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ABSTRACT. Chemical mutagenesisis an efficienttool used in mutation-
breeding programs to improve the vital characters of the floricultural
crops. This study aimed to estimate the effects of different concentrations
oftwo chemical mutagens; sodium azide (SA) and diethyl sulfate (DES).
The vegetative growth and flowering characteristics in two generations
(M, and M,) of calendula plants were investigated. Seeds were treated
with five different concentrations of SA and DES (at the same rates) of
1000, 2000, 3000, 4000, and 5000 ppm, in addition to a control treatment
of 0 ppm. Results showed that lower concentrations of SA mutagen had
significant effects on seed germination percentage, plant height, leaf
area, plant fresh weight, flowering date, inflorescence diameter, and
gas-exchange measurements in plants of both generations. Calendula
plants tended to flower earlier under low mutagen concentrations (1000
ppm), whereas higher concentrations delayed flowering significantly.
Positive results on seed germination, plant height, number of branches,
plant fresh weight, and leaf area were observed in the M,-generation at
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lower concentrations of SA (1000 ppm), as well as at 4000 ppm DES on
number of leaves and inflorescences. The highest total soluble protein
was detected at the concentrations of 1000 ppm SA and 2000 ppm DES.
DES showed higher average of acid phosphatase activity than SA.
Results indicated that lower concentrations of SA and DES mutagens
had positive effects on seed germination percentage, plant height, leaf
area, plant fresh weight, flowering date, inflorescence diameter, and gas-
exchange measurements. Thus, lower mutagen concentrations could be
recommended for better floral and physio-chemical performance.

Key words: Diethyl sulfate; Enzyme activity; Gas-exchange; Mutation;
Sodium azide

INTRODUCTION

Calendula officinalis L. is an annual herb belonging to the family Asteraceae, native
to the Mediterranean region. It is cultivated for ornamental and medicinal purposes in Europe
and Americas. In the last decade, there were more than 2543 mutant cultivars derived from
175 plant species including ornamentals, cereals, oilseeds, pulses, vegetables, fruits, and fibers
released in 50 countries worldwide (Chopra, 2005). Chemical mutagenesis is a simple approach
used to create mutation in economically valuable plants, for improvement of their agronomic
parameters. In any mutation-breeding program, selection of an effective and efficient mutagen
is essential to produce a high frequency of desirable mutations (Roychowdhury and Tah, 2011).

Many chemical mutagens have been employed to obtain useful mutants in various
crop species (Singh and Singh, 2001). Several studies have emphasized that artificial induction
of mutations by sodium azide (SA) and diethyl sulfate (DES) provides a tool to overcome
the limitations in variability in floricultural plants, especially carnations. These chemicals
induce growth abnormalities, due to their effects on cell death and suppression of mitosis
(Mensah and Obadoni, 2007; Roychowdhury and Tah, 2011). SA and DES are responsible
for creating point DNA mutations that induce genetic variability. Thus, they are considered
important tools to enhance agronomic traits in several economic plant species (Tah, 2006).
The role of mutation breeding in increasing the genetic variability for desired agronomic traits
in various plant species has been demonstrated in a number of studies (e.g., Mostafa, 2011;
Roychowdhury et al., 2012).

The mutagen dose is a prime consideration in any mutagenesis program. Generally,
higher concentrations of the mutagen lead to greater biological damage in the form of reduced
seed germination, seedling injury, pollen sterility, and reduced survival at maturity, which
could be considered an indication of the mutagenic effects (Gaul, 1964). To reduce the
negative effects on plant parameters, more knowledge about the influence of exposure time
and mutagen concentrations are required (Khan et al., 2009).

It is important to induce genetic variability by means of mutagens such as SA and DES
in plant mutation programs (Hussein et al., 1974; Abd El-Maksoud and El-Mahrouk, 1992;
El-Nashar, 2006). For comparative studies of crops and their wild relatives in plant germplasm
collections, a complementary approach using isozymes could be more appropriate to generate
accurate estimations of genetic diversity and relationships comparing to alternative methods.

This study was carried out to investigate the dose effect of SA and DES mutagens on
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vegetative growth, flowering, yield parameters, and gas-exchange across the two generations
(M, and M) of C. officinalis L. The mutagen effects on induction of total soluble protein,
enzymatic activities of acid phosphatase, and catalase were also assessed.

MATERIAL AND METHODS

This study was carried out at the Department of Plant Production, College of Food
and Agricultural Sciences, King Saud University, for two seasons (2012/2013 and 2013/2014)
under greenhouse conditions.

Plant materials

Calendula seeds (C. officinalis L. cv. calypso yellow) provided by Sakata’s Reliable
Seeds (Morgan Hill, CA, USA), were treated with six different concentrations (0, 1000, 2000,
3000, 4000, and 5000 ppm) of SA and DES. The M -generation was run in the first season on
November 7, 2012, whereas the M, -generation was done in the second season on October 1,
2013. Plants were planted in 15-cm pots, one plant per pot. Twenty percent of the M -plants,
which survived in each treatment, were selected and selfed, in order to obtain the M, seeds
according to Sinhamahapatra and Rakshit (1990).

Experimental design

The experimental procedure used was a split plot design, with three replicates for
each of the M - and M. -generations (Steel and Torrie, 1980). In the first season, each replicate
contained 12 treatments [the two chemical mutagens (SA and DES) applied at six different
concentrations each]. The main plots were devoted to the two chemical mutagens and the sub-
plots included the concentrations. Fifty seeds were used for each treatment in each replicate;
the total number of seeds used in the experiment was 1800 seeds/season.

Experimental data

The percentage of seed germination was recorded after 6 weeks from sowing. The
calendula plants were grown until flower maturity when the plants were harvested. At the
harvesting stage, the plant height and flower diameter were measured. The number of leaves
per plant was counted, and leaf area was measured using a leaf area meter (LI-COR, Lincoln,
NE, USA). The number of branches and flowers per plant were also calculated. The flowering
date (days from sowing) in each treatment was determined, and the fresh shoot and dry
weights were recorded. The shoot dry weight was determined by drying the shoots in an oven
at 70°C for 48 h until the weight was constant. These data were collected for both M - and
M, -generations in two successive experimental seasons.

Physiological parameters
The net leaf photosynthetic rate, stomatal conductance, transpiration rate, and

intercellular CO, concentration were determined between 8:00 to 9:30 am at the harvesting
stage from fully expanded third top leaf. This was done using a portable open flow gas-
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exchange system LI-6400 (LI-COR) at a light-saturating intensity on a sunny day when the
photosynthetically active radiation was 640 umol-m?-s”!, the air temperature was 29°C, and
the relative humidity was 26% on a fully expanded top leaf of the main axis of the plant. The
recorded measurements were average of four readings per plot.

Eight-week-old seedlings were used to extract chlorophyll (Chl). About 0.025 to
0.035 g ofleaflets were used to extract Chl using N, N-dimethylformamide (DMF) by grinding
the leaflets with 2 mL DMF solvent using in a mortar with a pestle. The homogenate was
centrifuged at 2500 rpm in a bench centrifuge for 10 min. The pellet was then extracted and
combined with 1 mL solvent in a homogenizer and the pooled supernatants were adjusted to
a final volume of 8 mL. The spectrum was recorded between 750 and 600 nm and the main
red absorption peak was automatically determined by the Amersham Pharmacia Biotech,
Ultrospec 2000, UV/visible spectrophotometer (Cambridge, England). Chl a, b, and total
Chl (a + b) concentrations in pM were then calculated using the equations as described by
Porra et al. (1989):

Chl a = 13.43 A%638 - 3.47 4%68 (Equation 1)
Chl b =22.90 A%38 - 538 A%468 (Equation 2)
Chla + b =19.43 A%3% - 8.05 A543 (Equation 3)

Note that 4%¢# and 4%*3 refer to absorbance at 663.8 and 646.8 nm wavelengths, respectively.
The unit of the pigment concentration is nanomoles per milliliter.

Total soluble protein content

The total protein content was determined following Lowry et al. (1951). Calendula
seedlings (0.5 mg) were ground in 25 mL Tris-HCI bufter, pH 7.6. The mixture was centrifuged
at 9000 g under freezing for 5 min at 4°C. The supernatant was then transferred to a new vial
and kept under a frozen temperature of -20°C until further analysis. The total soluble protein
concentrations were then determined using a spectrophotometry (750 nm).

Enzymatic activities

Acid phosphatase enzyme activity was assayed in the crude extract of 2-week-
old calendula seedlings as reported by dos Prazeres et al. (2004). Catalase activity was
determined as previously described (Cakmak et al., 1993). Briefly, the reaction solution
(3 mL) for the catalase enzyme was comprised of 50 mM phosphate buffer, pH 7.0, 15
mM H,O,, and 50 uL enzyme extracts. The reaction was initiated by adding H,O, to the
reaction solution. The catalase activity was determined by tracing the decomposition of
H,O, and measuring the absorbance decrease at 240 nm for 1 min. The catalase activity
was expressed as amount of enzyme that breaks down 1 pmol H,O,-"'mg-min™' under the

assayed described conditions.
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RESULTS
Seed germination

The mean values for the influences of the two chemical mutagens on seed germination
percentage were found to be significant in the M -generation with stronger effects of DES than
SA. The effects of the different concentrations of both mutagens on the seed germination trait
were significant in both generations (Table 1). There was a clear decrease in seed germination
percentage by increasing the mutagen concentration starting from 1000 (55.17% for M, and
67.16% for M,) to 5000 ppm (33.17% for M, and 31.03% for M,), as compared with the
control treatment (56.33 and 63.17% for M, and M,, respectively).

Table 1. Mean performance of the vegetative parameters of Calendula officinalis L. plants as affected by two
different chemical mutagens; mutagen: concentrations and their interactions in M, - and M,-generations during
the years of 2013 and 2014.

Treatments Germination percentage (%)| Plant height (cm) Number of branches per No. of leaves per plant Leaf area (cm?)
lant
Chemical mutagens M M> M M M : M M M M M>
SA 41.67° 52.67° 13.592 16.44* 5.87% 4.09° 24.11* 21.56" 152.17° 238.94*
DES 52.22¢ 50.94* 12.49* 15.05* 7.08 4.42° 23.57* 28.39* 182.45° 210.55°
Concentrations
Control 56.332 63.17° 14.64* 13.45° 6.25° 3.34° 27.68* 25.512 198.35° 208.13°
1000 ppm 55.17° 67.16* 15.69* 18.90* 6.45° 5.582 28.37° 27.05° 159.35° 262.81°
2000 ppm 50.67% 57.05¢ 10.83¢ 12.34° 7.17° 4.07% 22.67° 26.93% 175.66% 244.62%
3000 ppm 43.17° 52.51¢ 13.96% 18.332 6.61° 4.40% 20.13° 25.18° 201.39* 250.54%
4000 ppm 43.16° 40.12¢ 11.75% 19.22* 6.25° 5.032 25.63* 24.98° 156.51% 211.02°
5000 ppm 33.17¢ 31.03" 11.40¢ 12.19° 6.13% 3.19% 18.58" 20.28* 112.55¢ 174.31¢
Interactions
Control 58.00% 63.33% 16.00% 11.86% 5.322 3.01° 28.87° 24.01% 190.042b¢ 202.20°
SA+1000 ppm 46.67"¢ 69.05% 16.43% 24.47° 5.80* 6.34% 28.53® 26.02% 185.302 289.48*
SA+2000 ppm 39.34cde 52.31¢ 11.72%F | 15.10¢f 6.71° 4.02° 23.83%d 2433 183.39ab¢ 279.79%
SA+3000 ppm 37.66% 63.30% 15.58%¢ | 17.61%¢ 6.77* 4130 23.04%4 21.33% 183.05%¢ 264.48%
SA+4000 ppm 37.00% 36.30" 9.78" 16.74%4 5.132 4.00° 21.10%¢ 20.29% 91.55% 203.83%
SA+5000 ppm 31.43¢ 31.67¢ 12,057 | 12.78¢% 5.52% 3.06 19.33bd 13.35¢ 79.68¢ 193.87°
Control 54.66° 63.21% 13.28% | 15.03¢F 7.17% 3.67° 26.50¢0 27.11% 206.76% 214.07%
DES+1000 ppm 63.67° 65.33% 14.95%4 13.34%¢ 7.11* 4.83% 28.21% 28.08% 133.41bd 236.14%
DES+2000 ppm 62.00% 61.66° 9.95¢" 9.58¢ 7.63* 4.12° 21.52%4 29.532 167.93%4 209.45°
DES+3000 ppm 48.67*9 41.67° 12.33%f 19.04% 6.47* 4.67° 17.23¢ 29.04 219.73* 236.61%°
DES+4000 ppm 49.33+d 43.64° 13.72%¢ 21.70% 7.37* 6.06* 30.17* 29.67* 221.46* 212.33>
DES+5000 ppm 35.09% 30.33¢ 10.75¢" 11.61f 6.77° 3.32b 17.83¢ 27.21% 145.43% 154.75¢

Values in each column followed by different superscript letter(s) are significantly different at P < 0.05. SA = sodium
azide; DES = diethyl sulfate.

The interactions between the two chemical mutagens and their concentrations on seed
germination were significant in both generations. The germination percentage increased with
DES at 1000 ppm in the M -generation, whereas it increased with SA at 1000 ppm only in the
M,-generation. In the M - and M -generations, the lowest percentage of seed germination was

recorded for SA at 5000 ppm in the M, -generation, and for both SA and DES at 5000 ppm
(31.43 and 30.33%, respectively) in the M -generation (Table 1).

Vegetative parameters

There were no significant differences between the chemical mutagens on plant height
in the M - and M_-generations. However, there were significant differences among the six
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concentrations, as well as among the interactions between the two chemical mutagens and
their concentrations in both generations (Table 1). The treatments with concentrations of 2000
and 5000 ppm had the smallest average plant height (10.83 ¢m for M| and 12.19 cm for M,),
whereas the greatest plant heights were detected at the concentrations of 1000 ppm (15.69 cm
for M) and 4000 ppm (19.22 ¢m for M,). The maximum average plant height was produced
under SA at 1000 ppm treatment (16.43 and 24.47 cm for the M - and M,-generations,
respectively). The minimum average plant height was observed under SA at 4000 ppm (9.78
cm for M) and under DES at 2000 ppm (9.58 cm for M,).

The mean values for the chemical mutagens, mutagen concentrations, and their
interactions had no significant effects on branch number in the M -generation; but the mutagen
concentration and their interaction effects were significant for branch number in the M,-
generation (Table 1). The greatest number of branches per plant was observed at 1000 ppm for
SA (6.34 for M,), while the smallest number was recorded for the SA control (3.01 for M,).

The mean number of leaves per plant was not significantly affected by the mutagen
in the M -generation, while this effect was significant in the M -generation. The different
concentrations had significant effects on this trait only in the M -generation where the highest
number of leaves per plant (28.37) was detected at 1000 ppm and the lowest number of
leaves (18.58) was recorded at 5000 ppm (Table 1). The interactions between the mutagens
and mutagen concentration showed no significant effects, neither in the M - nor in the M-
generation. In both generations, there was a trend towards a reduction in the number of leaves
per plant as mutagen concentration increased; especially, in comparison with the highest
concentration (5000 ppm) of SA in the M,-generation. The highest number of leaves was
found with DES at 4000 ppm (30.17 and 29.67) in the M - and M, -generations.

The chemical mutagens, mutagen concentration, and the interactions between the two
factors had significant effects on leaf area of plants in both generations. The highest mutagen
concentration of 5000 ppm generated the lowest leaf area (112.55 and 174.31 cm® in the M-
and M,-generations, respectively). The largest leaf area was detected at concentrations of 3000
ppm (201.39 cm?) for the M -generation and at 1000 ppm (262.81 cm?) for the M, -generation.
Regarding the interaction effect, the smallest leaf areas were detected at 5000 ppm for the SA
treatment (79.68 cm?®) in the M -generation and at 5000 ppm DES (154.75 ¢cm’) in the M,-
generation. On the other hand, the largest leaf areas were found at the concentrations of 4000 ppm
DES (221.46 cm?) and 1000 ppm SA (289.48 cm?) for the M - and M, -generations, respectively.

The mean values of the chemical mutagens, mutagen concentration, and their
interactions did not show any significant differences in plant fresh weight during the M -
generation, whereas some differences were detected in the M -generation (Table 2). The effects
of the highest mutagen concentration (5000 ppm) on plant fresh weight (10.64 g), seemed to
be significantly more harmful in the M, -generation, comparing with the control (15.48 g). The
plant fresh weight was higher in SA than in DES. There was a reduction trend in plant fresh
weight as chemical concentrations increased from 1000 to 5000 ppm. The greatest plant fresh
weight was observed at 1000 ppm (16.79 g for M,).

Regarding the interaction effect in the M,-generation, the highest plant fresh weight
was recorded at 1000 ppm SA (21.98 g), whereas the lowest plant fresh weight (7.37 g) was
detected at the highest concentration of 5000 ppm DES.

In the M -generation plants, only the chemical mutagen used had significant effects
on plant dry weight. In contrast, mutagen concentration and its interaction with the chemical
mutagen had no significant effects on plant dry weight (Table 2).
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Table 2. Mean performance of the flower parameters of Calendula officinalis L. plants as affected by two
different chemical mutagens: mutagen concentrations and their interactions in M, - and M,-generations during
the years of 2013 and 2014.

Treatments Plant fresh Plant dry Flowering Number of Inflorescence
weight (g) weight (g) Date (day) inflorescences per plant diameter (cm)
Chemical mutagens M, M2 M M M M2 M M2 Mi M2
SA 12.932 16.50° 2.65° 3.82¢ 141.87* 184.882 8.42° 6.89° 3.75° 3.96°
DES 12.782 12.28° 3.522 3.37° 136.93° 178.53° 9.412 7.78* 3.21° 4.45%
Concentrations
Control 15.48° 13.73¢ 3.31° 3.39° 138.42% 177.17¢ 8.75° 5.85¢ 3.58® 3.93¢«
1000 ppm 12.93% 16.79° 3.112 3.61° 135.57¢ 170.52¢ 8.90? 7.70% 3.45° 4.13¢
2000 ppm 12.27% 16.21° 2.89* 3.44° 138.33¢ 185.17% 9.582 6.334 3.88° 3.78%
3000 ppm 13.50% 15.84% 3.37* 3.96* 140.70° 182.84% 8.65° 8.31%® 3.50% 5.10°
4000 ppm 12.32%® 14.57% 3.19° 3.75° 138.49° 181.89° 9.282 8.482 3.25° 4.63"
5000 ppm 10.64° 9.53¢ 2.64% 3.42° 144.90° 192.68° 9.12* 7.35¢ 3.230 3.66¢
Interactions
Control 17.47° 16.69% 3.44° 3.68° 138.93% 176.33% 7.57° 4.66" 3.74%d 3.69¢
SA+1000 ppm 15.04° 21.98* 2.942 4.61* 136.20¢ 173.05¢ 8.77° 7.36% 4.12% 4.14¢
SA+2000 ppm 13.112 17.34° 2.53¢ 3.91° 139.17% 184.11%d 9.23¢ 6.02% 3.88ac 3.79¢
SA+3000 ppm 14.29° 14.91¢ 2.66° 3.95° 144.712 191.01%° 8.93¢ 7.31% 3.72¢d 4.16°
SA+4000 ppm 9.31% 16.41% 2.13% 3.86° 145.37° 190.68% 8.107 6.67< 3.75%d 4.97°
SA+5000 ppm 8.40° 11.69% 2.21* 2.91* 146.87* 194.33¢ 9.47° 9.30° 3.32¢de 3.02¢
Control 13.52° 10.77¢ 3.19° 3.09° 137.90° 178.00¢% 9.932 7.05b%4 3.41%¢ 4.16°
DES+1000 ppm 10.837 11.61% 3.27° 2.61* 134.93¢ 168.03¢ 9.03? 8.04° 3.03¢ 4.12¢
DES+2000 ppm 11.420 15.07¢ 3.242 2.97% 137.51¢ 186.332¢ 9.93% 6.65< 4.03% 3.77¢
DES+3000 ppm 12.72° 16.15% 4.09° 3.98¢ 136.72¢ 174.67% 8.37° 9.32¢ 2.89¢ 6.04°
DES+4000 ppm 15.332 12.72¢ 4.27* 3.65° 131.60¢ 173.11¢ 10.47° 10.29° 2.75¢ 4.29¢
DES+5000 ppm 12.88° 737" 3.06* 3.93¢ 142.93® 191.04% 8.77° 5.39< 3.13% 4.30°

Values in each column followed by different superscript letter(s) are significantly different at P <0.05. SA = sodium
azide; DES = diethyl sulfate.

Flower yield components

Data in Table 2 indicated that the chemical mutagen, mutagen concentration, and their
interactions had significant effects on flowering date in both the M - and M -generations. The
DES mutagen resulted in an earlier flowering date for M, - and M_-generations, compared with
SA. The earliest flowering dates were detected at 1000 ppm (135.57 days) for the M - and
(170.52 days) M, -generations, whereas the latest date was attained at 5000 ppm (144.90 and
192.68 days in the M - and M,-generations, respectively). The interaction effect with SA at
5000 ppm delayed the flowering date of both M - and M, -generation calendula plants (146.87
and 194.33 days) comparing to other treatments.

The number of inflorescences per plant was not affected by either SA or DES; especially
in the M -generation (Table 2). However, the two chemical mutagens, mutagen concentration,
and their interactions revealed significant influences in the M, -generation. DES had a superior
effect on the number of inflorescences, comparing to SA. A higher mutagen concentration of
4000 ppm appeared to result in a higher number of inflorescences (8.48), followed by 3000
ppm (8.31), and compared to the control (5.85) or other treatments. The effects of the DES
mutagen at the higher concentration of 4000 ppm gave the highest value of inflorescence
number per plant (10.29) as compared to the control ones (4.66) or other treatments.

The data in Table 2 illustrate that the differences between the two chemical mutagens,
mutagen concentration, and their interactions during both the M - and M,- generations were
significantly compared with the control treatment.

In the M- and M, -generations, the lowest mean inflorescence diameters were
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observed at the concentration of 5000 ppm (3.23 and 3.66 cm), while the highest diameters
were detected at 2000 ppm (3.88 cm) for the M -generation and at 3000 ppm (5.10 ¢cm) for the
M _-generation. Data revealed that the interaction effect of SA at 1000 ppm and DES at 3000
ppm generated the highest inflorescence diameter values (4.12 and 6.04 cm), compared to all
other treatments in the M - and M -generations (Table 2).

Gas-exchange measurements

The data shown in Figure 1A-D illustrate that there were significant differences
between the two chemical mutagens and their concentrations, compared with the control
treatment in both generations. With the exception of stomatal conductance at 5000 ppm DES,
net photosynthetic rate, stomatal conductance, and transpiration rate all increased in the
presence of DES at all concentrations, compared with SA. The intercellular CO, concentration
with SA was relatively more effective than with DES. In the M,-generation, an increase in
all measurements was observed. Regarding the intercellular CO, concentration, SA exposure
resulted in a greater sensitivity to higher concentrations of mutagens. The intercellular CO,
concentration was higher in the SA than in the DES treatment. There was a trend towards an
increase in intercellular CO, concentration with increasing the chemical concentrations from
1000 to 5000 ppm.

Net photosynthetic rate A

o o

OMi-generation
mM2-generation

umol Co, m? 571
[oaei

)

Concentrations

0.08 Stomatal conductance B

70.06
E OMl-ge

g
s
20.04

mM2-generation|

E
£0.02

SA |DES| SA |DES| SA |DES| SA | DES

3000 ppm | 4000 ppm | 5000 ppm
Concentrations

25 Transpiration rate C

OM-generation
mM2-generation

mmol Hyo m? 57!
° e
& e b

o

SA |DES | SA |DES| S,

1000 ppm

Concentrations

Intercellular Co, concentration D

mol Co, mol

1000 ppm- | 2000 ppm_| 3000 ppm | 4000 ppm | 5000 ppm
Concentrations

Figure 1. Net photosynthetic rate (A), stomatal conductance (B), transpiration rate (C), and intercellular CO, (D)
following exposure to two chemical mutagens (SA and DES) on calendula plants. The mutagens were applied at
control, 1000, 2000, 3000, 4000, and 5000 ppm, during two generations (M, and M,).
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Leaf chlorophyll contents

The mean values of leaf Chl contents are presented in Figure 2A and B. There were
significant effects in the M -generation with respect to the chemical mutagen, mutagen
concentration, and their interactions. However, in the M, -generation, there were no significant
differences. The concentration of 5000 ppm in the M -generation significantly reduced the
total Chl content (2.05 uM), as compared with all other treatments. In the present study, the
total Chl content in plants treated with DES increased at higher concentrations, whereas SA-
treated plants had higher total Chl at the lower concentrations.

A M;,-generation
5 OChl a SA BChl a DES EChl b SA
oChl b DES BTotal Chl SA B Total Chl DES
4.5 4

525 A ul
EX
2 '.:
|
1.5 A
1 4
0.5 A
[
Control 1000 ppm 2000 ppm 3000 ppm 4000 ppm 5000 ppm
Concentrations
B M,-generation
OChla SA BChl a DES BChlb SA
OChl b DES BTotal Chl SA OTotal Chl DES

Control 1000 ppm 2000 ppm 3000 ppm 4000 ppm 5000 ppm
Concentrations

Figure 2. Chlorophyll (Chl) a, b, and total Chl concentrations in calendula plants following exposure to two
chemical mutagens (SA and DES) at different concentrations over two generations, M, (A) and M, (B).

Total soluble protein content

Figure 3A shows that the lowest total soluble protein was found in calendula plants that
had been treated with 5000 ppm SA and DES treatments (3.86 and 3.67 mg protein/g tissue,
respectively), whereas the highest total soluble protein was detected at the concentrations of
1000 ppm SA (4.76 mg protein/g tissues) and 2000 ppm DES (4.45 mg protein/g tissues). In
the comparison between the two mutagens, data indicated that SA had the highest average
total soluble protein content, except for at 4000 ppm DES.
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5 Total soluble protein
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Figure 3. Total soluble protein (A), acid phosphatase enzyme activity (B), and catalase enzyme activity (C) in
calendula plants following exposure to chemical mutagens (SA and DES) at different concentrations during two
generations (M, and M,).

Enzyme activity

Data presented in Figure 3B show that the control plants had the highest average acid
phosphatase enzyme (SA: 5.75 and DES: 5.96 U/mg protein). The lowest mean of the enzyme
was detected at the concentration of 5000 ppm SA (0.47 U/mg protein) and DES (0.86 U/mg
protein). The comparison between the two mutagens revealed that DES resulted in a higher
average acid phosphatase activity than SA. However, the growth conditions also significantly
affected the catalase activity of the leaves (Figure 3C). Plants collected from SA and DES had
more catalase activity at lower mutagen concentrations. The minimum catalase activity was
noticed in leaves of 5000 ppm mutagen-treated plants.

DISCUSSION

There was a reduction in the germination percentage of calendula plants as the
concentrations of the SA and DES mutagens in both the M - and M,-generation increased.
Similar reductions in germination due to hydroxylamine mutagen have also been reported in
cowpea species (Mensah and Akomeah, 1992). The changes that occurred in the germination
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percentage in seeds of M - and M- generations could be due to the environmental effects;
such as, seed moisture contents as well as the mutagen chemical concentrations (Abd El-
Maksoud and El-Mahrouk, 1992). These results are consistent with those found by Badr et
al. (2000) and El-Nashar (2006) whose results indicated that mutagen stimulation affected the
germination of 7agetes and Amaranthus seeds as a result of low concentrations of mutagenic
chemicals. The stimulating effects of low and intermediate concentrations of SA and DES
on seed germination may be due to enzymatic activation and awakening of meristematic
cell division. Disturbance in the formation of enzymes involving in the germination process,
particularly at higher doses, could be considered one of the physiological effects caused by SA
and DES, which leads to a decreased germination percentage in calendula plants.

Plant height increased with the lower mutagen concentrations. This has also been
observed in other floricultural species, such as Salvia splendens (Hussein et al., 1974),
Euonymus japonicus (El-Torky, 1992), and Amaranthus (El-Nashar, 2006). The stimulatory
effects of the lower concentrations on plant height also agreed with the findings of Abd EI-
Maksoud and El-Mahrouk (1992) on Asparagus densiflorus. These results might be attributed
to the physiological damages caused by SA and DES and their hydrolysis products.

Clear significant effects on the number of branches and leaves per plant were also
recorded. These results are in accordance with the findings of Hussein et al. (1974) on Salvia
splendens and El-Nashar (2006) on Amaranthus. The physiological effects of SA, DES and
their hydrolysis products could also be the reason for increasing the number of branches and
leaves in each plant.

The proportional increases and decreases in the fresh and dry weights, respectively,
with increasing SA and DES concentrations reported in this study, were similar to those
findings of Abd El-Maksoud and El-Mahrouk (1992) on Asparagus densiflorus. The
difference in responses at various doses could be attributed to the environmental factors, such
as temperatures and/or nutrition that prevailed during the growth period of the plants.

Regarding flowering date, the two manners of responses to mutagens have been
reported. Plants may be triggered to flower earlier, as reported by Hussein et al. (1974) who
found that ethyl methanesulfonate concentrations resulted in a significant responses towards
earliness of flowering in Salvia splendens, maize (Afsar-Awan et al., 1980; Lysikov et al.,
1987), and winter Swede rape (Adamska et al., 1995). The alternative response is pushing
plants towards a later flowering date as was reported by El-Nashar (2006) who found that
DES concentrations caused a slight delay in flowering of Amaranthus and Mahna et al. (1990)
showed similar results in Vinga aconitifolia. The variable responses observed in the present
study could be due to the environmental variations between the two seasons. It is known that
low and intermediate concentrations of mutagens generally stimulate cell growth, increase
growth rate, and produce earlier flowering in specific cases as reported by Hussein et al. (1974)
and Adamska et al. (1995). On the other hand, elevated concentrations seemed to inhibit the
cell growth, decrease growth rate, and delay the flowering date, as reported by Neagu (1970),
Khan et al. (1994), Badr et al. (2000), and El-Nashar (2006).

The inflorescence diameters found in the present study were in contrast with those
reported by Mahna and Singh (1975) on Physalis ixocarpa plant and on Amaranthus by El-
Nashar (2006). The environmental and physiological conditions at the middle of the flowering
period can affect the inflorescence quality. When the growth reached its maximum, the
photoperiod was longer. Therefore, the diameters of the inflorescences and leaf area increased
as a result of light intensity and higher temperatures.
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Kumar et al. (1994) showed that net photosynthetic rate, transpiration rate, and dry
mass production were closely related processes. Both photosynthetic and transpiration rate are
regulated by the stomatal activity (Nguyen et al., 1997), and both have been found to be highly
correlated in cassava plants (Mahon et al., 1977). Decreases in net photosynthetic rate closely
follow decreases in transpiration rate, since stomatal closure controls both processes (Ike,
1982). This indicates that the low transpiration rate of calendula plants was reduced in the M -
generation, as a result of decreasing photosynthesis. The stomatal conductance found in the
present study was in full agreement with that of Lahai and Ekanayake (2010) who reported that
stomatal apertures of the high-yielding cultivars with intermediate rate of transpiration were
open wide enough to allow high photosynthesis, but restricted enough to prevent excessive
loss of water from leaves, resulting in a high leaf yield.

Soaking seeds in SA and DES treatments produced mutations with reduced chlorophyll
content that were more pronounced in the M -generation. This was in accordance with the
findings of Cneng and Gao (1988). There might be two reasons for this; the first one is that the
post-SA soaking may cause diffusion of SA molecules from cells to the extra-cellular fluid, or
an inactivation of SA by cellular fluids, resulting in a reduction of the “active” concentration.
The second reason could be that repairing of the SA-inducing lesions may take place during
the post-SA soaking period.

The changes in soluble protein patterns were obvious at all experimental conditions
used in this study. It must be emphasized that reduction in protein could be as a result of the
direct physical effects of the chemical mutations on molecules, and protein increases may
reflect the repression of gene expression as suggested by Gorinstein et al. (2001) and del
Carmen Ramirez-Medeles et al. (2003) on Amaranthus species.

A drastic decrease in the acid phosphatase enzyme activity was detected. The results
can be attributed to the cellular response to mutagens as reported by dos Prazeres et al. (2004).
Vaidyanathan et al. (2003) mentioned that catalase enzyme is used to decrease oxidants
like H,O,. In the present study, more catalase activity was observed under the low mutagen
concentrations. A contrasting response in catalase activity to different chemical mutagen
stresses has been shown in previous studies. Wildeman and Nazar (1982) found no correlation
between activation levels in various plant species, their protein contents, and catalase activities.

CONCLUSION

Chemical mutagenesis is an efficient tool used in mutation-breeding programs
to improve the vital characters of the floricultural crops. This study was aimed to estimate
the effect of different concentrations of two chemical mutagens; sodium azide and diethyl
sulfate. Lower concentrations of mutagens were found to be beneficial for seed germination
percentage, plant height, leaf area, fresh plant weight, flowering date, inflorescence diameter,
and gas-exchange of calendula plants, in both generations. The chemical mutagens and
mutagen concentrations had significant effects on total soluble proteins, acid phosphatase, and
catalase activity fractions of the calendula leaves.
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