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Combined Effects of Drought and UV Stress on
Quantitative and Qualitative Properties of Bunium persicum

Amir Hossein Saeidnejad 1,2*, Mohammad Kafi 1,
Hamid Reza Khazaei 1, and Mohammad Pessarakli 3

1 Department of Agronomy, Ferdowsi University of Mashhad, Iran
2 Department of Agriculture, Payame Noor University (PNU), Tehran, Iran

3 School of Plant Sciences, the University of Arizona, Tucson, AZ 85721, USA

Abstract: Research related to plant responses to combined stresses is very limited, especially in medicinal
plants. Present investigation was conducted in order to evaluate the effects of drought and UV-B stress on
physiological performance and chemical properties of major Iranian medicinal species of Bunium persicum. A
factorial plan based on a randomized complete block design was performed with two irrigation levels [irrigation
after 60 (control) and 150 mm (drought stress) evaporation from evaporation pan] and three UV-B treatments
[no UV (control), 1 and 2 hr radiation] in three replications. Results showed that plants under normal water
condition and 2 hr UV-B radiation produced a higher seed yield. Yield components were generally higher in
normal water condition and 1 hr UV-B treatments, except for some parameters, including seed size. Plants
which grown under UV radiation had higher content of essential oil (EO) compared with the ones that did not
receive UV treatments. Contrary with the yield components, qualitative properties of EO were affected by the
levels of applied treatments and drought stress, and the 2 hr UV-B treatments highly improved antioxidative
properties of EO. 22 -diphenyl 1-picrylhydrazyl radical (DPPH) scavenging activity, hydrogen peroxide
scavenging activity, Fe reducing power and phenol content were enhanced by high UV-B radiation level and
drought conditions. In general, some alleviative effects between drought and UV-B were observed in regards to
yield and yield components of B. persicum, although they were not very considerable. The interaction of
applied treatments was more obvious in antioxidative activities of essential oil.

Key words: Essential oil, Radiation, Scavenging activity, Yield.

Introduction
Environmental stresses are the most important

reducing factors in agricultural productions
around the world 1. Stresses tolerance induction
is a complex process including various molecu-
lar, biochemical and physiological factors 2,3. It
has also been known that under field conditions,
plants are exposed to different abiotic stresses,
simultaneously, which amplifies deleterious ef-
fects of stress conditions. Limited research re-
lated to plant responses to a combination of abi-

otic stresses brings the fact that this unique re-
sponse cannot be easily interpreted from the re-
sponse of plants to each individually applied
stress. Despite these evidences, a study with fo-
cus on co-occurrence of stress condition is sur-
prisingly neglected by researchers in this field 4.
Ultraviolet-B (UV-B) radiation is an environmen-
tal factor affects cellular processes of plants.
Stratospheric ozone layer has a key role in ab-
sorption of UV-B radiation. Anthropogenic acti-
vities in recent decades have led to the reduction
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of stratospheric layer, and the UV-B radiation
reaching the earth’s surface is consequently el-
evated 5. Unfortunately, this trend is predicted to
increase until 2050 6.

In regards to the research related to UV-B effe-
cts on plants, it can be concluded that this radia-
tion is generally known as a destructive factor
for plant growth and productivity. On the other
hand, some studies had shown that it could have
some positive effects on some properties of plants.
This side of UV-B effects is rarely beneficial for
edible plants and is mostly related to medicinal
plant species 7.

Bunium persicum is one of the most important
medicinal plants of Iran, Pakistan, and the neigh-
boring countries. Besides the long history of this
plant as a valuable spice and culinary usage, sev-
eral medicinal and antioxidative properties of B.
persicum essential oil were found in the recent
years. The content of the essential oil in this plant
was reported up to 7.5 % by the authors (unpub-
lished data) and it could be used as a precious
resource of secondary metabolites with antioxi-
dant properties. Regrettably, the plant has been
exposed into extinction danger in the recent years
as a consequence of inappropriate and unscien-
tific commercial collection of the seeds for rapid
financial gains. Severe competition for the seed
collection has led to removing the entire plant
with undeveloped seeds 8.

Combined effects of environmental stresses
have been synergistic or antagonistic 4. There are
some reports related to the effects of drought and
UV-B radiation on quantitative and qualitative
properties of plants and the discussion is contro-
versial. In fact, it was shown that drought could
enhance or mask UV-B effects on plants 9,10,11. It
is also considerable to note that majority of the
research in this area is conducted under glass-
house conditions and only less than 5 % of them
are performed under field conditions 10.

Considering the importance of the studies on
combined stresses and regarding the neglected
sides of drought and UV-B effects on medicinal
plants, the present investigation was conducted
with the aim of evaluating the combination of
drought and UV-B effects on B. persicum quan-
tity and quality.

Materials and Methods
plant materials and growth conditions

The experiment was conducted at the Research
Field of Ferdowsi University of Mashhad, Iran.
In respect to the perennial nature of the plant, the
study was performed on plant materials (tuber-
ous roots) with the average age of 5 years. Tuber-
ous roots were germinated in late winter (18
March) and turned into stem elongation about one
month later (21 April). Drought treatments were
applied via the irrigation intervals based on the
evaporation from the evaporation pan at two lev-
els, including 60 and 150. The UV treatments
were applied using UV-B fluorescence lamps
(280-315 nm). Four artificial chambers which
covered by dark plastic with 100*125 cm dimen-
sions were used and the UV-B lamps were hanged
with approximately 100 cm distance above the
plants. The UV-B treatments included control, 1,
and 2 hours radiation every day. Treatments were
applied after the beginning of flowering stage.
The amount of water applied was measured us-
ing a volumetric water flow meter and was the
same for all the similar treatments (150 liter for
each plot for each time of irrigation). During the
tuberous roots production and the experimental
period (6 years) no herbicide, pesticide, chemi-
cal, or organic fertilizers were used. Plants were
harvested after the physiological ripening (22
June 2012). Five plants from each plot were ran-
domly sampled to determine the yield per plant
and the yield components. The yield per area was
also determined using a 1 m2 quadrate. Seed
samples from each plot (50 g) were used for es-
sential oils extraction and biochemical analysis.

Essential oil extraction
Fifty (50) g of seed and 250 ml water were

placed in a clevenger type apparatus. The essen-
tial oils were isolated by hydro distillation for 3
h 12. The obtained essential oil was stored in a
sealed vial, at -20°C for further measurements.

Biochemical analysis
2’-diphenyl 1-picrylhydrazyl radical (DPPH) as-
say

Bleaching of the purple colored ethanol solu-
tion of DPPH was used to measure electron-do-
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nation ability of B. Persicum essential oil 13. 2,
2’-diphenyl 1-picrylhydrazyl radical (DPPH) was
employed as a reagent. Two ml of various con-
centrations of the samples (0.045-0.45 % w.v) in
ethanol were added to 1 ml of a 2×10"4 M solu-
tion of DPPH. The decrease in absorbance at 517
nm was determined by spectrophotometer after
30 min for all samples. Ethanol was used as blank.
The absorbance of the ethanol solution DPPH
radical without essential oil was measured as con-
trol. All the determinations were performed in
triplicate and the results were averaged. DPPH
radical inhibition by the sample percentage was
calculated as follows:

where, AC(0) is the absorbance of the control at
t=0 min and AS(t) is the absorbance of the sample
at t. Essential oil concentration providing 50 %
inhibition (IC50) was calculated from the graph
plotting percentage of remaining DPPH against
essential oil concentration.

Hydrogen peroxide scavenging activity
The ability of the essential oil to scavenge hy-

drogen peroxide was determined according to the
method described by Nabavi et al.14. A hydrogen
peroxide solution (40 mM) was provided in phos-
phate buffer (pH 7.4). The concentration of hy-
drogen peroxide was determined by spectropho-
tometer absorption at 230 nm. Extracts (0.1-1 mg.
ml) in distilled water were added to 0.6 ml hy-
drogen peroxide solution (40 mM). The absor-
bance of hydrogen peroxide at 230 nm was de-
termined after 10 minutes against a blank solu-
tion containing phosphate buffer without hydro-
gen peroxide. Essential oil and hydrogen perox-
ide scavenging percentage were calculated by the
following formula.

where, Ao  is the absorbance of the control and
A1  is the absorbance in the presence of the es-
sential oil and standard compounds.

Phenolic compounds
Total phenolic compound contents were deter-

mined according to the Folin-Ciocalteau method

15. The extract samples (0.5 ml) were mixed with
Folin Ciocalteu reagent (5 ml, 1:10 diluted with
distilled water) for 5 min and aqueous Na2CO3
(4 ml, 1 M) were then added. The mixture was
stored for 15 min and the phenols were determined
according to the absorption at 765 nm. The stan-
dard curve was prepared by 0, 50, 100, 150, 200,
and 250 mg.ml solutions of gallic acid in etha-
nol: water (50:50, v.v). Values are expressed in
terms of gallic acid equivalent (mg.100g dry
mass).

Fe-reducing power assay
Fe-reducing power was determined according

to the method described by Hsu et al.16. One ml
of various concentrations of sample was mixed
with potassium ferricyanide (500 μl, 1% w.w in
water) and 500 μl of 0.2 M phosphate buffer. The
solutions were stored in water bath at 50°C for
20 min. Then, 500 μl of trichloroacetic acid (10
% w.w) was added and centrifuged for 10 min at
3,000 rpm. Afterwards, 500 μl of transparent su-
pernatant was separated and added to 100 μl of
ferric chloride. The solution absorption was re-
corded after 30 min at 700 nm. The increase in
absorption of reaction mixture indicates the in-
crease in reducing power of essential oils.

Essential oil chemical composition determina-
tion

Chemical constituents of EO samples were rec-
ognized by GC-MS analyses. The GC-MS appa-
ratus was a Varian GC-MS spectrometer consist-
ing of a Varian Star 3400 GC equipped with a
fused-silica column (DB-5, 30 m x 0.25 mm i.d.,
film thickness 0.25 μm; J and W Scientific Inc.),
interfaced with a mass spectrometric detector
(Varian Saturn 3). The components of essential
oil were identified by using their retention indi-
ces (RI) obtained with reference to the n-alkane
series (Sigma, UK) on the DB-5 column, mass
spectra with those of authentic samples, compo-
sition of their mass spectra and fragmentation
patterns reported in the literature, and computer
matching with MS-data bank (Saturn version 4)
17. Quantification of the relative amount of the
individual components was performed according
to the area percentage method.

% scavenging = [(Ao - A1).Ao] × 100

% Inhibition = ((Ac(0) – As(t)) . Ac(0)) × 100
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Statistical analysis
A factorial plan based on a randomized com-

plete block design with six treatments and three
replications were conducted. All data were ana-
lyzed using Analysis of Variance (ANOVA) and
the LSD was calculated at P = 0.05 for the means
comparisons.

Results and discussion
Yield and yield components

The UV radiation treatments affected plant’s
yield under different irrigation levels. When
plants were exposed to 1 hr UV treatment, yield
was reduced under both irrigation levels.  How-
ever, with increasing UV treatment period to 2
hr, seed yields were increased, but they were
lower than control (no UV-B treatments). Results
of yield per area also showed the same trend.

Umbel number per plant was not significantly
affected by the applied treatments. The highest
number of umbel was achieved under control and
the lowest was observed when plants were under
drought conditions and 2 hr UV radiation.
Umbellet number per umbel was not influenced
significantly by water deficit and UV treatments
and the highest umbellet number was observed
on plants under normal water conditions and 1 hr
UV treatment. Consequently, umbellet number
per plant did not show any significant difference
between the treatments.

Decreasing yield and yield components of B.
persicum in response to drought conditions was
expectable and similar to the results of previous
study of authors about the effects of drought on
yield and yield components of B. persicum (un-
published data). The UV-B reducing effect was
also obvious among the treatments, even though
the difference between different levels of UV-B
was not significant in regards to the yield. This
implies that drought and UV-B treatments may
have alleviative effects on each other.

Increasing branch numbers was reported as a
common consequence of plants exposure to the
UV-B radiation, especially in the low plant inten-
sity. This response is mainly considered as plant
morphogenetic responses under UV-B stress 18.

The highest number of seed per umbellet was
obtained in plants under normal conditions. The

UV-B treatment decreased seed number on both
water treatments and when plants were grown un-
der drought conditions, the 2 hr UV treatment pro-
duced the lowest seed number. Considering the
results of the two mentioned index, seed number
per plant showed a similar trend to a great extent.
Plants under the 2 hr UV treatment and normal
and water stress conditions had the highest and
the lowest values of seed size, respectively. It is
necessary to consider that seed size trend is highly
comparable with yield trend, especially with yield
per area. The highest yield per area was obtained
under normal water condition and 2 hr UV treat-
ment (Fig 1.B). Highest seed size value was also
achieved in the same treatment (Fig 2.D). Con-
sidering the trend of other yield components, this
similarity is seems to be important.

Plant height did not show significant difference
between the treatments, although plants under
control conditions had the highest height values
and plants grown under drought conditions and
treated by UV radiation had higher height com-
pared with plants treated by UV under normal
water conditions. Reducing height value is a re-
sult of UV treatment and a physiological response
due to alteration of cell division rate and dura-
tion. Indole acetic acid (IAA) is a chemical com-
pound which assumed to have a key role in this
process 19. Even though decreasing plant height
due to UV-B treatment was not considerable in
this experiment, reduced height was previously
reported in Solanum tuberosum 20 and Spirodela
polyrhiza 21 treated by UV-B radiation.

Essential oil percentage and seed yield
Essential oil (EO) content of seeds was influ-

enced by the applied treatments. Plants grown
under UV radiation had higher content of EO
compared with plants which not received UV
treatments. The highest percentage of EO was
achieved in plants under 2 hr UV treatment and
normal irrigation. EO yield which depends on EO
percentage and seed yield showed significant dif-
ference between the treatments and plants under
normal water conditions and the 2 hr UV radia-
tion had the highest EO yield. Higher EO yield
of plants under normal water condition and non
treated with UV radiation is mainly related to high
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Figure 1. B. persicum seed yield per plant (A) and area (B), umbel (C) and umbellet (D) number
per plant under normal (irrigation after 60 mm evaporation from evaporation pan) and drought (150
mm evaporation from evaporation pan) conditions and different levels of UV-B treatments (control,
1 and 2 hr radiation every day). Data are the mean values of three replications ±SE which represented
by the vertical bar in each graph

seed yield in these treatments. Essential oil con-
tent is one of the most important properties which
has been affected by UV radiation in medicinal
plants. There are some reports indicate that UV-
B radiation could enhance essential oil produc-
tion in medicinal plants, including Mentha spicata
22 and Ocimum basilicum 23. According to these
results, enhancing effects of UV-B on EO con-
tent of B. persicum is obvious, even though the
combination of UV and drought conditions did
not show a synergistic effect on EO content.

Antioxidative activity
UV-B radiation could induce reactive oxygen

species (ROS) production which leads to oxida-
tive damage and plants evolved antioxidative de-
fense system to protect cell structures 24. ROS can
also be generated via excitation of UV-B recep-
tors activating nitrogenmonoxide (NO) signaling
and NADPH oxidase 25. The results of the present
experiment indicated that UV-B treatments along
with drought condition or normal water condi-
tion could amplify antioxidative response of B.

BA

C D
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persicum through the enhancing scavenging ac-
tivity of EO.

DPPH assay
The highest DPPH scavenging activity (the low-

est IC50) was recorded on plants under drought
condition that received 2 hr UV radiation. Plants
under the same water availability and 1 hr UV
treatment had also high scavenging activity and

showed significant difference with other treat-
ments. The lowest scavenging activity belonged
to plants under control conditions. So, increased
scavenging activity of B. persicum EO could be
considered as a result of the UV-B treatment
which was also enhanced due to the synergistic
effect of drought condition. Enhancing role of
drought on DPPH scavenging activity has been
reported by some researchers. For instance, Zhu

Figure 2. Umbel number per plant (A), Seeds number per umbellet (B), Seeds number per plant
(C), and 1000 seeds weight (g) (D) of B. persicum plants under normal (60 mm evaporation from
evaporation basin) and drought (150 mm evaporation from evaporation basin) conditions and different
levels of UV-B treatments (control, 1 and 2 hr radiation every day). Data are the mean values of three
replications ±SE which represented by the vertical bar in each graph

A B

C D
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et al.,26 showed intensifying effect of drought
condition on DPPH scavenging activity of
Bupleurum spp. In another study, effects of
drought on the seeds extract antioxidants activity
of Cuminum cyminum by different methods were
investigated and it was shown that seeds under
drought conditions had a higher antioxidants ac-
tivity 27.

Hydrogen peroxide scavenging activity
Results revealed that applied treatments signifi-

Figure 3. Height (cm), seed essential oil (%) (B) and essential oil yield (g/m2) (C) of B. persicum
plants under normal (60 mm evaporation from evaporation basin) and drought (150 mm evaporation
from evaporation basin) conditions and different levels of UV-B treatments (control, 1 and 2 hr
radiation every day). Data are the mean values of three replications ±SE which represented by the
vertical bar in each graph

cantly affected hydrogen peroxide scavenging
activity. Similar to the DPPH assessment results,
the highest scavenging activity was observed on
plants under drought condition with 2 hr UV ra-
diation. The considerable point was that the plants
grown under drought that were not treated with
UV did not have significant difference regarding
the highest values of scavenging activity. It seems
that hydrogen peroxide scavenging activity was
more affected by drought conditions than UV
treatment. The importance of the hydrogen per-

BA

C
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Figure 4. Antioxidative properties of B. persicum plants, including DPPH scavenging activity
(IC50 value) (A), Hydrogen proxide scavenging activity (inhibition%) (B), Phenol content (mg/ml)
(C) and Fe-reducing power (absorption) (D) under normal (60 mm evaporation from evaporation
basin) and drought (150 mm evaporation from evaporation basin) conditions and different levels of
UV-B treatments (control, 1, and 2 hr radiation every day). Data are the mean values of three
replications ±SE which represented by the vertical bar in each graph

oxide scavenging activity in protecting cellular
structures was previously assessed and docu-
mented 28.

Phenol content
The higher values of phenol content were found

in plants treated by UV radiation. Along with in-
creasing UV treatment time, phenol content was
also elevated. Plants which were not treated by

UV and were under drought condition had also
high amounts of phenol content. Increasing in
phenolic compounds is a physiological response
of plants under UV-B radiation and it was shown
that this process is a protective mechanism
through scavenging nature of phenolic com-
pounds 29. Besides the effect of UV-B in enhanc-
ing phenolic compounds accumulation, the role
of drought in increasing phenolic compound in

C

A B

D
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Table 1. Essential oil chemical compositions of B. persicum plants under different levels of
UV-B treatments and drought and normal conditions (T1= no UV-B and normal water

condition, T2= no UV-B and drought, T3= 1 hr UV-B and normal water condition,
T4= 1 hr UV-B and drought, T5= 2 hr UV-B and normal water condition,

T6= 2 hr UV-B and drought) (values are presented as percentage)

Treatments
Compound T1 T2 T3 T4 T5 T6

Isosylvestrene 6.0 4.0 4.0 5.0 6.0 5.0
cis-Sabinene hydrate 3.0 2.0 4.0 4.0 3.0 4.0
Sabinene 5.0 7.0 9.0 6.0 9.0 6.0
Camphene 2.0 2.0 2.0 2.0 1.0 2.0
α-Pinene 4.1 7.1 1.2 9.1 2.2 1.2
Myrcene 9.0 3.1 3.1 4.1 1.1 4.1
1,8-Cineole 1.5 3.5 5 5 3.5 5
Linalool 2.0 3.0 2.0 4.0 2.0 4.0
Terpinen-4-ol 6.0 4.0 4.0 4.0 3.0 6.0
α-Terpineol - 2.0 1.0 1.0 1.0 1.0
Perillaldehyde 4.0 3.0 1.0 1.0 4.0 4.0
α-Terpinen-7-al 1.0 3.0 3.0 2.0 4.0 3.0
γ-Terpinen-7-al 1.13 2.14 6.13 4.14 2.14 9.14
α-Thujene 3.0 3.0 3.0 2.0 3.0 2.0
β-Pinene 3.1 5.1 7.1 1.1 5.1 4.1
Limonene 5.3 3.3 6.3 1.3 5.3 3.3
Terpinolene 6.0 4.0 5.0 4.0 3.0 4.0
γ-Terpinene 3.37 2.40 3.43 1.42 4.43 1.43
p-Cuminaldehyde 4.13 2.15 6.14 15 15 3.15
Bornyl acetate 3.3 3.3 1.3 9.2 5.3 3.3
Thymol - 1.0 - 2.0 2.0 2.0
ar-Curcumene 2.0 2.0 1.0 - 1.0 1.0
β-Sesquiphellandrene 3.0 2.0 2.0 3.0 3.0 3.0
p-Cymene 9.4 6.4 3.4 6.4 4.4 3.4
β-Ocimene 1.0 - - 1.0 - 1.0

this experiment was also considerable.

Fe reducing power
Drought and UV treatments had a considerable

effect on Fe reducing power of plants and the
highest values of reducing power were observed
in plants grown under drought and UV radiation,
even though the difference between plants under
1 and 2 hr UV treatments and plants which did
not receive UV radiation was not significant. So,
it can be concluded that EO reducing power is an
index with more dependence on water availabil-
ity and UV treatment is not a determined factor

in reducing power. Likewise, it was shown that
reducing power of C. cyminum extract was higher
when plants were encountered different levels of
drought during the growth period 27.

Chemical compositions of essential oil
In essential oil analysis, 25 compounds were

detected which 22 compounds were recognized
in all samples. γ-terpinene had the highest per-
centage (37.3-43.4) and γ-terpinen-7-al (13.1-
14.9) and p-cuminaldehyde (13.4-15.3) had higher
percentages compared with other compounds. 1.8-
cineole (5-5.3), p-cymene (4.3-4.6) and limonene
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(3.1-3.6) were the other chemical compounds with
high relative percentage. According to the
achieved results, combined treatments of drought
and UV-B did not show any significant effect on
chemical composition of the essential oil of B.
persicum, although  some differences were ob-
served which were not considerable.

Chemical composition of essential oil of B.
persicum was studied by some researchers. Azizi
et al. 8 analyzed EO constituents of B. persicum
under wild and agronomical conditions and no
significant difference was observed. In general,
EO constituent is a character which mainly does
not affected by environmental stresses, signifi-

cantly.
Based on the results of the present study, it can

be concluded that drought and UV-B had allevia-
tive interactions in regards to some of the quanti-
tative properties and showed synergistic effects
in terms of qualitative properties and EO
antioxidative activities of B. persicum. Further
investigation about the longer periods of drought
and UV-B effects is recommended.
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