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ABSTRACT. We attempted to create a new germplasm of cucumber
cultivar Chinese long (9930) using different doses of ethyl methyl
sulfonate (EMS) to induce variability. We tested EMS concentration (0,
0.5, 1.0, 1.5, 2, 3% v/v) with post-treatment (0.1 M Na,S O, and water),
EMS concentration (0, 0.5, 1.0, 1.5% v/v) over different treatment
times (8, 16, 24 h), and EMS concentration (0, 0.5, 1.0, 1.5% v/v) with
different treatment temperatures (20 and 28°C). In all experiments with
increasing EMS concentration, germination percent, index, and rate
were decreased. After addition of stop solution (0.1 M Na,S,0,), post-
treatment mutated seeds showed higher germination (84.44%) and rate
(37.5%) than seeds treated with water (80 and 34.07%, respectively),
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while the germination index was high in seeds treated with water. At
20°C, the germination index (4.13) and rate (56.25%) were affected to a
greater extent than at 28°C (7.68 and 91.31%, respectively). Treatment
times of 16 and 24 h showed similar results for germination percent
and rate, while the germination index was decreased over time. There
were significant differences in seedling height, fresh true leaf weight,
seedling weight, and plant survival with increasing EMS concentration
and time. Higher variations in the form of dwarf seedlings were recorded
after treatment with 1.5% EMS for 24 h. Based on germination and
morphological data, an EMS concentration of 1.5% for 24 h at 20°C
and post-treatment with stop solution (0.1 M NaS.0,) efficiently
caused mutation.

Key words: Breeding; Cucumber; Germination; Mutation; Seedlings;
Weight

INTRODUCTION

Cucumber (Cucumis sativus) is a widely cultivated vegetable in temperate, sub-
tropical, and tropical climates. Cucumber is one of the oldest and the 4th most cultivated
vegetable worldwide. Thirty Cucumis species are present in Asia and Africa (Yawalkar,
1985), and are exposed to various biotic and abiotic stresses. Cucumber crops require ge-
netic variability (induced mutation) to overcome biotic and abiotic hurdles, but this does
not always occur naturally. Induced genetic variation has been used successfully in more
than 100 plant species and many officially released (Maluszynski, 2001) varieties. Chemi-
cal [ethyl methyl sulfonate (EMS), methyl methanesulfonate, diethylsulfate, sodium azide,
nitrous oxide] and physical (X-rays, y-rays, UV radiation, fast and thermal neutrons, o and 3
particles) mutagens have been widely used to induce a large number of functional variations
in different plant species, as well as to generate new varieties with improved traits. Among
the mutagenic agents used, EMS (CH,SO,0C,H,) is very effective and efficient as well as
the most widely used chemical mutagen for inducing mutations (Van Harten, 1998; Kodym
and Afza, 2003). EMS generates random mutations throughout the genome (Greene et al.,
2003). However, a crucial requirement in mutation induction is the selection of an efficient
and optimum dose of mutagenic agent. Few studies have examined EMS doses in different
crop species/cultivars. The efficiency of EMS not only depends on EMS quality but also on
genotype (Kodym and Afza, 2003). Many other factors also affect mutagen effectiveness
and efficiency, such as mutagen properties, treatment time, pre- and post-treatments, pH,
and temperature (Roychowdhury and Tah, 2011). The resistance level of biological materi-
als to a mutagen can be observed in the M, generation by measuring germination and lethal-
ity (Gaul, 1970). Another fast and simple method is determining seedling injury (reduction
in seedling height, root length, survival) under greenhouse conditions to evaluate the effect
of EMS. In this study, we examined different conditions, including post-treatment, tempera-
ture during EMS reactions and treatment time to evaluate the effect of EMS in generating
optimum variations in cucumber to create new germplasms.
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MATERIAL AND METHODS
Plant material

The cucumber cultivar Chinese long (Line 9930) was used in this study as plant ma-
terial. The seeds were provided by the Cucumber Research Group, Collage of Horticulture,
Northwest A&F University, China. Experiments were performed from August to November
2013.

EMS concentration and post-treatment

Seeds were presoaked in distilled water for 10 h. Next, the seeds were transferred to
0.1 M buffer (1:1 Na,HPO, + NaH,PO,), pH 7.0, and various concentrations of EMS were
added (0, 0.5, 1.0, 1.5, 2, 3% v/v). The seeds were then placed in a rotary shaker at 100 rpm
at 20°C for 24 h. The seeds were post-treated with stop solution (0.1 M Na,S,0,) and water.
For stop solution treatment, the seeds were washed 3 times (fresh) and then incubated for 15
min in fresh solution, followed by thorough washing with running water further for 15 min.
For water treatment, the seeds were washed with running water for the same amount of time
as used in the stop solution treatment.

EMS concentration and treatment temperature

Seeds were presoaked in distilled water for 10 h. Next, the seeds were transferred to
0.1 M buffer (1:1 Na,HPO, + NaH,PO,), pH 7.0, and various concentrations of EMS were
added (0, 0.5, 1.0, 1.5% v/v). The seeds were then placed in a rotary shaker (100 rpm) at 2
different temperatures, including 20 and 28°C, for different times over 24 h. The seeds treated
were washed 3 times with stop solution and then transferred to fresh stop solution for 15 min.
The seeds were then thoroughly washed with running water for 15 min.

EMS concentration and treatment time

Seeds were presoaked in distilled water for 10 h. Next, the seeds were transferred to
0.1 M buffer (1:1 Na,HPO, + NaH,PO,) solution, pH 7.0, and various concentrations of EMS
were added (0, 0.5, 1.0, 1.5% v/v). The seeds were then placed in a rotary shaker (100 rpm)
at 28°C for different times (8, 16, and 24 h). The seeds treated were washed 3 times with stop
solution and then transferred to fresh stop solution for 15 min. The seeds were thoroughly
washed with running water for 15 min.

Germination

The seeds for all experiments were transferred to 9-cm Petri dishes on 4 layers of
filter paper, which had been moistened with distilled water. Petri dishes were placed at 26 +
2°C under a 16:8 h photoperiod in an incubator (Farooq et al., 2008) until radical emergence.
Seeds with visible radicals were considered to be germinated on the Petri dish.
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The data regarding germination parameters were recorded according to the following
equations.

G ination (%) = No.of Seeds Germinated < 100 (Equation 1
ermmatton ) = rotal No.of Seeds Sown quation 1)

No.of germinated seed No.of germinated seed
Days of First Count Days of Final Count

Germination Index (GI) =

(Equation 2)

G rmation Speed (%) = No.of Seeds Germinated at First Count % 100 E ion 3
CRIRIGLIOR SPEciig = No.of Seeds Germinated at Final Count (Equation 3)

The germinated seeds in experiments testing EMS concentration and treatment time
with the prominent radical were planted in growing trays (compost) to confirm the biologi-
cal effects of EMS on cucumber seedlings. The data were recorded 3 weeks after planting in
growing trays at the 2 to 3 true leaf stage. Seedling height (cm), dwarf and tall, fresh true leaf
weight (g), seedling weight (g), root length (cm), and seedling survival (%) were determined.

Design and analysis

Experiments were designed in a completely randomized block design with 2 factors;
experiments were conducted 3 times. Data were analyzed statistically using Statistix 8.1 (Ana-
lytical Software, Tallahassee, FL, USA) and the least significant difference (P < 0.05) test was
used to identify significant differences among treatments.

RESULTS AND DISCUSSION
Germination (%), germination index (GI), and germination speed (GS) (%)
EMS concentration and post-treatment

Statistical analysis revealed that the germination (%), GI, and GS of cucumber seeds
was significantly (P < 0.05) affected by EMS concentration and post-treatment, and their in-
teraction were also significant (Table 1). Seed germination (%) was not significantly affected
at the 0, 0.5, and 1% EMS concentrations, but then sharply decreased at the 1.5 to 3% EMS
levels. A high germination percent (84.44%) was recorded following post-treatment with stop
solution compared to treatment with water (80%). For the combined effect of EMS and post-
treatment, stop solution (0.1 M Na,S O,) treatment resulted in higher germination than water
treatment at 3% EMS, while at 2% EMS, the seeds treated with water showed higher germina-
tion (Figure 1A). This may be because the stop solution (Na,S,0,) stopped the EMS reaction
from further damaging the embryo, while at 2% EMS, seeds that had been post-treated with
water may have contained small amounts of mutagen in the embryo, increasing seed viability.
A higher germination index (6.17) was recorded in control seeds but lower rate (0.44) with
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3% EMS. Post-treatment of mutated seeds with water (3.49) resulted in a higher germination
index than treatment with stop solution (2.97). The interaction graph showed that treatment
of seeds with stop solution (Na,S,0,) caused the seeds to be more vigorous at 0.5 and 1.5%
EMS compared to water treatment, while the stop solution (Na,S,0,)-treated seeds showed
decreased its vitality at 0, 1, and 2% compared to water treatment (Figure 1B). A higher germi-
nation rate (95%) was observed in control seeds than in seeds treated with 1.5% EMS (12.5%),
while no seeds germinated at 2 and 3% EMS. The seeds that had been post-treated with stop
solution (37.5%) quickly germinated compared to germination in water (34.07%). Cucumber
germination speed sharply decreased with increasing EMS concentration (Figure 1C). The
reduction or slowing of cucumber seed germination with increased EMS dose may have been
caused by a delay or inhibition of physiological processes such as enzyme activity, hormonal
imbalance, and inhibition of mitotic process (Kumar and Gupta, 2009; Devi and Mullainathan,
2011; Borovsky et al., 2013). Previous studies in different crops have shown that decreased
germination indicates the effectiveness of mutagenic agents (Bahar and Akkaya, 2009). Our
results also revealed that post-treatment of mutated seeds with water and stop solution at each
level of EMS had different effects on seeds.

Table 1. Effect of EMS levels and post-treatment on germination percent, index, and speed of cucumber
cultivar Chinese long (9930) at 20°C in M, generation.

Treatments Treatments levels Germination (%) Germination index Germination speed (%)
EMS conc. (%) 0 100.00° 6.17* 95.00°

0.5 100.00* 4.96° 75.00°

1.0 100.00° 3.85¢ 32.22¢

1.5 83.33% 2.99¢ 12.50¢

2 70.00° 0.97¢ 0.00¢

3 40.00¢ 0.447 0.00¢
LSD value (P <0.05) 8.843 0.23 2.1250
Post-treatment Water 80.00° 3.49 34.07°

Stop solution 84.44* 2.97° 37.50°
LSD value (P <0.05) 4.3249 0.1328 1.2269
Interaction (P < 0.05) Figure 1A* Figure 1B* Figure 1C*

*Significant difference at P < 0.05. Means with different lower case letters are significantly different at P < 0.05.
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Figure 1. Effect of EMS concentration and post-treatment on the germination percent (1A), germination index
(1B), and germination speed (1C). The results represent the mean from three independent biological replicates.
Bars with different lower case letters indicate significant differences using least significant differences (P < 0.05).

EMS concentration and treatment temperature

The influence of EMS concentration, treatment temperature, and their interaction was
significant for percent (EMS levels) GI and GS, while germination percent for the temperature
factor and the interaction with EMS levels was non-significant (Table 2). The germination
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percent, GI, and GS of the cucumber seeds decreased with increasing EMS concentration,
while at 20°C, EMS caused more damage to the seed embryo. Seeds treated with EMS at
20°C showed severe damaged, compared to treatment at 28°C by affecting GS and GI (Figure
2A and B). Temperature is an important factor during the mutagenic reaction. The half-life of
EMS decreases with increasing temperature (Kodym and Afza, 2003), and thus EMS is more
effective at a lower temperature (20°C).

Table 2. Effect of EMS levels and treatment temperature on germination percent, index, and speed of cucumber
cultivar Chinese long (9930) in M, generation.

Treatments Treatments levels Germination (%) Germination index Germination speed (%)
EMS conc. (%) 0 100* 7.19* 93.33°
0.5 99.11° 6.45° 89.81°
1.0 97.61* 5.05¢ 60.60°
1.5 88.33" 4.96° 51.38¢
LSD value (P < 0.05) 6.9295
0.5138 2.4956
Temperature 20°C 96.67 4.13° 56.25°
28°C 95.86 7.68 91.31°
LSD value (P < 0.05) NS 0.3633 1.7647
Interaction (P < 0.05) NS Figure 3A* Figure 3B*

*Significant difference at P < 0.05. Means with different lower case letters are significantly different at P < 0.05.
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Figure 2. Effect of EMS concentration and treatment temperature on germination index (2A) and germination
speed (2B). Results are reported as means = SE from three independent biological replicates. Bars with different
lower case letters indicate significant differences using least significant differences (P < 0.05).

EMS concentration and treatment time

Our results showed that EMS significantly (P < 0.05) affected germination (%), GI, and
GS (%) of cucumber seeds (Table 3). Increased EMS concentration and treatment time decreased
cucumber seed germination. Cucumber seed germination decreased with increasing EMS con-
centration, while treatment time at 1.5% EMS contrasted with respect to other treatments (Figure
3A). The germination of cucumber seeds was less affected at 8 h of treatment compared to 16
and 24 h of treatment. Germination after 16 h treatment was lower than after 24 h in the pres-
ence of 1.5% EMS. Increased treatment time may allow for seed hydration, which may facilitate
the uptake of mutagen and improve the metabolic activity of cells as well as initiation and DNA
synthesis in the growing embryo (Natarajan and Shivasankar, 1965; Seetharami and Prabhakar,
1983), leading to higher germination. A higher GI was recorded at 8 h and 0% EMS-treated seeds
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(9.69 and 9.57, respectively), while GI was lower in seeds treated for 24 h with 1.5% EMS (7.68
and 7.82, respectively). In the interactive treatments, a higher GI was observed after 16-h treat-
ment with 1% EMS, while a lower GI was observed following treatment with 1.5% EMS for
16 h (Figure 3B). Comparison of GI after different treatments revealed that treatment time and
EMS concentration greatly affected seeds vigorousness. Plant growth and seed vigor decreased
with increasing EMS concentration (Sharma and Kumar, 2003), indicating the effectiveness and
efficiency of EMS. Control seeds germinated faster than EMS-treated seeds and GS decreased
with increasing treatment time (Table 3). Seeds treated with 1 and 1.5% EMS for 8 h showed
similar rates compared to control seeds (Figure 3C). At each EMS level, the 24-h treatment time
resulted in a longer time to germinate compared to other treatment times.

Table 3. Effect of EMS levels and treatment time on germination percent, index, and speed of cucumber
cultivar Chinese long (9930) at 28°C in M, generation.

Treatments Treatments levels Germination (%) Germination index Germination speed (%)
EMS conc. (%) 0 100° 9.57* 97.22°
0.5 99.41® 8.93° 95.43°
1.0 97.19° 8.48° 94.73°
1.5 90.26¢ 7.82¢ 87.59¢
LSD value (P < 0.05) 2.2379 0.3911 0.9345
Time 8h 99.083¢ 9.69° 99.332
16h 95.194° 8.71° 91.31°
24h 95.862° 7.68¢ 90.58°
LSD value (P < 0.05) 1.9381 0.3387 0.8093
Interaction (P < 0.05) Figure 2A* Figure 2B* Figure 2C*

*Significant difference at P < 0.05. Means with different lower case letters are significantly different at P < 0.05.
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Figure 3. Effects of EMS concentration and time on germination percent (3A), germination Index (3B), germination
speed (3C), seedling height (3D), fresh true leaf weight (3E), and seedling survival (3F). The results are reported as
means = SE from three independent biological replicates. Bars with different lower case letters indicate differences
using least significant differences (P < 0.05).

Seedling height (cm), fresh true leaf weight (g), seedling weight (g), root length
(cm), and seedling survival (%) after EMS treatment and varying treatment times

The data regarding cucumber seedling height, fresh true leaf weight, seedling weight,
root length, and survival are presented in Table 4. Changes in cucumber seedling height, seed-
ling weight, root length, and survival were significant (P < 0.05), while fresh true leaf weight
(FTLW) was non-significantly (P < 0.05) affected by EMS levels. Changes in seedling weight
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and survival were significant (P < 0.05), while seedling height, FTLW, and root length were
non-significantly (P < 0.05) affected by time. The lowest seedling height (14.19 cm), seedling
weight (1.13 g), root length (3.49 cm), and survival (80%) were observed following treatment
with 1.5% EMS, while the highest seedling height (16.39 cm), seedling weight (1.46 g), root
length (6.22 cm), and survival (100%) were observed in controls. Seedling height can be used
to indicate the biological effect of EMS (Jabeen and Mirza, 2004). A previous study showed
that an increased dose of EMS reduced plant height (Deepalakshmi and Anandakumar, 2004).
Interestingly, the maximum weight (1.3 g) of cucumber seedlings was recorded in the 24-h
treatment group compared to the 8 h treatment (1.28 g). The tallest (~96%) seedlings survived
after treatment for 8 h, but the height was lower (~79%) in the 24-h treatment group. The as-
sociation between EMS and time showed significant (P < 0.05) results for seedling height,
FTLW, and survival, but non-significant (P < 0.05) for seedling weight and root length (Table
4). We observed an inconsistent trend in seedling height for all EMS levels at 8 and 16 h,
while at 24 h, a decreasing trend was observed at all EMS levels (Figure 3D). With respect
to time, the 1% EMS concentration resulted in uniform seedling height. The lowest FTLW/
plant (0.17 g) was observed in cucumber plants whose seeds were treated with 1.5% EMS for
24 h, while this value was higher in the control (Figure 3E). FTLW/plant was nearly uniform
following 1% EMS for all treatment times. The 24 h treatments showed a decreasing trend
with respect to EMS concentration, while the 8 and 16 h groups showed inconsistent results.
For the combined effect of EMS and time, cucumber seedling survival (%) decreased with
increasing EMS concentration (Figure 3F). Minimum seedling survival (63.33%) was follow-
ing 24 h treatment with 1.5% EMS, while the maximum (100%) value was observed in the
control treatments as well as 1.5% EMS for 8 h. Figure 3F shows a decreasing trend for the
24 and 16 h treatments, but for 8 h treatment, values decreased and then increased with re-
spect to EMS concentration. Mutagenic effectiveness and efficiency is calculated based on the
biological damage (i.e. reduction in plant growth parameters) and decreased with increasing
doses or concentrations of mutagen (Thilagavathi and Mullainathan, 2009). Our results agree
with those of a previous study (Roychowdhury and Tah, 2011) which demonstrated that with
increasing EMS levels, germination and survivability decreased.

Table 4. Effect of EMS levels and treatment time on seedling height (cm), Fresh true leaf weight (g), seedling
weight (g), and seedling survival (%) of cucumber cultivar Chinese long (9930) at 28°C in M, generation.

Treatments Levels Seedling height (cm) FTLW (g)  Seedling weight (g) Root length (cm) Plant survival (%)
EMS conc. (%) 0 16.39* 0.32 1.46 6.22¢ 100*
0.5 15.96° 0.25 1.17° 4.09° 86.67°
1.0 15.37% 0.22 1.13° 3.58° 85.56°
1.5 14.19° 0.25 1.13° 3.49° 80.00°
LSD value (P <0.05) 1.21 NS 0.19 1.28 522
Time (Hours) 8 15.74 0.28 1.282 4.65 95.83¢
16 15.44 0.23 1.08° 421 89.17°
24 15.25 0.27 1.30° 4.18 79.17¢
LSD value (P <0.05) NS NS 0.17 NS 4.52
Interaction (P < 0.05) Figure 2D* Figure 2E* NS NS Figure 2F*

*Significant difference at P < 0.05. Means with different lower case letters are significantly different at P < 0.05.

Dwarf and tall seedlings

The total number of dwarf and tall seedlings were recorded in all replications for each

Genetics and Molecular Research 14 (1): 2440-2449 (2015) ©FUNPEC-RP www.funpecrp.com.br



S.N.M. Shah et al. 2448

treatment (Table 5). The dwarf and tall plants were compared with control plants, and a 1-cm
margin was used for comparison to minimize error. The plant height range in control treatment
was 14.5 cm to 18.5 cm from dwarf to tall (Figure 4A). The 1% EMS treatment for 16 h and
0.5% EMS treatment for 24 h produced the tallest seedlings, which were 20 cm tall (Figure
4B and C), while 1.5% EMS treatment for 16 h and 1.5% EMS treatment for 24 h resulted in
dwarfed seedlings that were 4 and 4.3 cm tall, respectively (Figure 4D and E). Other dwarfed
seedlings were greater than 4.3 cm and lower than 14 cm, while tall seedlings were greater
than 19 cm in height. This may be because of the effect of the mutagen on the meristematic
tissues of the seeds (Roychowdhury and Tah, 2011), which led to changes in normal physi-
ological processes and in chromosomes (Nilan et al., 1976; Singh and Kole, 2005), as well
as delayed or early onset of mitosis (Yadav, 1987). Additionally, growth promoters may have
increased or growth inhibitors may have been non-functional, or auxin levels may have been
decreased (Roychowdhury and Tah, 2011).

Table 5. Number/percent of cucumber seedlings in response to EMS concentration and time in M, generation.

EMS (%) Time (h) Total No. of plants No. of dwarfs % of dwarfs No. of tall seedlings % of tall seedlings
0 8, 16,24 30 - - - -
0.5 8 30 1 3.33 0 0
16 30 3 10 0 0
24 30 2 6.66 1 3.33
1 8 30 0 0 0 0
16 30 2 6.66 1 3.33
24 30 3 10 0 0
1.5 8 30 2 6.66 1 3.33
16 30 2 6.66 0 0
24 30 7 23.33 0 0

4A 4B 4C 4D 4E

Figure 4. Dwarfed and tall cucumber seedlings, (4A) normal/control plants (4B and 4C). The 20-cm tall seedlings
produced by treatments with 1% EMS + 16 h and 0.5% EMS + 24 h (4D). The 4-cm dwarfed seedling (middle) was
observed following treatment with 1.5% EMS + 16 h. The left and right images show mutated seedlings of normal height.
(4E). The right seedling was 4.3 cm tall and the left seedling was 18.5 cm tall after treatment with 1.5% EMS + 24 h.

CONCLUSIONS

In this study, we determined the biological effect of different concentrations of EMS
and different environmental conditions on the cucumber cultivar 9930 M, generation and its
sensitivity to mutagen. We found that the mutagenic effect on various germination behaviors
such as germination percent, GI, GS, and growth characteristics including seedling height,
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true leaf weight, seedling weight, root length, and survivability following treatment with 1.5%
EMS for 24 h was strong and induced a large amount of variation. Seeds that had been post-
treated with water showed a high GI, and quickly germinated following post-treatment with
stop solution (0.1 M Na,S O,). The analysis of the germination data with respect to tempera-
ture showed that EMS was more effective at 20°C than at 28°C.
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