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ABSTRACT

This study was carried out through two successive generations (M1 and M2) during 2004 and 2005, in the greenhouse
of the Faculty of Agriculture, Alexandria University. Seeds of Calendula were treated by gamma radiation at doses of 3, 10,
15 and 20 Kr. After germination, the plantlets were transferred inio a sandy soil, and watered by different salt concentrations
(0, 50, 100, 150 and 200 mM NaCl), in order to investigate the effect of gamma radiation and salinity on the plant, as well as
their combined effect. The following parameters were studied for each plant: plant height, number of leaves, number of main
branches, Chlorophyll content, leaves fresh and dry weights, inflorescence number, diameter, and fresh and dry weight,
morphological changes, and activity of peroxidase enzyme in leaves. The results showed that at 5 Kr, the leaves fresh weight
and the number, diameter and fresh weight of inflorescence were increased during the first generation, while the
inflorescence diameter increased during the second generation at 10 Kr. Also, at 5 Kr and 50 mM NaCl inflorescence
number, dry weight and diameter were increased during the first generation. Enzyme peroxidase displayed more activity

during the second generation at 10 and 20 Kr combined with 50 mM NaCl.

INTRODUCTION

There are global constraints on fresh water supplies,

and this has led to a surge of interest in reusing
water (Shannon and Grieve, 1999). However, in many
cases the value of water has decreased because the
water is salty. Salt stress can be a major challenge to
plants. It limits agriculture all over the world,
particularly on irrigated farmlands (Rausch, 1996).

Calendula is a genus that belongs to the Family
Composite with 15 species of herbs chiefly from the
Mediterranean region, Canary island to Iran. In Egypt
there are two species, the common cultivated species
C.officinalis and the wild type species C.micrantha.
The common cultivated plant is one of the most
universal garden flowers running into many varieties,
distinguished by size, colour, and degree of doubling
the color varies from white-yellow io deep orange. The
pot marigold is a favorite of children gardening for its
showy flowers. Its pet als can be used fresh in salad, or
dried to flavor rice. It has been researched for immune
system activity and was initially determined to have
some potential therapeutic activity against the human
immuno deficiency virus (HIV).

Generally, the most likely effect of salinity on
plants is stunted growth. Growth parameters such as
plant height and number of branches per plant
weredecreased with increasing soil salinity in Tagetes
erecta (Reedy et al., 2001). Sharma and Vanda (1989)
reported that relative water content and leaf water
potential were declined as soil EC increased, but leaf
diffusive resistance increased for both adaxial and
abaxial leaf surfaces in Calendu'a, Chrysanthemums,
Dimorphotheca, Petunia, Gomphrena and Zinnia
plants. Also, Chaparzadeh, (2004) found that high
salinity caused a great reduction in relative growth rate
and leaf area ratio on calendula officinals. High
salinity is known to cause both hyper ionic and hyper
osmotic effects in plants, leading to membrane
disorganization, increase in activated oxygen species

production and metabolic toxicity imbalance between
production and quenching of ROS (Oxygen Reactive
Species) leads to plant damage. Antioxidant resistance
mechanisms may provide a strategy to enhance salt
tolerance (Charparzadeh et al., 2003).

Hence, developing salt-tolerant crops is
essential for sustaining food production. Progress in
breeding for salt-tolerant crops has been hampered by
the lack of understanding of the molecular basis of salt
tolerance and lack of availability of genes that confer
salt tolerance, (Flowers, 2004).

Gamma irradiation has successfully been used in
several crop species to induce variation in quantities
and quantitative traits. The effect of gamma radiation
on the expression of genes controlling protein sub
fractions of electrophoresis spectra could enhance
selection programs executed to screen and maintain
those mutants that have: (1) avoidance of stress effects
through earliness and (2) high biological stress
tolerance, or (3) high potential yield (Stoeva, 2002).

Enhanced formation of ROS under stress
conditions induces both protective responses and
cellular damage inefficiency of ROS-detoxifying
enzymes. Under salt stress, reactive oxygen species
including superoxide, and hydrogen peroxide. Nakano
et al. (1981) found that to remove reactive oxygen
species, plant cells possess an antioxidant system.
These include super oxide dismutase for scavenging
the super oxide radicals. José et al., (2001) reported
that NaCl-induced oxidative stress in the apoplasts
might be relatedmﬂleappeamnceofhlghly localized
0,/H,0, and induced necrotic lesions in the minor
veins in NaCl-treated pea plants. Under salinity, the
isozymes of superoxide dismutase which is localized
in the chloroplast are activated (Dhindsa and Matowe,
1981) . In Calendula officinalis under salinity stress,
high salinity caused reduction in lipid peroxidation and
hydrogen peroxide accumulation (Chaparzadeh, 2004).
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Mutation is the ultimate source of all
heritable variation in organisms variability caused by
induced mutation is not essentially different from
variability caused by spontaneous mutation during
evolution. We have today a relatively good
understanding of the processes of mutation induction
by UV, by ionizing radiation and also by certain
chemical mutagens. Rahi ef al. (1998) found that on
Tagetes erecta , and 3 Gladiolus cultivars grown under
alkaline soil conditions and were treated with gamma
rays, the performance of the treated plants in salt
affected soils indicated the possibility of selecting
stable strains from treated populations which can grow
well under stress soil.

Zahed et al., (2004) found that a stable NaCl-
tolerant mutant (R1) of Chrysanthemum morifolium
Ramat has been developed by in vitro mutagenesis
with gamma radiation (5 Gy). Salt tolerance was
evaluated by the capacity of the plant to maintain both
flower quality and yield under NaCl stress. Enhanced
salt tolerance of the R1 mutant was attributed to
increased activities of reactive oxygen species (ROS)-
scavenging enzymes, namely superoxide dismutase
(SOD). The Rl mutant developed by gamma ray
treatment can be considered a salt-tolerant mutant
showing all the positive characteristics of tolerance to
NaCl stress.

Xiao and Zhao (1988) treated six spring
wheat cultivars with 1-2 kr and were cultured in
medium containing 0, to 2.5% NaCl, they concluded
that 1 kr and 1% NaCl were the optimum doses. Salam
and Ismail (1991) treated wheat varieties with gamma
rays to obtain mutant genotype tolerant to
environmental stresses (salinity and drought). He
found that the best dose was 7.5Kr for Saka8, while
10Kr dose was the best dose for Giza 157. Both doses

gave increase in yield and yield rated traits under
salinity and drought stress. Rascio ef al. (2001) used
sodium azide as a mutagen for durum wheat. The
mutants germinated better than the wild under series
stress imposed by salts.

The present study aims to produce a mutant
capable to tolerate high salinity. It also followed the
effect of gamma rays and salinity on some
morphological parameters and peroxidase enzyme
activity in Calendula.

MATERIALS AND METHODS .

A greenhouse experiment was conducted in the
Research Station of Faculty of Agriculture, University
of Alexandria, Eygpt. Two series of experiments were
conducted during the period of 2004 and 2005. The
first one dealt with the M,- generation, while the
seomdomdcahwiﬂltheMz-gmemﬁm
1-Plant

Seeds of Calendula officinalis were obtamed

Egypt.
2- Radiation

Gamma -rays used in this study were generated
from the cobalt 60 source, in Gamma — cell installed in
the Irradiation laboratory at Middle East Regional
Radio-isotope center for Arab countries at El-Dokky,
Cairo, Egypt.
3-Salinity

Surface soil (0-15cm) was collected from Burg
El Arab area West Alexandria city. The soil was air
dried, passed through a Smm mesh screen, thoroughly
mixed and analyzed for some physical and chemical
characteristics ing to the standard methods
outlined by Page (1982) and are listed in Table 1.

Table (1) Main chemical characteristics of the studied soil

Parameters Parameters

pH (soil paste) 7.9 Soluble ions(meqL™)

EC (dSm™) 12 Na' 44

Soil texture Silty clay loam x" 5.1

% O.M 0.39 Ca"™ 1.7

% TN 0.84 Mg"™ 44

P(olsen) pg 103 HCOy 1.8

K (avai.) pg 8.89 48
SO~ 0.0

4-Experi 1 n

The lay-out of the two experiments was
designed to provide complete randomized blocks in
factorial experiment containing three replicates
S-Preparing seeds .

The total amount of seeds was divided into five
equal parts for treating with gamma ray. The first part
was specified only for soaking treatment. The other
four parts of seeds were paged in paper bags before
exposure to radiation

The dry seeds were exposed to different doses of
gamma rays (0, 5, 10, lSand,20Kr)ﬁomCo—60m
gamma rays on October 10%, 2004,

Saline treatments

For the first season, the treated seeds with
gamma-rays were planted in seed-pans of 1-2 cm deep
filled with sandy soil When seedling reached
approximately 5 cm height, one seedling was
transplanted into plastic pots of 25 cm in diameter, and

120



Alex. J. Agric. Res. 52 (1), 2007

35 cm height, packed with 3.0 kg soil. Before
planting, uniform rates of NPK fertilizers were added
at the rate of 150 kg fed™' as super phosphate and 50 kg
fed™ potassium sulfate. Nitrogen was added at the rate
of 300 kg fed' as ammonium sulfate in three doses
(initially, 25 and 50 days) from cultivation date.

Five salt levels (0, 50, 100, 150 and 200 mM
NacCl) were used as irrigation water. The salinity levels
were equivalent to an electrical conductivity of 0.55,
4.3, 8.2, 12.3 and 17.5 dSm, respectively to avoid an
osmotic shock for seedling emergence; the salinized
water was used after 45 days of sowing,.

During the experiment, plants were watered to
achieve the filed capacity. All treatments were
replicated three times.

Experimental Data

The following characteristics of the cultivated
plants were recorded for two successive seasons.
A -Vepetative parameters

1-Plant height (cm)

Height of plant was measured in centimeters from
the soil surface to the highest point of the plant. Four
plants, from each treatment were used to determine
this character at the end of the first and second season.

2-Number of leaves per plant

The total number of leaves per plant was counted
at the end of the first and second generations.

3-Total chlorophyll content of leaves (SPAD).

At the harvest time, the total chlorophyll content
was measured in three plants from each treatment for
the two generation. The total chlorophyll content was
determined using Minolta machine with SPAD unit’s
caporal leaf chlorophyll meter of Minolta crop.

4-Fresh and dry weight

At the end of the experiment (at harvest time),
plants were cut at 1 cm above the soil. The leaves were
washed with tap waterthen, distilled water and air
dried to determine the fresh weight then dried at 60 °C
for 24 hours to determine the dry weight in the first
and second seasons.

B-Flowering parameters
1-Number of flowers per plant

The number of flower was calculated from the
average number of three plants of the treatment.
2-Diameter of flower :

The diameter of flowers was measured in
centimeter, this measurement was carried out for
three flowers chosen from one plant from each
treatment within replicate, and the average diameter
was calculated.
3-Number of branches per plant

Number of branches per plant was -recorded
from the average number of three plants for each
treatment.
4-Fresh and dry weight

At harvest time, plants were cut at 1 cm above
the soil. The flowers were washed with a tap water

and distilled water and air dried to determine the
fresh weight then dried at 60 °C for 24 hours to
determine the dry weight

C-Biochemical parameters
Isozymes technigques
1-Peroxidase isozymes

a- Running buffer:- This buffer was prepared
by dissolving 270.7 gm of Tris-HCI dissolved in 200
ml distilled water and 11.0 gm citric acid were added
and completed to 1000 ml volume, then the solution
was adjusted to pH 8.0. (Sabrah, 1980).

b- Gel Media:- Agar- Starch- Polyvinyl
Pyrolidine (PVP) gel (1 gm Agar; 0.5 gm PVP and 0.3
gm of hydrolyzed starch) was added to 100 ml of -0.1
running buffer- (Sabrah and El- Metainy, 1985).

c- xidase staining solution

It was prepared by 100 ml! of 0.01 m sodium
acetate —acetic acid buffer (pHS5.0), containing 0.1 gm
benzidine and 0.5 ml 5% hydrogen peroxide (H,05).
d- Procedures

Approximately 0.5g of plant tissue (leaves) was
ground with purified sand in cold mortar and pestle to
which 0.5-1.0 ml of the running buffer was added, The
homogenate was absorbed into stripes of filter paper
(0.5 X 0.2cm). Filters were placed on the agar gel
plates for 30 min, at 4 °C. The filter paper was placed
on the original line of the gel plates and stored at 4°C
for 30 minutes. The filter papers were removed and a
constant current of 13-14 v/ cm was applied for 90
min, at 4°C using running buffer as electrode buffer.
The plates were stained with peroxidase staining
solution according to Palanichamy and Siddig, (1977).

of radiati n morphological variat

All plants were examined daily to follow up
changes in flowers’ color, leaves’ shape, color, and
growth.
D-Statistical Analysis
Data were statistically analyzed according to Gomez
and Gomez (1984) using SAS (Statistical Analysis
System) computer program.

RESULTS & DISCUSSIONS

-Effect of salinity on v
1-1-Plant height
It appeared in Table (2) that the response of the
plant height showed more pronounced response to
salinity effect in the first generation than did in the
second generation, particularly at 200mM. At this
level of salinity the decrease in height compared to the
control was about 30 and 16% during the first and
second generation, respectively. This means that the
shock eifect of salinity on piant height was stronger
during the first pgeneration than in the second
generation. However at lower salinity the decrease in
the plant height was small during both seasons.
Generally, increasing salinity decreased plant height

tive parameters
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(Huany, 1987; Khalil 1991; Sharma et al., 2001 and
Haouala, 2002). This reduction could be attributed to
the toxic effects of Na* and CI' in the physiologically
active parts of tissues, and to inefficient
compartmentation for these ions in vacuoles, These
results are in agreement with those of Munns (2002)
who reported that salinity imposes two major stresses
on plant: one is high osmotic pressure in soil solution
making it hard for the plant to extract, the second is
high NaCl. The osmotic effect reduces stomata
conductance which lead to reduced photosynthesis.
Thus there are three somewhat independent processes
being affected i.e. new leaf formation, old leaf death
and photosynthetic activity that all contribute to a
reduction in the net assimilation rate of the plant.

f
The data in Table (2) showed that the number
of leaves in the second generation was decreased as
the salinity increased. This decrease may be due to the
osmotic effects of specific ions and nutritional
m:balanee(Floweretd 1991).

lnﬂ:eﬁmmthom:mbaofthemaiu
branches showed low similar value at both 50
&100mM while it increased at higher salinity levels
(150, and 200 mM (Table 2). Similar trend was
observed in the second generation. It could be
supposed that the interaction of number of main
branches may be related to the promotion effect of
salinity on the enzyme responsible for branching.

Table 2: Effect of salinity levels on vegetative and flowering parameters of Calendula officinalis.

Salinity | Plant  Noof  Leaves Leaves. No Infl.  Infl. NoM  ChlL Infl.
levels | height Leaves F.W D.W Infl. FW DW  bman diam,
cm No/plant gm gm !}:dplmn gm gm__ No/plant cm
S .
0 33.12a  166.1a  141a  16la 11.13a 059a 013 3.5 3286 3.56a
50 31.7a 167.8a 129 143b  1066a 060a 011 306c 3130sb 3.14b
100 321a  1639a 122bc  l4lbc 1053ab 063 a 0.I3 3.06b 31.60a 2.82¢
150 | 29.10b 157.0b 11.80c 125d 960 b 053b 012 3.8b 296bc 278
200 | 23.02c  141.0c_ 1036d _13lcd 600 ¢ 049b 011 _ 45a  2868c _ 2.51d
LSD | 16174 4.514 0.81 0.109 0982 0.0572 NS __ 0795 169 027
Second ion

0 329a  173.1a 16.78a 056a 1133 a 059 a 0.3 a 4132 3034a  3.39
S0 |3184ab 1616b 1622ab 054a 1033 a 054 b 0.d1a 340a 30478 331
100 329a 1644b 1604b 052ab 1106 a 049 ¢ 013 a 3408 30752  3.66
150 304b 1556c 1462 047bc 906 b 0Sibc 0122 3.66a 289%b 3.63
200 272c 14164 1449c 046c 813 b 044 d 0.11a 4360a 2721b 324
LSD | 1.778 5010 _ 0.630 __ 0.048 1.103 0.04 002 0737 _ 1.895 NS

1-4-T: hyl f —1-6- Number of inflorescences

The chlorophyll content was significantly As shown in (Table2) the number of

decreased with the different salinity levels in both first
and second generations (Table 2). These results are in
agreement with those of Huany, (1987) who found that
increasing salinity reduced leaf and turned yellowing
in Tagetes erecta. Alam et al. 2001 found that
chlorophyll was decreased proportionally to the
increasing salt concentration in rice.

-

A clear effect of salinity on the leaves fresh
weight (Table2) was observed in the first and second
generation. It is obvious that salinity reduced leaves’
fresh and dry weight. This may be due to osmotic
effect. Munns (2002) reported that the osmotic effect
reduces stomata conductance which leads to reduced

like the roots and the shoots fresh and dry weight of
Calendula.

inflorescence was decreased significantly with
increasing salinity and the lowest number of
inflorescence was recorded at the highest salinity of
200mM. These results are in agreement with Haouala,
(2002). However in the first generation the decrease in
number of inflorescence was about 46 % comparing
with 29 % in the second generation relative to control.
Such difference may be attributed to the shock effect
ot‘salmnydmmgtheﬁrstmuﬂnplmtm
expooedtnhxghmlhityﬁxtheﬁm while during
d:esemdganeraﬁouﬂ:eplam adapted to

highsalunty These results are in agreement with
Zahed et al.(2004) on Chiyswhem morifolium.

In the first generation (Table 2) the inflorescence
diameter was significantly decreased with increasing
salinity while, in the second generation, the decreasing

was insignificantly.
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The mﬂorescence ﬁ'esh and dry weights were
decreased significantly during the first and second
generation (Table 2). Chakraborty andSadhu (1990)
reported that with increasing salinity, flower diameter,
weight and longevity were most reduced in
Callistephus chinensis, Calendula officinails and
Tagetes signata.

2- Effect of gam
2-1- Plant height

It was noted in Table (3) that the plant height was
increased by about 6.17 and 26.6 % at 10 kr in the
first and second generations, respectively relative to
the control and this was followed by gradual
decrease of plant height by increasing gamma
radiation doses.

tion on Calendula

Radiation affected the genetic component of the
treated plants which increased the genetic variation
and caused greater frequencies of unadaptive
(including lethal) genotypes, which have been kept
adaptive to the environment, and reduce adaptability
function of the plant ( Ichikawa, 1981). The adapted
(survival) plants were nearly similar in their heights
which resulted in narrow ranges, not enlarged
variances and low coefficient of variation values,
compared with the control.

These resulis are in agreement with some
investigators Banerje and Datta (2002) on
Chrysanthemum  morifolium, Dilta (2003) on
Chrysanthemum, and Bader et al (2000) on
Gomphrena glbosa.

Table 3: Effect of gamma levels on vegetative and flowering parameters of Calendula officianils.

Gama | Plant Noof Leaves Leaves No Infl. Infl NoM Chl Infl.
level | height Leaves F.W DW  Infl F.W DW bran diam.
cm  No/plan gm gm No/plan gm gm No/pla cm
t t nt
First ion
0 30.72b 166.3a 12.66a 0.56a 8.73b 0.6lab 0.129 420 3426a 2.86bc
5 3044b 1634ab 13.1a 0.51ab 1020a 063 a 0.123 3.13 3225b 3.58a
10 | 32.72a 160.1bc 12.66bc 0.482b 10.86a 0.59ab 0.130 3.73 32.00b 3.14b
I5 28.74c  156.13c. 11.72b 0460b 10.13b 057 b 0.130 3.53 28.98c 2.76¢c
20 26.56d 149.8d 1093b 0457b 800b 045¢ 0.110 340 26.60d 2.46d
L.S.D | 1.617 4.51 0.81 0.061  0.982 0.057 N.S N.S 1.69 0.27
Second generation
0 322la 1652a 1694a 0.560a 10.6ab 0.56a 0.128 4.13 31.84a 3.39ab
5 313ab 1663a 16.11b 0.553a 1093a 054 ab 0.123 340 3129a 33lab
10 329a 1584b 15.58bc 0.553a 10.3ab 0.55a 0.130 340 30.85a 3.66a
15 | 299bc 159.7b 1498bc 0485b 966b 051 b 0.118 3.66 27.74b 3.63a
20 289c 1467c 14484 0428c 840c 043 b 0.114 460 2540c 3.24b
LSD | 1.778  5.010 0.64 0.048 1.103  0.043 NS NS 1895 0372
2- 2- Number of leaves per plant. damage in living systems by various radical in

The number of leaves was decreased with all doses
of gamma radiation in the first and second generations,
except at SKr in the second generation, the number of
leaves was insignificantly increased (Table 3).

It seems that the gamma radiation caused
depression in number of leaves in both generations at
all doses of gamma radiation, while the slight increase
appeared during the second generation may be
attributed to the adaptation of the plants produced from
the seeds in the first generation. This result is in
agreement with Datta et al. (2001), Lamseejan et al.

(2000) on Chrysanthemum morifolium. Gordon (1958)

has emphasized the changes in amount of auxin
occurring as a result of radiation effect, as a possible
factor responsible for decrease of growth, while Pelc
and Howard (1955) regarded the inhibition of DNA
synthesis due to radiation to be more important. Wada
et al (1998) reported that radiation can cause indirect

irradiated cells.
= 3- Num f the main

In the first and second generations, the number of
the main branches decreased non-significantly with
increasing gamma radiation, while it showed
pronounced increase at 20 Kr in the second generation
(Table 3).

Similar results were mentioned by Misra (1998)
who reported that the number of shoots was found to
be non-significant after irradiation with gamma- rays.

The stimulation of the main branching in the
second generation at 20Kr may be due to: 1-Gamma
rays increased the mitotic activity of cambial cells
which led to branches production increase (El
Mahrouk, 2000). 2-Gamma rays supplied gibberellins,
cytokininis and abscisic acid which may play
important roles in stimulating branches production
(Chandokar and Dengler 1987 and El Mahrouk, 2000).
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3- Gamma rays increased nutrients which were not
utilized in the stem elongation (Chandrokar and
Dengler, 1987).
24-T hyll f leaves

A gradual decrease in the total chlorophyll content
was observed with the increase in gamma radiation in
the two generations (Table 3). On the other hand,
many workers reported that the largest amount of
chlorophyll was found in leaves treated with gamma
radiation at dose of 15 kr in M,-generation,
(El —-Mahrouk, 2000 and Badr et al., 2004. However,
Badr et al (2000) found that gamma -rays had
insignificant effect on leaf chlorophyll content in M;-

The alteration in chlorophyll synthesis of
irradiated leaves may be due to auxin synthesis (Hagen
and Gunckel, 1958). Giacomelli et al. (1993) found
that the primary effect of radiation was on the
development of meristematic cells. It is known also,
that the change in chlorophyll content is associated
with the changes in the chloroplasts (Evens, 1984).
2-5- Leaves fresh & dry weight

In the first generation (Table 3) the leaves fresh
weight showed an increase of about 3.5% at 5Kr
relative to control, but it decreased with increasing
gamma radiation in both generations. (Table3).

The leaves dry weight significantly decreased
with all doses of gamma radiation (5-20Kr) in the first
and second generations. One of the main effects of the
ionizing radiation is the suppression of cell division
activity, which is responsible partially for the
reduction of vegetative growth. Various possible
explanations of inhibition in growth after irradiation
have been suggested by many workers (Gunckle,
1957; Pelc and Howard 1955; and Wada et al., 1998) .
2-6- Number of inflorescences

In the first generation, increasing doses of gamma
radiation between 5 and 15 Kr led to higher numbers
of inflorescence by about 17.2, 24.1 and 16.1% than
the control (Table3). But the dose of 20 Kr was
associated with a decrease of about 8% than the
control. This pattern appeared to be pronouncedly
different in the second generation, when the number of
inflorescences was decreased with increasing the doses
of gamma radiation, with the exception of slight
increase at SKr. This means that the 5 Kr promoted the
production of inflorescences during the first generation
while the increase of production in the second
generation was slight and may be due to the adaptation
of the second generation, to the gamma radiation
which caused slight promotion to the production of the
inflorescences.

Bidwell (1979) mentioned that all steps in
flowering process are programmed in totiopotent cells
of the meristems. All that needed a release that sets
these cells on the way in the program for flowering.
The capacity to flower is inherent. In this work, the
dose of 10 kr in the first generation and 5 kr in second
one stimulated the totipotent cells of meristems to

change the developmental pattern from vegetative to
floral and this might increase the number of
inflorescences. The effect of 20 kr dose was inhibiting
of the number of inflorescence in the first generation.

Badr et al. (2000); El Mahrouk (2000) and
Przybyla (2000) stated that the flower and
inflorescence number was increased or decreased with
the different doses of gamma —rays during the second
generation . :

The inflorescence diameter displayed different
behaviors with gamma radiation in the two
generations. In the first generation it increased at 5 and
10Kr by about 25% and 9.9% respectively than the
control (Table3). In the second generation, the
inflorescence diameter showed an increase relative to
control at 10 and 15 Kr by about 8 and 7.1%
respectively. This result may be attributed to an
increase in cell number and /or cell size. However, at
other gamma doses, the inflorescence diameter showed
pronounced decrease in the first and second
generation. Similar results were reported by Banerji
and Datta (2002) .

2-8 Inflorescence fresh & dry weight

In the first generation, the inflorescence fresh
weight at 5Kr was higher than the control by about
3.8% (Table 3), but it decreased continually with
increasing the doses of gamma radiation to be a
minimum at 20 Kr by about 75% relative to the
control. However, the inflorescence fresh weight in the
first generation recorded the highest value at 5 Kr, in
the second generation it decreased with increasing
gamma radiation.

The inflorescence dry weight (Table 3) showed
insignificant increase in the first and second
geueraﬂonsatl(l&lﬁkrthanlhecomol

TreahnentofdoseslSmdzohcaused
some changes in inflorescence shape and colour and
growth habit in the first and second generations such
as the colour was changed from yellow to orange and
the pet als became thinner and longer than control in
the second generation. These results are in agreement
with Vieira et al. (1996). Also, irradiation of
Chrysanthemum morifolium by 20 Gy. caused some
changes in the M1 generation, and reoccurred in the
M2 and M3 generations, Zalewska er a/ (2001).
Meanwhile, Banerji and Datta, (2002) recorded
different types of morphological abnormalities in
leaves and flowers of chrysanthemum treated with
different doses of gamma rays.

The analysis of variance indicates a significant
correlation between gamma radiation and the plants
grown in soil salinity in the first generation (Table 4),
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while the correlation was not significant in the second contradict with those reported by Salam (1991) on

generation (Table 5). wheat, Rahi et al. (1998) on Tagetes erecta and Zahed
In the first and second generations (Tables 4 and et al. (2006) in Chrysanthemum morifolium.

5) showed a decrease in all gamma radiation combined

with different salinities. These results seem to

Fig.1: Different inflorescence colour and shape abnormalities of Calendula officinalis in first generation

3-2-Number of leaves per plant, exposed to different doses of gamma radiation suffered
As shown in (Table 4&5) the number of leaves from clear decrease during the first and second
in the plant grown at different salinity levels and generations.

Table 4: Effect of combined effects of gamma and salinity levels in vegetative and flowering parameters of
Calendula officinalis in the first generation,

Salinity | Gama Plant No of Leaves  Leaves. No Infl. F.W Infl. No.M Chl Infl.
level level height  Leaves FW D.W Infl. gm DW bran diam.
cm __ Nofplant _ gm gm___ No/plant gm __ No/plant cm
0 [1] 35.10ab 181.66 18.93a 0.859 11.00ab 0.642ab 0.126 4.66 37.0a 3.13bc

5 32.83ab 17300 17.26ab  0.699 1000b 0588sb 0.109 333 3410sb 423a

10 3496sb 17766 1680eb 0618 1266a 068lab 0139 333  3220b  3.73ab

15 3090bc 17500 15.80bc  0.558 1266a 0581ab 0139 333  3056bc  290c

20 3070bc 15833 1590bc 0613 1033ab 0484bc 0164 300 3040bc  296¢

50 0 31.23bc 16733  17.93ab 0617  10.33ab  0.591ab  0.119 266  32.33b 3.03bc
5 3126bc 17500 17.00sb 0574 1200sb 0540b 0163 333  31.03bc  393ab

10 33.10ab 16166 1600bc 0463 10.66cb 0618b 0178 466 33.66ab  3.70ab

15 3233bc 15700 1480c  0.521 966bc  0520bc 0115 233  3003bc  3.16bc

20 3126bc 14700 14.78c 0421 900bc  0454bc 0110 233  2946bc  2.70c

100 0 3640a 17633  15.60bc  0.502 1266a  0515bc 0118 400  36.70a 423a
5 34.106sb 17533 17.13sb 0534 1233ab 0S50lbc 0105 233  33.10b 3.60b

10 3463ab 14866 1663bc 0538  1033sb 0572ab 0119 333  31.16bc  4.06ab

15 3030bc  172.67 14.36¢ 0.525 10.33ab 0.479c¢ 0.110 233 30.06bc 3.23b¢

20 29.13bc  149.33 14.26¢c 0.512 9.6Tbc 0.418bc 0.104 333 26.96cd 3.20bc
150 0 31.56bc 16133 14.90c 0477 10.00b 0.586ab 0.101 4.00 35.33ab 3.66ab
5 29.70bc  157.1'0 1533bc 0434 1067ab  0.600ab 0.130 2.66 30.26bc 4.16ab

10 3253bc 16400 1593bc 0432 9.00bc 0.497bc 0.121 333 32.63b 3.80ab
15 2996bc  152.33 14.52¢ 0414 8.33bc 0.449%bc 0.109 5.00 27.90cd 3.70sb

20 2823cd 14333 14.26¢c 0.405 732 0.421bc 0.101 4.00 22.16d 2.83¢c

200 0 26.76d 13966 16.60bc 0354 9.00bc 0.461bc 0.122 5.66 29.93bc 2.86¢
5 2896cd 15133 14.10¢ 0.327 9.6Tbc 0.503bc 0.110 4.00 32.76b 3.63ab

10 28.56cd  140.00 14.80¢ 0358 9.00bc 0.408¢c 0.106 4.00 30.33bc 3.20bc

15 26.30d 141.67 13.60¢ 0284 733¢ 0.510bc 0.107 4.66 26.33cd 2.90c

20 25.54d 135.66 13.26¢ 0.702 5.66¢ 0.354¢ 0.110 433 24.03d 3.63ab

LSD 36 N.S 1.80 N.S 24 0.13 NS N.S 38 0.61

3-3-Number of main branches . generation but highly significant variation was
According to the analysis of variance (Tables observed in the second generation.
44&5) no significant variations were reported in the Number of the main branches in the first
number of the main branch under the combined effect generation increased by about 7.3% at 15 kr and 150
of gamma-radiation and salinity during the first mM. Meantime, number of the main branches did not
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differ from the control at 10Kr &50mM and 15Kr &
200mM. at all other doses of gamma radiations and
salinity, the number may be decreased (Table 4).

In the second generation the number of main
branches showed different behaviors with salinity and
gamma radiation. At SOmM the gamma dose of 10 Kr,
the number was the same as for the control, while
plant treated by150 mM NaCl and irradiated with 15
kr, the number increased more than the control by
about 7.3%. This increase was also observed in the
number of the main branches at 5, 15 & 20 kr with
200mM.

hyll of

The analysis of variance of the combined effect
of gamma rays and soil salinity indicated that the
leaves total chlorophyll content was significant in the
first generation (Tabled), while in the second
generation it was not significant. The total content of
chlorophyll displayed a decrease at all doses of gamma

radiations and salinities in the first and second
generations (Tables 4&5).
3-5- es & dry wei

Under the combined effect of all salinity and
gamma radiation levels, the leaves fresh weight
suffered from pronounced decrease (Tables 4&5)..

In the second generation, the leaves dry weight
showed different trends of wvariation under the
combined effect of salinity and gamma radiation
whereas at 15 Kr and 50 mM it was increased by about
3.2% relative to control.
showed an inhibiting effect on the leaves dry weight in
the first generation, they were promoting in the second
generation. In such context the promotion effect of
salinity and gamma radiation may result from an
excess of salt observed by plant at higher salinities and
activated by gamma radiation.

Table 5: Effect of combined effects of gamma and salinity levels in vegetative and flowering parameters
of Calendula officinalis in the second generation.

|salinity [Gamma | Plant  Noof Leaves  Leaves. No Inf. Infl. NoM Chl. Infl
Level | height Leaves F.W D.W Infl. F.W DW bran diam.
cm___ No/plant gm gm No/plant gm gm ___ No/plant cm
0 0 3583 17333a 14.73a 0.60 ab 12.00 0.66 0.13 4.66c  33.56 3.20
5 3220 173.00a 1520a  0.56 bed 9.33 0.59 0.11 283¢ | 930 | B
10 3790 164.00cd 14.73ab 0.68a 13.66 0.54 0.17 333¢ 3143 .73
15 32.73 161.66de 13.13bc  0.56 bed 12.00 0.64 0.17 3:3c -+ 2123 3.06
20 2720 15866  12.70bc 042 cd 8.66 0.53 0.10 3.00f 2600 2380
50 0 31.56 173.66a 12.26bc  0.50 bed 8.00 0.69 0.13 266g 29.83 2.56
5 3090 170.66ab 14.33ab  0.56 bed 12.00 0.68 0.09 333e 3166 4.3
10 35.16 169.66bc 13.33bc  0.53 bed 12.00 0.63 0.10 466c 3186 3.16
15 30.63 165.00cd 12.83bc  0.62 ab 12.00 0.52 0.13 233g 2946 2.70
20 3023  160.00e 11.96c  0.52 bed 9.33 0.49 042 =233 @ 2046 2353
100 0 3520 167.00c  13.30bc  0.61 ab 7.00 0.67 0.13 4.00d 3540 3.16
5 33.76  164.33cd 10.66cde  0.62 ab 12.00 0.75 0.16 233g 3176 3.06
10 3486 164.00cd 14.60ab  0.51 bed 12.33 0.69 0.15 333e 3116 286
15 29.13 163.66d 11.86cd 0.46 bed 12.33 0.59 0.12 233g 2963 2.60
20 2800 160.66e  10.80cde  0.43 cd 9.00 0.47 0.12 333¢ 2580 240
150 0 29.53 165.66cd 12.06bc  0.54 bed 10.00 0.44 0.13 4.66c 3243 2713
5 3043 162.00de 13.96ab  0.55 bed 10.66 0.59 0.14 3.00f 3006 2.66
10 3020 158.00e 11.73cd 0.52bed 10.00 0.55 0.13 233g 3160 296
15 29.20 15233f 11.03cde 0.39cd 9.00 0.69 0.12 533a 2790 3.16
20 26,16  147.00g 1023de  0.39cd 8.33 0.40 0.12 433c 2296 2.41
200 0 21.50  152.00f 1096¢cde  0.56 bed 6.66 0.58 0.12 466c 28.13 2,66
S 2490 14733g 11.63cd 049cd 7.00 0.55 0.12 500b 3246 240
10 2546 14500z 1046de  0.54 bed 6.33 B8 Gl J3e (20 29
15 2203 138.00h 9.76e 039cd 533 0.41 012 500b 2423 2.30
20 21.20  122.66h 6.96f 037d 4.66 0.39 0.11 500b 2276 220
L.S.D N.S 3.1 1.4 0.1 N.S N.S N.S 0.23 N.S N.
3-6-Number of Inflorescences

The analysis of variance (Table 4 &S5) indicated
that the number of inflorescence reported highly
significant variations under the combined effect of
gamma rays and salinities in the first generation but
not significant in second onen.

The number of inflorescences in the first generation
mostly decreased with the combined effect of salinity
and gamma radiations. However at 50 mM and 100

mM, the number of inflorescences was increased more
than the control at gamma radiation of 5 kr by about 9
and 12%, respectively (Table 4).

In the second generation, the number of
inflorescence showed no variation under the effect all
gamma radiation of 5, 10 and 15kr with SOmM and at
Skr and 100mM. But at 10kr and 15kr with 100mM,
the number of inflorescence increased by about 2.8%,
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while at other salinities and gamma radiations the
number of inflorescence decreased.
3-7-Inflorescence diameter

According to the analysis of variance the
inflorescence diameter showed  highly significant
variation with the combined effect of salinities and
gamma radiation in the first generation but no
significant in the second generation (Tables, 4&5).

In the first generation, (Table 4) the inflorescence
diameter at 50 mM increased than the
control at gamma radiation doses of 5, 10 and 15Kr by
about 1% to 25.6%. At 100 mM the diameter
decreased than the control at all gamma doses by
about 22% to 29.7% ,while at 150mM the
inflorescence  diameter increased with gamma
radiation of 5, 10 and 15Kr by about 18.2%, 32.9%. In
addition, 200mM and 5,10and 20Kr caused increase of
the inflorescence diameter by about 2.2% and 16%
respectively.

In the second generation, (TableS) the inflorescence
diameter decreased at all doses of gamma radiations and
salinities, except at5Kr and 50mM, whereas it showed an
increase of about 47.8% . From the results mentioned
above it is clear that the combined effect of gamma at
5Kr and salinity 50 mM increase the diameter in the M2
than the same cases in M1, while increasing in salinity in

M2 lead to inhibition in diameter than at other cases in
MI(Table 5). '

These results are in agreement with Haouala,
(2002). However the adaptation of the plant to the
height salinity during the second season showed less
eﬁ'ectofsahmtyonﬂwpmdmnouofﬂ:emﬂmm

Thecombmnumofgmnmamdmnonwnhsalmity
in the first generation significantly decreased the
inflorescence fresh weight (Table 4).

In the second generation, the inflorescence fresh
weight increased at 100mM irradiated by 5 Kr
(Table 5).

treatments of the combined effect of gamma radiation
and salinities (Table 4).

In the second generation, the trend of variation in
the inflorescence dry weight with salinities and gamma
radiation appeared to be more or less different from
the first generation. It decreases at all doses of gamma
radiation with different salinities (Table5). While with
100mM and 5 and 10kr the inflorescence dry weight
increased by about 23 and 12.4% respectively and at
150 mM and 5kr by about 5 %.

Fig: (2 ) photograph of peroxidase isozymes patterns

3-9- Biochemical parameters
Peroxidase isozymes
The peroxidase isozyme pattern of Calendula
grown under the effect of different salinities and
gamma radiations are given n Fig.2. The cathodal

isozymes bands were designated C1, C2, and C9,
while the anodal isozymes ones were designated Al,
A2, and A4 according to their mobility from the
ulglml-- ]me. .
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13- (20 kr + 100 salinity)

It is shown in the zymogram of the peroxidase
isozyme pattern Fig. (3) that the first sample (control)
had three isozyme patterns called C2, C3, and C4, and
they differed in their densities. It is clear that the stress
of salinity caused the appearance of new band called
CS5 (high density) at the second, third, fourth and fifth
sample, but it was moderate at the highest dose of
salinity (200mM NaCl). Also, at 50, and 150 mM
NaCl, two isozymes appeared and called Cl1. It is
noted that ‘Al appeared only at the highest salinity
levels.

At higher doses of gamma radiation (10kr), the
zymogram illustrated two different anodal pattern
appeared at 50 and 100 mM NaCl, while disappeared
at 200 mMNaCl. The same concentration showed two
heterozygous bands at C5 location.

In contrary, increasing gamma radiation to 20kr
induced absence of anodal bands, Cl, and C2.
Moreover, the density of C3 and C5 became relative to
control,

Zahed et al. (2006) found that on Chrysanthemum
morifolium, the enhanced salt tolerance of the Rl

Induction Of Mutant By Gamma Ray In Calendula Officinalis ... Sherif, F.K., ef al
= : Cathode(-)
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g Low density (2 5)
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Figure (3): Zymogram of the peroxidase isozyme patterns of Calendula officinalis Where:
1- (0 kr + 0 salinity) 2-(5 kr + 50 salinity) 3-(5 kr + 100 salinity)
4-(5 kr + 150 salinity) 5-(5 kr + 200 salinity) 6-(10 kr + 50 salinity)
7-(10 kr + 100 salinity) 8<(10 kr + 200 salinity) 9-(15 kr + 50 salinity)
10-(15 kr + 100 salinity) 11- (15 kr + 200 salinity)  12-( 20 kr + 50 salinity)

mutant was attributed to increased activities of reactive
oxygen species (ROS)-scavenging enzymes, namely
superoxide dismutase (SOD). The Rl mutant
developed by gamma ray treatment can be considered
a salt-tolerant mutant showing all the positive
characteristics of tolerance to NaCl stress.

Chen et al. (2003) found that under salt stress,
peroxidase activity maintained high levels. Plants
require oxygen for efficient production of energy.
During the reduction of O; to H;O,active oxygen
radicals, namely superoxide radical(O), hydrogen
peroxidase (H,0,) and hydrogen radical(OH) can be
formed. Plants possess very efficient defense systems
that allow their detoxification and protect cells from
oxidative damage. Among these defense system, the
enzyme piroxidase (Dat et al., 2000). Poontariga et al.,
(2003) suggested that total peroxidase activity is
enhanced under 150mM NaCl in mulberry, which
indicate that peroxidase activity appears to play an
active in scavenging reactive oxygen species.
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In this analysis, samples are divided into two
main ‘clusters for 0.05% genetic similarity. The first
cluster contained sample No. 10 and 11. On the other
hand, another cluster had two main sub clusters, at 33
% of genetic similarity. Sub cluster No. 1 had samples
No 1 and 2, whereas second sub cluster had two main
groups at 55 % genetic similarity. The first group is
composed of two sub groups A and B. Sub group A
had two main forms, at 66 % of genetic similarity, the
first form contained samples No. 5, 8 and 9, by
contrary, the second form contain sample No. 4. The
second group contained two main clusters at 60 % of
genetic similarity. Sample No. 6 form the first cluster,
on the other hand two sub clusters form the second
cluster at 75% of genetic similarity. The first sub
cluster contained samples No. 7 and 12 (85% of
genetic similarity), on the other hand, sample No. 3
form the second sub cluster. Unexpectically, all the
treated samples were different in the values of genetic
similarity which may be due to exposure to different
doses of gama ray. Also, the different levels of
salinity.

From the previous statistical cluster, we can
group the control with the treatment of 50 mM NaCl
irradiated with 5 Kr in the same class, which means
that the irradiation treatment could help plants to adapt
with salinity stress. All the positive responses towards
cytological, physiological and biochemical change
under stress condition indicate possibilities towards
inducing salt tolerance through in vitro adaptation of
whole plant.
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