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ABSTRACT

Seeds of three cultivars of pea Pisum sativum L. were irradiated with different
doses of gammar-rays (2.5, 5, 10, 15, 20, 25 and 30 KR). Other portions the some of
seeds were treated with different levels of EMS (0.025, 0.05 and 0.1%). The combined
treatments of both mutagens were made. Generally, it was found that, higher doses of
both mutagens decreased plant height when compared with untreated plants as well as
other doses. In both seasons, the effect of the different treatments on the number of
branches per plant were significant or highly significant in the three studied cultivars.
The low doses of gamma-rays decreased the number of days from sowing till
germination, while higher doses (25 and 30 KR) increased days to germination.
However, EMS did not affect the number of days from sowing to germination in both
seasons in the studied culitvars. The high doses of gamma-rays significantly reduce
when pollen grains viability in the three studied cultivars in both seasons compared with
the control and other doses of both mutagens. Seed yield/plant, number of pods/plant
and number of seeds/pod were reduced consistently with the increase the combined
treatments of both mutagens as the levels are increased.

INTRODUCTION

Peas Pisum sativum L. is one of the popular and important winter
vegetables all over the world as well as in Egypt, due to its high protein content,
low fertilizer requirements and its ability to grew easily in the new reclaimed
lands.

Artificial induction of mutations proved to be a useful tool for
generating variability in many species, especially in self-fertilized plants.
Moreover techniques of mutation induction could be used with a good chance
of success to alter the genetic pattern of crop plants.

Leguminous plants were the target of great deal of investigations
concerning induced variability using either irradiation or chemicals. For
example, Badr (1974), Abdalla et al. (1977), Abd El-Mageed et al. (1984),
El-Sahhar et al. (1984), Moustafa et al (1987), Metwally et al. (1992), Sarkar et
al. (1997) and Selim and El-Banna (2001), showed that variability could be
achieved using mutagens.

The main objective of the presznt investigation was to study the effects
of different doses of gamma-rays, different levels of EMS and combination
between them in inducing variability for some vegetative traits and yield and its
components of pea.
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MATERIALS AND METHODS

The experiments were carried out at the Experimental Farm, Faculty of
Agriculture at Kafr El-Sheikh during two successive winter seasons of
1999/2000 and 2000/01. Dry seeds of three commercial cultivar of pea (Pisum
sativum L.); namely: Master B. Little Marvel and Progress No. 9; were exposed
to different doses of gamma-rays; i.e., 2.5, 5, 10, 15, 20, 25 and 30 KR.
Gamma-radiation was obtained from a cobalt-60 source at the Middle Eastern
Regional Radioisotope Center of the Arab countries, Dokki, Cairo, Egypt. Dry
seeds of the three pea cultivars were treated with freshly prepared aqueous
solution of ethylmethane sulphonate (EMS). The concentrations at which the
mutagen was applied to the seeds were 0.0, 0.025, 0.05 and 0.1% for 12 hours
at room temperature.

Irradiated seeds by the low doses of gamma rays from the three
cultivars (2.5, 5 and 10 KR) were divided into three classes, each class was
soaked for 12 hours in 0.025, 0.05 and 0.1% of EMS. While irradiated seeds by
the high doses of gamma-rays (15, 20, 25 and 30 KR) were not treated.

After treating the seeds of the three cultivars with different levels of the
two mutagens field experiments were conducted to evaluate the My-generation
from the three cultivars. Randomized complete blocks design with four
replications was used to evaluate the different treatments including the control.

The estimates were recorded for the M;-generation in the two
successive experimental seasons on plant height, number of branches per
plant, flowering time, pollen grain viability percentage, seed yield per plant,
number of pods per plant and number of seeds per pod.

Data were statistically analyzed according to the regular analysis of
variance. Duncan's multiple range test was used for the comparison among
treatment means (Duncan'’s, 1955).

- RESULTS AND DISCUSSION

The effect of single and combined treatments of gamma-rays and
EMS in M,-generation were estimated by observing the different characters
under study.

1.Plant height:

Data presented in Tables 1, 2 and 3 show that there were highly
significant differences among the treatment means in both seasons. Plant
height was decreased in all the cultivars with the increase in the dose of both
mutagens (gamma-rays and EMS). The extant of reduction differed from
cultivar to other. In cultivar Master B, a considerable reduction was occurred
when a dose of 15 KR and above was used, but in cultivar Little Marvel a
considerable reduction was occurred using a dose at 30 KR. The cultivar
Progress No. 9 at the dose of 30 KR only gave a high value for plant height in
the first season. This inhibition effect may be due to increased rate of cell
division and/or cell elongation (Badr et al,, 1978). The simulative effect of low
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dosage of gamma-rays on the growth may be due to increasing cell length, cell
number or size. These could shift the metabolism by promoting and the
stimulating the effect of phytohormones on the biosynthesis of nucleic acids
(Hammad and Abd El-Halem, 1988). These results are nearly in agreement
with those obtained by Selim and El-Banna (2001) on pea who reported that
low radiation doses stimulated cell division and differentiation of xylem fibers,
sclereids and tracheids up to 10 Gy of gamma-rays. Whereas, the decrease
existed with high doses may be attributed to either to the retarding effect of
radiation on cell division and/or cell elongation, or may be due to the inhibitory
effect of radiation on respiration and protein synthesis. They also found that,
stimulating (at low doses) or inhibitory (at high doses) effect on the growth may
ascribed to the hormonal balance (the ratio of promoters IAA, GA and
cytokinin/inhibitor ABA). In general, the decrease in plant height with
increasing mutagen doses was also obtained by other workers such as Selim
et al. (1974), Abd El-Mageed et al. (1984) and Metwally et al. (1992).

Table 1: Effect of single and combined treatments of gamma-rays and
EMS on vegetative traits of pea cultivar “Master B" in
M,-generation in 1999/2000 and 2001/01 seasons.

Plant height No. of Days from soign| V'ab‘lll';y a
Treatments (cm) branches/plant | to flowering '::insn%

1999/00/2000/01|1999/002000/01{1999/00,2000/01 1999/00/2000/01
2.5 KR 423efgl40.1ab| 0.6bc [20abc| 37.0¢ 41.0d [94.8ab{97.0ab
5 KR 422 egfl40.5ab[09abc| 1.8a-d| 37.0¢ 41.0d [92.8bc| 95.0b
10 KR 41.0fgh|40.4ab|0.8abc| 1.6b-f | 37.0¢ 41.0d |88.3 cde| 90.0¢c
15 KR 38.0gh|356cd| 1.2ab | 099 400b | 41.0d |81.5g-j| 85.0e
20 KR 39.4 fgh[33.7 cde| 1.2ab | 1.1 efg | 40.0 b | 46.0b |82.0 ghi| 85.0e
25 KR 36.7h 336cde|0.8abc| 1.4cg|42.0a [ 49.0a | 77.5 ij | 80.0f
30 KR 36001 |33.2de| 06bc |1.3d-g| 42.0a | 49.0a | 655| 70.0h
0.025 % EMS %65a | 31.7e| 1.4a |1.7b-e]| 37.0c | 42.0d |85.0 efg| 88.0 cd
0.05 % EMS 409 fgh| 26.7f |0.8abc| 1.6b-f | 37.0¢c | 42.0 d | 83.5fg [87.0de
0.1% EMS 42.7d-gl34.6cde{1.1abc| 1.0fg | 37.0¢ 440c [81.5g-| 85.0e

> 5 KR+0.025% EMS |41.1fgh[35.7cd| 03¢ | 10fg | 37.0¢ 42.0d [87.8def| 90.0¢
2.5 KR+0.05% EMS |47.7 bcd] 43.12a |09abc| 1.6b-e 370c | 420d |81.5¢g-| 85.0¢e
2.5KR+0.1% EMS 4B2bc| 412a |09abc|18a-d[37.0c |450bc| 723k | 75.09
5KR+0.025%EMS 238cf|258cd| 1.1ap | 1.2efg| 37.0c | 42.0d [92.0 bed| 95.0b
5KR+0.05%EMS 210eh 365cd| 03c [1.9abc|37.0c [41.0d 1925bc| 90.0¢
5KR+0.1%EMS 409 fgh|37.4bc| 1.1ab [1.7b-e| 37.0¢ 41.0d |78.0hij{ 70.0h
10KR+0.025%EMS _ |42.0 e-h| 30.9e [0.8abc|2.0 abc 37.0c | 41.0d |86.3 efg| 90.0¢c
10KR+0.05%EMS 471be|3260de| 1.3ab | 24a | 37.0c | 41.0d [823gh| 85.0e

10KR+0.1%EMS 201D 330cde] 1.4a |1.2efg|37.0c [41.0d | 77.3] 80.0f
Control 242bf| 414a |08abc| 22ab [ 37.0c [410d|983a 98.0a
F_test - L - L E el - - -

2.Number of branches per plant:

The effect of the different treatments on the number of branches per
plant were significant or highly significant in the three cultivars in both seasons.
In the cultivar Master B a significant increase was found at 0.025% EMS and

~combined treatment 10 KR + 0.1% EMS in the first season, while in the cultivar
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Little Marvel a significant increase was found at 30 KR in both seasons.
Morover, the cultivar Progress No. 9 a highly significant increase was found at
5 KR + 0.05% EMS in the first season, and at 2.5 KR + 0.025% EMS in the
second season. This response of number of branches per plant to radiation,
might be due to the balance between the stimulating effect cf the lower doses
of mutagens and the inhibiting of their higher doses (Badr et al., 2000). It would
be also due to the reduction of IAA from the apical meristem which was
detrimental to the mitotic activity of the cambial cells which consequently
suppressed the branching (Abdel-Maksoud, 1992).

Table 2:  Effect of single and combined treatments of gamma-rays
and EMS on vegetative traits of pea cultivar "Little Marvel” in
M,-generation in 1999/2000 and 2001/01 seasons.

Plant height No. of Days from soign V'abllll'ty o
Treatments (cm) branches/plant | to flowering f;n:'lk

1999/00)/2000/01[1999/00[2000/01[1999/00/2000/01/1599/002000/01
2.5KR 465de|465de| 09a-d| 0.7bc | 500e | 49.0f [945a-d) 980 a
5 KR 52.7 cde|50.0 abc| 0.9 abc | 0.9 bc [50.0de[50.0ef | 91.8e | 95.0b
10 KR 583bcl47.1bcd 0.8a-d| 0.8bc [ 51.0d [51.0cde] 91.3e | 95.0b
15 KR 622 abcia7.7 bed| 0.4 bed | 0.4 bec [52.0bc|52.0bc| 87.0f | 90.0¢
20 KR 664 abl51.3abc] 0.7a-d| 1.0ab [ 52.0b | 52.0b | 85.5f | 90.0¢
25 KR 703a |465cd|04bcd| 0.6bc [ 57.0a [ 57.0a | 81.89g | 85.0d
30 KR 428e |490abc] 1.1a | 1.5a | 58.0a[57.0a | 66.01 | 70.0f
0.025 % EMS 52.5 cde|d9.3 abc] 0.9 a-d | 0.6 bc [50.0de[50.0ef [92.0de| 95.0b
0.05 % EMS 668ab| 550a |08ad]| 0.7bc [51.0cd|51.0cde| 87.0f | 90.0¢
0.1% EMS 56.6 bcdl49.6 abc 0.5a-d | 0.8bc [51.0cd51.0 cde| 80.3g | 800 e

2 5 KR+0.025% EMS 163.1 abci46.9 bcd[ 0.4 bed | 0.3 ¢ |50.0 de 50.0 def/95.0 abc| 98.0 a
2 5 KR+0.05% EMS 160.0 abc49.7 abc| 0.5 a-d | 0.6 bc |50.0 de | 50.0 ef [92.5 cde 950b
2.5KR+0.1% EMS 56.4 bed/d7 3 bed| 0.7 a-d | 0.4c | 51.0d [50.0def] 82.3¢g | 85.0d
5KR+0.025%EMS 584bc| 41.9d | 03d | 0.9bc [50.0de|50.0def|95.5ab| 98.0a
5KR+0.05%EMS 619 abci50.2 abe| 0.4 bed | 0.7 be | 51.0d |50.0 def|95.0 abc| 98.0 a
5KR+0.1%EMS 57.3 bcd/40.0 abc) 0.4 cd | 0.5 bc | 51.0d [50.0 def|93.8 b-e|97.0 ab
10KR+0.025%EMS |57.8 bcd|49.0 abc| 0.8 a-d | 0.8 bc | 50.0d i51 .0bcd|92.3de| 95.0b
10KR+0.05%EMS 538 cde| 53.2ab| 0.8 a-d | 0.7 bc [50.0de|51.0 cde| 85.5f | 90.0¢
10KR+0.1%EMS 55.0 bed|51.5 abe) 0.4 bed | 0.4 be [50.0de [50.0def| 77.5h | 800e
Control 540 cde52.2 abc| 1.0 ab | 0.9 bc [50.0 de [50.0 def| 97.0a | 98.0a

-‘est - - - - - -k L i L

3.Flowering time:

Data in Tables 1, 2 and 3 show that, the three cultivars in both
seasons had a shorter period from, growing to flowering at the low and
intermediate doses of gamma-rays, while the higher doses of gamma rays (25
and 30 KR) increased number of days from sowing ill flowering. The statistical
analysis indicated that there were highly significant differences among the
different treatment means in both seasons. Furthermore, the effect of EMS
alone or combined with gamma-rays in the three studied cultivars of pea
showed that there were no differences among these treatments and the
untreated control.

Early flowering, could be attributed to the low doses of radiation and,
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sometimes to the intermediate doses which generally, stimulate cell growth

and produce early flowering (Badr et al., 2000). These results are in agreement

with those reported by Omar (1995) on Gomphrena globosa L. who found that

dry seeds irradiated with 15 KR flowered earlier than those plants treated by 30

KR dose of gamma-rays which delayed flowering.

Table 3: Effect of single and combined treatments of gamma-rays and
EMS on vegetative traits of pea cultivar "Progress No. 9" in
M,-generation in 1999/2000 and 2001/01 seasons.

- ——
Plant height No. of Dsagrjsg I._‘rct.:n V':t:::l'g‘d
Treatments (cm) branches/plant gt grains %
1995/00]2000/01/1999/00]2000/01]1999/00{2000/01{1899/00/2000/01
2.5 KR 322b-e|348cd| 0.5de |1.4efg|47.0e | 37.0c |948ab| 98.0a
5 KR 28.0f B3.5cdel 0.5e |22c-g| 47.0e [38.0bc 94.52ab|97.0ab
10 KR 33.0 b-ej32.1 cde|0.9 cde| 1.9d-g | 47.0 e [38.0 bc/94.3 abg 97.0 ab
15 KR 334be|354cd| 1.6¢c |26b-g| 45.0d [ 40.0b |918¢cd| 950D
20 KR 3043 B23cde 3.2ab |3.9a-d[49.0d [440a|568h | 60.0 f
25 KR 333 b-eB50bcd 3.2ab |1.9d-g| 61.0a | 450a|563h | 60.0f
30 KR 388a|350cd| 25b |25b-g|61.0a|46.0a| 4681 | 50.0
0.025 % EMS B3 8 bcd31.8 cde| 1.1 cde | 2.4 b-g | 54.0 c |38.0 bc[92.3 bed| 95.0 b
0.05 % EMS 324beB70bcd 1.5¢cd | 45ab | 57.0b [37.0bc| 76.8g | 80.0¢
0.1% EMS 32 65be373ad 27b |24b-g[57.0b [38.0bc| 4651 | 50.0

25 KR+0.025% EMS _ |30.4 defl40.6 a-d[0.7cde| 59a | 540¢ 38.0bc| 91.3d [ 95.0b
2.5 KR+0.05% EMS 206ef|37.3a-d|13cde|3.5b-e[ 57.0b [38.0bc| 81.5f | 85.0d

2.5KR+0.1% EMS 311cfl42.0ad|1.0cde| 1.1fg [ 57.0b |38.0bc| 76.5g | 80.0e
5KR+0.025%EMS 30.5def|31.3de|1.0cde| 3.0b-f [ 55.0c [39.0bc| 85.3e | 90.0¢
5KR+0.05%EMS 355b|47.7a| 3.7a |42abc| 57.0b [39.0bc| 828f | 850d
5KR+0.1%EMS 310cfl40.4 ad|1.2cde|3.6bcd| 57.0b | 40.0b [ 7539 | 80.0e

10KR+0.025%EMS 315cf@d25apd0.7cde| 0.7g | 55.0c |38.0bc|87.3e | 900¢
10KR+0.05%EMS 32.2b-e38.8ad| O4e |41abc|550c|[37.0c| 810f|850d
10KR+0.1%EMS 345bc|463ab|1.1cde| 1.1fg | 58.0b [38.0bc|76.8g | 80.0e
Control 321be| 241e |1.0cde| 1.0fg [ 46.0e [37.0bc| 96.5a | 98.0a
-test o - £l - L e

x -

4 Viability of pollen grains percentage:

Data presented in Tables 1, 2 and 3 show that there were highly
significant differences among the different doses of gamma-rays on pollen
grains viability percentage. The doses of 25 and 30 KR had the lowest values
of pollen grains viability percentage in the three studied cultivars. Generally, it
was found that gamma-rays gave a higher effect on pollen grains viability
percentage than EMS. On the other hand, the increasing pollen grains viability
percentage by using low doses of gamma-radiation (1-15 KR) may be due to
their stimulatory effect on division and growth of sporogenous pollen mother
and tapantum layer cells which led to the formation of fertile pollen grains
(Abdel-Maksoud, 1980). This result, agrees with Sarker et al. (1997) who found
in Vigna radiata L. that radiation caused a liner reduction in pollen grains
fertility percentage as gamma-rays doses were increased.

5.Seed yield/plant:
Data shown in Tables 4 indicated that seed yield per plant in cultivar
"Master B was increased as a result of exposure to 2.5 and 5 KR of
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gamma-rays, while a highly significant decrease was observed at 15 KR and
higher doses, compared to the control. The largest reduction in seed
yield/plant was obtained at 30 KR dose in both seasons. The dose of 0.025%
EMS in the first season and the dose of § KR in the second season gave the
largest values of seed yield/plant, respectively. The data in Table 5 showed
that seed vield/plant of the cultivar Little Marvel was decreased with the
increasing of gamma-rays doses, and the statistical analysis indicated that
there were highly significant differences among the different treatment means
in both seasons. The doses of 2.5 KR and 10 KR + 0.1% EMS gave high
values of seed yield/plant in the first and second season, respectively.

Table 4: Effect of single and combined treatments of gamma-rays and
EMS on yield and its components of pea cultivar “Master B” in
M,-generation in 1999 / 2000 and 2000/01 seasons.

1999/2000 | 2000/01
TrSAtmErts ISeed yiel No. of No. of [Seed yiel No. of No. of
plant (g) |pods/plant seeds/pod| plant (g) |pods/plant seeds/pod
2.5KR 4.2 bed 4.8 efg 5.8 bed 5.6 ab 7.2a 5.3 bc
5 KR 49b 6.1 3-e 5.4 cde 63a 7.1ab 6.0b
10 KR 4.5 bc 6.4 a-e 4.8 cf 4.7 cd 5.2 c-f 6.1b
15 KR 28ghi | 7.4abc 2.6gh 3.0 ghi 4.5 e-h 44 cd
20 KR 3.1 f 79a 2.7 gh 2.8 hi 5.2d-g 3.7 de
25 KR 3.2 e=l 5.9 a-e 37fg 2.8 hi 4.5e-h 43d
30 KR 1.0 364 22h 341l 5.4 cde 4.2d
0.025 % EMS 71a 6.6 a-e 72a 261 5.8 cd 3.1e
0.05 % EMS 2.6 hi 4.7 efg 38fg 261 4.4 fgh 4.0 de
0.1% EMS 4.0 b-f 5.7 b-f 4.8 c-f 2.7 hi 4.1 hi 4.5cd
2.5 KR+0.025% EMS | 3.4c¢-g 3.79 6.9 ab 3.51gh 4.5 e-h 5.3 bc
2.5 KR+0.05% EMS 3.5d-h 6.3 a-e 3.8 f 5.6 ab 7.1ab 53 be
2.5KR+0.1% EMS 4.1b-e 6.0 a-e 4.7 cf 4.5 cde 7.7a 4.0 de
5KR+0.025%EMS 3.3d- 5.4 c-g 4.6 def 41 cf 5.2d-g 5.4 be
5KR+0.05%EMS 2.9 ghi 38fg 5.2 cde 4.0 def 6.2 bc 4.4 cd
5KR+0.1%EMS 241 6.4 a-e 2.6 gh 4.4 cde 331 9.13
10KR+0.025%EMS 3.1 fl 5.0d-g 4.2 ef 2.7 hi 4.2gh 4.4 cd
10KR+0.05%EMS 2.6 hi 7.0ad 2.6gh 3.7 efg 5.6 cd 4.6 cd
10KR+0.1%EMS 2.6 hi 7.6 ab 2.8gh 3.7 efg 6.0 cd 4.2d
Control 4.6 bc 5.4 c-g 5.9 bc 4.9 be 58cd 58D
_lest - - - L] - L]

Data in Table 6 showed that the seed yield of the cultivar Progress No.
9 showed variable differences among the used treatments. In the first season,
the dosa 2.5 KR gave a high value of seed yield per plant, however, 25KR+
0.05% EMS gave a high value of seed yield per plant in the second season.
For EMS treatments, a highly significant reduction in seed yield per plant was
recorded in the three cultivars as a result of EMS treatments with concentration
of 0.05% and 0.1% in both seasons.

Low concentrations of EMS induced some stimulating effect on plant
growth, while the higher concentrations resulted in an inhibiting effect which
was reflected on the seed yield per plant. It is again due to the physioicgical
damage occurred cumulatively by increasing EMS dosage as described by
Gaul et al. (1966). -
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6.Number of pods/plant:

The number of pods per plant was decreased with increasing
gamma-rays doses in the three studied cultivars as compared to the control. In
the cultivar Master B, a highly significant decrease was found at 30 KR in the
first season, but the combined treatments of 5 KR + 0.1% EMS caused a highly
significant decrease than the other treatments and the control in the second
season.

Table 5: Effect of single and combined treatments of gamma-rays and
EMS on yield and its components of pea cultivar “Little Marvel”
in M;-generation in 1999 / 2000 and 2000/01 seasons.

1999/2000 season 2000/01 season

Treatments Seed No. of No. of Seed No. of No. of
yield/ pods/ seeds/ yield/ pods/ seeds/

plant (g) plant pod plant (g) plant pod
25KR 41a 10.0 bc 36ab 5.3d-h 9.8 d-h 4.8 bed
5 KR 3.9ab 9.2 b-f 38a 5.9 cf 11.4b-f | 4.6bcd
10 KR 3.6 abc 9.2 b-e 34 ab 4.7 e-l 8.5fl 4.7 bed
15 KR 25ef 9.5 bed 2.3 de 4.3 f- 8.0 ghi 4.8 bed

20 KR 3.5 abc 13.1a 2.4 cde 4.6 e-l 11.0 cf 3.7d
25 KR 20f 10.5b 1.7e 4.1 14 9.1d-l 4.0 cd

30 KR 129 6.0h 20e 24] 11.6 b-e 20e
0.025 % EMS 2.5 def 6.5 gh 34 ab 5.2d-h 9.4 d-l 5.1 abc
0.05 % EMS 3.2 bed 9.3 bed 3.1 abe 7.8 ab 13.9 ab 4.9 a-d

0.1% EMS 2.2 ef 6.9 e-h 2.9 bed 3.9 9.0 d-l 3.8d
2.5 KR+0.025% EMS| 2.5 def 8.0 c-h 2.8 bed 5.1d-h 8.6 e-l 5.2 ab
2.5 KR+0.05% EMS | 2.9 cde 6.7 gh 38a 51e-l 10.2d-g | 4.3 bed

2.5KR+0.1% EMS 2.6 def 6.4 gh 3.6 ab 3.8g4 8.9 d-1 3.7d
5KR+0.025%EMS 2.5 def 6.6 gh 34 ab 3.2 6.7 | 6.0a
5KR+0.05%EMS 3.0 cde 7.5d-h 36ab 3.4 hij 7.0 hi 4.3 bed
5KR+0.1%EMS 2.7 def 6.8 fgh 35ab 5.6 d-g 10.6d-g | 4.6 bed
10KR+0.025%EMS 2.6 def 7.3d-h 3.1 abe 6.3 b-e 10.6 d-g 5.2 ab
10KR+0.05%EMS 2.5 def 7.4 d-h 3.1 ad 7.6 abc 13.8 be 49 a-d
10KR+0.1%EMS 2.4 ¢ef 6.9 fgh 3.2 abe 9.1a 16.4 a 4.9 a-d
IControl 2.8de 8.7 b-g 2.9 bed 7.0bcd | 11.8 bed 5.2ab

F_‘est - - - e - - -

In the cultivar Little Marvel, there was a highly significant effect of
treatments on the number of pods per plant in both seasons where the doses
of 30 KR and 5 KR + 0.025% EMS gave low values of number of pods per plant
in the first and second season, respectively.

In the cultivar Progress No. 9, the lowest number of pods per plant was
obtained at the dose 5 KR of gamma-rays in the first season, and the combined
treatments of 2.5 KR+ 0.1% EMS in the second season.

The reduction in number of pods per plant at a high mutagenic doses
may be attributed to the reduction in the growth characters (Badr et al., 2000).

7.Number of seeds/pod
The number of seeds per pod for the three cultivars under study were
decreased as gamma-rays doses increased (Tables 4, 5 and 6). The results
showed that highly significant differences among treatments and the untreated
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control were observed in all cultivars under study. A highly significant decrease
was found at 25 and 30 KR in both seasons. Furthermore, the effect of EMS
differed in the three cultivars of pea, while there were no significant effect in the
three cultivars in both seasons.

The reduction in seed yield and its components with increasing the
doses of both mutagens may be due to the reduction in fertility which may be
attributed to chromosomal aberrations or attributed to physiological damage
(Abd El-Rahman 2000). It may be also attributed to the inhibiting effect of
gamma-rays on cell division and consequently on the DNA replication. The low
doses of radiation may affect the activity of certain enzymes involved in the
synthesis of endogenous hormones, however the mechanism involved is still
not clear (Selim and El-Banna 2001).

Table 6:Effect of single and combined treatments of gamma-rays and
EMS on yield and its components of pea cultivar “Progress No.
9” in M,-generation in 1999 / 2000 and 2000/01 seasons.
1999/2000 2000/01
Seed No. of No. of Seed No. of No. of

TRy yield/ pods/ seeds yield/ pods/ seeds
plant(g)| plant /pod plant (g) plant Ipod

2.5 KR 7.7 a 5.0 de 6.3a 10.2 bc 8.5 b-f 4.9 b-e
5 KR 5.9 a-e 44e 5.6 ab 8.0 bc 7.2cf 4.5 cf
10 KR 6.0ae 6.3 de 4.0 cf 9.0 bc 9.8 b-f 4.0 c-f
15 KR 4.7 cde 7.4 cd 2.7 gh 6.5 bc 8.4 b-f 3.2dg
20 KR 6.7 a-d 13.2a 2.6 gh 12.8 be 13.1 bc 4.0 cf
25 KR 2.5 fgh 10.3b 1.7 hi 4.3 bc 7.9 cf 2.6 efg
30 KR 2.0gh 6.8 cde 0.71 5.9 bc 10.3 b-f 2.4fg
0.025 % EMS 7.5 ab 7.3cd 4.2 cd 9.9 be 7.8 c-f 5.2 a-d
0.05 % EMS 54b-e | 7.2cde 3.0 efg 15.2 be 203 a 3.1d-g
0.1% EMS 4.6 cde 9.2 bc 2.1 gh 5.9 be 7.2 cf 3.6 def

2.5 KR+0.025% EMS | 6.8 abc 4.8 de 58a 17.0b 19.3a 3.7cf
2.5 KR+0.05% EMS 6.7 a-d 6.0 de 4.6 bc 296a 12.3 bed 3.7 cf

2.5KR+0.1% EMS 6.2 a-e 5.6 de 4.5 bc 10.5 bc 57f 7.1ab
5KR+0.025%EMS 6.0 a-e 5.5de 4.6 bc 8.4 bc 10.6 b-f 3.5 def
5KR+0.05%EMS 1.5h 7.6 cd 091 18¢ 7.4 cf 1.0g

5KR+0.1%EMS 49cde | 7.0cde 2.8 fgh 7.9 bc 138b 24fg

10KR+0.025%EMS 6.2 a-e 6.3 de 4.1 cde 8.2 bc 6.3 ef 6.0 abc
10KR+0.05%EMS 3.9 efg 5.1 de 3.1dg 8.5 bc 12.1 b-e 2.9d-g

10KR+0.1%EMS 4.4 def 7.2cd 2.5gh 7.1bc 7.1 def 4.3 cf
Control 7.7a 5.2 de 6.0a 10.2 bc 53f 74a
F,‘est - - - * E ]

The results of this study are in harmony with those obtained by Badr
(1974) who found, in pea, that early and total yield as well as yield components
were favourably increased by low of intermediate radiation treatments.
Marawan et al. (1974) on pea, found that seed yield, number of pods per plant,
number of seeds per pod and seed index in Ry-generation were significantly
reduced by the higher radiation doses of gamma-rays. Hegazy (1980) on bean,
found that total green yield, number of pods per plant and seed yield were
decreased by increasing the doses of gamma radiation. Mostafa (1987)m0n
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2 cowpea, found that dry yield and its components were favourably increased by
radiation treatments, especially when the intermediate doses were used.
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