There was progressive decrease in %G of aniseed in this study 
with decrease in osmotic potentials starting with -0.5 MPa, varying 
from 75 to 51% in the absence of ASC and 79-66% in the presence 
of ASC at -0.5, -0.75 and -1 MPa stress levels. It was verified that 
the %G  markedly decreased at the -1.25 MPa stress level compared 

to the control treatment with %G 44-58 in the absence and presence 
of ASC, respectively. The lowest %G was observed at -2 MPa 
stress level in this experiment (Table 1), with 15 and 21% in the 
absence and presence of ASC, respectively. 

Comparison of %G between the absence and presence of ASC
at each osmotic potential: Mean germination percentages in 
different potentials during 10 days in the absence and presence 
of ASC are presented in Table 2. Analysis of variance showed 
significant difference in some levels when comparing the absence 
and presence of ASC at each same osmotic potential. 
   At early stage of germination, there was significantly different 
%G in control and -0.25 MPa treatments with applying ASC 
compared to its absence between same days and osmotic 
potentials. Applying ASC caused obvious acceleration in 
germination process on first days (Table 2). In regards to -0.5 and 
-0.75 MPa stress levels, ASC significantly increased %G and 
decreased the time necessary for germination compared to its 
absence. ASC not only caused significant difference  in  %G   at 
-0.75, -1, -1.25 and -1.5 MPa stress levels but also progressive 
increase in %G with ASC maintained persistently to  Day 10.  At 
-1.75 and -2 MPa stress levels, ASC partially increased %G 
compared to its absence, but the difference was not significant. 
   Comparing Figs 1 and 2 between the absence and presence of 
ASC showed germination delay with decrease in osmotic potential 
of environment. The minimal time needed for germination belonged 
to control and -0.25 MPa treatments during 10 days, starting from 
Day 4 and differing from other treatments. This time was also the 
same for -0.5 and -0.75 treatments with applying ASC. The latest 
time of germination was 6 days at -1.5, -1.75 and -2 MPa stress 
levels. However, germination started on Day 5 at -1 and -1.25 MPa 
stress levels. 

Discussion
In the present study, the effects of various concentrations of PEG 
6000 solutions with different osmotic potentials on aniseed 
germination percentage were evaluated. It was observed that seed 
germination percentage was reduced with increasing PEG 
concentrations and decreasing water potentials of the media. The 
effects of PEG on seed germination of Pimpinella anisum 25,
Pterogyne nitens 19 and Sorghum bicolor 16 support our results. 

Values are mean±S.E.M. of 5 replicates, in each column, means are compared 
between different osmotic potentials at P<0.05, Means in a column followed 
by the same letter are not significantly different (p>0.05), no ASc: absence of 
ASC, ASC: presence of ASC. 

Mean germination (%) ± S.E.M Osmotic  

potential (MPa) No ASC ASC 

0 94±1.87a 97±1.22a 

-0.25 89±1a 93±1.22a 

-0.5 75±1.58b 79±1.87b 

-0.75 61±1c 76±1b 

-1 51±2.44d 66±1.85c 

-1.25 44±1.87de 58±2d 

-1.5 37±1.87e 47±1.87e 

-1.75 27±2f 30±2.23f 

-2 15±1.58g 21±1.87g 

Table 1. Aniseed germination percentage under 
               different osmotic potentials in the absence 
               and presence of ASC. 
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  The progressive fall in the germination percentage with 
decreasing water potential of the environment, observed in this 
experiment, probably was caused by the low hydraulic conductivity 
of the environment, where PEG 6000 makes  water unavailable to 
seeds, affecting the imbibition process of the seed which is 
fundamental for germination 16.
  In the present study, the highest germination percentage 
occurred at 0.0 and -0.25 MPa treatments (Table 1), and this value 
is higher than those achieved by Stefanello et al. 25 on aniseed at 
the same osmotic potentials at 20-25°C. The lowest %G was 
observed at -2.0 MPa stress level (Table 1). This larger reduction 
with PEG solution could be attributed to high viscosity, where 
solubility and diffusion of oxygen were reduced compared to 
water9.
   In this study, with applying ASC and evaluation of its interaction 
with different stress levels due to PEG, %G of Pimpinella anisum
increased. It seems that in addition to increasing osmotic stress, 
higher PEG concentration caused more ROS production and its 
progressive increase during germination and oxidative damage. 
In our study, applying exogenous ASC as an important 
antioxidative along with coordinate induction of the antioxidative 
mechanisms could scavenge more ROS produced under stress 
conditions and improved germination process. So, the efficacy of 
ASC increased aniseed germination percentage (Table 2, Figs 1 
and 2). 
   ROS generation in the embryonic axis of germinating seeds at 
the onset of germination suggests a risk of oxidative damage at 
that stage of development 22. It requires a coordinated series of 
events during dehydration that are associated with preventing 
oxidative damage and maintaining the native structure of 
macromolecules and membranes 12.
  ASC and APX are two key factors in ROS detoxification 27.
Because cell division and cell expansion require ASC 10 and these 
two processes are fundamental for seedling development, ASC 
could also be involved directly or by maintaining the opportune 
cellular redox balance in the process responsible for rendering the 
reserve substances available for the germinating embryos 27. The 
early availability of ascorbic acid (AA) is necessary to meet the 
large demands for AA by the restored cell metabolism and because 
AA is, in some way, required to elicit AA peroxidase. It has been 
reported that decreases in AA peroxidase occurrence was 
correlated with the onset of a biochemical pathway leading to 

morphological anomalies of seedlings and to the loss of seed 
germination capacity 2. Therefore, in the present study, it is possible 
to conclude that while oxidative stress increased due to rising 
PEG, applying exogenous ASC along with PEG solutions could 
have increased the redox capacity. This event has apparently 
supported germination and cell division and expansion in drought- 
stressed treatments and growth process in the present study. 
   In addition to ASC, tocopherols are also lipophilic antioxidants, 
and the highest tocopherol level was observed in seeds. ASC 
plays a role in reducing α-tocopherol radical to α-tocopherol 11. In 
soybean, it was shown that the α-tocopherol content increased 
in embryonic axes upon imbibition and post-germination under 
oxidative stress 24. Therefore, it could be concluded that using 
exogenous ASC would probably protect germination of aniseed 
against lipid peroxidation of membrane in storage period. Since 
ASC could be considered as the best supporter for seed 
tocopherol storage and germination process might be protected 
with high confidence against ROS oxidative damage, control of 
oxidative stress would be an important ability of plant to tolerate 
drought stress. In the present study, concurrent with increasing 
stress levels, germination process occurred with delay in the low 
water potential media compared to the control treatment (Table 1). 
Presence of ASC provoked acceleration in the germination process. 
In regards to the results of this study, it is believed that presence 
of exogenous ASC affected the biochemical processes of 
germination, because the enzymes involved have ranges of action 
that will retard or accelerate seed germination 6.
    According to the studies performed on the Senna occidentalis9,
Sorghum bicolor 16 and Pterogyne nitens 19, germination rate 
decreased with increasing PEG concentrations. The primary action 
of osmotic inhibition is retardation of water uptake, which is crucial 
for germination 13. Furthermore, the fact should be observed that 
under water restriction the velocity of water absorption is affected, 
where the absorption and consequently the hydrolysis of 
carbohydrates are slower 16. The results demonstrated that the 
aniseeds are more tolerant to water stress than other species like 
Senna occidentalis 9, Ateleia glazioviana 23 and Pterogyne
nitens19, besides revealing that the germination behavior of seeds 
of this species under water restriction is to some extent similar to 
what was found by Lobato et al.16 on Sorghum bicolor. Besides 
revealing the adaptability of aniseeds at low environmental water 
potentials, exogenous ASC provoked the increase in %G and 
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Figure 1. Comparison of mean of aniseed germination percentage 
 in different PEG levels in the absence of ASC during 10 days. 
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in different PEG levels in the presence of ASC during 10 days. 



     666 Journal of Food, Agriculture & Environment, Vol.7 (3&4), July-October 2009 

References
1Al Mofleh, I., Alhaider, A., Mossa, J.S., Al-Soohaibani, M. and 

Rafatullah, S. 2007. Aqueous suspension of anise Pimpinella anisum
protects rats against chemically induced gastric ulcers. World J. 
Gastroenter. 13(7):112-1118. 

2Arrigoni, O., Degara, L. and Tommasi, F. 1992. Changes in the ascorbate 
system during seed development of Vicia faba L. Plant Physiol. 99:235- 
238.

3Ates, D.A. and Erdogrul, O.T. 2003. Antimicrobial activities of various 
medicinal and commercial plant extracts. Turk. J. Biol. 27:157-162. 

4Bailly, C., Audiger, C., Ladonne, F., Wagner, M.H., Coste, F., Corbineau, 
F. and Côme, D. 2001. Changes in oligosaccharide content and 
antioxidant enzyme activities in developing bean seeds as related to 
acquisition of drying tolerance and seed quality. J. Exp. Bot. 52:701-
708.

5Bailly, C., Leymarie, J., Lehner, A., Rousseau, S., Côme, D. and Corbineau, 
F. 2004. Catalase activity and expression in developing sunflower 
seeds as related to drying. J. Exp. Bot. 55:475-483. 

6Bewley, J.D. and  Black, M. 1994. Seeds: Physiology of Development 
and Germination. 2nd edn.  Plenum, New York. 

7Buettner, G.R. and Juerkiewicz, B.A. 1996. Catalytic metals, ascorbate 
and free radicals: combinations to avoid. Radiat. Res. 145:532-541.

8De Gara, L., de Pinto, M.C., Moliterni, V.M.C. and D’Egidio, M.G. 
2003. Redox regulation and storage processes during maturation in 
kernels of Triticum durum. J. Exp. Bot. 54(381):249–258.

9Delachiave, M.E.A. and de Pinho, S.Z. 2003. Germination of Senna
occidentalis Link: Seed at different osmotic potential levels. Brazil. 
Arch. Biol. and Tech. 46(2):163-166.

10De Tullio, M.C., Paciolla, C., Dalla Vecchia, F., Rascio, N., d’Emerico, 
S., De Gara, L., Liso, R. and Arrigoni, O. 1999. Changes in the onion 
root development induced by the inhibition of petidyl-prolyl 
hydroxylase and influence of the ascorbate system on cell division and 
elongation. Planta 209:424-434.

11Falk, J., Andersen, G., Kernebeck, B. and Krupinska, K. 2003. 
Constitutive overexpression of barley 4-hydroxyphenylpyruvate 
dioxygenase in tobacco results in elevation of the vitamin E content in 
seeds but not in leaves. FEEBS Lett. 540:35-40.

reduction in the time necessary for germination, even in the 
treatments under strong water deficiency. 
   The di- and oligosaccharides, compatible solutes and specific 
proteins, such as the late embryogenesis abundant proteins 
(LEAs) and heat shock proteins (HSPs), confer protection to cells 
during dehydration 12. Indeed, the enzymes and metabolites 
responsible for ROS scavenging have particular importance for 
the success of germination 27, since control of oxidative stress is 
an important ability of plant to tolerate drought. 

                                            Conclusions
Results of this study revealed that severe drought stress can 
negatively affect germination of Pimpinella anisum. This effect 
probably interferes with oxidative system and ROS production. 
ASC has protective effect against drought stress with several 
mechanisms and positive effect on germination rate and percentage 
of this plant. Indeed, the enzymes and metabolites responsible for 
ROS scavenging have particular importance for the success of 
germination 27, since control of oxidative stress is an important 
ability of plant to tolerate drought. Further studies are needed to 
evaluate the exact protective effect of exogenous ASC on 
interaction with PEG inducing drought stress. Applying exogenous 
ASC can be an effective method in increasing growth of this plant 
in greenhouses and fields. 

12Hoekstra, F.A., Golovina, E.A. and Buitink, J. 2001. Mechanisms of 
plant desiccation tolerance. Trends in Plant Sci. 6(9):431-438.

13Kahn, A. 1960. An analysis of “dark osmotic inhibition” of germination 
of lettuce seeds. Plant Physiol. 35(1):1-7.

14Kosalec, I., Pepeljnjak, S. and Kustrak, D. 2005. Antifungal activity of 
fluid extract and essential oil from anise fruits (Pimpinella anisum L., 
Apiaceae). Acta Pharm. 55:377-385.

15Lee, H.S. 2004. P-anisaldehyde: Acaricidal component of Pimpinella
anisum seed oil against the house dust mites Dermatophagoides farinae
and Dermatophagoides pteronyssinus. Planta Medica 70(3):279-281.

16Lobato, A.K.S., Oliveira Neto, C.F., Costa, R.C.L., Santos Filho, B.G., 
Silva, F.K.S., Cruz, F.J.R., Abboud, A.C.S. and Laughinghouse, H.D. 
2008. Germination of sorghum under the influences of water restriction 
and temperature. Agric. J. 3(3):220-224. 

17Mian, M.A.R. and Nafziger, E.D. 1994. Seed size and water potential 
effects on germination and seedling growth of winter wheat. Crop Sci. 
34:169-171.

18Money, N.P. 1989. Osmotic pressure of aqueous polyethylene glycols. 
relationship between molecular weight and vapor pressure deficit. 
Plant Physiol. 91:766-769.

19Nassiff, S. M. L. and Perez, S. C. J. G. A. 1997. Germinação de sementes 
de amendoim-do-campo (Pterogyne nitens Tul.): influência dos 
tratamentos para superar a dormência e profundidade de semeadura. 
Revista Brasileira de Sementes 19:172-179. 

20Noctor, G. and Foyer, C.H. 1998. Ascorbate and glutathione: keeping 
active oxygen under control. Annu. Rev. Plant Physiol. Plant Mol. 
Biol. 49:249–279. 

21Pourgholami, M.H., Majzoob, S., Javadi, M., Kamalinejad, M., Fanaee, 
G.H.R. and Sayyah, M. 1999. The fruit essential oil of Pimpinella
anisum exerts anticonvulsant effects in mice. J. Ethnopharm. 66(2):211-
215.

22Puntarulo, S., Sanchez, R. and Boveris, A. 1988. Hydrogen peroxide 
metabolism in soybean axes at the onset of germination. Plant Physiol. 
86:626-630.

23Rosa, L.S., Fellipi, M., Nogueira, A.C. and Grossi, F. 2005. Germination
assessment on different osmotic potentials and seed and seedling 
morphologic characterization of the Ateleia glazioviana. Baill. Revista 
Cerne. 11:306-314. 

24Simontacchi, M., Caro, A., Fraga, C.G. and Puntarlo, S. 1993. Oxidative
stress affects α-tocopherol content in soybean embryonic axes upon 
imbibition and germination. Plant Physiol. 103:949-953.

25Stefanello, R., Garcia, D.C., Menezes, N.L. and Wrasse, C.F. 2006. 
Influence of light, temperature and hydric stress in the germination 
and vigor of seeds of anise. Revista Brasileira Agrociencia 12:45-50.

26Tirapelli, C.R., De Andrade, C.R., Cassano, A.O., De Souza, F.A., 
Ambrosio, S.R., Da Costa, F.B. and De Oliveira, A.M. 2007. 
Antispasmodic and relaxant effects of the hydroalcoholic extract of 
Pimpinella anisum L. (Apiaceae) on rat anococcygeus smooth muscle. 
J. Ethnopharm. 110:23-29. 

27Tommasi, F., Paciolla, C., de Pinto, M.C. and De Gara, L. 2001. A 
comparative study of gluthatione and ascorbate metabolism during 
germination of Pinus pinea L. seeds. J. Exp. Bot. 52(361):1647-1654.

28Weston, L.A., Bertin, C. and Yang, Y. 2004. Bioactive root exudation in 
germination species: Localization, mode of action and gene regulation. 
Polish Acad. of  Sci. P1. 


