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Abstract

variations, dry
seeds of three broad bean vareties (Sinjar. Egyptian and French) were expose 00,250, 500 750
and 1000R dosages from a Co%% source. In My generation all varieties exhibited earliness of flower-
ing and increase in stem length; though response to the different doses was different in the three varieties.

To test the effectiveness of gamma radiation for the induction of quantitat
d

Analysis of M, revealed that Sinjar had highest genetic Vdrlablllty followed by Egyptian and
French as regards the. ﬂowermg time: A dose of 5C0R was most effective in Sinjar; 100R-n’ Egyptlan
and 250R in the French variety, ©n,the contrary, for the stem Jength, the order of increase in vari-
ability was French, Sinjar and Egyptian; 750R being most effective jn Flench 100R in Egyptlan ‘and
10C0R in Sinjar. In all the varieties ‘there was no relationship between the: magmtude of irradiation
and the amount of induced genetic variance. The ranges of predicted heritability estimates for both
these characters were relatlve]y h1gher in Egyptian as compared with other varieties. This additional
variability, in so far as it is genetic would provide an opportumty for improvement of broad bean by

selectlon

Introduction

Broad bean is an important commercial crop of Iraq. It is grown as a forage
crop as well as for the sceds. In addition to local Sinjar variety, French and Egyptian
or increased yield. Results on the varied response

diation as regatds their germindtion and survival
fal. 1977).

This paper presents-an assessment of the genetic variability obtained in M,
generation of these varieties which can be utilized in any future breeding programme.

Materials and Methods

Certified seeds of thres broad bean varieties i.e., Sinjar, Egyptian and French
were irradiated at 100, 250, 500, 750, 1000, 3000 and 5000R from a Co0 source
at Atomic Energy Centre, Baghdad and stered at 5°C for two weeks before use.
Irradiated seeds along with the control for each variety were germinated in sub-
irrigated (24 cm, diameter) plastic sieves at a day time temperature of 25-30°C in the
greenhouse on 26th February, 1975. Ten seadlings per treatment per variety were
seiected for uniformity of size and grown to maturity in Long Ashton nutrient solu-
tion (Hewitt, 1966) in water culture medium, taking all the necessary precautions.
Seedlings-from exposures higher than 1000R remained stunted for a long time and
were discarded. During the entire period from germination to maturity, each plant
was examined for desirable variations in characters and data on days to flower (i.e.,
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number of days from date of sowing till the date of opening of the first flower) and
the plant height (i.e., shoot length in cm. from plant base to the apex before harvesting)
were recorded for each plant.

Individual plants of M, were allowed to reproduce.by self-fertilization and
the seeds produced per treatment per variety were bulked. These seeds were ger-
minated in laboratory and seedlings’ transplanted in the field on 19th October,, 1975
(beginning of the growing season in Irag) to obtain M,. Plant to plant distance
was 30 cm. and inter-row distance was 50 cm. All the treatments within a variety
were randomized and the varieties were grown in adjoining plots. Data similar to
M, were collected.

Data on the number of days to flowering and the stem leligth (cm) in M, aund
M, generations were used for the estimation of means and variances.

Results and Discussion
M genération

Egyptla,n and Sinjar varieties exh1b1ted earliness in ﬂowermg time almost at all
(}gse levels (Table 1) while French only at 750 and 1000R. However, in all these

‘trea,tments flowering time was not significantly different from the respective control
and only indicated the trends.

Stem length exhibited a marked and significant increase at all dose levels in the
Sinjar variety (Table 2). Increase in stem length in variety French was significant
only at S00R but variety Egyptian was not significantly different from the control
at any dose.

TABLE 1. Flowering time (days) in the MI generation in three broad bean
varieties grown from pre-sowing gamma irradiated seeds in the greenhouse.

Tréatmeﬁts in k' Varieties
Roentgen(R)
Sinjar Egyptian French
0 50.44-2.418 43.4-+-1.392 51.141.958
100 49.04+2.745 42.9-41.140 51.542.72]
250 45.44-2.583 42.74+0.667 52.4-+-2.428
500 50.4-4-2.993 41.2-40.490 51.442.548
750 49.4-4-2.247 41.8+0.680 50.3-42:463
1000 ) 51.642.504 42.0-+0.615 4774+ 1.476

All treatment means are not signiﬁbantly d’iﬂ‘c'r"'ent frem the control rﬁean, (P 005)
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TABLE 2. Stem length (cm) in the M; generation in the three broad bean varieties
grown from pre-sowing gamma irradiated seeds in the greenhouse.

Tréatments in Varieties
Roentgen (R)
Sinjar Egyptian French
0 6604325 9943545 69443436

100 91.0+£2.955* 81.84-3.524 70.7-+3.159
250 85.343.774* 80.84+4.714 75.6-4-2.446
500 81.24-4.844* 80.44-3.902 81.7-4-3.246*
750 87.8-4-2.149* 77.143.138 73.343.194
1000 86.54-5.212* 78.14+2.972 76.0£3.815

*Significantly different from control mean, (P=0.05)~

M, generation

Flowering time of all the irradiated populations (except Sinjar at 1000R) in all
the three varieties was lower than their respective controls (Table 3). This earliness
in flowering was significant in Egyptian and French at all dose levels (except French
at 100R) but only at 250 and 750R in the case of Sinjar variety. It may bz noted
that the trends in earliness of flowering exhibited in My were also manifested in M.

_'The estimates of within-plot variance for control and irradiated treatments in
the M, generation are also shown in the Table 3. In the non-irradiated controls,
the within-plot variance is assumed to be mainly of environmental origin. Hence,
it is possible to estimate the induced genetic variance in each of the irradiated treat-
ments by computing the difference between their respective within-plot variances
and within-plot variances of control. This derived variance component, “genetic
variance” estimates the transmissible variation induced by radiation. This genetic
variance was further used to determine the heritability of these characters in a broad
sense.

Although, within-plot variances for flowering time in each variety were.greater
(range being 1.1-15) than that of their respective controls at all radiation levels but
were statistically significant only at certain doses: (Table 3). Also, there was no
re'ationship between the magnitude of irradiation and the amount of genetic variance
in all the three varieties; the pattern being irregular like within-plot variance. Daly
(1973) also reported similar results in Arabidopsis thaliana. Pooling together the
genetic variability of all the irradiated populations of each variety separately, revealed
that Sinjar had the highest genetic variability followed by Egyptian and French.
Further, the specific radiation dose inducing the greatest amount of genetic variability
was also different in differeat varieties; bzing 500R in Sinjar, 100R in EBgyptian and
250R in the case of Freach. Higher variability created in Sinjar by gamma radiation
might be due to’its backeround geaotype as suggested by Grezory (1955), Brock
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" generation for

Treatments Flowering Within-

in Roentgen Varieties time plot Gentic Herita-
R) (days) variance ~ variance  bility
Sinjar 120.2:4-0.747 2.23 —— ——

0 Egyptian 123.34-0.653 3.41 — -
French 122.640.319 1.53 —— ——

Sinjar 118.94:0.526 2.77 054 0.20

106 Egyptian 118.8£1.017*%  24.84** 21.43 0.86
French 122.0-:0.574 4.62%* 3.09 0.67

\ Sinjar 109.5-4 1.289* 28.26%* 26.03 0.92
250 Egyptian 118.4:40.703% 7.41 4.00 0.54
7 French = 118.34£0.756%  7.43%* 590 - 0.79
Sinjar 114.04+1.972 35.00%* 32.77 0.94

500 Egyptian 118.2:4-0.807* 7.17 3.76 0.52
French 118.140.467* 3.06 1.53 10,50

. ..  Sinjar 14.74 12.51 085
750 ) 21.93%* 8.52 0,84
French 1.72 019 0.11
 Sinjar  1253+0482* 373 1507 0.40
1000 Egyptian 112.44-0.873*  17.53** 14.12 0.80
ench  117.310.563* 6.02%* : 0.75

b 3§i§piﬁcan‘t fiérent from control mean, = 0.05).
~#*Significantly greater than control-variance, @=0.05).

(1971)7and Ojomo -&Chheda (1972) in other crops. . Sinjar is-a. local.variety not
exposed to any extensive artificial ‘selection; thus being more succeptible-to irradia-
tion treatments in contrast to the introduced French and Egyptian varieties. . The
predicted heritability estimates range was highest and rather narrow in the case of
Egyptian-variety (0.52-0.86) followed by Sinjar (0.20-0.94) and French (0.1:1-0.79).

..Stem length increased ‘in all the radiation treatments in. French and Sinjar
varieties (Table 4). . In the French variety.the increase was significant.at;all (except
100R) dose levels butin Sinjar-only at 250 and 509R.: TheEgyptian variety also exhi-
bited a slight non-significant.increxse.at:250 and 500R doses. A..gritical examination
of Tables 2.and. 4.will reveal that the;behaviour of the plantsin all the vaietiesin M,

)

as/regards height-was essentially similar to that in M. -~

\fWith‘in-plot varianées in allithe irradiated pgpglation' of all th;:‘\syari{e‘c;igfsnj wers
higher than:the gontrol variances.n the:tange of 3-38/times: .. In Egyptian and French

increase being statistically significant at all dese levelss(except Egyptian ats 250R).
The general pattern of genetic variance for stem length was also irregular liks the flowar-
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TABLE 4. Analysis of stem length distribution in the M, generation for three
. broad bean varieties grown in the field.

‘Treatments Stem Within- Genetic Herita-
in Roentgen Varieties length plot variance bility
{R) (cm) variance
Sinjar 77642936  42.80 — e
0 Egyptian 51.2-4-1.067 5.70 e ipunce
French 55.741.328 24.68 ey g
Sinjar 84.4-+-2.348 126.80 84.00 0.66
100 Egyptian 50.64-3.010 2]7.55%* 211.85 0.97
French 57.04-3.139 137.92%% 113.24 '0.82
Sinjar 97.24:3.240% 178.53 135.73 0.76
250 Egyptian 52.141.187 21.13 15.43 0.73
French 66.34-4.952% 318.73%* 294.05 0.12
Sinjar 102.3-4-3.708* 123.75 80.95 0.65
500 Egyptian 55.2-1.939 41.37+* 35.67 0.86
French 76.7+2.579* L 93.10%* 68.42 0.73
Sinjar 86.7--2.056  140.38 97.58 0.70
750 Eeyptian 47.9%2.487 99.00%* 93.30 0.94"
Freach 69.5-4-5.702* 455, 19** 430.51 - 0.94
Sinjar 89.04-3.325  194.66 151.86 0.78
1000 Egyptian 50.2402.631  159.18** 15348 0.96
Freénch 70.04-2.454* 114.38%%* 89.70 0.78

*Significantly aifferent {.om control mean, (P 0.05)...
*+Significartly ¢recter than control variances, (P 0.05).

ing time variance. However, French varietysshowed- greatest genetic variability
followed by Sinjar and Ezyptian. The specific radiation dose inducing greatest
amount of genetic variability was also different in different varieties and dissimilar
to those from the flowering time (bzing 750R in French, 100R in Egyptian and 1000R
in Sinjar). High degres of variability in French variety may be due to its lack of
adaptation to the Iraqi enviornmental conditions. However, the ranges of predicted
heritability estimates were higher and much narrower than those of the flowering
time estimates in all the varicties: bzing 0.73-0.97 in Egyptian, 0.73-0.94 in French
and 0.65-0.78 in the case of Sinjar variety.

The ranges of predicted heritability estimates (especially that of stem lengeth)
shown by these broad bean varieties were much higher than thos: caleulated for
Arabidopsis thaliara by Daly (1973). This indicates that significant gains could be
expected from selection. Whether, the predicted responses to selection can be
realized will obviously depend upon brezding test, particularly since the heritability
values may over-estimate the proportion of the total variance which can be utilized
by seection.
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The results show that in both the characters studied, the increase in variance
was not proportional to the dose. Lack of a consistent dose-response relationship
for gamma rays may be due to additional uncontrolled environmental variation, for
the response to ionizing radiation is notably modified by environmental variables
such as seed moisture and oxygen availability (Conger, el al. 1966). Daly in two
separate studies (1960 & 1973) on the same plant has contesjced that the g_ena_tlc
alteration induced by gamma rays reflected by increased variance in quaantitative
traits was oxygen dependent. If oxygen was excluded from the yvater_durmg post-
irraditation treatment of seeds in the chilled water then the genetic variance was not
proportional to the dose.

Acknowledgements

.. Th> data presented is part of a project approved by the Applied Researcn
Centre, University of Mosul. The authors are grateful to the Director, Applied
Research Centre and the Dean, College of Science for providing the necessary facilities.

References

Brock, R.D., 1971, The role of induced mutations in plant improvement. Radiation Botany,
11: 181-196.

Conger, B.V.: R.A, Nilan; C.F, Konzdk and S. Metter. 1966. The influence of seed water content
on the oxygen effect in irradiated barley seeds. Radiation Botany, 6: 129-144.

Daly, K., 1960. 'ﬁhc induction of} quantitative variability by gamma radiation in Arabidopsis
thaliana. Genétics, 45: 983-S88.

Daly, K., 1973. Quantitative variation induced by gamma rays and fast neutrons in Arabidopsis
thaliana. Radiation Botany, 13: 149 154,

Gregory, W.C., 1955. X-ray breeding of peanuts (4rachis hypogea). Agron. I., 47: 396-399.

Hewitt, E.J.--1966, Sand-and water culture methods used in the study of plant nutrition. (Revised
2nd ed.) C.A.B. England.

Ojomo, O.A, and H.R. Chheda. 1972, The variation for some characters in cowpeas, Vigna
unguiculata (L.) Walp; following ionizing radiation. Radiation Botany, 12: 373-387.

Shamsi, S.R.A., M.H, Kasim and S.A, Sofajy. 1977. Germination and survival of broad bean
- (Vicia faba L.) following.gamma irradiation of seeds. Biologia (ia Press).





