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Table 1- ANOVA for the effect of drought stress on seed germination traits of Hollyhock ecotypes

Oyt gl @ il 2oy Sl Cepw drady, b ardile Job S 5 (s
Source of WL Germination Germination Radicle Plumule Seedling fresh
variation df percentage rate length length weight

eS|
¥ 1 940** 39.8** 1435** 37.4** 51.1**
Ecotype
4 4 92.5** 29.3** 50.1** 108** 1.19**
Drought
S sS] 4 6.13** 5.39** 1.38* 0.537* 0.03**
EcotypexDrought
ks 20 1.067 0.037 0.36 0.135 0.01
Error

o yd g 5 S a5 (g Gme cud g 4 T I
** *:significant at 0.01 and 0.05 of probability levels, respectively.

o olS )y (Fiailer Sl (S AT g i ST 95 F1-Y g
Table 2- The effect of ecotype and drought stress on germination traits of Hollyhock plant
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B)low ggrm’i;atio; Germination rate ”M’ Plumule Seedling fresh
Treatments ercentace (The number of seed Radicle length weight
p g in day) length (mm) @)
(mm)
> E::Jr;;; '1 304a 8.74a 30.8a 185a 5.72a
Ecotype EZOT;;Z'Z 19.2b 6.44 b 17b 16.2 b 3.12b
0] 30a 10.1a 279a 229a 493 a
-2 26.7b 9.43b 254 Db 19.3b 472D
ST -4 253¢c 7.70c 235¢c 18.2¢c 447 c
Drought stress -6 22d 5.63 d 22.7d 14.4d 4.18d
(bar) -8 20e 512e 201e 121e 380e

)15 (6l gime glis 1o y3 B Jlessl prdaw 1> LSD 051 (wlil o cyga 5oy ailitie g o gyl (cla uSilio
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
by LSD test.
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Figure 1- The interaction effects of ecotype xdrought stress on germination percentage (a), germination rate (b), radicle
length (c), plumule length (d) and fresh weight of Hollyhock plant (LSD, p<0.05)
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Table 3- ANOVA for the effect of drought stress on physiological traits in Hollyhock ecotypes

AT P 4,3 Sy g Cllad Cullad N el s ol 993 Sy
Source of W 35U gowansd STy CAT RVEXY]| Proline
variations df SOD activity POD activity activity MDA content

CuigS|
- 1 4317** 293** 3.85** 76.8** 0.01**
Ecotype
N 4 2432%* 34.7** 15.01** 11** 0.38**
Drought
Siidx s gS|
XS 2233** 6.78** 0.420** 0.663** 0.001*
EcotypexDrought
Slojl lbs
oS 20 5 0.06 0.001 0.02 0.001
Experimental Error
oy gy 9 Sy paw () gxe iy 4 F
**and *: significant at 0.01 and 0.05 of probability levels, respectively.
o5 0l (S 5elgr 58 Ol o (Subd AT g i sST g9 S1-F Jgaa
Table 4- The effect of ecotype and drought stress on on physiological traits in Hollyhock plant
& )lows 35 gowmnsd ST g Cullnd S Cullad YU cled w2l (6 olle gy oo
Treatments SOD activi (U W) POD activity CAT activity MDA Proline content
ty(Ug (U g'FW) (umol.min'FW?1)  (umol g'FW) (ug g'FW)
oS 207a 17.7a 2852 7.99a 0.440a
S| Ecotype 1
Ecotype ¥ S| 132b 11.4b 213b 479b 0.402 b
Ecotype 2
0 193 a 176a 138e 451e 0.05e
-2 189 b 16.3b 1.63d 5.75d 0.280d
-4 163 ¢ l4c 1.75¢ 6.48 c 0.553 ¢
Droughtstress Sxs 23 ¢ 154 1334 2.43b 7.13b 0.595 b
(bar) -8 149 e 115e 5242 8.09 a 0.630a

)15 (I gime glis o y3 B Jlassl pdaw ;5 LSD 051 wlil o cyg 5oy ailiie g o gyl (gl Silio
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
by LSD test.
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Figure 2- The interaction effects of ecotype xdrought stress on enzyme activity of superoxide dismutase (a), peroxidase (b),
and catalase (c), malondialdehyde (d) and proline content (e) of Hollyhock plant. (LSD, p<0.05)
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Table 5- Correlation coefficients between different traits in Hollyhock plant affected by drought stress

1 2 3 5 6 7 8 9 10
Si8le 1o ).)
1.Germination percentage
Sidley ey Y 083" 1
2.Germination rate
) Job 096~ 072% 1
3.Radicle length
4l Job F 0.72"  0.86™ 058~
4. Plumule length
5 0590 - - . o
> 09 0.94™  0.67 0.99™ 0.54 1

5. Fresh weight
Bgomdpuslygn clled &
6.S0D
STy clld v
7.POD
SYBLS ol A
8.CAT
2l 60 elled
9.MDA

0.82™ 0.67" 0.84™
0.93™ 0.76™ 0.92"
-0.20"  -0.44" -0.06"
0.34n  -0.11™ 0.58™

sV 041" 072" -0.25™
10. Proline

043" 0.87" 1

0.74™ 0.93™ 0.76™ 1

-0.71" -0.02" -0.01"™ -0.26™ 1

-0.34™  0.58™ 0,51 031" 0.66™ 1

-0.83"™ -0.18™ -0.05™ -0.44" 0.61™ 0.63" 1

il o 5 gz OS] 339 pae 5 Moyd B 9 ) Jlain] e 3 (510 ixe 0ind (LS o S
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***and ™: Significant at 1% and 5% of probability levels and non-significant, respectively.
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Introduction: The Hollyhock (Alcea rosea) is a summer flowering biennial plant that is native to China and
belongs to the Malvaceae family. It is one of the most valuable ornamental plants, whose 36 species are
cultivated in Iran. It is an increasing garden escape, especially in urban areas, and is usually found at foot of
walls, in ruderal areas, and in cracks of pavements and old walls. Also, it is sometimes seen on riverbanks (for
instance on dikes of the river Maas), dumps or road- and railway banks. Alcea rosea has been used as an herbal
plant in folk medicine for treatment of different diseases such as common cold and cough. This plant is
antiphlogistic, astringent, demulcent, diuretic and expectorant. Drought is the most significant environmental
stress in agriculture worldwide, and improving yield under drought is a major goal of plant breeding. Seed
germination and early seedling growth are potentially the most critical stages for water stress. When subjected to
drought stress, plant metabolism is interrupted or inhibited by increasing reactive oxygen species (ROS) and
lipid peroxidation, resulting in reduced germination, weaker root and shoot growth and even mortality. Plants
have evolved oxygen-scavenging systems consisting of non-enzyme antioxidant metabolites, such as proline and
various antioxidant enzymes including superoxide dismutase, peroxidase and catalase.

Materials and Methods: In order to examine the effect of drought stress on germination indexes, various
antioxidant enzyme changes and non-enzyme antioxidant metabolites in Alcea rosea, an experiment was
conducted in complete randomized design with three replications. The drought stress treatment was conducted in
five levels with osmotic pressures 0, -2, -4, -6, and -8 bar and with using PEG (Poly Ethylene Glycol 6000) on
two ecotypes of Alcea rosea (ecotype 1= Mashhad and ecotype 2= Tehran). The seeds are at first sterilized with
hypo chloride sodium for two minutes and then washed superficially three times with distilled water. 25 seeds
were transferred to a glass petri dish with 10 cm diameter, and for the duration of the experiment, 5 ml solution
with different levels was added to each petri dish. After 14 days at 25+1 °C temperature, the number of
geminated seeds in each day was counted and recorded. In the first part of the experiment, after the end of the
germination period, the following growth parameters were measured: germination percentage, germination rate,
root and shoot length, and the fresh weight of seedling. In the second part, the activity of superoxide dismutase
(SOD), peroxidase (POD) and catalase (CAT), malondialdehyde content, lipid peroxidation in terms of
malondialdehyde (MDA) content, and proline index were measured.

Results and Discussion: The ecotype, drought treatments and their interaction had significant effects on
growth parameters (germination percentage, germination rate, radicle and plumule length, and seedling fresh
weight), as well as physiological and biochemical parameters (SOD, POD, CAT, MDA and proline). The highest
germination parameters were recorded at Mashhad ecotype. Germination percentage and germination rate were
severely affected by drought. Maximum percentage of germination (36) was recorded at control group followed
by 32.1 at -2 bar and -4 bar PEG treatments in ecotype 1. Germination percentage in two ecotypes further
declined to 33% at -8 bar compared to the control treatment. In both ecotypes, plants had the highest germination
rate in control media (zero osmotic potential) but germination rate decreased significantly by decreasing water
potential. Germination rate of control seeds of ecotype 1 was 11.7, while that of ecotype 2 was 8. 3. Germination
rate in two ecotypes further declined to 56% and 38 %, at -8 bar compared to the control treatment, respectively.
Ecotype 2 displayed a significant reduction in radicle and plumule length compared to the ecotype 1. Generally,
the radicle and plumule length decreased significantly in relation to the drought stress caused by PEG. Ecotype 2
in -8 bar PEG treatment had the highest (41 and 32%) decrease in radicle and plumule length compared to the
control temperature. In two ecotypes (Mashhad and Tehran) of Alcea rosea, increasing PEG concentrations
resulted in a decrease in fresh and dry weights. Water absorption is the first germination stage. Due to the
probable resistance of the ecotype one, water absorption rate is higher, and as a result, the percentage and rate of
germination have increased. Ecotype 1 exhibited higher leaf SOD activities in response to -2 bar compared to -8
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bar, but the SOD activities in ecotype 2 showed a general increase trend with increases in the PEG concentration.
Drought stress resulted in lower antioxidant enzyme activities (POD) in leaves of both ecotypes compared to that
observed at the control treatment, but the activity of CAT increased with the increase of drought stress. In both
ecotypes, exposure to -8 bar resulted in significantly higher leaf MDA activities. Plants exhibited higher proline
in response to -8 bar treatment compared to the control. By increasing the PEG concentration from control to -8
bar, proline content increased about 90 percent. In this experiment, drought stress reduced the rate and
germination percentage and delayed subsequent plant deployment. When plants are subjected to drought stress,
their metabolism is interrupted or inhibited by increasing reactive oxygen species (ROS) and lipid peroxidation,
resulting in reduced germination, weaker root and shoot growth and even mortality. The recent experiment
showed that the activity of two superoxide dismutase and peroxidase enzymes decreased with increasing drought
stress, and the activity of the catalase enzyme increased; this is in agreement with the results reported by other
studies. On one hand, the increase in the activity of the catalase enzyme indicates that it is perhaps the most
important enzyme involved under drought condition, which increased over the course of 14 days. On the other
hand, limiting the activity of enzymes and increasing the amount of proline showed that increasing the resistance
to drought stress in the plant depends on the accumulation of contaminating substances such as proline.

Conclusion: Due to the higher resistance of the ecotype 1 and increase in water absorption, the percentage
and rate of germination were increased. If water absorption is disturbed by the seed, the germination activity is
slowly applied and the later growth of the roots will decrease the germination rate. Therefore, it seems that
Mashhad ecotype with increase of catalase and proline has the highest drought tolerance compared to the other
ecotype at germination stage. There was a significant correlation between germination percentage with SOD and
POD.

Keywords: Osmotic potential, Ornamental hollyhock, Germination percentage, Physiological and
biochemical indexes



