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Abgract
Cell stability isimpaired during environmental stresses such as drought stress and subsequent Reactive Oxygen Species (ROS) production. Seed
antioxidant defense system controlsafew level s of radicals. Ascorbate (A SC), an important antioxidant, has been known asacellular redox system
supporter. Pimpinella anisumL. isavery aromatic and medicinal plant that has great export value. This study was designed for the eval uation 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 (y_,=0.0to -2.0 MPa) and onelevel of ASC
(2.4 mM), with 5 replicationsin the presence and absence of ASC for different stresslevels. 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. Thisincrease was significant in the moderate stresslevels. ASC has protective effect against drought stress.
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Introduction

Pimpinella anisumL. (Umbelliferae, Apiaceae) (anise, aniseed)
isaherbaceous annual plant, native to Mediterranean region. Its
oil isused 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 *°. It is used in healing peptic ulcer *. It has
antispasmodic effects 2, anticonvul sant effects?! and antifungal
activity .

Water availability of the soil is considered one of the principal
causes of low germination in seeds *". Water stress acts by
decreasing the percentage and rate of germination ®. It requiresa
coordinated series of events during dehydration that are
associated with preventing oxidative damage and maintaining the
native structure of macromolecules and membranes 2.

Reactive oxygen species (ROS) generation in the embryonic axis
of germinating seeds at the onset of germination suggests a risk
of oxidative damageat that stage of development 2. If theROS are
not rapidly removed, they would cause considerable structural
and functional damagesto the cells?.

Ascorbic acid is the most abundant low molecular weight
antioxidant in agueous compartments of plants®. Ascorbateisa
major primary antioxidant, reacting directly with hydrogen
peroxide, hydroxyl radicals, superoxideand singlet oxygen’. 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 durume.

However, it has been widely reported that orthodox seeds are
completely devoid of ASC and ascorbate peroxidase (APX), two
key factorsin ROSdetoxification directly involvedinH,O, 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 oxidationinto ASC. Indeed, the enzymes and metabolites
responsible for ROS scavenging have particular importance for
the success of germination?. Therefore, control of oxidative stress
isan important ability of plant to tolerate drought.

According to studies have been done so far, besides the risks
of oxidative stressthreaten the germination, environmental water
restriction will also be added to thisdamage. Therefore, duetothe
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
exogenousA SC 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.

Materialsand M ethods
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
inlran. The seedswerelabeled for complete properties, including

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



purity, germination percentage, harvesting time and physiological
features.

Determination of germination percentage: After being sterilized
with 12% sodium hypochloritefor 3 min, the seedswere washed
and germinated in Petri dishes containing filter papers, placedin
autoclavefor 15 minin high pressure and temperature of 120°C.
The germination treatmentsin the Petri dishesincluded distilled
water (0 MPa) and various polyethylene glycol (PEG 6000)
solutionswith 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 8. Two experimentswere carried out to evaluate the effects
of drought stressinduced 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,
24,47,65,8.1,94,10.3,11and 11.4 g PEG weredisolvedin 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 5times.

Thefirst group (called no ASC-treated group) with 9 treatments
consisted of 8 different concentrations of PEG 6000 (as mentioned
above) pluscontrol (0 MPa). The second group (called A SC-treated
group) also consisted of 9 treatments (8 PEG levels and control)
plus ASC (1.4 mmol L?). After conducting several preliminary
experimentswith various concentrations of ASC (from 0.25 to 2
mmol L 1), the 1.4 mmol L-* concentration was the most efficient
onefor aniseed. Twenty seedswere placed in each Petri dish and
sealed with parafilm, then incubated in agrowth chamber (GROEC
germinator) at 23°C. The seedswereirrigated daily with distilled
water by moistening thefilter papersto provide moisturefor seed
germination. Thenumber of germinated seeds (radical appearance)
was counted once aday during 10 days. Germination percentage
was calculated by the following equation %: Germination
percentage = 100 n/N, n = number of germinated seeds, N =total
number of seeds.

Satistical 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
resultsare 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) inthey_of 0.0 MPa(contral), inthe
absence and presence of ASC (94 and 97%, respectively)
(Table 1). It was observed that the %G of the control treatment
(v=0.0MPq) did not differ significantly fromthe-0.25 MPastress
level and this valuein the absence and presence of ASC was 89
and 93%, respectively.

Therewas progressive decrease in %G of aniseed in this study
with decreasein osmotic potentialsstarting with -0.5 M Pa, varying
from 75t0 51% in the absence of ASC and 79-66% in the presence
of ASCat -0.5, -0.75and -1 MPastress|levels. It was verified that
the%G markedly decreased at the-1.25 MPastresslevel compared
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Table 1. Aniseed germination percentage under
different osmotic potentialsin the absence
and presence of ASC.

Osmotic Mean germination (%) = S.EM
potential (MPa) No ASC ASC

0 94+1.87a 97+1.22a
-0.25 89+la 93+1.22a
-0.5 75+1.58b 79+1.87b
-0.75 61+lc 76+1b

-1 51+2.44d 66+1.85¢
-1.25 44+1.87de 58+2d
-1.5 37+1.87¢ 47+1.87¢
-1.75 27+2F 30+2.23F
2 15+1.58g 21+1.87g

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.

tothe 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 differencein somelevelswhen 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 processonfirst days (Table 2). Inregardsto-0.5 and
-0.75 MPa dtress 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 aso progressive
increasein %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 decreasein osmotic potential
of environment. The minimal time needed for germination belonged
to control and -0.25 M Patreatments during 10 days, starting from
Day 4 and differing from other treatments. Thistimewasalso the
samefor -0.5 and -0.75 treatmentswith applying ASC. The latest
time of germination was 6 daysat -1.5, -1.75 and -2 MPa stress
levels. However, germination started on Day 5 at -1 and -1.25 MPa
stresslevels.

Discussion
Inthe 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
concentrationsand decreasing water potentialsof themedia. The
effects of PEG on seed germination of Pimpinella anisum %,
Pterogyne nitens 1° and Sorghum bicolor ¢ support our results.
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Figure 1. Comparison of mean of aniseed germination percentage
in different PEG levelsin the absence of ASC during 10 days.

The progressive fall in the germination percentage with
decreasing water potential of the environment, observed in this
experiment, probably was caused by thelow hydraulic conductivity
of theenvironment, where PEG 6000 makes water unavailableto
seeds, affecting the imbibition process of the seed which is
fundamental for germination 6.

In the present study, the highest germination percentage
occurred at 0.0 and -0.25 MPatreatments (Table 1), and thisvalue
is higher than those achieved by Stefanello et al. % on aniseed at
the same osmotic potentials at 20-25°C. The lowest %G was
observed at -2.0 MPastresslevel (Table 1). Thislarger reduction
with PEG solution could be attributed to high viscosity, where
solubility and diffusion of oxygen were reduced compared to
water®.

Inthisstudy, with applying ASC and evaluation of itsinteraction
with different stresslevel sdueto PEG, %G of Pimpinellaanisum
increased. It seemsthat 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
conditionsand 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 arisk of oxidative damage at
that stage of development 2. It requires a coordinated series of
events during dehydration that are associated with preventing
oxidative damage and maintaining the native structure of
macromol eculesand membranes®.

ASC and APX are two key factors in ROS detoxification .
Becausecell division and cell expansion require ASC *° and these
two processes are fundamental for seedling development, ASC
could also be involved directly or by maintaining the opportune
cellular redox balancein the process responsiblefor rendering the
reserve substances available for the germinating embryos?. The
early availability of ascorbic acid (AA) is necessary to meet the
largedemandsfor AA by therestored cell metabolism and because
AA s, insomeway, required to elicit AA peroxidase. It hasbeen
reported that decreases in AA peroxidase occurrence was
correlated with the onset of a biochemical pathway leading to
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Figure 2. Comparison of mean of aniseed germination percentage
in different PEG levelsin the presence of ASC during 10 days.

morphological anomalies of seedlings and to the loss of seed
germination capacity 2. Therefore, inthe present study, itispossible
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.

Inadditionto ASC, tocopherolsare also lipophilic antioxidants,
and the highest tocopherol level was observed in seeds. ASC
playsarolein reducing o-tocopherol radical to a-tocopherol . In
soybean, it was shown that the o-tocopherol content increased
in embryonic axes upon imbibition and post-germination under
oxidative stress 2*. Therefore, it could be concluded that using
exogenous A SC would probably protect germination of aniseed
against lipid peroxidation of membranein 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 stresswould be animportant ability of plant totolerate
drought stress. In the present study, concurrent with increasing
stresslevels, germination process occurred with delay in thelow
water potential mediacompared to the control treatment (Table 1).
Presence of ASC provoked accel eration in the germination process.
In regardsto theresults of thisstudy, it is believed that presence
of exogenous ASC affected the biochemical processes of
germination, because the enzymesinvolved haveranges of action
that will retard or accel erate seed germination ©.

According to the studies performed on the Senna occidentalis®,
Sorghum bicolor ¢ and Pterogyne nitens 1°, germination rate
decreased withincreasing PEG concentrations. The primary action
of osmoaticinhibitionisretardation of water uptake, whichiscrucial
for germination 3. Furthermore, the fact should be observed that
under water restriction thevel ocity of water absorption isaffected,
where the absorption and consequently the hydrolysis of
carbohydrates are slower 6. The results demonstrated that the
aniseeds are more tolerant to water stressthan other specieslike
Senna occidentalis °, Ateleia glazioviana # and Pterogyne
nitens'®, besidesrevealing that the germination behavior of seeds
of this speciesunder water restriction isto some extent ssimilar to
what was found by Lobato et al.*® on Sorghum bicolor. Besides
revealing the adaptability of aniseedsat low environmental water
potentials, exogenous ASC provoked the increase in %G and
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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 protectionto cells
during dehydration 2. Indeed, the enzymes and metabolites
responsible for ROS scavenging have particular importance for
the success of germination #, since control of oxidative stressis
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

mechanismsand positive effect on germination rateand percentage
of thisplant. Indeed, the enzymes and metabolitesresponsiblefor
ROS scavenging have particular importance for the success of

germination #, 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. A pplying exogenous
ASC can bean effective method inincreasing growth of thisplant
in greenhouses and fields.
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