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ABSTRACT

Three varieties of field beans (Giza 3, Giza 402 and
61/536/66) were treated with four concentrations (0, 100,
200 and 400 ppm) of two chemical mutagens (Ethyl-methanc
sulphonate (EMS) and Methyl-methane sulphonate (MMS) ).

The percentage of both M. and M. mutated families and
types were progressively increased as a result of increas-
ing the concentration of EMS from Zero to 400 ppm in the
two varieties Giza 3 and 61/536/66.

Varietal differences in response to the different
mutagens i.e., EMS and MMS and the1r concentrations were
found.

Comparing the effect of the two mutagens in both M.
M generations, it was found that the most marked effect
of the two mutagens were in giving virdis type (59.27 EMS
and 58.8% MMS), xantha (31.6% EMS and 26. 57 MMS) and albina
(9.2% EMS and 14.77 MMS).

Using EMS mutagen increased the number of pods per
plant, 100-seed weight and seed yield per plant than MMS
mutagen did.

Increasing the concentration of chemical mutagens more
than 100 ppm increased sterility percentage and subsequently
decreased the yield and its components.

Giza 402 treated with FMS at 100 ppm concentration was
found to be the best combhination for higher productivity of
field bean in this study.
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INTRODUCTION

Through preliminary research, it was established, which is the
most efficient way to obtain economic mutations. Chemical mutagens
may produce mutation spectra and mutation frequencies which are

different from those induced by other mutagens i.e., irradiation.

Conventional breeding methods are laborius and lengthy, requir-
ing several generations of crossing and breeding to obtain a certain
goal. Consequently attemps have been made to utilize chemical
mutagens to increase the pool of variability in various characters,
hoping that such a method may shorten the period required to obtain

improvement in these chasracter

Q

The main objective of the present investigatién being to (i)
estimate the poténtial value of EMS and MMS chemical mutagens on
the frequency and spectrum of>chlorophy11 mutations in the second
(Ma2) and third (M:) generations of faba bean, (ii)afo QValﬁatérkhéﬁ
most promising high yielding families of M: generation for yield
and some of its components in M, generation and (iii) to determine
whether the studied varieties have a differential'response to the

two different chemical mutagens and their concentrations.

The experiments reported herein were carried out at Experimental
Farm, Faculty of Agriculture, Minufiya University in the two succe-
ssive seasons 1985/1986 and 1986/1987. The details of the experi-
mental procedures are described by (Dawwam et al., 1986). All M,
plants surviving to seed maturity were separately harvested and
individually threashed. All seeds of the M: experiment were
obtained from each M; plan! and sown in one single ridge 4 m. long
and 60 cm. wifth, with seeds spaced 10 cm. a part within ridge.
During seedling stage of M-, chlorophyll mutations in each treatment
were visually identified according to Gustafsson (1940). At maturity

stage, seeds of each unmututed M. families were eollected and sown
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;
in the same way in Ms; generation. At seedling stage, each M.

family was visually examined for screening new chlorophyll mutations.
In addition the promising high yielding plants of each of the twentv
four treatments in M: generation were taken and threashed in order

to be sown in the next generation (M.).

In 1986/1987 season, thesc sccds were arranged in split-split
plot design with three replications. At seedling stage, each M,
family was visually examined for screening new chlorophyll mutations.
Twenty guarded plants were taken from each sub-plot for subsequent
measurements i.e., number of pods per plant, 100 seed weight and
seed yield per plant. The differences among means were tested using
Duncan's multiple range test (Duncaﬁ. 1955). The means followed by

the same letter are not statistically different at 5Z level.

RESULTS AND DISCUSSION

A) Chlorophyll mutation in M2 and M: generations:

According to Gustafsson (1940), the types of chlorophyll
mutations obtained in this study can be classified into three gronps
V.Z. Albina, Xantha and Virdis.

Frequencies and percentages of both mutated families ard types
with chlorophyll mutations which obtained after different mutagenic
treatments EMS and MMS in M. and Ms, and the total percentages of
mutated families obtained in both generations of the three varieties
are shown in Table (1).

The percentages of both M2 and M, mutated families and tvpes
were progressively increased as a result of increasing the concent-
ration of EMS from Zero to 400 ppm in the two varicties Gzia 3 and

61/336/66. Whereas, the meximum percentages of both mutated familics
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and type were obtained from the treatment of 200 ppm EMS and MMS
applied to both Giza 402 and 61/536/66, respectively. However,
increasing concentration of EMS and MMS than 100 ppm decreased the
percentage of mutaied familice and tyvpes in the other cases. Similar
results were reported in other plant species with different chemical
and physical mutagens (Gustafsson, 1940; Brock, 1965 and Gupta et
al., 1969). Gustafsson (1940) added that a linear relationship
between radiation dose and frequency of chlorophyll mutations was
observed until 15 Kr, while doses higher than 15 Kr gave lower number
of chlorophyll mutations. Brock (1965) found that mutation frequency
was increased by increasing the dose of X-ray but with some saturation

at higher doses in Trifolium subterreneum. Gupta et al. (1969)

showed that in most cases there was a linear correlation between dose
rate and chlorophyll mutation frequency. These authors attributed
the reduction in mutation frequency at higher mutagen doses to the
saturation being happened in the mutational event. Yanaguchi (1962)
considered that frequency of chlorophyll mutation did not increase
in limear relationship with dose of X-ray because the high doses
cause elimination of mutated genes within the killed, of these high
doses, cells carrying these mutated genes, and also because of the

low capacity of growing the homozygous mutants.

Comparing the ability of different mutagenic treatments on the
basis ef frequency of chlorophyll mutations obtained in both gene-
ratioms (Table 1), it can be shown that EMS gave the highest mutation
rate than MMS did.

Yarietal differences in response to the different mutagens and
their concentrations were found (Table 1). Varietal differences in
sensitivity and mutability has been indicated early by many authors
(Gichenmer et al., 1968’; Ghafoor, 1974 and El-Hosary, 1977).
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To compare the effect of both mutagens on the three studied
varieties concerning the spectrum of chlorophyll mutations, the
frequency of each type obtained in all treatments in both gene-
rations (M: and Ms) will be taken together (Table 2).

No varietal differences in response to the two different
mutagens i.e., EMS and MMS could be detected as regards to the
spectrum of chlorophyll mutations (see Table 2). These results
are in agreement with the previous results obtained by El1-Shouny
and El-Hosary (1983) in field bean and disagreed with those obtained
by Marki and Bianu (1970) in flax.

Comparing the effect of the two mutagens in both M. and M.
generations it was found that the most marked effect of the two.
mutagens were in giving virdis type (59.2% EMS and 58.8% MMS),
xantha (31.6% EMS and 26.5% MMS) and albina (9.2% EMS and 14.7%
MMS) (see Table 3). Similar pattern was-previously found.by. .. ..
L'undquist and Wettstein (1962) in barley and El-Hosary (1977) in
field bean.

B) Yield and some of its conpénents in the Ms generation:

1- Varietal effect:

Comparing the average of the three tested varietieé, it was
found that they significantly differed in number of pods per plant
and 100-seed weight. Giza 402 and 61/536/66 had the highest values
of 100-seed weight and number of pods/plant, respectively. Though,
the three examined varieties did not significantly differ in seed
yield/plant, and that may be due to the fact that, both number of
pods/plant and seed index are not the only components of the yield
in faba bean (see Table 4).
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Table (2) : Effect of varieties on spectrum of
chlorophyll mutation induced in M2
and M3 generations .
Trait Mutation spegzrum in both
Total [Totel ool
2] e Albina Xantha Virdis M.T.
Variety ; . No. % |No. % |No. %
Giza 3 188 | 28 12.5 | 9 |28.13] 19 |[59.38 | 32
Giza 402 | 182 | 29 7.69|12 | 30.77| 24 |61.54 | 39
61/536/66 | 189 | 37 17.50{10 | 25.00| 23 |57.50 | 40
Table (3) : Effect of mutagenic type on spectrum of
chlorophyll mutation in M2 and M3 genera-
tions .
Trait ) Mutation sp;;;.rum in B;;l-x“
generations
Total |Total
E.F | M, | Albina Xantha Virdis | M.T.
Mutagen ' Nod % No.| % No.| %
EMS 301 | 62 |7 | 9.2 |24 |31.6]45 [59.2 |76
S 258 | 32 5 4.3 | 10| 28.6 | 20 157.2 |35
E.F. = Examined families .
MoFi = Mntated familieﬂ °
MQT.' = uutated types e
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2- Effect of mutagen type:

The data in Table (5) show that us’ng EMS increased the number
of pods per plant, 100-seed weight an¢ seed yield/plant more than
MMS did. This results could be due co that the effectiveness and
efficiency of ethylating agents {£MS) were higher than methylating
agents (MMS) in increasing the variability. This may be related to
the role of different alkali groups that passed by each mutagen.

3- Effect of the concentration of chemical mut-pens:

The data in Table (6) indicate in general that, the concent-
ration of 100 ppm gave the highest values of the three studied
traits in comparison with the other two concentrations. However,
the concentration of 100 ppm exhibited less seed yicld/plant and
seed index than the control but, the decrease in seed yield/plant
was not significant. So, it could be-suggested that increasing
mutagen concentration increased the sterility percentage and
chromosomal abberation in the M;-generation and consequently

decreased the three examined characters.

4- Interaction effect:

a) Interaction of variety with chemical mutagen:

Varietal differences in response to the chemical mutagens were
found to be significant in only 100-seed weight (see Table 7). Giza
402 variety exhibited the highest seed index when treated with EMS

mutagen.

b) Interaction of vareity with mutagen concentration:

Varietal differences in sensitivity to the mutagenic concent-
ration were found to be only in 100-seed weight (Table 8). Giza 402
when treated with 100 ppm produced the heavy seed index.
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Table (4) : Mean valucs ¢f £22d4 yield and some yield
components for M3—generation of three
field bean varieties .

Trait No. of 100-seea geed ylgi& /
Variety Pods/plant weight (gm) plant (gm)
Giza 3 20.09 b 65.62 b 35.76 ‘a

61/536/66 21.99 a 63.99 ¢ 34.64 a

Table (5) : Effect of chemical mutagens on seed yield

and some yield components of M3-generaticn

of field bean .

====== S e e B O

No. of 100-geed Seed yield /

Pods/plant | weight (gm) plant (gm) .
EMS 22,02 a 66.91 a - 38.23 =
MMS 19.44 a 64.39 b 31.65 b

Table (6) : Effect of mutagenic concentrations on seed
yield and some yield components of MB— gen-
eration of field bean .

""""""""""""""" No. of | 100-seed | Seed yield /]

Con-

centration Pods/plant | weight (agm) plant (gm) .

(ppm) R wOERE i e, SRS

0 22.82 = 67.99 =a 39.14 a
100 22.96 =a 65.88 b 37.04 =
200 18,32 b 65.06 b 31.26 b
400 i 18.84 b i 63.67 ¢ 32.34 b
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c) Interaction of mutagenic type with the concentration:

Significant interaction of the mutagenic type and their con-
centrations was found for number of pods/plant, 100-seed weight and
seed yield/plant (Table 9). The 100 ppm of EMS produced the highest
mean values of the three investigated traits, revealing that this

concentration produced high genetic variability in these three

traits. However, the concentration of 400 ppm of MMS exhibited the

lowest ones.

d) Effect of interaction between variety, type of mutagen and

concentration:

From the analysis of variance, it was found that the inter-—
action of variety with mutagenic type and concentration was signi-
ficant in the three studied traits of the M: generation (Table 10).
Giza 402 variety gave the highest values of the three examined traits
when treated with 100 ppm of EMS. However, the lowest values of
both number of pods/plant and seed yield/plant were given by Giza
402 when treated with 400 ppm of MMS mutagen. The variety 61/536/66
exhibited the lowest value of 100-seed weight when treated with 200
or 400 ppm of MMS mutagen. Similar results were obtained by Dawwam
et al. (1986).

From the previous results, it could be concluded that the EMS
mutagen was found to be more effective in inducing mutations in field
bean. That may enable the breeder to select desirable genotypes
which could be used as new varieties or in faba bean breeding

programmes to improve the crop.
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